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INTRODUCTION TO THE SERIES 
SCIENCE ACROSS CULTURES: THE HISTORY OF 

NON-WESTERN SCIENCE 

In 1997, Kluwer Academic Publishers published the Encyclopaedia of the 
History of Science, Technology, and Medicine in Non- Western Cultures. The 
encyclopedia, a collection of almost 600 articles by almost 300 contributors, 
covered a range of topics from Aztec science and Chinese medicine to Tibetan 
astronomy and Indian ethnobotany. For some cultures, specific individuals 
could be identified, and their biographies were included. Since the study of 
non-Western science is not just a study of facts, but a study of culture and 
philosophy, we included essays on subjects such as Colonialism and Science, 
Magic and Science, The Transmission of Knowledge from East to West, 
Technology and Culture, Science as a Western Phenomenon, Values and 
Science, and Rationality, Objectivity, and Method. 

Because the encyclopedia was received with critical acclaim, and because the 
nature of an encyclopedia is such that articles must be concise and compact, 
the editors at Kluwer and I felt that there was a need to expand on its success. 
We thought that the breadth of the encyclopedia could be complemented by a 
series of books that explored the topics in greater depth. We had an opportunity, 
without such space limitations, to include more illustrations and much longer 
bibliographies. We shifted the focus from the general educated audience that 
the encyclopedia targeted to a more scholarly one, although we have been 
careful to keep the articles readable and keep jargon to a minimum. 

Before we can talk about the field of non-Western science, we have to define 
both non-Western and science. The term non-Western is not a geographical 
designation; it is a cultural one. We use it to describe people outside of the 
Euro-American sphere, including the native cultures of the Americas. The 
power of European and American colonialism is evident in the fact that the 
majority of the world's population is defined by what they are not. And in fact, 
for most of our recorded history the flow of knowledge, art, and power went 
the other way. In this series, we hope to rectify the lack of scholarly attention 
paid to most of the world's science. 

As for defining science, if we wish to study science in non-Western cultures, 
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vi INTRODUCTION TO THE SERIES 

we need to take several intellectual steps. First, we must accept that every 
culture has a science, that is, a way of defining, controling, and predicting 
events in the natural world. Then we must accept that every science is legitimate 
in terms of the culture from which it grew. The transformation of the word 
science as a distinct rationality valued above magic is uniquely European. It 
is not common to most non-Western societies, where magic and science and 
religion can easily co-exist. The empirical, scientific realm of understanding 
and inquiry is not readily separable from a more abstract, religious realm. 

The first two books in the series are Astronomy Across Cultures: the History 
of Non-Western Astronomy, and Mathematics Across Cultures: the History of 
Non- Western Mathematics. Each includes about 20 chapters. Most deal with 
the topic as it is perceived by different cultures: Australian Aboriginal 
Astronomy, Native American Mathematics, etc. Each book also contains a 
variety of essays on related subjects, such as Astronomy and Prehistory, or 
Logic and Mathematics. The next four in the series will cover Medicine, Nature 
and the Environment, Chemistry and Alchemy, and Physics and Optics. 

We hope the series will be used to provide both factual information about 
the practices and practitioners of the sciences as well as insights into the world 
views and philosophies of the cultures that produced them. We hope that 
readers will achieve a new respect for the accomplishments of ancient civiliza
tions and a deeper understanding of the relationship between science and 
culture. 
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INTRODUCTION 

The study of the sky is arguably the first science. People had to make sense of 
what they saw in the sky and used the sky to make sense of the rest of the 
world. They studied the movement of celestial objects to help them keep time, 
to guide them in hunting, navigating and planting, to determine principles of 
leadership and community, and to predict and explain terrestrial events. 
Astronomy was essential for regulating the calendar and eventually for navigat
ing and mapmaking. Astronomy was also part of the triumvirate of stars, 
beings, and spirit that dominated the cosmology of many ancient cultures. And 
even though astronomic study was a common activity across the globe, we 
have a vast literature on European sites such as Stonehenge but much more 
limited scholarly work on the rest of the world. In part, this is a problem of 
data; history, after all, is not what happened, but what gets recorded and told. 1 

But we also face a barrier to a more complete understanding: our single-minded 
view of the way to do science, and indeed our definition of science. This has 
restricted our ability to understand other astronomies and other ways of doing 
science and has kept most of the world out of our scholarly reach. This 
imbalance is slowly being rectified, and this volume is a part of that rectification. 

Some themes are apparent in virtually all of the articles in this collection. 
One is that culture defines what astronomical activities will take place and 
how the results will be interpreted. Since Western society regards itself as 
rational and material, we view time and space as objectively measurable. For 
other cultures, such as Australian Aboriginal people, distance was dependent 
on the time it took to get someplace, and that was dependent in turn on what 
happened along the way. There was no need to have an objective measure of 
time and distance. Island and coastal cultures needed the sky for inter-island 
voyages, but land-based cultures used the sky in much the same way to travel 
overland. It seems obvious to us that the sky can alert agricultural peoples to 
auspicious times for planting, but hunters and gatherers also followed the sky, 
as it guided them in knowing which plants were ripe or which animal eggs 
were being laid. For African !Kung bushmen, the appearance of Canopus and 
Cappella marked the advent of the rainy season, a signal to disperse into 
smaller groups. 

xix 
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xx INTRODUCTION 

Several essays describe myths of origin and creation and their connection to 
the sky. The Egyptians believed that the sky was formed by the arched body 
of the goddess Nut; Hawaiians believed that the god Kane made the sun, 
moon, and stars and placed them in the empty space between heaven and 
earth. In one Inca myth, Manco Capac and his brothers and sisters were 
actually children of the sun. Navajo myth held that the sun was formed from 
a perfect piece of turquoise and the moon from a perfect piece of white shell. 

Another theme is the connection between power and the sky. Some societies, 
notably the Inca and the Chinese, recognized a connection between heaven 
and earth and then used that connection to endow their leaders with heavenly 
mandates. The more a ruler could demonstrate his astronomical knowledge, 
especially with regard to predicting events such as eclipses or comets, the more 
earthly power he could wield. The line between religious and secular was either 
very narrow or non-existent, and, much as is the case today, those with the 
most sophisticated science and technology had the highest status and the 
most power. 

The theme of the confluence of religion and everyday life is also evident in 
much of the scholarship on ethnoastronomy. We can see in India that, although 
the system of astronomy was very mathematical and abstract, it was developed 
to serve religious purposes. The need for altar construction led to the observa
tions that preceded the development of geometrical astronomy. This leitmotif 
is also evident in Islamic and Hebrew astronomy. 

There is evidence of the use and development of calendars in virtually every 
culture represented in this volume. Calendars revealed the order, regularity, 
and cyclic rhythms of the universe. There were luni-solar calendars, solar 
calendars, and lunar calendars. In Mesoamerica, the calendar was a 365-day 
solar calendar that was combined with a 260-day lunar ritual calendar and the 
Venus cycle of 584 days. Some were used entirely for religious and ceremonial 
purposes; some were much more secular in orientation. Some new years began 
with the rising of the Pleiades or the first faint view of the crescent moon. 
Some had two seasons and were not divided into months; some were much 
closer to the Gregorian calendar. The Aztecs followed a system of eighteen 
months of twenty days, with a remainder of five days. All calendars had to 
deal with making up the intercalary month; this was done in novel ways in 
different civilizations. Some were amazingly accurate given the limited tools 
people had to construct them. 

Cultures such as the Polynesians and the Arabs developed intricate systems 
for navigating the open seas. Others were surprisingly uninterested in using 
the sky as a wayfinder. There is a great deal of evidence that suggests that 
many cultures - Egyptians, Incas, Polynesians, Native North Americans, 
Muslims - aligned some buildings and temples so that the light would hit at 
the summer or winter solstice or in some way that demonstrates astronomical 
knowledge. Polynesia, for example, is scattered with monuments used for 
religious and navigational purposes. For the most part, lacking a written record, 
we have little exact knowledge of why so many structures were aligned with 
astronomical events. 
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In most of the cultures represented in this book, knowledge of the stars was 
interrelated with portents. Astrologers were astronomers; in some languages 
the word was the same. Astronomy was developed, in cultures such as 
Babylonia, China, and Korea, to be able to predict future events. The power 
of prediction lent legitimacy to the ruling elite. The distinction we see between 
what we would call superstition and science did not exist; each fed the other. 
And, if we are to judge from the horoscopes in newspapers in the West today, 
the ancient art did not fade entirely when science began its ascendancy. 

Most astronomy was carried out with naked eye observation. Even in some 
cultures with observatories, like the Inca, there was little use of instruments. 
On the other hand, the Muslims, the Indians and the Chinese developed an 
advanced astronomical science, highly mathematical and technical. Many of 
the instruments we use today, and many of our star names, are gifts of the 
Arabs. The Egyptians combined a surprisingly accurate observational science 
with very little mathematics. 

Another question posed by many of the authors in this collection has to do 
with the intercultural transmission of astronomical knowledge. We know that 
communication can not have been easy, and certainly we are talking about 
vast stretches of the globe, but there is evidence of transmission between India 
and Babylonia, and among China, Japan, and Korea. And of course the 
advanced science of the Islamic world spread to Europe. Less well known is 
the data showing transmission of ideas between the Arab world and Africa 
south of the Sahara. 

How do we know what we know about the astronomical activities of the 
ancient cultures of the world? For some - the Egyptians, Mesopotamians, the 
Hebrews and the Maya - we have written documentation. For others, we have 
to interpret the evidence from engraved bones, tombs, and megaliths or else 
rely on the accounts of the first European explorers. In the latter case, many 
documents were destroyed, and the explanations were colored by the 
Europeans' often prejudiced views of what they saw. The question of interpret a
tion will always be part of this field of study, as we can only conjecture what 
the evidence suggests. Because we still have hunting and gathering societies 
today, we can also make some extrapolations based on their uses of the sky. 

Books on the history of astronomy have tended to start with the Greeks, 
with a passing mention of the Arabs as translators of Greek science. This has 
changed in recent years. The emergence of the discipline of ethnoastronomy, a 
blend of archaeoastronomy and cultural astronomy, has given new life to the 
study of astronomy in other cultures. There have been 6 Oxford International 
Conferences on Archaeoastronomy, and the publication of the proceedings 
from those conferences has lent scholarly credence to the discipline.2 The 
Encyclopaedia of the History of Science, Technology, and Medicine in Non
Western Cultures, published by Kluwer Academic Publishers in 1997, included 
many articles on world astronomy, including cultures such as Australian 
Aboriginal people that had been previously ignored. 

This book is an extension of that encyclopedia. Our aim is to add depth to 
the articles that, as encyclopedia articles must, covered the subjects as broadly 
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as possible. We cannot hope to bring all the material together into a coherent 
whole; there is too much ground to cross and too much time to cover. The 
differences among cultures are as noteworthy as their similarities. When you 
assume that everyone in the same hemisphere was looking at the same sky, it 
is striking how different their interpretations are. 

The book begins with two cross-cultural essays, setting the stage for the 
chapters on individual cultural areas. E. e. Krupp's 'Sky Tales and Why We 
Tell Them' discusses celestial myths and how they have been used to account 
for the creation, structure, development, and destruction of the cosmic order, 
the physical universe, and human institutions. Lawrence Robbins explores the 
roots of astronomy in prehistory, both in Europe and the rest of the world, by 
studying some aspects of the hominid record through time. 

Roslynn Haynes describes the Aboriginal Australians' complex systems of 
knowledge and beliefs about the heavenly bodies that developed over more 
than 40,000 years, perhaps the most ancient of the cultures studied here. 
Michael Chauvin's exhaustive account of useful and conceptual astronomy in 
ancient Hawaii situates myth and navigational practices within the Hawaiian's 
worldview. William Liller takes on all of Polynesia in his study of astronomical 
monuments used both for religious and navigational purposes. And Polynesia 
is also represented in Wayne Orchiston's essay on the Maori of New Zealand. 
David Dearborn examines the relationship between power and authority and 
astronomy in Inca practices and building. Johanna Broda provides a compre
hensive survey of the calendar in Prehispanic Mesoamerican cultures, relating 
the calendar to what she calls cosmovision - a system that explained the known 
universe and reconciled it with social behavior. Von Del Chamberlain attempts 
the daunting task of exploring Native American astronomy by focusing on the 
Skidi Pawnee and the connection between ceremony, the calendar, and ruins. 

The chapters on Indian astronomy, by Subhash Kak, and on Indo-Tibetan 
astronomy, by Yuki Ohashi, demonstrate the mathematical orientation of those 
cultures. Although we know that much of their astronomy had religious signifi
cance and was developed for religious reasons, the religion generated an 
advanced mathematics. Bambang Hidayat describes Indo-Malay astronomy 
and its development both in relation to Indian mathematical astronomy and 
to the celestial myths of the area. Steven Renshaw and Saori Ihara take on a 
similar task with Japan, reconciling the lack of indigenous astronomical prac
tices with the rich cultural tradition evidenced in star lore, mythology, and 
other aspects of cultural astronomy. Korea was also largely influenced by 
China, and Park Seong-Rae discusses this, and the connection between 
astrology and astronomy, in his essay on the history of astronomy in Korea. 
Chinese astronomy, one of the most ancient sciences in the world, can be dated 
to the 24th century Be. Sun Xiaochun deals primarily with the correlation 
between astronomy and society; he demonstrates how astronomy grew out of 
cosmology and created a link between the state and the Chinese people. 

Keith Snedegar's essay explores time reckoning and astronomical practices 
as indicators of cultural exchange in Africa South of the Sahara, an area which 
has had too little attention paid to it, especially as our species originated there. 
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Gregg DeYoung details the complexity of Egyptian astronomy, which reached 
a high plateau in its development of the calendar, timekeeping, and the orienta
tion of buildings. One noteworthy fact is that many tombs were decorated with 
astronomical ceilings; it is fascinating that star maps have also been discovered 
recently on the ceilings of tombs in Japan. Nicholas Campion provides a 
different perspective in his essay on Babylonian astrology; although divination 
is mentioned in many of the other essays, Campion demonstrates the complete 
interrelationship of astrology and astronomy. Tzvi Langermann supplies 
another distinct view in his paper on Hebrew astronomy, analyzing both extant 
cosmo graphical texts and others that demonstrate computational astronomy. 
Again we see astronomy in the service of religion, a theme very much elaborated 
in David King's paper on Islamic mathematical astronomy and its counterpart, 
Daniel Varisco's on Islamic folk astronomy. 

It is easy, given how far observational and mathematical astronomy have 
progressed in recent years, to dismiss the astronomical practices of other ancient 
cultures, especially when their astronomy was not a precursor to our own. But 
in a curious way, walking on the moon and having satellite pictures of Mars 
have not brought us any closer to an understanding of the connection between 
the earth and the sky in anything but the coldest scientific way. The cultures 
in this volume used the sky to guide them in their daily lives - to lead the way, 
count the hours, predict disasters and situate their place in the cosmos. We 
hope this excursion into the astronomical achievements of the cultures of the 
world will open the eyes of scholars everywhere. 

NOTES 

Helaine Selin 
Amherst, Massachusetts 

November, 1999 

1 This idea comes from David Malouf's column in The Sydney Morning Herald, 23rd November, 
1998, p. 17. 
2 See Anthony F. Aveni, ed. Archaeoastronomy in the New World, Cambridge: Cambridge 
University Press, 1982; World Archaeoastronomy: Selected Papers from the 2nd Oxford International 
Conference on Archaeoastronomy, Cambridge: Cambridge University Press, 1989; and Clive L. N. 
Ruggles and Nicholas J. Saunders, eds., Astronomies and Cultures: Papers Derived from the Third 
Oxford International Symposium on Archaeoastronomy, Niwot: University Press of Colorado, 1993. 
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SKY TALES AND WHY WE TELL THEM 

Griffith Observatory, a high-profile hillside landmark overlooking the entire 
Los Angeles basin, is one of those points of contact between earth and sky 
where astronomy is dramatized in a planetarium theater. Entering the monu
mental front doors, a visitor first encounters a Foucault pendulum. Its 
240-pound brass ball swings at the end of a 40-foot wire in a sunken enclosure 
below the rotunda ceiling. The pendulum's motion demonstrates the earth's 
rotation in a subplot of the epic of Newtonian physics. Overhead, however, 
the ceiling mural documents a more archaic approach to the cosmos. Primary 
elements of the sky are figuratively portrayed as the mythological characters 
the ancient Greeks and Romans recognized in the operations of heaven. Four 
of the planets known to antiquity - Saturn, Jupiter, Mercury, and Venus -
appear as gods. Other Olympian children devoured by their father Saturn 
stand at his feet. The Pleiades are six winged women accompanied by Orion. 
The east and west winds, the four seasons, and a comet falling toward the 
North Star are all personified. 10, a mortal paramour of Zeus who was trans
formed into a heifer, and her guardian, many-eyed Argos, are conscripted to 
serve as symbols of the moon and the starry sky. Atlas, the world-axis Titan 
who supported the heavens, straddles the Big Dipper and holds up a ring of 
zodiac figures at the top of vault. Urania, the Muse of astronomy, grips the 
Star of Bethlehem, in a nod to another tradition of celestial myth. 

Although Griffith Observatory is internationally known for science education 
and public astronomy, the sky's old mythology is still part of the Observatory's 
point of entry to the modern, physical understanding of the universe. These 
myths are embedded in the names of the solar system's worlds and moons, in 
the name of the galaxy of stars to which the sun and its entourage of planets 
belong, and in the traditional constellations which still subdivide and map the 
sky according to more modern boundaries and supplements. For most people, 
the ancient sky tales are still part of astronomy's portfolio. Although now 
regarded more as entertainment than as information, celestial mythology still 
personalizes the sky and makes its behavior more accessible. 

Of course, under the dome of a modern planetarium, where darkness and 
constellations of artificial stars persuade audiences they have regained the night 

1 

H. Selin (ed.), Astronomy Across Cultures: The History of Non-Western Astronomy, 1-30. 
© 2000 Kluwer Academic Publishers. 
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sky that canopied their ancestors, visitors are as likely to hear tales of modern 
astrophysics as celestial myths. Beneath the familiar patterns of Orion, the 
Hunter, and Ursa Major, the Great Bear, the story of stellar evolution is often 
retold. Young nebulae of collapsing gas, business-as-usual suns burning with 
thermonuclear fire, aging red giants, white dwarfs with narrowing options, and 
catastrophic supernova explosions populate this pageant. The plot line is 
simple. Stars are born from interstellar clouds. Energized by interior fusion, 
ordinary stars live ordinary lives. As their furnaces exhaust their fuel, the stars 
grow old. Their outer layers expand and cool. They shed and decline. In their 
twilight eons, they are much smaller and much fainter. For some, death is a 
long, slow loss of light and heat. Others expire in fury, and from their tattered 
corpses, new stars eventually are born. 

This account of a star's transformation parallels our own lives and is easy 
to understand. It is also myth. Stars are not living things. They are not born, 
and they do not die. They are changing configurations of matter, and physical 
laws describe the changes and explain what drives them. We find it helpful, 
however, to use the pattern of life symbolically in a narrative that accounts for 
the fundamental nature of things and that helps establish our perception of 
reality. Celestial mythology, distilled to its essential core, does the same thing. 
The informal tale we tell of the lives of the stars is a metaphorical narrative. 
It is intended to inform us about the forces and processes at work in the 
universe, but it relies more on poetry than scientific precision. Science also 
makes good use of metaphor, but it differs from poetic association and mythic 
thought by evaluating data and discarding explanations according to principles 
of objective testing. 

HIGH SPIRITS 

For our ancestors, however, the sky was a domain of belief where nature was 
personified. Populated with influential spirits, transfigured heroes, mythic crea
tures, dangerous demons, and commanding gods, it was a realm of transcendent 
power. It tantalized us with events in plain sight but beyond our reach. 

Things happened overhead, and those events invited narrative. The celestial 

Figure 1 (opposite) Tombs and temples in ancient Egypt. traditional China, and other parts of the 
world carried the cosmos indoors with representations of heavenly objects and celestial gods in 
ceiling murals. This time-honored impulse to affiliate human endeavor with the sky is echoed in 
the painting that hangs above the entrance rotunda at Griffith Observatory, a magnet for public 
astronomy and science in Los Angeles, California. Executed by Hugo Ballin in the early 1930s, the 
mural includes many recognizable characters from the sky lore of antiquity. In this view, north is 
to the right, where Saturn presides over his children. Venus is just below Saturn, and to the left of 
Venus, Jupiter is enthroned with thunderbolts. At the lower left, blind Orion is guided toward the 
rising sun by Cedalion, who rides his shoulder, and the winged Pleiades flock above them. Atlas 
is on the left, operating like a world axis. Usually he bears the weight of the entire sky, but here 
his burden is a central ring of zodiac constellations. Mercury slips swiftly through the sky at the 
upper right, and Urania, the Muse of astronomy, is at the top. (photograph Griffith Observatory, 
Anthony Cook) 
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Figure 2 These personified stars symbolize the decans, a set of celestial markers the Egyptians 
used to keep the calendar calibrated and time the hours of the night. Their leader was Sirius, 
portrayed as the tall goddess Isis at the left. The figure ahead of her is Osiris, her husband and the 
spirit of cyclical renewal. Among the stars, Osiris was immanent in the constellation Orion. All of 
these stars are identified by name in the hieroglyphics above them. As they sail along the heavenly 
ceiling of the burial chamber in the tomb of Seth os I, an Eighteenth Dynasty pharaoh who ruled 
during Egypt's New Kingdom period, they transform his tomb into a miniature replica of the 
cosmos and provide his spirit with transcendental access to the celestial realm. (photograph 
E. C. Krupp) 

myths of our ancestors were rooted in observation but cultivated by belief. 
Cyclical patterns of day and night, lunar phases, and seasonal change all 
seemed to confirm that the sky administered much of the earth's activity. 

Celestial myth has, however, confused and misdirected most who have tried 
to understand the nature of myth, for even the Greeks and Romans had to 
deal with a fundamental contradiction. While some sky myths seem to refer 
directly and exclusively to the sky, others involve characters whose activities 
sometimes have nothing to do with it. The planets, for example, bear the names 
of Roman gods and have attributes reasonably associated with those gods. The 
planet Mercury moves more quickly in the sky than any of the other 'wanderers' 
recognized by the ancients except the moon. Mercury's affiliation with the swift 
messenger of the gods and divine patron of commerce makes sense. The red 
tinge we see in the light of Mars and that planet's advances, retreats, and 
aggressive skirmishes off the ecliptic, the path to which the planets are for the 
most part confined, understandably allied it with the god of war. In the Iliad's 
account of the Trojan War, however, when planet gods like Hermes (Mercury) 



SKY TALES AND WHY WE TELL THEM 5 

and Ares (Mars) interact with other gods and participate in the action as 
characters, they can not convincingly be interpreted as planets traveling in 
their customary courses. 

Nevertheless, some myths clearly encoded information about the natural 
world, and so some authorities argued the origin of myth is metaphorical 
description and explanation of nature. In the first century BC, the Roman 
statesman Cicero advocated this perspective in The Nature of the Gods. 

A great number of gods have also been derived from scientific theories about the world of 
nature. Endowed with human shapes, they have provided fables for the poets and have permeated 
human life with every form of superstiti(ln Thi< <l1hiect has been treated by Zeno and explained 
at great length by Cleanthes and Chryslppus. rur example, it was an old legend of the Greeks 
that the Sky-God was mutilated by his son Saturn and that Saturn in his turn was made captive 
by his son Jupiter. These impious tales are merely the picturesque disguise of a sophisticated 
scientific theory. (Cicero, 1972: 148) 

Figure 3 Max M Oller's school of solar mythology judged that expressive limits in ancient language 
led to the development of celestial myth. Descriptions of natural phenomena. like sunrise and dawn. 
relied on personification of elements of nature. According to this interpretation. the eventual deterio
ration of language left a residue of contradictory tales that were never intended to be a rational 
narrative. Instead, people contrived gods out of the fragmented verbal references. Anthropology 
and a more accurate understanding of traditional religion eventually sent solar mythology where 
the sun does not shine, and personifications like this - the sun as the god Helios beaming from 
his chariot on his daily commute - were understood to be the result of the attribution of spirit to 
inanimate nature. The boys below the sun's quadrigga are personifications of stars fading at dawn. 
Greek red-figured krater. Apulia, fifth century BC, © Copyright British Museum, photograph E. C. 
Krupp. Used with permission. 
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DANGLING SOLAR PARTICIPLES 

By the 19th century, recognition of nature myths had evolved into a school of 
'solar mythology' that detected celestial symbolism in every mythic plot line. 
Led by Max Muller, the world's preeminent Sanskrit expert, the partisans of 
the sun's mythic supremacy traced Greek myths and gods back to archaic 
Vedic originals. In antiquity, metaphor and personification of elements of 
nature leveraged our capacity to express relationships and abstract thought, 
but time, according to Muller, had dismantled, dispersed, and obscured the 
primordial sources. The residue - enigmatic and contradictory Greek myths 
that relied on images from nature, including the sky - troubled the Greeks as 
much as the nineteenth-century mythologists. John Fiske put it like this: 

Knowing nothing whatever of physical forces, of the blind steadiness with which a given effect 
invariably follows its cause, the men of primeval antiquity could interpret the actions of nature 
only after the analogy of their own actions ... They personified everything, - sky, clouds, 
thunder, sun, moon, ocean, earthquake, whirlwind. (Fiske, 1894: 18) 

Few would disagree that personification of nature helped activate myth, but 
Muller's work was rooted in complex, linguistic arguments. According to 
Muller, the myths were not an effort to represent nature symbolically but were 
instead an unintentional product of change in language. Although not everyone 
was persuaded Muller's solar theory really illuminated the meaning of myth, 
it took more than 25 years to discredit it. Embracing the anthropological 
posture formulated by Oxford professor Edward B. Tylor, the British folklorist 
Andrew Lang (1885) documented logical fallacies in what had become an 
overly ambitious, excessively applied, and smothering understanding of myth. 
Both Tylor and Lang expanded the inquiry far beyond the territory of the 
Western tradition and applied data from cultures worldwide. 

For example, the Creek Indians of the American Southeast attributed the 
oscillation of day and night to a decision inspired by Raccoon at the time of 
Creation. Nocturnal creatures and the animals who preferred to be abroad by 
day at first disagreed on the partition of light and dark. These were not ordinary 
animals, of course. They could talk, a common talent at the time of Creation, 
when everyone is an ancestral spirit and a participant in the inauguration of 
the way things are going to be. The discussion intensified without obvious 
resolution until Ground Squirrel finally struck a compromise with help from 
Raccoon's tail. Just as the tail is subdivided by equal rings of alternating light 
and dark, day and night would share the time. 

This cross-cultural lesson in solar myth is simple. If other traditional peoples 
around the world explain sunrise, sunset, and the alternation of day and night 
with stories that allude to spirits and primordial time and betray no sign of 
corrupted language and lost meaning, why could the Greek myths not docu
ment the obvious? They harbor personifications of nature because the Greeks' 
ancestors, like most traditional peoples, loaded the world with spirits. 

Other broad theories of myth have been devised since Muller's solar mythol
ogy, but no interpretive framework dismisses the celestial connotations in myth. 
Lang acknowledged the existence of myths of the sun, moon, stars, and planets 
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Figure 4 Ancient Greeks held no monopoly on the personification of celestial objects_ Tbis cross
cuhural response 10 nature is evident here in a portrayal of Moon with the face of Thunderhird 
in this replica by master carver Bill Reid of a Haida pole that stood in Skidegate. Queen Charlo\1e 
Isl;mds, British Columbia. Canada. in JM7S, This pole may now be seen in Vancouver's Stanley 
l'ark.lphOlOgraph t. C. Kruppl 

(Lang. 1887: [22- 137). He saw them, however, as the natural consequence of 
the animist belief that every component of the world - every element of nature 
- is enl ivened by spirits. Lang linked myth to the evolution of religious thought 
and disputed its debt to distortion of ancient language. However the Greeks 
happened to acquire their sky myths, these tales were, he judged, just the 
consequence of 'the same ready system of universal anthropomorphism' (Lang, 
1885, 136). 

CELEST[AL CATECHISM 

As a dimension of mythic thought, celestial myth has been interpreted and 
understood by the conventions of each different approach to myth. Although 
general definilions of myth vary with the perspective and purpose of each 
interpreter, myth is broadly recognized as narrative that details the cha racter 
and behavior of gods, spirits, and other supernatural beings. For example, in 
Allilltrodu(·tiol! to Mythology, Lewis Spence, a folklorist and prol ific popularizer 
in the early decades of the twentieth century, defined myth as 

au account of the deeds of a god or supernatural being, usually expressed in terms of primitive 
thought [t is an anempt to e~plain the relations of man to the universe, and it has for those 
who recount it a predominantly religious value: or it may have ari!oen to 'explain' the existence 
or some social organization. a custom, or the p«uliarities of an environment. (Spence, 192L: 
11 - 12l 
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Myth is, in fact, a religious response. It is intended to account for the 
fundamental character and behavior of the world - those aspects of nature and 
society, the raw and the cooked, that define our lives. The grand themes - first 
and last things, origins and endings - are addressed in myth. It supplies 
accounts of the creation, structure, development, and ultimate destruction of 
the physical world, of the universe in which it resides, and of the cosmic order 
that governs its conduct. For our ancestors, these stories of heroes and gods 
established analogies between world order, natural order, and moral order and 
clarified our relationships with divine power. The prevailing congruence, har
mony, and stability of the cosmos at all scales were what our ancestors meant 
by the sacred. The sacred established the parameters of their lives. Through 
the rituals associated with myth, they engaged in joint ventures with the gods. 

Celestial myth incorporates celestial imagery in the service of mythic themes. 
Its reliance on the sky is what first distinguishes it from other myth. It may 
simply describe with symbolic vocabulary an object that resides, or a process 
that occurs, in the sky. We see, however, connections between what takes place 
in the heavens and what happens on earth, and so some of our sky tales explain 
affairs on the ground in terms of celestial stewards. Finally, analogy encourages 

Figure 5 The Greeks and other ancient peoples saw divinity in the power of the planets to move 
among the background stars according to their own itineraries. Before the telescope found other 
worlds in the solar system, seven 'wandering' gods were acknowledged - top row, left to right: Sun, 
Moon, Mars and bottom row, left to right: Mercury, Jupiter, Venus, Saturn. Each planet was 
assigned to a day of the week, and they are ordered here according to that sequence. (traditional 
dra wings from Hungarian Gypsy Egypto-Persian Book of Planets, 1890, reprinted in Symbols, Signs, 
& Signets by Ernst Lehner, New York: Dover Publications, Inc., 1950) 
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us to see correspondences between the configurations of some human enter
prises and the patterns and rhythms of the sky. We add meaning and importance 
to tales about ourselves by disguising them as stories about the sky. 

HUNTING ORION 

Celestial myth is as explicit and easy to recognize as Orion. After the Great 
Bear, or Big Dipper, Orion, the Hunter, is perhaps the best known constellation, 
and Orion's myths are almost exclusively reflections of the constellation's actual 
behavior. In the oldest surviving collection of Greek star myths, the 
Catasterismi, Orion's relationship with the constellation Scorpius, the Scorpion, 
and with the rising sun are both mentioned. The Catasterismi, prepared by an 
unknown author in the first or second century AD, is thought to be a condensed 
version of a lost book by Eratosthenes, an astronomer and the chief librarian 
of Alexandria in the third century Be. 

According to the Catasterismi, Orion was visiting King Oenopion's court on 
Chios, an east Aegean island off the Ionian shore. Seduced by wine, Orion 
assaulted the king's ravishing daughter. To avenge Orion's violation of her 
honor, Oenopion blinded him and sent him packing. Orion wandered north 
to Limnos, the island frequented by Hephaestus, the god of volcanic fire and 
the smith's forge, and the home of his cult. Hephaestus assigned his aide 
Cedalion to ride Orion's shoulder and guide him to the sunrise. There, on the 
eastern horizon, Helios, the sun, restored Orion's sight. After a brief return to 
Chios and an unsuccessful attempt to harm Oenopion, Orion headed south to 
Crete, where he hunted game with Artemis, the goddess of wild nature who 
was affiliated with the moon, and with Leto, the mother of Artemis and Apollo 
and who in this narrative may be a stand-in for Mother Earth. Because Orion, 
perhaps frenzied by the chase, announced his intention to kill every animal in 
the world, Gaea, the earth, birthed a scorpion. It attacked Orion, who perished 
from the poison. An alternate version indicates Orion's advances upon virginal 
Artemis prompted her to deposit the scorpion on Orion. In either case, the 
Catasterismi informs us Orion and the scorpion were both catasterized -
transformed into stars and lodged in the sky. 

Orion's journey from his home in Boeotia, in central Greece, to Chios, 
Limnos, the eastern horizon, and Crete is a campaign around the compass 
points. His audience with the rising sun is a conjunction that removes him 
from the night sky and returns his sight. Too little is preserved of the myth to 
verify its meaning, but it contains enough astronomy to support a guess. An 
Orion that cannot see may be an unseen Orion. To travel to the east, Orion 
must be in the west. These circumstances suggest Orion was blinded when he 
disappeared with the setting sun in late spring, was treated by Helios when he 
was absent from the night sky, and regained his sight when he reappeared in 
the July dawn. This analysis of the celestial symbolism may not be correct, but 
even without an assured interpretation, we have the impression the Greeks 
who told this story did not seem to be talking about anything but the sky. 



10 E. C. KRUPP 

• 

• 

• 

• • 

• 
• 

ORION 

• 

• 

• • 

Figure 6 The distinctive arrangement of Orion's bright stars has ensured its independent recogni
tion in cultures around the world as an eye-catching signal of celestial rhythms. The three stars 
in a row that form his belt are especially well known. In Greek myth, Orion was a hunter who 
tracked his prey through the sky, and all of his lore derives from his celestial character. (from The 
Stars in Song and Legend by Jermain G. Porter, after Johann Bayer's celestial cartography in 
Uranometria, 1603) 

STINGING OPPOSITION 

Ambiguities aside, Orion's encounter with the Scorpion is astronomically 
transparent. The Catasterismi verifies, 'Orion was placed among the stars in 
such a way that when Scorpius rises, Orion sets' (Condos, 1997: 188). Aratus 
of Soli also explained Orion's aversion for the Scorpion in the Phaenomena, a 
sky guide he wrote in the third century Be. 'Wherefore, too, men say that at 
the rising of the Scorpion in the east Orion flees at the western verge.' (lines 
645- 646) 

An adversarial relationship puts the Scorpion and the Hunter on opposite 
sides of the sky. They take turns above the horizon, and their occupations of 
the night sky have seasonal value. Scorpius scuttles through the summer night, 
and Orion hunts in winter. They perform in complementary opposition, and 
the same astronomical principle was acknowledged in other cultural traditions. 
Zhou dynasty China (1122-221 BCE), for example, expressed the Orion/ 
Scorpius relationship with independent celestial imagery. In China, stars in the 
Hunter and the Scorpion were seen as two quarreling brothers, Shi Chen and 
Yan Po. In constant conflict, they were sent to neutral corners by divine 
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Figure 7 Orion's mythic opponent is Scorpius, the Scorpion. The two constellations are on oppo
site sides of the sky. When one rises, the other sets. Because they are visible through the night at 
two different times of year, they preside over different seasons. Their behavior as constellations 
suggests their myth is astral metaphor. As characters, they play no other role in ancient Greek 
mythology. (from The Stars in Song and Legend by Jermain G. Porter, after Johann Bayer's celestial 
cartography in Uranometria, 1603) 

command. In Zhou tradition, the opposed stars also represented the two 
previous dynasties whose mutual antagonism was legendary. 

Greek myths of Orion and Scorpius may also have been packed with seasonal 
meaning. Scorpius rises heliacaUy in winter just days after Orion sets with the 
dawn. From this point on, Orion owns less and less of the night. His death by 
arachnid may correspond to his conjunction with the sun and complete absence 
from the sky in June, when Scorpius is in command of the entire night. 

DANCING TILL DAWN 

Neither Orion nor Scorpius has a significant dimension in myth beyond tales 
that reflect their astronomical and seasonal character. The same could be said 
for the Pleiades, a distinctive cluster of stars in the constellation Taurus, the 
Bull. Nothing else in the sky looks like the Pleiades, and their location on the 
ecliptic, the sun's annual path through the stars, ensures their value as a 
seasonal marker. Aratus reported they 'tell of the beginning of summer and of 
winter and of the coming of the ploughing time' (lines 265- 266), and in the 
seventh century Be., Hesiod linked them to seasonal tasks in Works and Days. 
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When the Pleiades, daughters of Atlas, are rising, begin your harvest, and your ploughing when 
they are going to set. Forty nights and days they are hidden and appear again as the year 
moves round, when first you sharpen your sickle. (lines 383-387) 

This passage refers to the cluster's first predawn, or heliacal, rising in May and 
then mentions its predawn setting in November. The 'forty nights and days' of 
absent Pleiades is the period when the sun and its glare invade their territory. 
From their last visibility in the west after sunset in April to their first reappear
ance in the east before sunrise in May, they traveled only in the daytime sky 
and remained out of sight. Observations of significant risings and settings of 
stars like this established the progress of the seasons in the year in many 
ancient and traditional cultures. Worldwide surveys of recognition of the 
Pleiades (Krupp, 1991: 241 - 255) verify nearly universal use of their seasonal 
arrivals and departures. 

In Greek and Roman myth, the Pleiades, like Orion, operate almost exclu
sively as stars. Their mythic identity is essentially astronomical, and the story 
in which Orion stalks the Seven Sisters reflects little more than the behavior 
of the sky. Although the Catasterismi does not mention Orion's hot pursuit of 
the Pleiades, Hesiod refers to it (Works and Days, line 619). The Roman poet 

Figure 8 An early morning appearance of the Pleiades on the eastern horizon, followed by system
atically earlier risings until they waltzed across the sky for the entire night, seems to have prompted 
some to regard them as maids inclined toward celestial dance. That is how the Greeks saw them, 
the daughters of Atlas and Pleione, on the run from Orion. Although the ancient Greeks confirmed 
only six can be seen easily with the unaided eye, Elihu Vedder's romanticized, nineteenth-century 
rendition of their performance puts seven in the chorus line. (from William Tyler Olcott's Star Lore 
of All Ages) 
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Hyginus delivers a little more detail in his Poeticon Astronomicon (Condos, 
1997: 172). Probably written in the first century BC, it reports Orion's affairs 
with tabloid color. As the sea nymph Pleione and her seven daughters, the 
Pleiades, were passing through Boeotia, they ignited Orion's erotic fire. Worked 
up over the attractive women, he tried to run them to ground. Although he 
chased them for seven years, he failed to find them, and finally Zeus gave them 
refuge in the sky. Relocating everyone in the heavens insured the race would 
never end. Hyginus then acknowledged the astronomical dimension of the myth: 

And even now, Orion appears to follow them as they set, in their flight; our writers call these 
stars Vergiliae [spring stars] because they rise after the vernal equinox; indeed, they enjoy 
greater honor than other stars, because the rising of their sign signals summer, while its setting 
signals winter. No other signs are accorded this role. (Condos, 1997: 172) 

The rising Hyginus referenced is the first predawn reappearance of the 
Pleiades following conjunction with the sun. 

Orion and the Pleiades both belong to the winter night sky. Because Orion 
is just east of the Pleiades, he follows that distinctive cluster of stars toward 
the west with the nightly rotation of the sky. Elsewhere in Works and Days, 
Hesiod confirmed Orion's seasonal performances in summer (line 598) and in 
the autumn (line 615). Calendrics and the movements of stars are then embed
ded in Orion/Pleiades lore. Orion still follows the Pleiades like prey through 
the sky, and both still come and go with the seasons. This activity would 
qualify Orion as a licensed celestial hunter even if nothing else did. Because 
his heliacal rising is delayed behind the Pleiades, and because he lingers at 
dawn in the western sky longer than they, his travels, like theirs, also have 
seasonal meaning. They do not appear, however, to have other meaning. Orion, 
Scorpius, and the Pleiades all demonstrate the most obvious dimension of 
celestial myth: sometimes it just refers to what takes place in the sky. 

DISARMING HEAVEN 

In our time, stories of Orion and the other consteIlations, of the sun and moon, 
and of other inhabitants of the sky are usually encountered as entertainment, 
more often directed toward children than adults. Many children's books about 
astronomy include sky lore, and publishers continue to release collections of 
constellation myths for juveniles. A hundred years or so ago, it was a different 
story. The educated adult audience was targeted by books like John F. Blake's 
Astronomical Myths (1877, based on Camille Flammarion's History of the 
Heavens), Moon Lore (1885) by Timothy Harley, The Stars in Song and Legend 
(Jermain G. Porter, 1902), and William Tyler Olcott's Star Lore of All Ages 
(1911) and Sun Lore of All Ages (1914). More recent efforts, like Peter Lum's 
The Stars in Our Heaven (1948), The New Patterns in the Sky (1988) by Julius 
D.W. Staal, and Roy A. Gallant's The Constellations - How They Came to Be 
(1991), are clearly designated 'juvenile literature'. A few exceptions highlight 
the rule. In 1991, no less than three popular collections of lunar lore - Luna: 
Myth & Mystery by Kathleen Cain, Many Moons by Diana Brueton, and 
Moonscapes by Rosemary Ellen Guiley - oversaturated a market for moon 
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myth encouraged in part by New Age spirituality and the Goddess Movement. 
Shining by a different light, Carolyn McVickar Edwards's Sun Stories (1995) 
belongs to the same impulse. Gwydion O'Hara's Moonlore (1996) and Sun 
Lore (1997) and Andrea Stenn Stryer's The Celestial River: Creation Tales of 
the Milky Way (1998) instead reflect the current revival of storytelling as a 
performing art and aim simultaneously at children and adults. 

In contrast, Hamlet's Mill, by Giorgio de Santillana and Hertha von Dechend 
(1969), attempted to extract new meaning from celestial myth. Although the 
book frustrates readers with what seems to be a deliberate effort to obscure its 
own message, it has acquired almost legendary status as an affidavit filed on 
behalf of ancients who allegedly knew a lot more about the sky than is usually 
credited to them. Hamlet's Mill stressed myth's capacity to encode esoteric 
information and saw a technical language in ancient sky lore. Treating the 
celestial dimension of myth as a celestial primer that reached beyond symbolic 
representation of familiar astronomical cycles and events, de Santillana and 
von Dechend teased out of the ancient tales a tradition of precessional knowl
edge older than Hipparchus and the second century BC, to which the docu
mented history of astronomy assigns it. Worldwide myth, they argued, retains 
fragments of a different concept of cosmic order. Below the threshold of seasonal 
rhythm, a subliminally slow celestial tune choreographs the sky to dance 
unconsciously to another beat of successive world ages as the stars are displaced 
from their customary seasons. In a sense, the strategy and conclusions of 
Hamlet's Mill reduce a great deal of myth - not just celestial myth - to a 
metaphorical description of precession. Although some have taken this preces
sional interpretation of celestial myth seriously, advocates for Hamlet's Mill 
have not dealt with the book in detail and have not faced directly the natural 
consequences of its assertions. Historical evidence, in any case, contradicts the 
main argument, and Hamlet's Mill, relying on material of mixed value and 
reliability, fails to make its case. Its convoluted presentation discourages 
thoughtful review. 

There are few other departures from the mainstream, and even the majority 
of these are limited in scope. Without directly allying himself with Hamlet's 
Mill, Classics professor Thomas D. Worthen subsequently explored mythic 
dimensions of precessional dislocation in The Myth of Replacement: Stars, 
Gods, and the Order of the Universe (1991). Ian Ridpath's Star Tales (1988) 
effectively digests Greek and Roman constellation myths but evades commen
tary on their purpose and significance. In 1991, Giuseppe Maria Sesti's The 
Glorious Constellations: History and Mythology was published as a massive 
coffee table book of constellation lore. Despite its monumental assembly of 
appealing illustrations, the book's text is an undisciplined recitation of data of 
varying reliability. Without broad synthesis, rigorous analysis, and structured 
presentation, it may entertain, but it does not inform. On the other hand, Janet 
McCrickard's Eclipse of the Sun (1990), an 'investigation into sun and moon 
myths', is an informal but thoughtful - and documented - examination of 
gender in these two tenants of the sky. Beyond the Blue Horizon - Myths and 
Legends of the Sun, Moon, Stars, and Planets (Krupp, 1991) is the only modern 
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systematic and cross-cultural analysis of the character, function, and meaning 
of celestial myth worldwide. 

HITTING THE TARGET, MISSING THE POINT 

Even the earlier efforts to document celestial myth sidestepped serious study 
of its primary intent and its cultural applications. The episodic organization 
and selective content of John F. Blake's Astronomical Myths qualify it more as 
a reference on selected topics than as a dissection of the anatomy of celestial 
myth. It contains, by its own admission, 'a number of interesting accounts of 
the various ideas, sometimes mythical, sometimes intended to be serious, that 
had been entertained concerning the heavenly bodies and our own earth.' Blake 
recognized, however, that early astronomy 'was so mixed up with all the affairs 
of life, and contributed so much even to religion' that a history of its mythic 
content would not just interest astronomers and scientists but all who wish to 
know 'the history of the general ideas of mankind' (Blake, 1877: vii-viii). 
Nonetheless, Blake and Flammarion are descriptive, not analytic. 

Sampling treatments of general mythology for non-specialists, we almost 
inevitably encounter a similar undeveloped acknowledgment of the significance 
of celestial myth. Myths and Legends of All Nations (1950) by Herbert Spencer 
Robinson and Knox Wilson opens with a familiar definition of myth as 'fabu
lous stories ... which offer an interpretation of some natural phenomenon or 
some long-established belief or custom,' jumps quickly to astronomical and 
cosmological themes to illustrate the connection between nature and myth, 
and then abandons the heavens with no further commentary. 

Helen Archibald Clark's A Guide to Mythology (1910) offers the general 
reader a remarkably perceptive and clearly explained evaluation of scholarly 
understanding of myth at the time, and Clark permitted no ambiguity on the 
importance of celestial myth. She devoted two chapters - 'Myths of the Sun, 
Moon, and Stars' and 'Myths of Sky and Air' - to this subject, 128 pages of 
her 399-page book, but her treatment is a collection, not an analysis. In her 
only examination of the meaning of her material, she identified 'the highest 
conceptions of divinity' with the gods of sky and air (Clark, 1910: 269). 

Because the realm of celestial myth is the sky, these tales generally document 
the behavior of the high gods - the sun, moon, planets, and stars - and their 
impact on earth. The ancients correctly understood the causal connections 
between some celestial phenomena and the terrestrial environment. Even 
though we now know the spinning earth makes the sun rise and set, the sun's 
daily journey does make the difference between day and night. Even though 
we now know the tilt of the earth's axis and its orbital motion are responsible 
for the seasons, the reflected annual migration of the sun is directly linked to 
seasonal change. Even though we now know the moon's phases are the product 
of its spherical shape, its reflection of sunlight, and its circuit of the earth, the 
moon's monthly itinerary really is related to the pattern of the tides. These 
connections with the sky understandably inspired belief in the sky's capacity 
to signal the gods' intent and to influence the world below. 
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Lewis Spence invoked the cosmic and the divine in the definition of myth 
he tendered in An Introduction to Mythology and understandably linked these 
ideas with religion and the sacred. He endorsed the anthropological perspective 
on myth and presented a disciplined history of trends in interpretation of myth 
up to his time. Although he documented the existence of solar gods, he explored 
their meaning no further than the familiar metaphors of light and dark and 
day and night. None of the other endeavors of the sun are catalogued or 
examined. His description of lunar gods linked them with the vegetation cycle 
and with renewal, fertility, and the calendar. His list of 'the various classes of 
myth' includes star myths, but he said little about them. He identified the 
heavens as the scene of Creation and as a home of mythic ancestors and a 
realm of dead spirits. Some constellation myths, he argued, were just attempts 
to explain the resemblance of star patterns to specific things. Acknowledging 
cross-cultural responses to some asterisms and celestial themes, Spence saw 
universal recognition of Orion, the Southern Cross, the Pleiades, the Milky 
Way, and the Great Bear, wherever they were visible. He briefly inventoried 
examples of star myths but failed to probe their function. Later, Spence all but 
dismissed this class of sky myths in a small introductory book, The Outlines 
of Mythology. 

Many of the stars or planets were identified with gods or heroes, and in this connection 
'secondary' myths arose concerning them. The constellations, too, seemed to early man to form 
pictures the explanation of which varied with the tribe or people who conceived them. Frequently 
quite simple tales were told of them. (Spence, 1944: 50-51) 

Apart from brief affirmation that the stars and planets were personified and 
deified, Spence had little else to say about them. 

APPROACHING HIGHER GROUND 

The sense that there might be something more to extract from the sky distingu
ishes The Mythmakers (1966), Mary Barnard's personalized commentary on 
myth for contemporary readers, from many other popular treatments of myth. 
Even without an organized development of celestial themes, the chapters on 
the moon, eclipses, and stars rehabilitate the old solar, lunar, and stellar 
mythologies with anthropological footings. She accurately upgrades the value 
of astronomical objects as divine agents of ceremony, the calendar, and immor
tality. She sees a stimulus for the performance of magical ritual in eclipse 
myths, and worldwide Pleiades lore prompts her to discern the cluster's role 
in seasonal timing. Challenging the notion that 'a star myth is a capricious 
invention' inspired by a configuration of stars and naive personification of 
inanimate nature, Barnard justifies celestial myth in terms of its ordering power. 
Her reassessment also permits her to explain some of the shallow treatment 
endured by the sky (Barnard, 1966: 120). Comparative mythologists, she says, 
'are ignorant of or indifferent to the raw first principles of time-keeping,' and 
'reputable scholars are frightened off the subject by their distrust of astrologers, 
Pan-Babylonians, Rosicrucians, and lay writers of mystical bent who have 
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given star myths a bad name.' Only the reawakening of anthropological interest 
in the cultural functions of ideology is likely to reverse this response. 

Perhaps no modern mythologist is better known than the late Joseph 
Campbell, whose work is sweepingly cross-cultural and thematically oriented. 
Campbell's psychological approach to myth incorporated the impact of certain 
elemental experiences, among them the sky, which is, after all, half of the 
environment. Campbell, too, acknowledged the sky's high mythological profile. 
For example, he opened the introduction to one of his last books, The Way of 
the Animal Powers (1983), with a Pawnee account of Creation. In the words 
of Chief Letakots-Lesa, 'in the beginning of things' Tirawa, the Creator who 
resides in the sky, did not speak directly with people but 'showed himself 
through the beasts.' From them and 'from the stars and the sun and the moon' 
people learned wisdom and knowledge. The sky helped inform them about the 
world - what it is, how it works, and what it takes to live there. (Editors note: 
See Von Del Chamberlain's chapter on Native American astronomy in this 
volume). According to Campbell (1983: 8), the first function of mythology is 
'to waken in the individual the sense of wonder and participation in the mystery 
of this finally inscrutable universe.' It is Campbell's second function, however, 
'to fill every particle and quarter of the current cosmological image with its 
measure of this mystical import' that leads us to speak of the sky. We construct 
a congruent reality out of nature that we believe reflects the structure of the 
cosmos. Our vision of the cosmos is an exercise in ordered space and time. 
That mythic cosmic order is imposed by and revealed by the sky. What happens 
in the sky is therefore inextricably linked to the maintenance of society and 
culture, which to be valid must appear to conform to cosmic order. Finally, 
because the pattern of each individual life should adhere to the broader pattern 
of nature, myths of human destiny echo myths of cosmic order, sharing the 
rhythms and trajectories of the greater universe. The mythic adventure or 
hero's quest inserts the individual into the social order, and to survive there, 
that character must align himself or herself with the will of the gods and the 
inclination of the cosmos. 

As helpful as Campbell's outline is, we must still look elsewhere to appreciate 
the operation and function of traditional cosmology and celestial myth. Sir 
James George Frazer - author of The Golden Bough, a monumental examina
tion of myth, folklore, magic, and religion that spotlighted seasonality in the 
tradition of the slain and resurrected god - also gathered traditions of sky and 
sun gods from around the world. In The Worship of Nature (1926) he directed 
special attention toward the roles these gods played in peoples' lives and beliefs. 

The development of symbols and abstract thought from natural models, an 
implicit theme in Frazer's work, was expanded by the historian of religion 
Mircea Eliade in Patterns in Comparative Religion (1958) and adapted to his 
examination of the sacred and its relationship to primordial time, cosmic order, 
Creation, and the Center of the World. Eliade wrote both for the scholar and 
the general reader. Alexander Eliot's Myths (1976) includes an essay by Eliade, 
'Myths and Mythical Thought', that discloses some key attributes of celestial 
myth. It reports, he confirmed, the affairs of the high gods, those that reside in 
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and preside over different facets of the sky. The remote placement of the sky 
reflects, Eliade judged, our displacement from the Golden Age. One of Eliade's 
primary themes is our removal from, and nostalgia for, that Paradise of primor
dial Creation. Consequently, celestial myth is always linked to Creation myth, 
either directly or indirectly. In this discussion, Eliade emphasized the sun and 
the moon and inferred they are linked with cosmogony through their capacity 
for periodic regeneration. We are first inclined to equate the original Creation 
and the subsequent renewal with procreation and generational continuity, but 
for many of the ancients the first priority of Creation was the installation of 
natural and cosmic order and the abiding structure of the world. 

Eliade credited celestial gods with the responsibility for maintaining and 
renewing cosmic order, but he never took the next obvious step. He never 
investigated the numerous and detailed celestial mechanisms that inspire this 
thinking and drive it to specific conceptual conclusions. He saw a solarized 
hierarchy of power and a lunar engine of fertile renewal along with other 
celestial themes in myths, but neglected to explore the sky's full capacity for 
metaphors of structure and renewal. 

CELESTIAL MYTH AND CYCLICAL RENEWAL 

Astronomical images and cosmic metaphors in myth, ritual, symbol, the sha
manic quest, the calendar, kingship, the agricultural enterprise, and interaction 
with wild nature all illustrate the bond between earth and sky. This bond was 
forged by celestial gods through recapitulation and renewal. Their conduct 
established world order through the template of direction, the beat of time, 
and the display of power. Power was apparent in the luminous energy of 
celestial objects, in their independent mobility, ordered behavior, universal 
visibility, in their governance of the highest frontier, and in their effect on earth. 
They are eternal because they are ever renewed. 

One way or another, almost every celestial object participates in the circuit 
of ordered change. The sun rises and sets each day, a birth and death that 
alternately expose the world to light and blanket it with darkness. The moon 
is reborn as a new crescent from death by invisiblity. Its changing phases are 
read as growth, maturity, age, decline, and another monthly death before its 
next incarnation. Stars die at daybreak when the sun is reborn and are resur
rected by the night when the sun slips into its grave on the western horizon. 
Appearing in appropriate seasons, stars keep temporary company with the 
night sky and then succumb when they temporarily rejoin the sun. The sun's 
power oscillates with an annual pulse as it migrates seasonally between the 
northern and southern limits of its risings and settings. In eclipses, the sun and 
moon are devoured by untimely darkness, but they always come back to life. 
The planets each pursue independent paths that bring them into view and then 
submerge them from sight according to different tempos. When Venus as an 
'evening star' disappears in the glare of conjunction, it is immolated in solar 
fire. When it returns a few days later in the dawn, it is Ishtar - the 
Mesopotamian warrior goddess and divine sponsor of love - revived from the 
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underworld and Quetzalc6atl - the Aztec 'feathered serpent' god of fertile 
renewal- reborn from fiery death. Meteors, comets, and exploding stars unex
pectedly arrive, stick around for a moment or for months, and then disappear. 
Over millennia, constellations are displaced by precession from their accus
tomed seasons in a slow, cyclical process that seems to keep the entire cosmos 
eternally transformed. 

If these celestial objects are characters in a heavenly pageant and cosmic 
agents of transformation, the stage where they perform is delineated by the 
architecture of the sky. This domain of the action is also a hallmark of celestial 
myth. Our perception of the sky as an overhead dome is the natural conse
quence of our eyes' lack of depth perception at cosmic distances. We use the 
structural elements of that dome to frame the dramas presented there. The 
horizon, the zenith, the directions, the celestial pole, the celestial equator, hour 
circle ribs on the celestial sphere, the ecliptic, the ecliptic pole, and the Milky 
Way confer structure on the sky. They are the ribs, joists, and studs of a stage 
set on which celestial narrative unfolds. 

Celestial mythology employs astronomical and cosmic metaphors to establish 
these patterns of recapitulation and renewal. The cycles of the sun, moon, stars, 
and planets are all eurhythmic variations of the beat of cosmic order: i.e., 
installation, perpetuation, loss, and renewal. This is the fundamental theme of 
celestial mythology (Krupp, 1998). 

Traditional, nomadic peoples whose social scale is small do not concentrate 
power in the same way as cultures that are more settled on the land. For the 
former, the supernatural power attributed to nature is dispersed through the 
landscape and accessed at places regarded as particularly endowed with it. 
People more settled on the land, however, more often transfer the sky's divinity, 
order, and power to the earth at a place regarded as the center of the world 
or symbolically equated with it. That place was also often judged to be the 
point of Creation. Through the myths and rituals affiliated with that kind of 
site, the present was favored by contact with primordial Creation. That put 
formative, world ordering power in the hands of those who owned and operated 
the World's Center. Frequently, but not exclusively, its ritual rhythm was 
annual, and its language was seasonal. Diurnal and lunar timing could also 
reset the ritual clock, however, and modulate the vocabulary of myth. 

According to Mircea Eliade, primordial Creation is recapitulated in our 
perception of nature's renewal and is imitated in our symbols and myths. 
Cosmic order is reflected in the natural order and in human culture. Modeling 
the pattern of cyclical renewal with celestial analogy simply puts the most 
transparent and reliable images of the process at our disposal. As a historian 
of religion with an anthropological perspective, Eliade defined cyclical renewal 
in a cosmological framework and called it 'the myth of the eternal return'. 
Always reemerging, the theme returned with the punch of mass-market enter
tainment in Walt Disney's 1994 animated feature film The Lion King. The film 
labeled this mechanism 'the circle of life' and symbolized it with biological, 
seasonal, and celestial images. 

The astronomical mechanisms of cyclical renewal are obvious and concrete. 



20 E. C. KRUPP 

They reinforce and legitimize the transformative aspect of nature and operate 
economically as symbolic models for the change that occurs in other realms of 
our experience. Because celestial objects establish and maintain cosmic order, 
the sky also offers mechanisms that enhance social cohesion and mobilize 
cultural behavior. 

Shirley Park Lowry's well-crafted study of myth, Familiar Mysteries (1982), 
incorporates many of the cosmological images and themes encountered in 
Eliade's work - the world axis, the cosmic center, world order, cyclical renewal, 
and the mythic and ritual recapitulation of primordial Creation. She relied 
very little, however, on the sun, moon, planets, and stars, and these are the 
objects that reveal cosmic order and cyclical renewal. Without celestial myth, 
it is difficult to understand how these concepts emerge and why they earn such 
high status in the symbolic vocabulary of traditional belief. 

Our modern disregard for the meanings of celestial myth is evident in the 
forums where they most frequently appear. We retell these stories under the 
night sky in campgrounds, beneath planetarium domes, in monthly features of 
astronomy magazines that spotlight the constellations like celebrities, in sky 
guides, in children's books, and anywhere else sacred narrative and ancient 
belief now playa part in our encounters with the sky. These stories, however, 
had a point. They meant something. As we revisit them, we should also be 
trying to understand exactly how they once made the sky comprehensible. This 
requires mindful study of their content. Detailed analysis of the content of any 
celestial myth in turn should be directed to the revelation of the actual function 
of that myth. An accurate understanding of the myth's function is what most 
effectively exposes its symbolic value in its cultural landscape. 

ANALOGY AT WORK 

Astronomical metaphor can be marvelously explicit. Among the Finno-Ugric 
peoples and other Siberians, for example, the Milky Way is directly linked with 
migrating birds (Krupp, 1995). Traditional names for the Milky Way reflect 
this: 'Ducks' Road' and 'the Southern Birds' Road' (Voguls and Ostyaks), 'Path 
of Birds' and 'Birds' Stair' (Lapps, or Saami), 'Birds' Road' (Finns and 
Estonians), and 'Birds' Way' and 'Wild Ducks' Way' (Turkic and Tatar 
Siberians). These names refer to the autumn Milky Way. Just after dark, it 
bridges the sky from the northeast to the southwest, and it is regarded as the 
high-altitude flight path for waterfowl headed south for winter. Both this 
configuration of the Milky Way and the absence of the birds are emblems of 
winter's onset. The constellation Cygnus, the Swan, belongs to this part of 
the Milky Way. It, too, wings south when the stars come out, and it may 
be evidence of an old and more widespread tradition of the Milky Way's 
seasonal role. 

In Uralic myth, the birds travel only at night. The Milky Way directs their 
flight, but they do not just fly south. In winter, the birds journey beyond the 
horizon to the Land of the Birds, which is really a realm of the dead. The birds 
are killed there and remain until spring, when their magical resurrection lets 
them return north. 
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Figure 10 Birds parading on two arcs on an Ostyak (Sclkup) shaman's drum from western Siberia 
are accompanied by symbols of the sun (rayed disk) and moon (rayed crescent) and apparently 
refer to the Milky Way as 'the Southern Birds' Road.' Milky Way references on the shaman's drum 
link migrating birds with the traveling souls either shamans or the dead. The multi-limbed lizard
like creature that splits the drum design vertically is the world axis, another route for shamanic 
travel to the sky. (Griftlth Observatory, Joseph Bieniasz, after a drawing in Shamanism in Eurasia, 
edited by Mihaly Hoppal, Giittingen, Germany: Edition Herodot, 1984) 

The Voguls say their high god, the Guardian of the World, turns into a swan 
and escorts the souls of the dead, who also journey south along the Milky 
Way to the Other World. For the Voguls, the Milky Way, then, is not just a 
seasonal route for the birds' withdrawal. It is the celestial turnpike traveled by 
the dead. Winter is, of course, a kind of death, and winter occurs when the 
Guardian of the World sleeps. His deathlike sleep also resembles a shaman's 
trance. The Guardian's flight with dead souls and the birds' seasonal flight 
turn the Milky Way into a shaman's trail to territory of supernatural power. 
Through successive analogy, the Milky Way leverages the annual migration of 
the birds into the imagery of the shaman's quest: 
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Milky Way flight ..... path of departing birds 
Winter ..... absence of migrating waterfowl 
Death ..... soul's departure from earth 
shamanic trance +-+ spirit journey to other world 

Astral myths, like the tale of Orion and the Pleiades, are stories that were 
contrived to express consequential celestial relationships. These myths symbol
ize the sky's operation with metaphorical narratives. The Finno-Ugric handling 
of the Milky Way, however, demonstrates that people also apply celestial 
metaphors to processes that by analogy conform to the logic of the sky. 

A comprehensive review of Pleiades myth among California Indians (Krupp, 
1994) likewise demonstrates analogical use of the sky. Although few cultural 
territories in the entire world were as linguistically diverse as California, the 
theme of Pleiades lore in native California is remarkably uniform. Pleiades 
seasonality can be documented in the celestial lore of all five independent 
linguistic families in the State. Despite differing narrative details, the stories all 
relate female sexual accessibility to the seasonal behavior of the star cluster. 
The Pleiades are regarded as girls who leave the earth and dance into the sky. 
Their heliacal rising is the climb they make out of the dawn. It removes them 
from male company on earth and is the celestial signal of a seasonal rain. 
Menstrual flow, which isolates the women from intimacy with the men, is 
paralleled by that rain. In California, the Pleiades illuminated the mysteries of 
fertility and sterility, food and famine, rain and clear sky, women and men. 

Not everyone personified the Pleiades as a group of inaccessible women, but 
that is also the role they play in classical western myth. This suggests that a 
modern theory of myth, the Structuralist approach devised by Claude Levi
Strauss, offers some insight into the function and operation of celestial myth. 
While the myth contains specific astronomical and seasonal information, 
according to this approach the structure of the story originates in the way our 
brains organize and assimilate information. The myth reflects all or any of the 
conflicts we recognize in the world picture consciousness fabricates. It is a 
primary product manufactured by the mind to make sense out of the world. 
For example, one conflict we encounter in nature is the seasonal opposition of 
wet and dry weather. Through celestial analogy, the myth links that conflict 
to the inaccessibility and availability of women and more broadly to sterility 
and fertility. The detailed imagery and the celestial vocabulary will vary with 
climate, latitude, and social complexity, but the principle that activates the 
myth - resolution of conflicting circumstances - is the same. The former is 
what interests anthropologists. The latter attracts those who seek to know the 
pattern of thought. 

TRANSPORTED AND TRANSCENDENT 

Structuralist theory is important for celestial myth because it multiplies the 
symbolic potential of the sky. Any celestial event or process that performs like 
some other event or process may be exchanged for that event or process, and 
a story that seems, on the surface, to be about the sky may actually be 
functioning as a story about the earth, about us. 
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Figure 9 Independent of language and culture, nearly every group of California Indians recognized 
in the Pleiades a small cluster of women whose sexual accessibility was related to seasonal change 
and availability of food. A Yokuts story, from California's Central Valley, details the action six 
women took when they were neglected by their husbands and left without fire. They met secretly 
at a rock shelter, consumed a hallucinogenic tea they brewed from seeds they had gathered, and 
rose into the sky to become the Pleiades. (Griffith Observatory, Don Dixon painting) 
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For example, what most people in North America know as the Big Dipper 
is recognized across Europe as a wagon (Allen, 1899: 419-437). The Italians, 
the Hungarians, the Anglo-Saxons, and others all called it a cart. Even the 
ancient Greeks, who saw a bear in the Dipper, also identified it as a wagon. 
With the Dipper's bowl acting as the wagon's compartment, the Dipper's 
handle resembles the rod to which the animals are hitched. Wagons move from 
place to place, and the nightly movement of the Big Dipper, like its shape, 
encouraged people to see a vehicle in its stars. 

In making a moving wagon out of the Big Dipper's stars, people told a 
celestial mini-myth that described the decorum of the heavens. This diurnal 
rotation is the first fundamental motion of the sky, and it establishes the 
primary ordering principle of the traditional cosmos. The nightly arc traveled 
by the celestial Wagon is centered on the north celestial pole, the stationary 
hub of the sky around which everything else turns. For most people in the 
northern hemisphere, the celestial pole is off the zenith, the point straight 
overhead and therefore tilted toward a particular direction, which by conven
tion we call cardinal north. The cardinal directions, which orient the world, 
originate then in the offset position of the pole. 

Studies of Mesopotamian star names led E. Burrows (1935) to assign the 
origin of the celestial Wagon to the Sumerians. He also saw hints of this 
astronomy in relics from the royal tombs of Or, the Sumerian city founded on 
the Euphrates River around five thousand years ago. The celebrated 'Standard 
of Or,' a mosaic inlay illustrating scenes of war and victory, dates to roughly 
the middle of the third millennium BC and includes images of battle wagons. 
Two similar full-scale chariots were found in tomb TL 789 in the royal cemetery. 
The king and other royalty traveled on official business in these four-wheeled 
chariots. Of course, the wagons found on the mosaic and in the tomb are not 
astronomical, but they are the kind of cart the Sumerians also saw in the starry 
sky. They called this constellation Ma-Gid-Da, and it is listed in the mul-Apin 
astronomical tablets. Although the mul-Apin texts belong to a much later era 
- the seventh century BC - they preserve its Sumerian name, 'the Wagon'. 

The Sumerian sky wagon was not, then, any wagon. It was an important 
wagon, and that tradition was preserved in later assignments of mythic owner
ship (Krupp, 1987; Krupp, 1991: 230-231). For the Anglo-Saxons, it was 
Irmines Wagen and therefore belonged to Irmine, an old Germanic sky god. 
The name 'Wuotanes wagan' informed Nordic Europe the cart was driven by 
Odin, the sovereign of the Norse gods. Carolingian Franks transferred the 
vehicle's registration to the ruler Charlemagne, or Karl the Great, and Teutonic 
peoples started calling it Karlwagn. In Cornwall, where the Big Dipper was 
known as Arthur's Wain (or Wagon), the legendary King Arthur replaced 
Charlemagne in the driver's seat. These mythic associations tell us the Big 
Dipper was linked with kingship and high gods. The same theme recurred 
independently in imperial China. There, the Big Dipper was a cloud-floating 
vehicle that transported a lofty celestial bureaucrat. It circled the north celestial 
pole, in which the Chinese saw the symbolic face of Shang di, the high divine 
sovereign of the cosmos. 



SKY TALES AND WHY WE TELL THEM 25 

Figure II The original sky Wagon seems to have come from Sumer, where the sta rs of the Big 
Dipper were equated with a four-wheeled chariot like those depicted on the 'Standard of Ur,' a 
panel of inlay that may have once ornamented a musical instrument. © Copyright The British 
Museum, photograph E. C. Krupp. Used with permission. 

The Dipper's motion around the stabilizing pivot of the cosmos linked the 
organized cosmos and the power of the gods with the king's maintenance of 
order on earth. In this context, the Big Dipper was much more than an 
indicator of cosmic structure and ordered change. It was a talisman of royal 
power. 

The Egyptians, on the other hand, equated the Big Dipper with a ritual 
hook that was used in the Opening of the Mouth ceremony to return speech 
to the deceased and to revive the senses as part of the preparation for the 
afterlife (Krupp, 1987; Krupp, 1991: 234- 236). The Big Dipper's symbolic 
power resided in its circumpolar behavior. Its stars never rose and never set, 
but marched like an army around the north pole of the sky, and to the 
Egyptians they meant eternal life and celestial power. That power drove and 
ordered their heavens. In funeral ritual, they appropriated the power of the 
circumpolar stars with a dipper-shaped adze on behalf of the dead. It was 
known by the same name the Egyptians attached to the constellation. 

The mythic component of the Opening of the Mouth rites does not describe 
and explain the sky. It borrows meaning attributed to the sky in fulfillment of 
a vision of the destiny of the soul. It is an instrument of immortality. Through 
the myth of Horus and Set, the celestial imagery of immortality was also 
overlaid upon the concepts of royal succession and kingship sanctioned by 
divine approval. The Sem priest officiating in the Opening of the Mouth ritual 
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impersonated Horus, the son and heir of Osiris, who was killed by Set. In the 
myth of conflict of Horus and Set, the quarrel threatened the established order 
with an attempt to displace Horus. Acquisition of the Big Dipper, the 'Leg of 
Set', meant victory for Horus and dynastic renewal. The Dipper's powers for 
revival reestablished lawful sovereignty. (Editors note: C.f. chapter by DeYoung 
in this book) 

It easy to show that allegory, personification, and symbolism sometimes 
serve as vehicles for natural history. Some symbolic images of the Big Dipper 
refer only to its motion and its shape and convey only a message about the 
character of the sky. Through analogy, however, the character of the Dipper 
endorses royal sovereignty or ensures survival after death. Symbolic substitu
tion in an anthropological setting can, then, also operate on behalf of cultural 
institutions. Ritual, sacrifice, institutions of power, and the calendar all may be 
dressed in celestial apparel. Social complexity is a primary variable. Anyone 
can picture some kind of circulation in the motion of the Big Dipper, but only 
societies with vehicles may see it as a conveyance. Only kingdoms and empires 
will assign it to royalty. 

We use analogy to differentiate, classify, and organize what we experience. 
Unlike analytic, scientific thought, which confirms its conclusions through a 
process that challenges them, analogical, associative thought maps one aspect 
of the world onto another. It, too, establishes relationships, but not of demon
strable cause and effect. Its relationships are poetic. Big Dipper symbolism 
illustrates the process. Independent concepts paired through analogy become 
value-added elements of the worldview. In one case, we have 

Big Dipper +--> royal wagon 
high god or transfigured ruler +--> king 
pivot of the sky +--> anchor of the world 
celestial power +--> terrestrial power 
Big Dipper +--> ritual funeral implement 
circumpolar motion +--> immortality 
circumpolar stars +--> revived soul of deceased 
Osiris +--> cyclic transformation 
Set +--> chaos and death 
Horus and cosmic renewal +--> Sem priest and ritual renewal 
victory of Horus +--> dynastic renewal 

We are, in these myths, making sense of what we see in the sky and using 
the sky to make sense of the rest of the world. The traditional narratives and 
symbols that incorporate celestial phenomena include accounts and emblems 
of the behavior of gods, spirits, and other supernatural beings judged to have 
a hand in establishing the character of the world, particularly the sky. The sky 
is also recruited for accounts of the creation, structure, development, and 
destruction of the cosmic order, the physical universe, and human institutions. 
The reality these stories describe is defined and validated by the metaphorical 
power of the sky, and its primary analogy is cyclical renewal (Krupp, 1998). 
We have modeled that principal of ordered change on the pattern oflife, relying 
on animal behavior, on the seasonality of vegetation, and on the passages of 
human life. 
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Figure 12 In Egypt, the Big Dipper operated as an emblem of immortality because its stars traveled 
around the north celestial pole without dropping below the horizon. Stars that never rose and never 
set were said to be undying, and Old Kingdom Pyramid TexIs inform us the dead pharaoh ascended 
to them and drove the cosmos forward by leading the circumpolar march. Equated by name with the 
Big Dipper, the ritual hook hawk-headed Horus holds here in the Opening of the Mouth ceremony 
had the power to restore breath and speech to the soul of the deceased. (detail from the tomb of the 
New Kingdom noble Inherkau at Deir el-Medina, photograph E. C. Krupp) 
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The purpose of this endeavor is what anthropologist James W. Fernandez 
calls a 'return to the whole' (1986: 173). This is, he judges, a religious response. 
It is an exercise in cosmology intended to unify human behavior, through 
symbolic acts, with a transcendent reality revealed in cosmic order. Socially 
and in the natural landscape, success in this enterprise enhances adapative 
survival (Fernandez, 1986: 181). Ideology is a cultural tool, and through celestial 
myth the sky informs ideology. 
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ASTRONOMY AND PREHISTORY 

They had also their special seasons when the dance was never neglected, such as the time of 
the new and full moon. Dancing began with the new moon, as an expression of joy that the 
dark nights had ended, and was continued at the full moon, that they might avail themselves 
of the delicious coolness after the heat of the day, and the brilliancy of the moonlight in this 
portion of the southern hemisphere. 

G. W. Stow, The Native Races of South Africa, 1905: 112 

As the 21st century begins, a new era opens in the quest for knowledge about 
the frontiers of space. While the advanced telescopes and space flights of the 
future will explore the solar system in great detail, archaeology will continue 
to provide a unique window into the prehistory of humankind, enabling 
researchers to ask questions about many subjects during the remote past, 
including the roots of astronomy. For example, we might ask whether 
Palaeolithic peoples kept track of phases of the moon and seasonal positions 
of the sun and other stars. Were observations of the night sky and the sun 
exclusively linked to mythologies and supernatural conceptions? If so, when 
did these concepts develop? Did Stone Age peoples have lunar calendars that 
monitored seasonal changes and ritual cycles? Did the advent of the Neolithic 
usher in a fundamental change in what humans thought about when they 
observed the sky? I will address some of these questions in this chapter. In a 
volume such as this one that explores cross-cultural astronomy, it is well worth 
examining the subject through time. 

Unlike the case of the ancient Egyptians, Mesopotamians and Maya, no 
written records or texts exist to examine such interesting questions. Palaeolithic 
evidence is largely based on engraved bones and human burial orientations. 
Later on, during the Neolithic period, alignments of megaliths and very large 
tombs provide more comprehensive evidence. Hence, what we do know about 
the roots of astronomy in prehistory is, for the most part, very incomplete and 
quite speculative in regard to interpretations. For the most part, this chapter 
will follow an evolutionary perspective by exploring selected aspects of the 
hominid record through time in relation to the beginnings of archaeoastro-
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nomy. In its most common usage, archaeoastronomy is concerned with possible 
relationships between archaeological site alignments and astronomy. Probably 
the best known example from prehistory includes the study of European 
megalithic sites where numerous sighting points and alignments have been 
determined that correlate with positions of the sun and moon. 

The remote background to archaeoastronomy can be approached in a broad 
introductory sense by considering the possible implications of seasonal uses of 
the land, the development of cognitive prerequisites and language capacities 
for systematically observing the sky, the advent of cultural innovations such 
as fire in making possible a secure basis for observing the night sky, and some 
insights gained from observations about the ethnoastronomy of recent hunting 
and gathering societies. This will provide the context in which to explore some 
of the above questions. The scope of the chapter will be limited to the Old 
World, with the exception of one of the of the hunter-gatherer cases. While 
beginning the survey of the archaeology early in the Paleolithic, I will not go 
much beyond the Neolithic, and the early Bronze Age. Ancient astronomy of 
the early literate civilizations of Egypt, Mesopotamia, China and the Maya are 
covered elsewhere in this volume. 

HUNTER-GATHERERS: ETHNOASTRONOMY 

Until approximately 10,000 years ago all human societies subsisted entirely by 
hunting and gathering wild foods. For this reason, it is useful to present some 
information about the prediction of seasonal changes, the use of cardinal 
directions, and ethnoastronomy among contemporary hunter-gatherers. Two 
examples are discussed below, from the Northern and Southern Hemispheres. 

A growing body of historical information (e.g., Wilmsen and Denbow, 1990) 
has revealed that the cultures of recent hunting and gathering peoples have 
been changed substantially as a result of the impact of colonialism and even 
earlier relationships to food producing peoples. Even so, they are often seen as 
a rich source of information to help guide archaeologists in interpreting the 
past. Many, if not all, hunter-gatherer societies that have been observed by 
anthropologists have a very extensive natural understanding of the cycles of 
seasonal changes. This knowledge enables people to predict when and where 
food resources and water will be available. Band aggregation as well as dispersal 
into smaller groups is dependent upon a reliable knowledge of seasonal changes, 
as is the scheduling of important social events and group ceremonies. 

Hunter-gatherers also have a thorough knowledge of the geography of the 
area they inhabit. For example, in a classic anthropological study of the Central 
Inuit (Eskimo) conducted in the eastern Arctic in 1883-84, Franz Boas wrote 
that all of the groups 'have a very clear conception of all of the countries they 
have seen or heard of, knowing the distances by day's journeys, or, as they say, 
by sleeps, and the directions of the cardinal points.' 'If the weather is clear the 
Eskimo use the positions of the sun, of the dawn, or of the moon and stars for 
steering, and find their way pretty well, as they know the direction of their 
point of destination exactly.' (Boas, 1888: 235) Maps drawn by the Inuit of 
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Frobisher Bay and Cumberland Sound, published by Boas, are remarkably 
accurate. The people 'distinguish quite a number of constellations, the most 
important of which are Tuktuqdjung (the deer), our Ursa Major; the Pleiades, 
Sakietaun; and the belt of Orion, Udleqdjun.' (Boas, 1888: 236) Orion's belt is 
believed to consist of three men who ascended into the sky while hunting a 
bear. Their sledge became Orion's sword which is known as Kamutiqdjung. 
The bear was transformed into Betelgeuse or Nanuqdjung. Interestingly, the 
Central Inuit also have a 13 month calendar. 'The days of the month are very 
exactly designated by the age of the moon.' (p.240). Periodically, the extra 
month is 'totally omitted, when the new moon and the winter solstice coincide.' 
(p. 240). At the time when Boas did his study, years were 'not reckoned for a 
longer space than two, backward and forward.' (p. 240) 

One of the most striking examples of ethnoastronomy observed among 
hunter-gatherers in the Southern Hemisphere is provided by Lorna Marshall 
(1975) for the Ju/wasi, a !Kung Bushmen, or Basarwa group (the exclamation 
point and slash denote clicks evident in the Khoisan languages). The Ju/wasi 
are among the most extensively studied of all hunter-gather societies. At the 
time of Marshall's research the group under study was located in the Nyae 
Nyae area of the northwestern Kalahari Desert near the Namibia-Botswana 
border. This is a very dry area where the distribution of food resources and 
people is closely related to the onset of the rainy and dry seasons. The Ju/wasi 
call the Pleiades tshxum and link them together with Canopus and Capella as 
a constellation. The latter (Canopus and Capella) are considered 'the horns of 
the tshxum.' More specifically, Capella is known as 'the green leaf horn.' 
(Marshall, 1975: 154) Marshall, who was initially not in the area at the proper 
time to observe the relationships, was informed that the green leaf horn would 
appear 'in the north-east sky about halfway between the zenith and the horizon 
... at the time the first flowers bloom.' (1975: 155) This is a very important 
time for the Bushmen, marking the advent of the rainy season, a period when 
the !Kung disperse into smaller groups. Marshall returned to the area in mid 
September where she observed the horns of the tshxum in the predicted location; 
the first desert flowers actually appeared just a few days before the first 
noticeable rainfall. This is certainly a remarkable illustration of the use of 
astronomy in a predictive fashion on the part of a hunting and gathering 
people. In another instance, Marshall reports that the Ju/wasi recognize Orion. 
They consider the three stars in the belt of Orion as 3 zebras. The Great God, 
hunting from the Great Magellan Cloud, shoots an arrow at the zebras and 
misses; the arrow is the sword of Orion (the sledge of the Inuit). The zebras in 
the story escape to earth, a better fate than the bear hunted by the Inuit. In 
this example, the interpretation of Orion symbolically reinforces bow and arrow 
hunting, an important aspect of Ju/wasi subsistence (much as the sledge of the 
Inuit was vital to their way of life). 

Both the Central Inuit and the Ju/wasi can be considered as 'First Nations' 
in the sense that they and their ancestors have inhabited their respective areas 
for a long time. If two unrelated groups of hunter-gatherers who live in 
remarkably different environments make such complex observations regarding 
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the night sky, it is not unreasonable to suggest that similar concerns, especially 
with regard to using astronomical observations as an aid in knowing the lay 
of the land and predicting seasonal changes, have very ancient roots in the 
prehistoric record. 

THE PALAEOLITHIC RECORD 

Seasonality and the role of cognition 

How far back in time do beliefs such as those seen in the ethnographic record of 
foraging societies extend? While the focus of my discussion is on human prehistory, 
it should be noted that certain species of birds navigate during seasonal migrations 
by using stars at night, and others use the sun. (Weidensaul, 1999). There is even 
evidence that some migratory birds can sense the magnetic field. A review of 
selected aspects of the Palaeolithic record follows. A chronology summarizing the 
key events covered in the following discussion is presented in Table 1. It is clear 
that our early small-brained protohuman forebearers, known collectively as the 
Australopithecines (ca. 4.2-1.6 million years ago), as well as the earliest members 
of the genus Homo (ca. 2.5-1.8 million years ago) responded to cycles of wet and 
dry seasons in the quest for food and water, as did other animals on the African 
savannas and woodlands. Certain species offossil animals found on early hominid 
sites, such as fish, or migratory birds can be indicators of specific seasons of the 
year. Some of the early sites with stone tools such as site FLKNN at Olduvai 
Gorge, Bed I are seasonal sites that were briefly occupied (Stewart, 1994). The 
Oduvai Bed I sites are nearly 2 million years old. While the extent to which these 
very early protohuman hominids could predict or even anticipate the onset of 
seasons in a long-term sense, similar to the Ju/wasi and other people is unknown, 
it could be argued that the ability to predict such events depends on the develop
ment of cognition, memory and language. Clearly, the ability to invent names for 
phases of the moon or other astronomical phenomena is an abstraction that 
depends on being able to communicate symbolically. The evolution of human 
cognition and symbolic language is, therefore, a key component to determining 
when predicting seasonal changes based on astronomical observations could have 
been evident. However, it is stressed that the ability to predict seasonal changes 
also is a product of natural observation of the onset of temperature changes, 
desiccation of water holes, changes in plants, animal behavior, etc. and need not 
be monitored by watching the position of the sun. I have even witnessed a visually 
impaired Turkana elder successfully pray for rain, as part of a group ritual, in the 
harsh Lake Turkana desert of East Africa where there were no apparent clues to 
the forthcoming downpour. There were few clouds in the sky. Returning to the 
evolutionary perspective, it is widely reasoned that the comparatively small
brained Australopithecines and the earliest forms of Homo such as H. habilis 
lacked language, though they are believed to have communicated using vocaliza
tions, facial expressions and perhaps gestures. While there appears to have been 
some brain lateralization that had taken place (Toth, 1987) that signals complex 
communication, these early hominids lacked the two-tube (larynx and pharynx) 
vocal tract that makes modern language, as we know it, possible. Modern lan-
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Table 1 Chronology 

• Hominids appear by about 5 million years ago in East Africa 
~ Earliest hominids are best known from various species of Australopithecines (5-1.6 MYA). 

(MYA = Million years ago). 
~ Bipedal locomotion, small brains. Probable seasonal use habitat. 

• Lower Palaeolithic: 2.6 Million-200,OOO years ago, Homo habilis, Homo erectus = best known 
hominid species 
~ Stone tools appear by 2.6 MYA in East Africa, Homo habilis. 
~ First definite seasonal sites evident ca. 1.8 million BP, Homo habilis, seasonal responses may 

have been natural rather than predicted. 
~ Homo erectus appears ca. 1.6 MYA, brain enlargement, proto-language. First hominid to 

leave Africa. 
~ Fire appears, 1.6 MYA, Homo erectus: possible extension of early human activities into the 

night. Increased possibilities for observation of the night sky. 
~ First wooden spears, ca. 400,000 years old, sign of cultural complexity. Controversial evidence 

of 'concept marked bones.' 

• Middle Palaeolithic (Middle Stone Age)-200,000-35,OOO years ago, Neandertals and Early 
Homo sapiens 
~ Fire becomes more frequent ca. 100,000 years ago among Neandertals of Europe and the 

Middle East. 
~ Burial of the dead appears among Neandertals, possible evidence of orientation of the dead 

towards rising/setting sun, at La Ferrassie. 
~ Observation of tidal changes by early Homo sapiens of coastal South Africa ca. 100,000 years 

ago. Relationship of tides to moon? 
~ First crossing of large area of open water by Homo sapiens to reach Australia, ca. 60,000 

years ago. Knowledge of tides, directions? 
~ Modem behavior and cognitive skills established between 60,000-35,000 years ago? 

Theoretical development of 'cognitive fluidity' allows for the development of complex myths 
and rituals, possibly including the sun, moon and stars. 

• Upper Palaeolithic-35,OOO-lO,OOO years ago, fully modern Homo sapiens 
~ Modem behavior, cognitive skills and language are well established. 
~ Fire used widely and effectively. 
~ Cave art, no representation of sun, moon, stars or planets; shamanistic beliefs are present. 

Complex rituals and myths seen in art and burial symbolism. 
~ Orientation of burials appears in Europe and along the Nile. Best case in Nubia, numerous 

individuals facing rising sun. 
~ Possible evidence for lunar calendars seen on marked bones including possible marking of 

summer solstice. 
~ No evidence of permanently marking the landscape for sighting purposes. No 'observatory' 

sites are known. 

• Neolithic etc. 
~ Food production is evident, establishment of permanent sighting points and alignments 

(Megaliths, wooden posts, tomb alignment, earthworks). 'Observatory' sites are present. Much 
ritual concern with sun and moon is evident. 

~ Earliest Megalithic site with archaeoastronomical significance at Nabta Playa, southern 
Egypt: marking summer solstice and directions. 

~ Newgrange, Ireland, Passage Grave, ca. 3,150 BC: tomb aligned with midwinter sunrise. 
~ Neolithic/Bronze Age: Stonehenge, southern England (ca. 3,000-1,500 BC). Summer solstice 

sunrise over Heel Stone. 
~ Bronze Age: Recumbent stone circles, Scotland, marking passage of the moon. 
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guage capabilities were certainly present by the dawn of the Upper Paleolithic, 
some 35,000 years ago and may well have been present among earlier populations 
of Homo sapiens thought to date back to at least 100,000 years ago. 

The advent of fire during the time of Homo erectus (the suspected maker of the 
earliest fire) would have potentially expanded the opportunity of early humans 
to socialize as well as to observe and possibly give meaning to the night sky. Fire 
provided the first artificial light, analogous to the more extensive natural light 
provided by the full moon that is often well-appreciated by recent hunter-gatherers 
such as in the example of the San (Bushmen) described by Stow in the quotation 
that introduced this chapter. The earliest evidence of fire in association with 
hominid activities appears to date back to approximately 1.5 million years ago in 
the Lake Turkana region of Kenya, and there are also burnt bones from the site 
of Swartkrans in South Africa that are at least a million years old. Experimental 
work shows that the temperature reached in both of these early instances of fire 
are consistent with 'campfire' temperatures. More convincing evidence for the 
systematic use of fire is actually much more recent, dating to the time of the 
Neanderthals, an early form of Homo sapiens that is best known from the first 
part of the last glaciation of the Pleistocene (Ice Age): ca. 70,000-40,000 years ago. 

A variety of types of evidence, such as increased skill-levels in making stone 
tools and the recent discovery of well-made wooden spears dated to ca. 400,000 
years ago at Schoeningen in Germany (Thieme, 1997), suggests that Middle 
Pleistocene cognitive skills had advanced considerably. In addition, an early form 
of language was probably evident, though most scholars believe that language 
capabilities were restricted in comparison to anatomically modern humans. This 
interpretation is supported by the increased cranial capacity (averaging about 
900/1000 cc) that is evident during the period concerned. It is possible that Middle 
Pleistocene hominids were able to predict seasonal changes and may well have 
observed and recognized relationships between the changing seasons and the 
position of the sun. However, there is no convincing archaeological record that 
would confirm this speculation other than the fact that some early archaeological 
sites probably reflect seasonal movements of early humans. 

The earliest human exploitation of shellfish occurs in South African coastal 
Middle Stone Age shell midden sites dated to about 100,000 years ago. Most 
likely, these people (reasoned from finds of fossil humans at Klasies River Mouth 
to have been an early form of Homo sapiens) were aware of the daily cycles of 
high and low tides in order to gather the shellfish. It is not known if they had any 
understanding of relationships between the moon and tides. The same could be 
said for the ancestors of Australian aboriginal people, also Homo sapiens, who 
are assumed to have used boats to cross at least 65 km of open water to reach 
Australia, by 60,000 years ago, if not earlier (Gamble, 1994). 

As will be discussed, animal bones marked by small incisions provide possible 
indications of early lunar notation. However, there is little to support the existence 
of lunar notation prior to the Upper Paleolithic (35,000-10,000 years ago). A 
Lower Palaeolithic 'engraved' animal bone fragment from the Acheulian levels of 
Pech de l'Aze cave in France (ca. 100,000-200,000 years old), once thought to 
indicate notation, is currently reasoned to have been marked as a result of natural 
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factors (Nowell, 1995). Bones can be marked naturally by rodents such as porcu
pines chewing on them, as well as by various carnivores and scavengers. Robert 
G. Bednarik (1995) has argued that incised marks found on fossil bone fragments 
dated to Lower Palaeolithic times at Bilzingsleben, Germany, and at other sites, 
were not done at random, but result from intentional 'concept marking'. Some of 
these early 'engraved' bone fragments might foreshadow the much more abundant 
engraved bones found in the Upper Paleolithic. 

Bednarik also argues that there is a continuum between the cognitive behavior 
of Lower, Middle and Upper Paleolithic humans. However, other scholars such 
as Klein (1995) and Gamble (1994) believe that a fundamental behavioral/mental 
change occurred roughly between 50,000 and 35,000 years ago among human 
populations that were already anatomically modern. Richard Klein, for example, 
has stressed that the development of modern human behavior, recognized by the 
first representational art, well-made bone artifacts etc., first appeared after the 
first anatomically modern humans. He suggests that a neurological change may 
have occurred that enabled humans to engage in more complex behavior. 

Steven Mithen, following the lead of evolutionary psychologists, has argued 
that the human mind evolved from an earlier system of separate multiple forms 
of intelligence (such as natural history intelligence, social intelligence, etc.) to a 
modern mind marked by cognitive fluidity. According to Mithen (1996: 178), who 
is an archaeologist, the latter appears after 60,000 years ago. The development of 
cognitive fluidity provided a significant breakthrough in human creativity by 
allowing thought processes to integrate information from the previously separated 
multiple kinds of intelligence. Following Mithen's logic, it could be argued that 
cognitive fluidity allows for the creation of complex mythologies and the range 
of abstract symbolic behavior that would be necessary for creating myths related 
to groupings of stars and naming phases of the moon, as well as for making long
term predictions of seasonal changes. This would mean that these developments 
were most likely first evident shortly after 60,000 years ago, or perhaps they 
developed during the next 15-20,000 years. 'Science like art and religion, is a 
product of cognitive fluidity. It relies on psychological processes which had origi
nally evolved in specialized cognitive domains and only emerged when these 
processes could work together. Cognitive fluidity enabled technology to be devel
oped which could solve problems and store information. Of perhaps even greater 
significance, it allowed the possibility for the use of powerful metaphors and 
analogy, without which science could not exist.' (Mithen, 1996: 215) 

Burial orientations 

One of the clearest lines of evidence suggesting that prehistoric peoples were 
concerned with the position of the rising and setting sun centers on burial 
orientations (e.g., facing to the south with head to the east). Unfortunately, 
Palaeolithic cemetery data is limited and most burial sites contain few individ
uals. For this reason, it is difficult to obtain a clear picture regarding the earliest 
appearance of burial orientations or the possible development of regional 
variations. The earliest burials are found among the Middle Paleolithic 
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Neanderthals of Europe and the Middle East. The widely scattered and contro
versial Neanderthal burial evidence does not reveal any organized pattern with 
respect to orientation of the dead (see Gargett, 1989 for controversies about 
Neanderthal burials). This kind of negative evidence supports the proposition 
that even simple astronomical observations were a later development. 

The earliest evidence for beliefs regarding the position of the rising and 
setting sun appears to be in the Upper Paleolithic (ca. 35,000-10,000 years 
ago). Upper Paleolithic peoples were fully modern anatomically, as well as in 
cognitive and language capabilities. The burial evidence that appears to show 
orientations is centered in central Europe in the Moravian loess deposits and 
is associated with the Pavlovian cultural complex (ca. 25,000-30,000 years ago). 
The Pavlovian is known from well made backed blades, bone artifacts, evidence 
of house structures, hearths and the oldest known baked clay figurines. 
Mammoth bones are commonly found at such sites. At the site of Predmosti, 
excavated late in the last century, the remains of 18 people were recovered 
'most with their heads oriented to the north. The grave was covered with 
limestone slabs and mammoth bones.' (Conroy, 1997: 431). The Pavlovian site 
at Dolni Vestonice has also yielded burial evidence. At this site a unique triple 
burial was found in 1986 (Klima, 1988). Charcoal from the burial pit yielded 
a radiocarbon date of 27,640 ± 110 BP. The three people (most likely two men 
and a woman with a deformed face), estimated to have been about 20 years 
old, appear to have been buried at the same time. Grave goods included small 
pendants made from mammoth ivory as well as pierced wolf and Arctic fox 
teeth (presumably from necklaces). Two of the individuals were lying in an 
extended position on their backs, and one was lying on his stomach, also in 
an extended position. Their heads were to the south and feet to the north. 
They appear to have been facing to the west. It is interesting to note that other 
burials at the site are described as often being placed 'on their right sides with 
knees strongly flexed and are oriented in an east-west direction with the head 
toward the east .. .' (Conroy, 1997: 433). 

One of the most compelling early examples of burials oriented toward the 
rising sun is seen at site 117, a Late Paleolithic cemetery located less than a 
kilometer to the east the Nile river, near Jebel Sahaba in northern Sudan. This 
site is believed to date between approximately 12,000-10,000 Be. (Wendorf, 
1968). The cemetery yielded a total of 58 skeletons, one of the largest collections 
of burials found in a Palaeolithic cemetery (Figure 1). The Nubia 117 cemetery 
is also unusual in that a large number of people appear to have died by 
violence. 'The burial positions and orientations are remarkably uniform. With 
few exceptions, the prevailing position was on the left side, head to the east, 
facing south, hands to the face, and knees flexed so that the heels touched the 
buttocks.' (Wendorf, 1968: 993) (Figure 1) 

The burial data cited above implies that at least some Upper Paleolithic 
peoples did have beliefs regarding the rising and setting sun. Moreover, grave 
goods found with some of the European burials most likely reflect belief in an 
afterlife. Possibly, the location of the afterlife is mirrored in the burial orienta
tions towards either the rising or setting sun. It would not be surprising if the 
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Figure 1 Late Palaeolithic cemetery at Jebel Sahaba, Sudan with heads oriented towards the east, 
facing south. After Wendorf (1968, pg. 956), Figure 3. Used with the kind permission of the author. 

sun, as well as the moon (see lunar calendars discussed below), were thought 
to have had supernatural powers. 

The Upper Paleolithic is well known for cave art, centered in France and 
Spain. The oldest well-dated art found at the recently discovered Chauvet Cave 
in the Ardeche region of France has been radiocarbon dated to between 
32,410 ± 720 and 30,340 ± 390 years ago (Chauvet et al., 1996). It might be 
anticipated that the vast amount of Upper Paleolithic cave art would reveal 
further evidence of concerns with the night sky. However, none of the naturalis
tic art or the abstract symbols has any obvious resemblance to the sun, moon, 
or stars, analogous to what is seen in southwestern United States rock art 
interpreted as Navajo star ceilings (Chamberlain, 1989 and the chapter in this 
volume). However, some authorities (e.g., Clottes and Lewis-Williams, 1998) 
have posited that the art reflects complex shamanistic beliefs. Shamanistic 
behavior patterns frequently are associated with belief in a wide variety of 
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spirits including animals, inanimate objects and the sun and moon. The repre
sentation of seasonal cycles has also been seen in an indirect way in the cave 
art (Marshack, 1985, 1991). 

Lunar calendars 

Did Upper Paleolithic peoples have lunar calendars where days and lunar 
cycles were recorded on a monthly basis by engraving small marks on bone? 
As mentioned previously, writers such as Bednarik have seen surprisingly early 
concept-marking on animal bones in the Lower Palaeolithic. Alexander 
Marshack (1964, 1972, 1985, 1991) has spent much of his career carefully 
analyzing numerous Upper Paleolithic finds microscopically and has argued 
on the basis of the changing nature of the engraved marks that different tools 
were used over extended periods of time. In addition, he has suggested that 
there is a close match between the groups of markings on various artifacts and 
lunar cycles corresponding to a month (Figure 2). His pioneering analysis of 
an engraved bone from Ishango in eastern Congo (former Zaire), now believed 
to be about 20,000 years old, led him into an examination of the more numerous 
European finds. An engraved bone from Aurignacian cultural levels (ca. 30,000 
years ago) at the Abri Blanchard in France shows different tool marks in a 
series that suggested two and a quarter months of lunar notation. Randall 
White (1989: 97) says, 'The presence of similar markings on other Aurignacian 
objects, however, suggests the intent was aesthetic rather than notational.' (For 
further discussion of this controversy, see Marshack, 1997). Some of the other 
key artifacts with lunar notation analyzed by Marshack include a broken eagle 
bone from the Magdelenian of Le Placard and batons from Le Placard and 
Isturitz. A late Upper Paleolithic bone plaque from the Grotte du Tai is 
reported to represent 'a non-arithmetic solar year, divided into two halves, 
with each row or "half year" consisting of 5 to 7 lunar months.' This calendar 
implies 'observation of the sun at the winter and summer solstice.' (Marshack, 
1991: 85). If so, this is the oldest evidence of humans' noting the solstice. It is 
not unreasonable to think that they did so, especially when we consider the 
very clear examples that occur later on in the Neolithic. It certainly would 
have been advantageous for Upper Paleolithic peoples to know when migrating 
herds of reindeer, horses and other species would return, as well as the season 
for shamans to conduct rituals. 

Marshack's work on lunar calendars during the Upper Paleolithic has also 
been criticized by D' Errico (1989), who conducted experimental work by 
engraving limestone pebbles similar to those interpreted as lunar calendars in 
the Azilian culture of France (ca. 12,000-10,000 years old). The experimental 
work, which utilized a variety of microscopes including scanning electron 
microscopes (SEM), supports the view that all of the marks that appeared to 
have been made by different tools were, in fact, made by the same tool. D'Errico 
(1989: 117) concludes that: 'One may reasonably ask whether the idea of Upper 
Palaeolithic calendars does not spring from our projection of what we imagine 
prehistoric man was like, as opposed to examination of the evidence with minds 
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Figure 2 Baton from the Upper Palaeolithic Magdelenian culture, found at Le Placard, France, 
showing match between lunar model and series of markings. Markings on the underside of the 
actual artifact are not shown. After Marshack (1991, pg. 89, figs. 19c and 20.) Used with the kind 
permission of the author. 

free of wishful thinking and preconceptions.' The nature of this argument is 
quite interesting in regard to completely different conclusions being drawn 
from the same data set. When the possible archaeoastronomical implications 
of Stonehenge are discussed below, similarities in reaching completely opposite 
conclusions will be seen, especially in regard to the interpretations of Hawkins 
(1964) and Atkinson (1963) concerning the role of the Aubrey holes as an 
eclipse predictor. 



42 LAWRENCE H. ROBBINS 

THE NEOLITHIC 

The Neolithic was marked by the beginning of food production and a gradual 
increase in population as well as in social complexity. Archeological research 
has demonstrated that many Neolithic sites often are associated with substantial 
evidence of ritual and ceremonies that can be seen in the types of artifacts, art, 
architecture and burials. Successful planting and harvesting of crops, as well 
as managing livestock, requires a thorough understanding of seasonal changes. 
In prehistory, the prediction of such changes may have centered on the monitor
ing of solstices and other events of astronomical importance. The ability to 
predict the advent of frost-free days, rainy seasons, and the availability of 
favorable pasture and browse for livestock would have been of vital importance. 
It has also been argued by Alexander Thom (1973), in the case of western 
Britain, that knowledge of predicting tides, as related to the moon, was essential 
for the safe use of boats in areas of potentially treacherous water. Thom, an 
engineer, suggests that a lunar calendar was developed by megalithic peoples 
of western Britain in order to predict tides in the area under study. This idea 
for the development of a lunar calendar linked to the use of boats and knowl
edge of tides contrasts with the previously discussed work of Marshack's 
seasonally based lunar calendars in the Upper Paleolithic in the interior river 
valleys of France. 

The development of food production appears to signal the beginning of a 
new relationship between people and recording seasonal cycles. The new rela
tionship took the form of marking the landscape in semi permanent or perma
nent ways to have sighting points to keep track of the summer and winter 
solstices, equinoxes and, according to some scholars, lunar eclipse cycles. Large 
stones, or megaliths, as well as wooden posts, earthworks and tombs were 
sometimes constructed with such factors in mind. The wide geographic separa
tion of cultures (e.g., British and Egyptian megaliths as well as prehistoric 
native American earthworks, posts alignments, medicine wheels and the archi
tecture of the Anasazi) clearly argues for independent development of some of 
the same general concepts among early food producing peoples. 

In Europe, especially in Britain, these developments span both the Neolithic 
and early Bronze Ages. Studies have clearly indicated alignments between 
specific megalithic sites and the moon and sun. Aubrey Burl (1981), for example, 
has shown how the recumbent stone circles in northeastern Scotland dating to 
the early Bronze Age were designed to keep track of the passing of the moon, 
especially when it was high in sky. The recumbent stones, flanked by upright 
stones, were placed on the south side of the circles. Cremation burials, particu
larly of children that may have been sacrificed, have been found at a number 
of these sites. Burl (1981: 72) writes that the stone circles have 'an archaeological 
and astronomical unity that is persuasive in its consistency, even though their 
alignments are too coarse to have been of service to any postulated astronomer
priest of archaeoastronomy.' Thom (1973) finds both lunar observatories and 
midwinter and midsummer solstice sites. The use of the term observatory 
implies that people primarily used such sites for astronomical purposes. Thom 
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is also known for the theory that megalithic peoples had a sophisticated 
knowledge of geometry and used several measuring units, most notably the 
megalithic yard, which equates to 2.720 ± 0.003 feet. As a note of caution, 
megalithic sites are varied and they most likely served a number of purposes. 
They may have symbolized the power of prominent chiefs and could have 
served as important locations where a wide variety of significant ritual and 
secular activities occurred. There is a rich and complex literature that treats 
megalithic astronomy, and only selected aspects are treated here. 

The oldest Neolithic megaliths with astronomical significance have been 
recently discovered at Nabta Playa in a most unlikely place, the currently 
inhospitable desert of southern Egypt, about 100 kilometers to the west of the 
Nile (Malville et al., 1998). These Egyptian megaliths have been dated to the 
late Neolithic based on nearby pottery finds and other remains. 'The ceremonial 
complex could not be more recent than the onset of hyperaridity in the region 
around 4,800 years BP, suggesting that the astronomy and ceremonialism of 
Nabta occurred before most of the megalithic features of Europe, Great Britain 
and Brittany were established.' (Malville et al., 1998: 490) This is a very 
significant conclusion because the European and British megaliths were thought 
to be the oldest known (Renfrew, 1973). Moreover, it strongly suggests that 
pastoralists from the desert may have had a significant impact on the develop
ment of ceremonial complexity during the formation of the early Egyptian 
state. The Egyptian megaliths consist of a number of alignments of recumbent 
sandstone slabs that have been brought into the site area, as well as a stone 
circle (Figure 3A). One of the slabs, described as extending just over a meter 
above the ground surface, provides an idea of the size of the stones. The circle 
is described as a calendar circle, a little less than 4 meters in diameter. The 
circle 'contains four sets of upright slabs, which may have been used for sighting 
along the horizon.' (Malville et al., 1998: 490) The 'first gleam of the summer 
solstice Sun 6,000 years before the present [seems] to have been 63.2°, which 
would have been visible through the slots of the circle.' (Malville et ai., 1998: 
490). There is also an east-west megalith alignment as well as some north
south alignments seen in some of the other structures. 

Figure 3A Nabta Playa, Egypt, Neolithic stone circle. The outer standing stones are interpreted 
as sighting slots. After Malville et al. (1998, Figure 3b, pg.490). 
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In Europe, the oldest megalithic site of clear archaeoastronomical signific
ance is the large Passage Grave at Newgrange, in County Meath, Ireland 
(Figure 3B). Newgrange has a calibrated radiocarbon age of 3,150 ± 100 BC 
(Ray, 1989). Thus, it may be between about 500 to perhaps as much as 1,500 
years more recent than Nabta Playa, considering the age estimates for the 
Egyptian site. This site consists of a large mound that covers a long, narrow 
passage (ca. 23 x 1.5 m) that is connected to a chamber and three alcoves. The 
orientation of the site is clearly in alignment with the midwinter sunrise. 
Excavation of the site uncovered a structure known as the 'roof box' situated 
near the entrance of the tomb. T. P. Ray observed that the midwinter solstice 
sunrise shines through the roof box and extends down the passage where it 
lights the floor of the chamber and also illuminates a spiral design engraved 
on the back alcove. Megalithic peoples were 'interested in marking the southern 
limits in declination of the Sun and Moon, albeit approximately. Such low 
accuracies suggest that ancient man's interest in these bodies may have been 
ritualistic rather than for the purpose of calendar construction.' (Ray, 1989: 345) 

Stonehenge, set in the Salisbury plain in southern England, is one of the 
most spectacular archaeological sites known (Figure 4B). The massive circle of 
standing stones capped by lintels has provided one of the greatest archaeologi
cal enigmas. The stones in the outer circle are nearly 14 feet high and weigh 
an estimated 50 tons. Who built the site? How, and, most interestingly, why 
was it built? More than any other prehistoric site, Stonehenge has provided a 
'test-tube' case for astronomers and archaeologists to explore and debate the 
possible astronomical significance of a single site. Stonehenge has been interpre
ted as an observatory as well as a Neolithic computer where eclipse cycles 
were systematically monitored. Some of the highlights of this work will be 
discussed below. 

Stonehenge was initiated a few hundred years after Newgrange, but the site 
was modified in major ways over an extensive period (between about 
3,000-1,500 BC, see radiocarbon dates listed below). The site was initially built 
by British Neolithic peoples and the various elaborations extend into the period 

Figure 3D Passage Grave at Newgrange, Ireland showing the path of light of the winter solstice 
sunrise. (After Ray, T. P. 'The winter solstice phenomenon at Newgrange, Ireland: accident or 
design?' Nature 337: 343-345, 1989, Figure 2). Used with the kind permission of the author and 
publisher. 
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Figure 48 Plan of Stonehenge. After Evan Hadingham, Circles and Standing Stones, Garden City, 
NY: Doubleday, 1976, pg. 86. 

of the beginning of Bronze metallurgy. The circular henge concept itself may 
have been an embellishment derived from earlier henges that were earthworks. 
Such early henges appear to have served as cattle enclosures such as the large 
circular earthwork at Coupland in northern England dated to approximately 
4,000 BC. (Aveling, 1997) Early woodhenges constructed of posts are also 
known. [The Woodhenge site located near Stonehenge contains the remains 
of a young girl who had been sacrificed and who was oriented towards the 
summer solstice sunrise (Burl, 1981)]. It was formerly believed that the building 
of Stonehenge and other northern European megaliths was inspired by 
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Mycenean Greeks. This idea was given added credibility by the discovery of a 
petroglyph of a Mycenean dagger on one of the stones at Stonehenge. However, 
Colin Renfrew's (1973) calibration of radiocarbon dates with the extensive 
annual tree ring chronology, based on Bristlecone Pines, has conclusively 
demonstrated that the construction of megaliths had actually commenced 
before the beginning of the Mycenean culture in Greece. 

An abbreviated description of Stonehenge follows (Figure 4B) (See 
Chippindale, 1996 for a detailed description). Some of the features that have 
commonly been used as key reference points in astronomical interpretations 
are underlined for emphasis. Stonehenge includes an outer circle of Sarsens 
(the name of a variety of sandstone) and an inner circle of Bluestones that 
encloses another group of Sarsens in the shape of a horseshoe which encloses 
a horseshoe of Bluestones. There were originally thirty Sarsens in the outer 
circle that were capped by lintels. The paired stones capped by lintels are 
termed trilithons. Other prominent stones include the Heel Stone found outside 
of the Sarsen circle and the Slaughter Stone, located at the entrance (both are 
Sarsens). Excavations have revealed that there was once a companion stone to 
the Heel Stone. Another stone is called the Altar Stone. The names Heel Stone, 
Slaughter Stone and Altar Stone are all historical names and do not relate to 
the specific function of the stones. There were also four smaller stones termed 
Station Stones (two are present, and there are impressions of two more). They 
playa major role in archaeoastronomical interpretations. The site is surrounded 
by a ditch and bank. Outside of the ditch is an extensive feature known as the 
Avenue. Inside of the ditch are 56 evenly spaced Aubrey holes, named after 
John Aubrey who discovered them. Excavations have demonstrated that the 
Aubrey holes contain cremation burials. The Aubrey holes figure prominently 
in all three of the astronomical interpretations discussed below. Two additional 
circular patterns of holes, known as the Y and Z holes, are located closer to 
the outer Sarsen circle. The above mentioned Station Stones are found in 
association with the circle of Aubrey holes. The source of the Sarsens, some of 
which weigh up to 50 tons, is about 20 miles from Stonehenge, while the 
Bluestones have been traced to an area in Wales, some 240 miles from the site. 
The long distances that these huge stones traveled provides a silent testimony 
to the importance of the site. 

In 1996, 46 new AMS radiocarbon dates were announced for Stonehenge 
(Hedges et ai., 1996). Accelerator Mass Spectrometry (AMS) dating allows 
researchers to date very small carbon samples. These new dates nearly triple 
the number of reliable dates that are available. During Phase 1 the ditch was 
excavated in about 2950 Be. Phase 2 is marked by the placement of timber 
settings and the silting of the ditch between about 2950-2900 Be. The stone 
settings were established during phase 3 as follows: The Sarsen circle was 
established between 2655-2485 Be. The Bluestone circle and Bluestone horse
shoe of Stonehenge, also from phase 3, dates to between 2270-1930 Be. The 
Avenue at Stonehenge was also most likely constructed during Phase 2. Finally, 
the most recent construction that is dated at Stonehenge, known as the Y 
holes, falls between 1640-1520 Be. 
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Chippindale (1996) and others have stressed that researchers that use various 
features of the site for sighting points to derive astronomical alignments must 
carefully consider the fact that parts of the site date to different periods. 'Two 
of the four Stations are set over and erase Aubrey holes, so no astronomical 
account should make the full set of Aubrey holes part of the same apparatus 
as the Stations and have it all in use at the same time.' (Chippindale, 1996: 
220). In addition, it is clear from the discovery of the impression of a missing 
companion stone to the Heel Stone that other stones that are possibly missing 
could potentially have negative implications for determining astronomical 
alignments. In other words, substantial pieces of the puzzle may no longer be 
evident. However, Hawkins has suggested (1983) that the missing companion 
to the Heel Stone enhances the astronomical interpretation because it would 
actually have served as a framing device for the appearance of the summer 
solstice sunrise. 

The fact that the midsummer solstice sunrise occurs over the Heel Stone was 
independently observed in the eighteenth century by Drs. William Stukeley 
and John Smith. According to Richard Atkinson (1985: 101), Stukeley 'actually 
measured the axis and compared it with a calculated azimuth of the solstitial 
sunrise, and may thus be claimed as the founding father of archaeoastronomy 
in the modern sense.' The summer solstice sunrise was also systematically 
observed in 1880 by Flinders Petrie, the famous pioneering Egyptologist. And, 
early in the 20th century, Sir Norman Lockyer (1909) wrote about the astron
omy of Stonehenge and other megalithic sites. 

While the basic orientation of the Heel Stone and the summer solstice sunrise 
had been known for at least several centuries, widespread public and scientific 
interest in Stonehenge astronomy was inspired quite dramatically by Gerald 
S. Hawkins, an astronomer who 'decoded' Stonehenge in 1963-1965 (1963, 
1964; Hawkins and White, 1965). In part, the great appeal was due to the fact 
that computers were coming into vogue, and the use of a computer to analyze 
Stonehenge was both novel and was also seen as powerful, high technology 
answer to one of archaeology's great mysteries: why was Stonehenge built? 
Hawkins (1963) relates that the solution to the mystery of Stonehenge 'was 
made possible by the donation of approximately one minute of time on the 
Smithsonian-Harvard electronic computer.' This was also during the period 
when there was growing excitement regarding space exploration. It seemed to 
make sense that our ancestors who had the ability to move massive stones 
long distances without the aid of modern technology were advanced in relation 
to their knowledge of astronomy. Hawkins states that there were a large 
number of potential sighting alignments between the stones and various posi
tions of the sun, moon, stars, and planets. He approached the problem by using 
a plotting machine to obtain 240 possible alignments and an IBM computer, 
mentioned above, to determine if any of the alignments/declinations correlated 
with astronomical data for the date of 1500 Be. Hawkins did not find any 
correlations with planets, but he found 14 correlations between the alignments 
and the moon and 10 for the sun (Figure 4A). He postulated that the 
Stonehenge people not only marked the midsummer solstice sunrise, they also 
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Figure 4A Astronomical alignments presented by Hawkins in Stonehenge Decoded, 1963, Figure I. 
STNX is the intersection of the Station Stones. From Stonehenge Decoded, by Gerald S. Hawkins 
and John B. White. Used by permission of Doubleday, a division of Random House, Inc. 

sighted the midsummer moonrise along with the midwinter sunrise, sunset, 
moonrise and setting of the moon. They also monitored the spring and fall 
equinoxes. The ancient Stonehenge people used the Heel stone and certain 
spaces between the trilithons as key sighting points. Hawkins (1964) also 
reckoned that the 56 Aubrey holes were used as a Neolithic computer to record 
a 56 year eclipse cycle. Each Aubrey hole represented one year in the cycle. 
'Perhaps cremations were performed in a particular Aubrey hole during the 
course of the year, or perhaps the hole was marked by a moveable stone.' 
(Hawkins, 1964) 

During the 1960s Hawkins' work at Stonehenge was seen as quite innovative, 
given the growing interest in computers and the great potential that they had 
for solving problems. It is worth noting that the decoding of Stonehenge took 
place at approximately the same time as Marshack's apparent breakthrough 
in the analysis of Upper Paleolithic engraved bones. However, the view that 
Stonehenge had been 'decoded' and had functioned as an observatory and 
Neolithic computer was viewed skeptically by Richard Atkinson (1966), who 
was the leading archaeological authority on Stonehenge. Atkinson's careful 
work at Stonehenge had added significantly to our understanding of the 
sequence of development at Stonehenge in a regional archaeological context. 
He disputed certain of Hawkins' conclusions in a review titled, 'Moonshine on 
Stonehenge.' The meaning of the title of the review conveys the degree of 
skepticism regarding the interpretations. Atkinson took serious issue with the 
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view that the Aubrey holes were left open so that posts could be moved around 
to monitor the supposed 56 year eclipse cycle. He argued that most of the 
excavated Aubrey Holes contained cremation burials and, as such, were filled 
up soon after they were excavated. Atkinson also noted that Hawkins used a 
margin of error for his calculations that was large enough to have easily led 
to different results. Quite clearly, the argument was more than a simple dispute 
regarding Hawkins' interpretations. It was to a certain extent territorial in an 
academic sense, pitting the domain and views of archaeology vs. counterpart 
views of astronomy, which were much less concerned with the archaeological 
data base. In the case of Stonehenge, the 'turf' was clearly archaeological, but 
the decoding of the site was not. On the other hand, it has been pointed out 
by archaeologists such as Burl (1988: 34) that many skeptical archaeologists 
are not qualified to evaluate the astronomical data effectively. The notion of 
high precision astronomy on the part of Neolithic peoples was, by and large, 
not acceptable to most archaeologists. At the same time, the interpretation 
that Neolithic peoples were keeping track of solstices for ritual/ceremonial 
purposes, and noting lunar cycles for seasonal purposes, is more consistent 
with general archaeological and anthropological reconstruction of the cultures 
of early food producing peoples. There is little doubt that people would have 
noticed a total eclipse, or for that matter, an unusually bright comet. 

Further astronomical analysis at Stonehenge was published in 1972 by C. A. 
Newham, an astronomer. Newham suggested that Period I at Stonehenge 'was 
essentially a site for the investigation of lunar phenomena. It was not until the 
latter part of Period I that purposeful solar alignments became evident and 
the use of stones for alignment purposes began to appear, probably replacing 
the less durable wooden posts previously used.' Newham also analyzed the 
alignments of three post holes discovered in 1966 in the extension of the 
Stonehenge car park. He thought that they provided 'the most positive "astro
nomical" discovery yet made at Stonehenge.' (p. 23) They lined up with moon 
and sun settings when viewed from the Heel stone and Station stones. 
Unfortunately for Newham's work, recent research has shown that the post 
holes in the car park actually date to the Mesolithic (ca. 9,000 years ago) and 
are therefore much older than either the Heel stone or Station stones 
(Chippindale, 1996). Clearly, one cannot rule out the role of chance in account
ing for some alignments that may appear to be significant. 

Newham also reasoned that, 'The double circle or spiral of the 'Y' and 'Z' 
holes represented 59 days of two lunar months. The strong possibility that 
there were fifty-nine blue stones inside the Sarsen circle would provide a more 
suitable means of representing the same thing.' (1972: 29) As noted above, 
recent dates have shown that the Y holes are actually late in the Stonehenge 
sequence. Finally, Newham also sees a relationship between the 56 Aubrey 
holes 'and calculated angles between the major and minor extremes of the 
setting or rising of the winter moon.' (p. 20) 

The distinguished astronomer Sir Fred Hoyle wrote in the preface of his 
book On Stonehenge that his findings 'requires [sic] the men ofthe new stoneage 
... to have been meticulous observers of the night sky, to have calculated with 
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numbers, and to have communicated sophisticated astronomical knowledge 
among themselves from generation to generation.' (1977: vii) Hoyle (pgs. 46-47) 
agrees with many of Hawkins' conclusions regarding astronomical alignments. 
He also sees the 56 Aubrey holes as a method of predicting eclipses. The holes 
served as a method of keeping track of the nodal points of moon and the sun. 
'A marker moved by two holes each day completes a circuit in 28 days, not 
much different from the period of 27.3 days of the Moon in its path across the 
sky.' (Hoyle, 1977: 59) He then spells out the rules by which 'the directions of 
the Sun and the moon, and the nodal points can all be predicted ahead of 
time.' Hoyle's work was reviewed by Gordon Moir in 1979. While recognizing 
the likelihood that the Stonehenge I people were observing the summer solstice 
sunrise, Moir argued against high precision astronomy, especially the view that 
the Aubrey holes served as an eclipse predictor. 

The 'ceremonial vs. science' debate with respect to archaeoastronomy is well
stated by Ruggles (1989) as well as by others such as Burl (1980). More 
recently, Chippindale (1996: 230) has stated that, 'we should think instead of 
a prehistoric cosmology, a broader concern with the heavenly bodies, their 
meaning, their magical powers, their influence on our world below, not at all 
on the model of a western analytical science which the word astronomy must 
convey.' 

CONCLUSIONS 

1. A very long record of protohuman and early human responses to seasonality 
is present in the remote past in Africa. However, there is no convincing 
evidence either for or against the capacity actually to predict seasonal 
changes during the Lower or Middle Palaeolithic. 

2. The ability to use fire first appears in the Lower Palaeolithic, with possible 
implications for increased socialization at night and associated observation 
of the sky. Nonetheless, consistent signs of the use of fire does not appear 
until the time of the Middle Palaeolithic Neanderthals, possibly negating 
the inferences made about the role of fire for the previous period. 

3. The timing of the initial appearance of the capacity for modern human 
behavior patterns, cognitive fluidity, and language is uncertain, but may 
have been on the order of between 60,000-35,000 years ago. These develop
ments would have enabled humans to engage in the creation of myths and 
cosmologies that may have sometimes been based on empirical observations 
of the sky. 

4. The first actual archaeological traces of human concerns with regard to the 
position of the rising and setting sun is evident in Upper Palaeolithic burials 
such at Predmosti in Moravia, and later on a more convincing record is 
found at the Jebel Sahaba cemetery in northern Sudan. 

5. Possible notation of lunar cycles may be seen in some of the engraved bone 
artifacts of the Upper Palaeolithic. Lunar calendars and possible marking 
of solstices have been suggested. 

6. No Palaeolithic 'observatory' sites are known. 
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One might speculate on the basis of points 4 and 5 that the anatomically 
and behaviorally modern peoples of the Upper Palaeolithic, or Later Stone 
Age, were as capable and versatile as modern hunter-gatherers such as the 
Jujwasi and Central Inuit in their abilities to predict seasonal changes and 
develop cosmologies. However it is significant to observe that there does not 
appear to be archaeological evidence of Palaeolithic peoples deliberately alter
ing the landscape in such a way as to monitor the solstice or engage in other 
types of proto astronomical observations. In short, there are no megaliths (not 
even smaller ones), or post impressions that appear to represent sighting points. 
Whether Palaeolithic peoples used existing natural features for this purpose is 
unknown, but this would have been possible. Negative findings regarding 
marking the landscape for the purpose of sighting points may be significant, 
because late Palaeolithic peoples were certainly capable of small-scale construc
tion efforts. They dug out semi-subterranean houses and built huts reinforced 
with mammoth bones and sometimes used posts in construction. Moreover, 
their well-documented artistic achievements in the caves of France and Spain 
provides much documentation of ritual, but it has not provided evidence of 
monitoring the sky. 

The Neolithic appears to provide the initial context in which permanent and 
semi-permanent sighting points were constructed to observe astronomical phen
omena, most notably the appearance of seasonal solstices. The earliest docu
mented evidence of this is found in the megalithic site of Nabta Playa in Egypt, 
whereas more abundant evidence is found in European megalithic sites, especi
ally in Britain. Although there is compelling evidence for alignments of astro
nomical significance at a range of sites, cases for high precision astronomy, 
such as the ability to predict eclipses through the use of the Aubrey holes at 
Stonehenge, have not been accepted by archaeologists. It is likely that the 
debates about the presumed intentions and practices of the prehistoric peoples 
who built these intriguing sites will continue well into the new century. 
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ROSLYNN D. HAYNES 

ASTRONOMY AND THE DREAMING: 
THE ASTRONOMY OF THE ABORIGINAL AUSTRALIANS 

THE WORLD'S FIRST ASTRONOMERS 

The Aboriginal Australians were arguably the world's first astronomers. Their 
complex systems of knowledge and beliefs about the heavenly bodies evolved 
as an integral part of a culture which has been transmitted through song, dance 
and ritual over more than 40,000 years, predating by many millennia those of 
the Babylonians (who probably developed the zodiac familiar to Western 
cultures in about 2000 BC), the ancient Greeks, the Chinese, the Indians and 
the Incas. More importantly for our understanding of their significance, 
Aboriginal beliefs survived, until very recently, within a complete cultural 
context. It is impossible for us to understand what hunter-gatherer Europeans 
thought when they looked up at the northern constellations some 15,000 years 
ago, for we have no access to the body of knowledge which provided the 
context for their ideas about the stars. Even the beliefs and legends associated 
with Babylonian, Greek and Roman astronomy have come to us only as 
isolated stories, divorced from the culture of which they were an integral part 
so that we can not appreciate the complex resonances they carried for those 
whose stories they were. 

However, for one broad cultural group, the Aboriginal Australians, we can, 
at least partially, reconstruct the context from which their star legends derived 
their meaning. 

CULTURAL CONTEXT 

From nineteenth and early twentieth century accounts of Aboriginal culture 
we know that their beliefs about the stars were located within a social and 
value system which both developed from and accounted for the brilliant nightly 
spectacle of the southern sky, the daily reappearance of the sun and the phases 
of the moon. Astronomy, in the sense of a comprehensive and coherent body 
of knowledge about the stars, was an integral component of Aboriginal culture, 
not a discrete body of knowledge. Like the Newtonian-based system of Western 
science, it represented an attempt to construct a view of the universe as an 
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ordered and internally consistent system and hence to obtain some sense of 
control over the natural world. But in most ways it was fundamentally different 
in its premises and procedures. 

Because the Aborigines were not interested in positional astronomy for its 
own sake, but only as an aspect of something much broader, their understand
ing of the constellations was relational rather than mathematically based. 
Indeed, traditional Aboriginal culture paid no attention to the two basic 
Western concepts of numeracy and temporality; they made no measurements 
of space or time, nor did they engage in even the most elementary mathematical 
calculations. For the same reasons they were concerned with similarity rather 
than with difference, with synthesis rather than analysis, and with symbiosis 
rather than separation. Thus natural phenomena, whether terrestrial or celestial, 
were regarded as existing within an all-encompassing relationship which both 
sustained, and was sustained by, traditional rituals. The social obligations 
within the community were projected on to and reinforced by their celestial 
correlatives. To understand the interconnectedness of this Aboriginal world 
view and the place of astronomical knowledge within it, it is necessary to refer 
to the 'Dreaming'. 

The term 'the Dreaming', derived from an early attempt to translate the 
Aranda word Alcheringa (derived from the word aitjerri, to dream), expresses 
a concept common to many, if not all, Aboriginal groups and languages 
(Figure 1). However, such a linking with the European notion of dreaming 
should not be taken to mean something unreal, arbitrary, individual or ephem
eral. On the contrary, the Dreaming denotes an ever-present reality, a dimension 
more real and fundamental than the physical world, which is merely temporal 
and contingent. 

Unlike the myths of origin of most religions, Aboriginal creation stories 
locate the creative power not remotely in the heavens, but deep within the land 
itself. Originally, it is believed, the land was flat and featureless and the sky 
was always dark, but during the Dreaming the Ancestors, creative spirits, 
emerged from the land or sky, taking the form of men and animals, or even 
inanimate elements such as fire and water. By their presence and actions, and 
particularly by their epic journeys, they created the landforms, the celestial 
bodies, and all the living creatures we know today. The Dreaming is not 
confined to the past but is eternally present, and hence land, sky, animals, 
plants and human beings are united spiritually through the continued indwell
ing presence of the Ancestors. 

It is significant in this regard that the Aborigines had no myth of alienation 
from Nature, such as the Judaeo-Christian story of expulsion from Eden. On 
the contrary they believed that through the evocation in ritual of their Great 
Ancestors of the Dreaming, they too were co-creators of the natural world, 
humanising its non-human elements (including the heavenly bodies) and, in 
the process, partaking of its universality. 

Thus unlike the Western discipline of astronomy, discrete from terrestrial 
phenomena except in its reliance on the same physical laws, the Aborigines' 
knowledge of the heavens was intimately connected with all aspects of their 
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cultural life. It was a palimpsest of observation, song cycles, dance, art, ritual, 
social organisation and group identity. 

In this article I shall, for convenience, discuss astronomical observation, the 
calendrical use of such knowledge and its mythological extensions as separate 
frames of knowledge, but it must be stressed from the outset that this is a 
concession to Western, analytic ways of thinking and organising material, and 
bears no relation to the complex, many layered understanding of the indigenous 
people living in the traditional ways and initiating their children into the secret
sacred knowledge of the clan. 

Like scientific theories, Aboriginal myths are attempts to understand the 
universe in terms compatible with their cultural focus. For Western societies 
this focus is rational, material and abstract, grounded in the laws of physics 
and chemistry, in measurements of linear distance and linear time. In such a 
system the acceptability of astronomical observations and explanations depends 
on measurement and compatibility with acknowledged physical laws. For 
traditional Aboriginal cultures, such parameters were of little significance; they 
were, in fact, arbitrary, being always modified by social requirements. The 
distance from one place to another was a function of the time taken to reach 
it and that, in turn, was entirely contingent on the events that occurred en 
route, the people, animals and plants encountered, the mood of the traveller, 
etc. It is therefore not surprising that explanations of the celestial bodies, like 
those of terrestrial landforms, were based on the parameters of social organisa
tion - on kinship laws, on marriage systems, on gender divisions of labour and 
social behaviour, and on ritual obligations. These were the unchanging primary 
characteristics and fundamental beliefs of their world, as weight, measurement 
and the Big Bang theory are in scientific societies. By extrapolating from social 
laws to celestial ones, projecting a social model on to the sky, Aboriginal 
peoples were, like Western scientists, proceeding from the known to the less 
well known on the assumption that the universe is inherently consistent. Both 
knowledge sets are constructs, evolved to make sense of the universe and hence 
to domesticate it, to make immensity bearable by analogy with the familiar 
and comprehensible. 

There were many different kinds of stories: those that were primarily con
cerned to explain the origins of phenomena and beliefs; those that had a 
predictive function, reminding the group through narrative correlations 
between celestial and terrestrial events that certain functions had to be per
formed at specific times; and those that served an educative function in terms 
of enforcing socially sanctioned behaviour, values and morality. 

MYTHS OF ORIGIN 

The Aboriginal Australians were not concerned to explain everything celestial 
and terrestrial, but only those things that had material or ritual significance. 
Such explanations in turn legitimated and reinforced patterns of social behavi
our or ritual observance. The myths associated with origins, being almost 
invariably associated with culture heroes, the Ancestors of the Dreaming, 
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dignified and personalised the universe and everything in it in a way that has 
no parallel in the impersonal constructs of Western science. Most of the 
Ancestors were associated with the land and its features, and their spirit beings 
were believed to remain indwelling in the land where their last major encounter 
with other figures of the Dreaming took place; but there were also many 
mythological figures associated with the creation of the sky and specific constell
ations. Amongst the Boorong people of western Victoria, it was believed that 
Gnowee, the sun, was made by Pupperimbul, one of the Nurrumbunguttias, 
or old spirits, who were removed to the heavens before the advent of homo 
sapiens. The earth was in perpetual darkness until Pupperimbul prepared an 
emu egg which he threw into space, where it burst, flooding the sky with light. 
Variations of this story are found in many areas of eastern Australia, but in 
Boorong mythology, Gnowee is closely related by kinship to other celestial 
bodies: Chargee Gnowee, Venus, is the sister of the sun and wife of 
Ginabongbearp, Jupiter (Stanbridge, 1861: 301). Thus the celestial bodies reflect 
family relationships, thereby both dignifying the latter as an integral part of 
the cosmos and familiarising the sky. 

The Needwonee people of southwest Tasmania identified neither the sun nor 
the moon with the creation of Trowenna (Tasmania), but rather a star, 
Moihernee (or Moinee), once the star child of Parnuen, the sun, and Vena, the 
moon. Moinee shaped the land into rivers and islands and then pulled the first 
man, Parlevar, out of the ground, but during a fight with his brother 
Dromerdene (Canopus) both the star sons fell from the sky, Moinee to the 
earth where he can be seen as the tall standing stone at Cox Bight in the 
southwest of the island, and Dromerdene into the sea at the adjacent inlet, 
Louisa Bay (Plomley, 1966: 118; Coon, 1976: 320-1). 

OWNING STORIES 

Because understanding of the sky, as of everything, was conceptual rather than 
perceptual, accessible only through initiation into the lore of the community 
not through individual observation and rational endeavour, knowledge was 
the province of the elders, to be passed on to initiates at such times as they 
were considered ready to receive it. Readiness was determined not on intellec
tual ability but on cultural maturity assessed across a wide range of skills. 
Thus both the stories and, even more, the understanding of what they meant, 
were 'owned' by the fully initiated men and women and passed on in stages to 
the youths and girls. Some stories were the exclusive secret-sacred property of 
initiated men; they had male heroes as the central characters and were to be 
sung and danced only in strict isolation from women. On the other hand, some 
stories, notably those focussing on the Pleiades, were the preserve of women. 
These often involved motifs of pursuit, rape and sexual fears and fantasies. 
Others were categorised as being mainly for men, with women playing inferior 
roles in their dramatisation and vice versa. Others again were shared equally 
by men and women. However, this alleged screening of knowledge has been 
challenged by the work of the anthropologist Isobel White who concluded that 
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'in this question of knowing or not knowing, it is not the actual knowledge 
that matters, but what one is permitted to know' (White, 1975: 126). 

Besides having such gender divisions, the stories evolved by separate groups 
were often quite distinct from those of neighbouring areas, particularly when 
the cultural focus was different. Coastal peoples have numerous sky stories 
involving fishing, canoes and storms, while these aspects are understandably 
absent from the stories of inland groups. But even groups living in close 
proximity may evolve quite distinct stories. Thus the Meriam people who live 
on three islands at the eastern end of Torres Strait place great emphasis on 
the vast constellation of Tagai which embraces the European constellations of 
Sagittarius, Scorpio, the Southern Cross, Lupus, Corvus and part of Hydra. 
Tagai represents a fisherman standing in a canoe (the body and tail of Scorpio), 
holding a three-pronged fishing spear (the Cross) and a fruit (Corvus) (Sharp, 
1993: 3-4). Tagai is part of a myth involving twelve crewmen (the Pleiades 
and three stars of Orion's belt) and the procession of Tagai through the sky 
was associated with the ushering in of the 'seasons' of the Meriam year, 
involving fishing, gathering and ceremonial performances. However, the people 
of Mabuiag and Muralag Island in the western part of Torres Strait, while 
retaining the significance of Tagai, also developed a range of other myths 
involving the constellations of Baidam, the shark (Ursa Major, Arcturus and 
Gamma Corona Borealis), Bu, the trumpet shell (Delphinus), Dogai, a frighten
ing female (Altair and Beta and Gamma Aquilae), Dideal (Orion) and Usal 
(the Pleiades). 

Modifying this separate local evolution of myth was the sharing of non
secret-sacred stories at meetings of clan groups and by Aborigines passing 
along trade routes and sharing some of their cultural inheritance. We can see 
evidence of this in the progressive changes in stories in locations across the 
continent. Myths involving the Pleiades, characterised as the Kungkarunkara 
women with their dingoes, have been recorded in slightly varied form and with 
minor name changes across the Western Desert and into Central and South 
Australia. The name given to the Seven Sisters changes from Kunkarunkara 
to Kunkarangkalpa and the name given to their pursuer (Orion) varies from 
Jula to Njiru to Nirunja (Mountford, 1976: 462). 

OBSERVATIONAL ACCURACY 

The Aborigines' knowledge of the 'crowded' southern sky was probably the 
most comprehensive possible for people dependent on naked eye astronomy. 
They made accurate observations, not only of first and second order stars, but 
even of the more inconspicuous fourth magnitude stars, and in so doing devised 
and memorised a complex seasonal calendar based on the position of the 
constellations in the sky. Pattern was apparently more important in recognition 
than brightness, for the Aborigines often identified a small cluster of relatively 
obscure stars while ignoring more conspicuous single stars. Thus the people of 
Groote Eylandt off the coast of Arnhem Land gave the name Unwala, the 
Crab, to the small cluster of relatively insignificant stars, Sigma, Delta, Rho, 
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Zeta and Eta Hydrae, with an average visual magnitude of 4.4 (sixth magnitude 
stars are on the threshold of visibility to the naked eye), while disregarding the 
adjacent, very bright stars Procyon (Alpha Canis Minoris) and Regulus (Alpha 
Leonis) which have visual magnitudes of 0.36 and 1.35 respectively but which 
are not part of an obvious group (Mountford, 1956: 479) (Figure 2). The 
Boorong people of western Victoria apparently focused their attention on linear 
patterns of three or more stars. Unlike the familiar Greek designations, based 
on a join-the-dot pictorial image, the Aborigines rarely identified a group of 
stars with a simple outline of a figure, but rather with the whole cast of 
characters in a story, the relationship being conceptual rather than visual. 

Colour was also an important factor in the Aboriginal designation of stars. 
The Aranda people of Central Australia distinguish red stars from white, blue 
and yellow stars. They classify the bright star Antares (Alpha Scorpii) as tataka 
indora (very red) while the stars of the V-shaped Hyades cluster, which represent 
for them two rows of girls, are divided into a tataka (red) group and a tjilkera 
(white) group. The former are said to be the daughters of the conspicuously 
red star Aldebaran, Alpha Tauri (Maegraith, 1932: 25). Along the Clarence 
River in Eastern NSW, Aldebaran commemorates the story of Karambal, a 
man who stole another man's wife and hid from his pursuers in a tree. The 
angry husband set fire to the tree and the flames carried Karambal into the 
sky where he still burns, as a warning to intending adulterers (Mathews, 
1905: 78). 

The Aboriginal Australians also differentiated between the nightly movement 
of the stars from east to west and the more gradual annual shift of the 
constellations. Anthropologists have recorded that the Aranda and Luritja 
peoples around Hermannsburg in Central Australia could predict the position 
of the constellation they named Iritjinga, the Eagle hawk (a quadrangular 
arrangement comprising Gamma and Delta Crucis and Gamma and Delta 
Centauri) with great accuracy throughout the whole annual cycle. These peoples 
also knew that certain stars lying to the south, namely Iritjinga and the Pointers 
of the Southern Cross, are visible throughout the year, although their position 
in the sky varies. This amounts to a realisation that stars within a certain 

• PROCYON 

• REGULUS 

Figure 2 Aboriginal constellation of Unwala, the Crab, comprising stars in the head of the constel· 
lation Hydra, with the adjacent but unnamed stars, Procyon and Regulus. 
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distance of the south celestial pole never fall below the horizon (Maegraith, 
1932: 24). 

What the Aborigines did with this astronomical knowledge, and the reasons 
they cultivated it, were fundamentally different from the structure and motiva
tion of western science and provide an interesting contrast with what we 
imagine is the self-evident methodology and culture-free knowledge of western 
science. Their careful astronomical observations were motivated not by inherent 
curiosity but by their belief that the stars had an intimate pragmatic and 
relational role in their culture. One role was economic: the need to establish 
predictive correlations between the position of the constellations and other 
natural events important to the survival ofthe community such as the availabil
ity of particular foods or the onset of particular weather conditions. A second 
function, equally necessary to preserve the group's identity, was a socio-moral 
one: the association of the various constellations with a complex system of 
moral guidance and education in tribal lore. Thirdly, the Aborigines regarded 
the stars as an integral part of both the physical landscape and a philosophic 
system, each element of which helped to explain, reinforce and legitimate the 
others and guarantee their continuity. 

COSMOLOGY 

Although there were regional differences, most Aboriginal groups across the 
mainland of Australia shared the basic cosmology described below for the Tiwi 
people of Bathurst and Melville Islands, situated some 50-60 km north of 
Arnhem Land. Their complex four level model of the universe is not unlike 
the three decker view prevalent in medieval Europe, although the significance 
attached to the various levels is very different. 

In the Tiwi system, the earth, known conceptually as kaluwartu, is imagined 
as a flat disk surrounded by water and covered by a solid sky dome, juwuku, 
like an inverted basin. Beyond this is a utopian upper world or tuniruna, 
blessed with adequate rainfall and abundant food. Some groups imagined it as 
a land of beautiful flowers that never faded. There the spirits of the dead are 
carried, and we see them as stars shining through holes in the cover. There are 
two seasons in tuniruna, the wet and the dry, as there are in the tropical 
latitudes where the Tiwi live. During the dry season on earth, Pakataringa, the 
man of thunderstorms, Tomituka, the woman of monsoonal rains and 
Pumaralli, the lightning woman, live in this upper world, but during the wet 
season they descend to the sky world and send storms and rain onto the earth 
(Mountford, 1958: 170-1; Sims, 1978: 166). 

The sky dome is supported by uprights whose nature varies according to 
the materials of the region. In the Australian Alps, the props are trees (Worms, 
1986: 109), but in coastal New South Wales the sky dome is supported by 
wooden pillars guarded by an old man (Willey, 1979: 34). People from the 
area of the Great Australian Bight told Daisy Bates that the sky was held up 
by a great tree, Warda, which it was essential to protect lest the sky fall down 
(Isaacs, 1980: 141). In other areas the sky dome was held from above by star 
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people and the emu whose nest is the Coal Sack, or by two guardians of the 
circumcision ceremony who live in the constellation of Scorpius and who turn 
the whole sky over (Mountford, 1976: 450). 

In many legends the sky dome is also envisaged as having an aperture, 
permitting two way access between the earth and the sky world above it. Many 
of the Ancestral Beings, and sometimes humans, climbed up to this aperture 
using a spear, a hair cord, a tree or a rainbow, to become individual stars or 
constellations. The idea of a cord between the earth and the sky world has 
been interpreted by Worms as a metaphor for the umbilicus, signifying the life 
giving and life sustaining connection between the temporal earth and the eternal 
sky world (Worms, 1986: 104). But such a notion accords ill with the fundamen
tal Aboriginal beliefs about the Dreaming, in which the land itself is inhabited 
by the eternal ancestral spirits. Unlike European notions of heaven, the sky 
world is no more or less sacred than the earth. 

While the ascent of Ancestral people or animals to the sky world is the more 
common process of connection between these worlds, there are also stories of 
sky beings descending to earth in some specific spot. Gosse Bluff, an immense 
meteorite crater west of Alice Springs, is said by indigenous people of the area 
to have been formed when one of the Ancestral women dancing in formation 
as the Milky Way put down her baby in its bark coolamon carrier. The baby 
and carrier fell from the sky, causing the huge crater. The distraught mother 
and father, the morning and evening stars (sic) are still looking for their child. 

Beneath the earth is a lower world, known to the Tiwi as Yilaru. Though 
subterranean and dark, Yilaru carries none of the adverse moral associations 
of the medieval Hell. Topographically it is believed to comprise two high stony 
ranges separated by a deep valley along which the Sun woman travels on her 
nightly journey from west to east. People from the Great Australian Bight area 
in South Australia believed that this lower world, known there as Jimbin, was 
the place where the spirits of unborn children lived (Ker Wilson, 1977: 21-2). 

ROCK ART SOURCES 

There are two main avenues to assessing what Aboriginal communities believed 
about the stars before the disruption (all too often extinction) that followed 
European contact. These are rock art (engraving or painting) that has endured 
for more than a century and oral culture. Both have their limitations. 

Hugh Cairns claims that: 

while specific interpretation is precarious, most rock art sites in Australia provide elements that 
can be interpreted generally in terms of sky mapping. Furthermore, there can be some interpreta
tive feedback between this evidence and the artefacts through special examples such as the 
natural but enlarged hole in the rock face which represents and 'is' the Morning Star and the 
body painted menstruation 'crescent' (Cairns, 1993: 141). 

Cairns has studied patterns of drilled cup-like holes, transverse grooves and 
enhanced natural indentations found in natural tessellated pavement rock in a 
bushland area north of Sydney in close proximity to engraved representations 
of figures believed to be ancestral sky heroes, Daramulan and Biame. He takes 
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the view that these marks, which he estimates at 6000 to 4500 years old, 
resemble particular star groups in the Milky Way from the Southern Cross 
and Scorpio to Orion and the Pleiades, but in the absence of any surviving 
oral tradition or record it is doubtful practice to extrapolate from 'resemble' 
to 'represent'. Ultimately Cairns bases his argument on a negative: 'ethno
graphic evidence shows that knowledge and perception, throughout Australian 
Aboriginal cultures, is expressed in the form of art. It would be extraordinary 
indeed if important meaning, including astronomical realities, were not in 
evidence in the rock engravings and paintings of indigenous Australia' (Cairns, 
1993: 149). 

Some support for the notion of carved astronomical signs, although of a 
different kind, comes from astronomer Paul Murdin's suggestion that the 
so-called 'sunbursts' carved on sandstone near Broken Hill in western New 
South Wales may record supernova events. The sunbursts are circular designs 
formed by holes pecked in the rock about 5 mm apart. Some show a central 
dot with rayed lines surrounding it; some show a circle with the rays emerging 
like a child's conventional drawing of the sun; some show concentric circles 
with the rays emerging from the centre. It is the latter that Murdin suggests 
as candidates for identification with the supernova of 1066 or the Vela super
nova of 12,000 years ago. However, Murdin also admits that the argument for 
such an identification is weak. It depends more on a belief that some such 
depiction should exist, in parallel with the depiction of Leonids in the winter 
counts of the North American Indians of Dakota and of the Crab supernova 
of 1054, than any supporting evidence of such an identification (Murdin, 
1981: 477-8). 

On the other hand, Grahame Walsh, who has made an exhaustive study of 
Aboriginal rock art across Australia, gives several examples of sites where the 
rock engravings and/or paintings depict figures associated with the Lightning 
Brothers, signified by their rayed headdresses and stone axes symbolising 
lightning, or the onset of the wet season - the Wandjina of the Western 
Kimberley, large eyed, mouthless figures also with lightning rays emerging 
from their heads like halos. Yet Walsh finds no examples of rock where the 
figures are related to celestial bodies (Walsh, 1988). 

NAVIGATION 

Given their accurate knowledge of the stars, it is strange that, unlike the 
Polynesian peoples, the Aborigines seem not to have used the stars for purposes 
of navigation (Maegraith, 1932: 25). Coastal peoples have stories linking the 
appearance of particular constellations to storm seasons when it is dangerous 
to venture far from the shore, but no stories are known to indicate stellar 
reference points for journeying. Although the Meriam people at the eastern 
end of Torres Strait undertake voyages by outrigger canoe to other nearby 
islands, and many coastal groups embark on fishing expeditions, Aborigines 
seem rarely to have undertaken long sea voyages since arriving in Australia, 
so their failure to use stars for navigation is less surprising than the correspond
ing lack of stories linking star patterns to land journeys. 
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Intrigued by this apparent anomaly, David Lewis undertook research in 
1972 and 1973 on the route finding abilities of indigenous people in the Western 
and Simpson Deserts. After travelling some 7,800 km with local Aboriginal 
men, Lewis concluded that although the men showed an intimate knowledge 
of the terrain during daylight hours, recognising even the most insignificant 
landmarks as having spiritual significance and being able to locate themselves 
and keep their direction without difficulty, they were unable to do so at night. 
They made no attempt to refer to the stars for orientation and showed consider
able anxiety at being abroad in the dark (Lewis, 1976: 273-4). This confirms 
the much earlier observation of Maegraith that men at the Hermannsburg 
Mission exhibited a 'dislike of moving about after dark', so much so that he 
himself had difficulty in finding local people to help with his astronomical 
observations (Maegraith, 1932: 21-5). He concluded that their detailed knowl
edge of the stars was derived from observations within the safety of the camp 
and that 'no Central Australian native can find his way by night by reference 
to the stars, although in the daytime he possesses the utmost skill in respect 
of location' (Maegraith, 1932: 25). Although hostile raids on other clans were 
usually undertaken at night, .they were well planned beforehand over known 
terrain, requiring little or no navigational skills. If Maegraith was correct in 
this, the implication would seem to be that recognition of place, while it may 
be intimately associated with an awareness of a spiritual power emanating 
from the area, is triggered, at least in the first instance, visually. 

MYTHS 

The mythical narratives referred to in the following sections are all traditional 
in the sense of being distinctly Aboriginal, with little or no evidence of intro
duced elements derived from contact with Europeans. This does not necessarily 
mean that they have remained unchanged over long periods of time, although 
oral tradition tends to preserve the details of a story more closely than the 
print tradition (Ong, 1982), and the high value that Aboriginal people place 
on their heritage reinforces the faithful transmission of details. (Morieson, 1996: 
40-2). Many of the stories referred to were recorded in writing in the late 
nineteenth or early twentieth century before the Aboriginal communities were 
disrupted. Those taken from the anthology The Speaking Land (Berndt and 
Berndt, 1989) were recorded prior to the 1960s. The Berndts recall that when 
these stories were being related to them, 'there were always listeners present 
or nearby, who knew the stories and did not hesitate to comment on them or 
amend them when they were being told, or immediately afterward' (Berndt 
and Berndt, 1989: 403). In such a context narrative innovation is emphatically 
discouraged. 

The myths, while extremely varied, have certain motifs in common. Nearly 
all focus on the deeds of the Ancestral Beings enacted against a natural 
environment that was changed by them in some way - topographically, in the 
case of the Earth, or by the creation of celestial bodies. The Ancestors are 
characters of great spiritual and physical power who have the ability to change 
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shape, to transform themselves, and to perform remarkable feats. In addition, 
the narratives often depict these mythic beings as being engaged in conflicts 
resulting from failure on the part of some individual or group to observe the 
obligatory social codes. Thus, like the deities of Greek myth, they are shown 
as having human failings, as being motivated by greed, lust, anger, irrationality, 
wilful disobedience towards kinship laws, etc. The myths describe situations 
that could easily take place in the lives of the audience - misadventures in 
social relations, indiscretions, malicious actions and personal idiosyncrasies. 
Consequently, most of the stories contain an implicit warning of the potential 
outcome of such misdeeds. Thus these mythic beings are actually characters of 
contradiction (Berndt and Berndt, 1989: 406-7): their deeds inspire awe but so 
far from being emulated they are, in most cases, held up as a reminder to 
observe the correct behavioural forms and avoid such conflict. 

CALENDAR 

As hunter-gatherers, dependent for their survival on a foreknowledge of envi
ronmental changes, the Aboriginal Australians noted, in particular, the correla
tion between the movements and patterns of stars and changes in the weather 
or other events related to the seasonal supply of food. As might be expected, 
the significance attributed to these sidereal occurrences varied with the diet 
and lifestyle of different groups. Thus, on Groote Eylandt, in the north of 
Australia, the appearance in the evening sky towards the end of April of the 
two stars Upsilon and Lambda Scorpii in the 'sting' of the constellation 
Scorpius indicated that the wet season had ended and that the dry southeasterly 
wind or marimariga would begin to blow. At nearby Yirrkala, however, the 
importance of Scorpius was linked to the connection between its appearance 
in the morning sky in early December and the imminent arrival of the Malay 
fishermen who came in their canoes to collect trepang or heche de mer which 
they sold to the Chinese (Mountford, 1956: 504). 

In winter, the most spectacular individual stars in the southern sky are the 
red giant Arcturus (Alpha Bootis) and Vega (Alpha Lyrae). When Arcturus 
could be seen in the eastern sky at sunrise, the Aborigines of Arnhem Land 
knew that it was time to harvest the spike rush or rakia, a reed valuable for 
making fish traps and baskets for carrying food, and a local legend about 
Arcturus served as an annual reminder of this. (Mountford, 1956: 495). On the 
other hand, amongst the Boorong people of Victoria, Arcturus was personified 
as the spirit being Marpeankurrk, mother of Djuit (Antares) and Weet-kurrk 
(a star in Bootes, west of Arcturus). Marpeankurrk was celebrated as the one 
who showed the Aborigines where to find bittur, the pupa of the wood ant or 
termite, a staple item of diet, rich in protein, during August and September. 
When Arcturus was in the north at evening, the bittur was coming into season; 
when it set with the sun, the bittur was gone (Stanbridge, 1861: 301). The 
orange red colour of Arcturus may also have suggested the reddish brown 
head of this ant (Morieson, 1996: 94-5). 

To the Boorong, the constellation Lyra represented the spirit of Neilloan, or 
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the Mallee hen which, according to tradition, taught them how to finds its 
eggs, an important source of food in October. 'When the Loan eggs are coming 
into season on earth, they are going out of season with her. When she sits with 
the sun [in late September] the Loan eggs are in season' (Stanbridge, 1861: 
302; Morieson, 1996: 100-1). Other notable events, like the ripening of tubers 
and bulbs and the appearance of migratory birds and animals, were correlated 
with specific positions of Orion, the Pleiades and the Southern Cross at different 
seasons of the year. For the Pitjantjatjara people in the Western Desert region, 
the appearance of the Pleiades in the dawn sky in late autumn was particularly 
important as the sign that the annual dingo breeding season had begun. Fertility 
ceremonies were then performed for the dingoes, or native dogs, and some 
weeks later the tribe raided the lairs, culling and feasting on the young pups 
(Tindale and George, 1976: 48-9). Such stories clearly evolved to ensure that 
these nutritional associations were not forgotten and to stress their importance 
for the continuing survival of the race. 

MYTH AND MORALITY 

No less important for the physical preservation of the community was its 
unique sense of identity. This depended on the oral transmission of traditional 
beliefs which explained the role of the Ancestors in creating local landforms, 
establishing totems and prescribing social laws and ritual observances necessary 
to preserve the natural order. Myths incorporating these fundamental beliefs 
were essentially metaphors that integrated the strange and the frightening by 
relating them to the familiar. Explanations which emphasised pattern, order 
and law, rather than unpredictable effects, reinforced the sense of the organic 
relationship believed to exist between natural phenomena and social behaviour. 
Many of the stories that inculcated this connection involved the constellations, 
which acted as visual mnemonic links. David Mowaljarli from the Kimberley 
region has said that for him everything is written twice - on the ground and 
in the sky (Mowaljarli and Malnic, 1993: 5). Thus the night sky served as a 
periodic reminder of the moral lessons enshrined in the myths. Like the stained 
glass windows of medieval cathedrals, they provided, in effect, an illustrated 
textbook of morality and culture, relaying the accumulated wisdom of the 
community. 

Although anyone could observe the celestial bodies, the meaning which the 
tribe attributed to these observations was strictly conceptual rather than percep
tual. It could not be understood by personal experience or by the intellect, but 
only through initiation into tribal lore which stressed the intimate, causal 
association between physical events and the human dramas of good and evil. 
The anthropologist A. P. Elkin concluded that, although by the twentieth 
century, knowledge relating to sky culture heroes remained a fundamental part 
of initiation rituals only in eastern Australia, it had once held a central position 
throughout the continent, before being ousted by earth-based totemic spirits. 
Thus in the Northwest, the heroes who taught the indigenous peoples how to 
make the bull roarer and introduced initiation ceremonies dwelt in the sky. In 
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the east, the sky hero goes by different names in different areas - Baiame, 
Daramulum, Nurunderi, Bunjil, Goin, Biral - but is nearly always associated 
with bringing the cultural group to its present territory and with giving it 
distinctive laws and initiation rituals, including the sacred name of the sky 
hero himself (Elkin, 1976: 252-3). Lessons about compassion, brotherhood and 
respect for the land as Mother, the prohibition of incest and adultery, and 
taboos on killing totemic animals were also periodically reinforced by being 
enacted in the sky world, thereby simultaneously establishing the universal 
validity of these ethical laws. Thus in many stories subversive characters are 
rendered harmless by being translated into the sky world, where their recurrent 
appearance serves as a deterrent to others and hence ensures another means 
of safeguarding order. 

While many of the stories attempt to explain and reinforce laws and prohibi
tions, others seem, like many of the Greek and Roman myths, to reinforce a 
sense of arbitrariness on the part of the powers that ordain the universe. The 
quarrels and petty prejudices of the Graeco-Roman pantheon have their coun
terpart in the violations of law and totem that occur in the Aboriginal myths, 
suggesting that their purpose is not so much to reinforce a moral principle as 
to counsel resignation, even fatalism about events. 

The anthropologist Lester Hiatt affirms that the interpretation of Australian 
myths has emanated from four separate, though not necessarily incompatible, 
ideas about the nature and purpose of their subject matter: myth as history; 
myth as charter; myth as dream and myth as ontology (Hiatt, 1975: 16-17,20). 

The myth-as-history view interprets stories as metaphors for past events, 
such as invasion and consequent conflict, social obligations such as observing 
the taboo on eating a totem animal, or particular events such as an eclipse or 
meteor shower. 

The myth-as-charter view, essentially functionalist, sees myths as conservative 
socialising forces designed to reinforce adherence to existing values. I have 
taken this approach in attempting to understand a number of the stories 
recounted below. However, it must be acknowledged that this approach, while 
readily applicable to stories where wrongdoing is punished, appears to run 
into difficulties with narratives of apparently unpunished immorality. Ted 
Strehlow remarked of many northern Aranda myths, 'The lives of the totemic 
ancestors are deeply stained with deeds of treachery and violence and lust and 
cruelty: their "morals" are definitely inferior to those of the natives of today' 
(Strehlow, 1968, 38). The Berndts, however, have argued that it would be 
unduly moralistic in a Western, individualistic sense to infer that the telling of 
such stories might encourage actual wrong doing (Hiatt, 1975: 6). In the context 
of a ritual group performance, where the celestial configurations appear to be 
an integral part of the singing, dancing and acting, the solemnity of the occasion 
would almost certainly reinforce the moral element of the story. 

The myth-as-dream approach, favoured mainly by R6heim, has attempted 
to interpret Australian myths in Freudian terms. The most likely candidates 
for such treatment are the many myths of extravagant sexual fantasy, such as 
the Scorpio myth recounted below, and the many myths that focus on the 
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pursuit of the Seven Sisters (the Pleiades) by a male figure or figures, usually 
associated with Orion (see the section on the Pleiades below). 

The myth-as-ontology approach, as followed by Elkin, Eliade, Stanner and 
Levi-Strauss, interprets the stories as efforts to account for natural or seemingly 
anomalous facts. 

Through myth and ritual the Aborigines, like most cultures, struggled with 
coming to accept a universe that defied a neat and consistent explanation and 
exhibited only an uncertain mix of good-with-suffering, order-with-tragedy 
(Stanner, 1959-63: 70). In a sense, this approach can be invoked to account 
for the persistence of those narratives that seem to permit wrong doing to pass 
without punishment. 

STORIES RELATING TO DIFFERENT CONSTELLATIONS 

The many and diverse Aboriginal myths associated with the heavenly bodies 
include stories about the sun, the moon, the Milky Way, the Magellanic Clouds, 
Mars, Venus and the several constellations which form distinctive patterns in 
the southern sky - notably the Southern Cross and its pointers, the Pleiades, 
Orion's belt, Scorpio, Gemini and Aldebaran. The representative selection of 
these myths which follows suggests something of the all-encompassing frame
work of which they are a part. Some are clearly origin myths but others 
incorporate narratives of violation of the law, with or without punishment. 

THE SUN AND MOON 

Amongst the many Aboriginal variants of creation stories the life-giving spirit 
is most frequently associated with the sun. Amongst the Murray River people 
the origin of the sun is linked to the tossing of a giant emu egg into the sky 
where it struck a heap of dry wood and burst into flame, bringing light to the 
hitherto dark world. Thereupon, the Great Spirit Baiame, seeing how much 
the world was improved by sunlight, decided to rekindle the woodpile each 
day (Isaacs, 1980: 143). 

In contrast to the Greeks, the American Indians and the Quechua Indians 
of Peru, all of whom designated the sun as male and the moon as female, 
nearly all the Australian Aboriginal peoples regarded the sun as female and 
the moon as male. There were a few exceptions. The Aborigines of Southwest 
Tasmania regarded the sun as male and the moon as Vena, his wife (Plomley, 
1966: 118), and Woorredy, an elder of the Bruny Island people, told George 
Augustus Robinson that the Moon Woman came from the Northwest and 
stopped at Oyster Bay. Once when she was roasting abalone the Sun Man 
came along and swept her away, tumbling her into the fire before she rolled 
into the sea. Badly burnt in the process she retains the 'scorch marks' of this 
encounter in the form of black spots on her surface (Plomley, 1966: 118). The 
waxing and waning of the moon also suggested to some Aboriginal people the 
phases of a lunar pregnancy which they attribute to various male figures. The 
Karruru of the Nullarbor Plain regard the moon as being the wife of the 
Morning Star (Venus) but the Aborigines of the Encounter Bay area of South 
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Australia attribute her pregnancy more generally to liaisons with a series of 
human males (Meyer, 1846: 11-12). People from the Murrumbidgee area also 
regarded the moon as female (Peck, 1933: 55-64). 

More typically, however, the sun is represented as a woman who daily 
awakes in her camp in the east and lights a fire to prepare the bark torch she 
will carry across the sky. This fire provides the first light of dawn. In some 
versions her daughter wishes to accompany her but the mother refuses this 
request as two suns in the sky would set the land on fire (Mountford, 1956: 
502). Before beginning her journey she decorates herself with powder made 
from crushed red ochre, colouring the clouds red in the process (Mountford, 
1958: 40,172; Sims, 1978: 166). At evening, having travelled across the sky to 
the western edge of the world, she renews her powder, spilling red and yellow 
in the sky again, before beginning her long passage underground back to her 
camp in the east (Mountford, 1956: 502). The Wotjobaluk people of Victoria 
say that Gnowee, the Sun Woman is searching for her lost son (Massola, 1968: 
106). It was probably this underground journey which was instrumental in the 
classifying of the sun as female, for her torch is thought to bring warmth and 
fertility to the interior of the Earth, causing the plants to grow. However, in 
the legends of Milingimbi, Arnhem Land, where the sun sets in the sea, she 
becomes a great Warrukay fish and swims under the Earth to return in the 
east next morning (Isaacs, 1980: 145), while the moon becomes a lukal fish, 
passing beneath the earth during the day (Mountford, 1956: 502). 

The moon, when regarded as male, is generally accorded greater status. Thus 
an eclipse of the sun is interpreted as indicating that the Moon man is uniting 
with the Sun woman (Warner, 1937: 538). In many stories the sun and moon 
are joint protagonists involved in some repeated event signified by the phases 
of the moon. Many myths tell of the Sun Woman falling in love with the Moon 
Man and pursuing him across the sky. Although he is sometimes eclipsed, he 
always manages to escape from her but never permanently, for she instructs 
the spirits who hold up the edges of the sky to turn him back whenever he 
tries to slide down to Earth. In other versions the moon is despondent because, 
although he continually searches for a wife to accompany him on his nightly 
journeys, he is too fat and slow to win the affection of the beautiful girls he 
encounters. 

In addition, diverse legends have evolved to account for his waxing and 
waning. Aboriginal Australians in coastal areas noted the correlation between 
the phases of the moon and the tides. At Yirrkala in Arnhem Land and on 
Groote Eylandt, when the moon is new or full and sets at sunset or sunrise 
respectively, the tides are high; when the moon is in the zenith at sunrise or 
sunset, the tides are low. The Aborigines believe that the high tides, running 
into the moon as it sets into the sea, make it fat and round (Figure 3). (Although 
the new moon may appear thin, they deduce from the faint outline of the full 
circle that it is really round and full of the water that flowed in at high tide.) 
On the other hand, when the tides are low, the water pours from the full moon 
into the sea below and the moon consequently becomes thin (Mountford, 
1956: 484). 
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Figure 3 A bark painting from Groote Eylandt showing the full moon. The lines on the lower 
edge indicate water running into the moon from the sea (horizontal band). The new moon is shown 
at the bottom as a crescent. (Mountford Collection, State Library of South Australia.) 

The appearance of a ring or halo around the moon usually indicated the 
onset of rain and was interpreted as the Moon Man building himself a shelter 
as protection before the downpour. The Tiwi of Melville Island associate this 
phenomenon closely with their own customs and believe that the Moon man 
is taking part in a kulama ceremony, the ring being the mound of earth around 
the ceremonial circle inside which the star people are singing and dancing the 
kulama songs (Mountford, 1958: 175). 

In most areas the moon was regarded as more mysterious, and hence more 
dangerous, than the sun and thus functioned as a warning against immoral 
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activities. Because of the association of the lunar cycle with the menstrual cycle, 
the moon was linked with fertility, and young girls were warned against gazing 
at the moon unless they wished to become pregnant (Isaacs, 1980: 145). Indeed 
in several legends of Western Australia and Arnhem Land, staring at the moon 
may bring death. The association of the moon with death is complex, however, 
for in some areas the moon was also linked with immortality, since he dies 
each month and is then reborn. Thus Arnhem Land people believe that the 
moon brought death to the world (Warner, 1937: 523; Mountford, 1956: 495), 
whereas the Tiwi hold that the moon, Tjapara, tried to stop another Ancestral 
figure, Purukupali, from imposing death on all living creatures (Mountford, 
1958: 177). 

THE MILKY WAY 

The Milky Way, which spreads in a broad arc of diffused light across the 
southern sky, was commonly regarded by the Aborigines as a river in the Sky 
World (Mountford, 1956: 487, 491) in which the large bright stars are fish, the 
smaller stars are water lily bulbs, and the Coal Sack is a large plum tree 
(Figure 4). The darkness and clarity of the sky also allowed them to see clearly 
what northern hemisphere peoples could rarely glimpse, the dark regions which 

Figure 4 A bark painting from Milingimbi showing the Milky Way. The central design represents 
the main portion of the Milky Way, and the rectangles on each side are isolated portions of the 
galaxy or branches of it. The bright stars are large fish and turtles living in the sky river. (Mountford 
Collection, State Library of South Australia) 
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divide the southern Milky Way and, in particular, the dark region which 
Europeans first saw when they journeyed south and which they named the 
Coal Sack. Various legends, many of them involving a moral lesson, have 
evolved in different areas to account for the formation of the Milky Way and 
the dark regions. The Aranda and Luritja peoples of Central Australia believed 
that the Milky Way divided the sky people into two tribes and hence served 
as a perpetual reminder that a similar division of lands should be observed by 
local neighbouring tribes (Maegraith, 1932: 19-20). 

One story originating in the area around Port Bradshaw in northeast Arnhem 
Land on the Gulf of Carpentaria associates the Milky Way with an act of 
adultery and subsequent vengeance, thereby conveniently employing a natural 
phenomenon as a recurrent warning against wrongdoing. When Binyu, a young 
hunter whose tribal totem was the crow, tried to seduce the wives of his tribal 
brother - two sisters of the catfish totem - a tribal war broke out, during 
which the girls, and later Binyu himself, were killed. Returning to his totemic 
form of a crow, Binyu sought vengeance by once more attacking the two girls 
(who had then reverted to the shape of catfish) and succeeded in eating them, 
leaving only the bare bones. When the outraged husband hurled the shining 
fish bones after the departing crow, they flew end over end up into the sky, 
like Aboriginal throwing sticks, to become the myriad stars of the Milky Way. 
The dark patch, the Coal Sack, is the crow, and two especially bright stars 
nearby are the two catfish women, still waiting for their lover. 

A Queensland version of the origin of the Milky Way associates it with 
Purupriki an Orpheus-like hero (Antares), as famed for his songs and dances 
as for his hunting. When Purupriki sang, the people danced to the rhythm 
until they dropped with exhaustion, and declared that if he wished he could 
make even the stars dance. Rising early one morning to hunt, he found a tree 
full of flying foxes and speared the leader. Unfortunately, the rest of the flying 
foxes awoke and descended upon Purupriki in vengeance, carrying him with 
them up to the sky. Unable to find him, his people decided to perform his 
dance in the hope that he would return, but without him they could not capture 
the rhythm. Then they heard the sound of singing in the sky. As the rhythm 
grew louder and more pronounced, the stars, hitherto randomly dispersed, 
began to dance and arrange themselves in time to Purupriki's song (Roberts 
and Mountford, 1974: 32). Thus the Milky Way serves as a reminder that the 
tribal hero should be celebrated with traditional songs and dancing. 

Around Yirrkala on the coast of Arnhem Land, the Milky Way is linked to 
a story of two brothers who drowned while canoeing in the Sky River. Their 
bodies, floating in the water, are two dark patches in the Milky Way in the 
constellations of Serpens and Sagittarius, while the canoe is a line of four stars 
near Antares (Mountford, 1956: 495-7) (Figure 5). 

THE SOUTHERN CROSS 

Because of its conspicuous, almost diagrammatic shape, the Southern Cross is 
linked with various characteristic objects in different areas. Around Caledon 



72 ROSLYNN D. HAYNES 

Figure 5 Bark painting from Yirrkalla representing a story of two brothers who drowned while 
fishing when their canoe was caught in a storm. The central panel shows the two brothers, first in 
the canoe (at left), then struggling in the water near the black rock that capsized their canoe. In 
the top panel they have become two dark patches in the Milky Way within the constellation of 
Serpens and near Sagittarius. The canoe is a line of stars near Antares, and the rock is near Theta 
Serpent is. (Mountford Collection, State Library of South Australia.) 

Figure 6 Bark painting from Caledon Bay showing the Southern Cross as a stingray and the 
pointers as a shark which is chasing the ray. (Mountford Collection, State Library of South 
Australia.) 
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Bay on the east coast of Arnhem Land, it is taken to represent a stingray being 
pursued by a shark - the Pointers (Mountford, 1956: 496) (Figure 6). On 
Groote Eylandt, where fish is the staple diet, the four stars of the Cross 
represent two brothers, the Wanamoumitja (Alpha and Beta Crucis), and their 
respective camp fires (Delta and Gamma Crucis) where they cook a great black 
fish, alakitja (the Coal Sack), which they have caught in the Milky Way 
(Figure 7). The Pointers are their two friends, the Meirindilja, who have just 
returned from hunting (Mountford, 1956: 485- 7) (Figure 8). On the other 
hand, Aborigines of the Western Desert saw in the kite shape of the Southern 
Cross the footprint of Waluwara, the wedge tailed eagle (Uroaetus audax) while 
the pointers represented his throwing stick and the Coal Sack his nest 
(Mountford, 1976: 450-1). In the Ooldea region of South Australia, the Cross 
is the foot of Warragunna, an eaglehawk, whose two nephews wounded his 
foot because he refused to share food with them (Ker Wilson, 1977: 52- 4). 
Here the Cross functions as a reminder of the requirements of kinship and the 
obligation to share food. 

Another legend concerning the Southern Cross relates it to the advent of 

Figure 7 Bark painting from Groote Eylandt showing the two brothers Wanamoumitja (Alpha 
and Beta Crucis) who have speared a large fish , alakitja (the Coal Sack), which was swimming in 
the Milky Way. The brothers cook the fish on their two campfires (Delta and Gamma Crucis). 
(Mountford Collection, State Library of South Australia.) 
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Figure 8 The Meirindilja men (Alpha and Beta Centauri, the Pointers of the Cross), two friends 
of the Wanamoumitja brothers. They have just returned from a hunt and are beating their boomer
angs together. (Mountford Collection, State Library of South Australia.) 

death in the world. It is said that the Great Spirit Baiame created two men 
and a woman and taught them what plants to eat and how to dig for roots. 
When a drought came and the plants withered, the woman urged the men to 
hunt an animal for food. One man agreed and killed a kangaroo, but his 
companion refused to eat one of Baiame's creatures. He went off alone into 
the desert and fell exhausted beneath a white eucalyptus tree. The Yowi, spirit 
of death, reached down from the tree and dragged him up, disturbing two 
white cockatoos that were nesting there. Thereupon the whole tree ascended 
into the heavens. The four bright stars of the Southern Cross, Yaraan-do, are 
the eyes of the man and the Yowi, and the two pointers of the Cross are two 
cockatoos trying to return to their nest in the tree (Reed, 1965: 34- 6). 

VENUS 

The planet Venus, thought of as the morning star, was an important sign to 
the Aborigines, who arose at early dawn to begin their hunting. It, too, was 
personified and frequently associated with death. In northeastern Arnhem 
Land, a local legend suggests a realisation that the morning and the evening 
star are the same entity. Barnumbir, the morning star, lives on Bralgu, the 
Island of the Dead, and is so afraid of drowning that she can be persuaded to 
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light her friends across the sea at night only if she is held on a long string by 
two old women, who at dawn pull her back to shore and keep her during the 
day in a basket (Figure 9). Being tied by the string, she can never rise high in 
the sky and is seen most clearly at dawn and dusk when she is close to home. 
Because of the connection with Bralgu, the morning star ceremony is an 
important part of the ritual for the dead. Barnumbir is represented by a totem 
stick to the top of which is bound a cluster of white feathers, denoting the star, 
with long strings ending in smaller bunches of feathers to suggest the rays. 
When a person dies, his/her spirit is believed to be conducted by the star to 
Bralgu, its last resting place (Mountford, 1976: 93-6). 

CANOPUS 

At magnitude -0.72 the yellow white supergiant Canopus or Alpha Carinae 
is the second brightest star in the southern sky, but in all the stories in which 
it features it is linked with other nearby stars (an arch of five stars, with 
Canopus in the centre, represents the bird with outstretched and downward 
curving wings) or with the Magellanic Clouds. For the Boorong of the Victorian 
Mal1ee Canopus was War the male crow, brother of Warepil (Sirius) the Eagle. 
A small red star, probably Epsilon Carinae is the female crow. War was always 
regarded by the Boorong as especial1y friendly to humans. He told the heroic 
BrambrambuIt brothers where to find the man-eating Ngindyal and carried 
their weapons for them in the chase and as a Prometheus-like figure first 
brought fire to the people of the Mal1ee (Stanbridge, 1861: 303; Morieson, 
1996: 118). War is also linked with Tchingal, the Emu (the Coal Sack, Alpha 
and Beta Centauri and the constel1ation of Scorpio), which pursues it across 
the sky but never catches up with the wily Crow (Mathews, 1904: 365-7). War 
is visible throughout the year but appears lower in the sky, at tree top level 
between July and September, the egg laying season of the crow (Morieson, 
1996: 118). 

COMA BERENICES 

The Boorong people saw this constel1ation as a flock of smal1 birds, Tourt
chinboiong-gherra, drinking rainwater from a smal1 puddle in the fork of a 
tree, while the Magel1anic clouds (Kourt-chin) are a male and female native 
companion (the jabiru bird or brolga, Grus australasianus) (Stanbridge, 1861: 
302). Their name for the constel1ation, Tourt-chinboiong-gherra, can be 
translated as 'the star of the tree with water and birds drinking' (Morieson, 
1996: 113). 

ORION AND THE PLEIADES 

One of the most widespread Aboriginal myth cycles is that concerning the 
Pleiades, one of the most conspicuous star clusters in the sky during the 
summer months. In Greek mythology, the Pleiades were the seven daughters 
of Atlas who, when pursued by Orion, begged to be delivered from the Hunter. 
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Figure 9 Bark painting from Yirrkalla showing the two women with the basket holding 
Barnumbir, the Morning Star. Barnumbir is represented by a totem stick on top of which is bound 
a cluster of white feathers or down denoting the star, with long strings ending in bunches of feathers 
to suggest rays. (Mountford Collection, State Library of South Australia.) 
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In answer to their prayer they were turned into doves and flew into the sky 
where they formed the constellation named after them in Taurus. Although the 
keen sighted can distinguish more than the traditional seven stars in the 
constellation, Aboriginal legends concerning them bear an intriguing similarity 
to the Greek story. Most identify them with a group of young women, often 
reported to be seven sisters but without any intention of specifying an exact 
number (Buckley et al., 1968: 113). Nearly all the stories portray the girls as 
fleeing from the unwanted and often illicit sexual advances of a male or males, 
usually identified with the constellation of Orion, who, in some versions, is 
castrated as a punishment. In some areas there are other candidates for the 
role of the pursuer: in east coast areas it was Aldebaran (Alpha Tauri) (Mathews, 
1899: 29; Peck, 1933: 215-24; Massola, 1968, 108); in the Kimberley it was 
the Warragunna, the Eaglehawk (Southern Cross) (Kaberry, 1939: 12) or 
Tjakamarra (Venus) (Berndt and Berndt, 1989: 281-2); in Victoria it was Waa 
(Canopus or Alpha Carinae) (Dawson, 1881: 100). Each of these alternative 
pursuers, like Orion, rises after the Pleiades and appears to follow them across 
the sky, consistent with the common factor in all these narratives of the Seven 
Sisters, namely that they are running from the advances of the males. 

The whole cluster of Pleiades stories forms part of a much larger group of 
myths of sexual conquest and submission that can be understood either as 
warnings against infringement of marriage laws or as expressions of sexual 
fears and fantasies. Isobel White concluded from her study of sexual conquest 
and submission in the myths of Central Australia that 'where the men's myths 
describe violent and illicit sexual encounters they represent male desires; when 
they describe mutilation they represent fears. The women's myths show women 
as more ambivalent, with desire for the gratification of sex accompanying fear 
of its consequences' (White, 1975: 138). 

In some areas the relationship between the sisters and the male figure(s) is 
innocent and legitimate. Stan bridge recorded that the Boorong people of 
Victoria called the Pleiades Larnankurrk and described them as a group of 
young women playing music to Kulkunbulla (the Belt and Sword of Orion), 
seen as a number of young men dancing (Stanbridge, 1861: 302). This associa
tion relates to the ceremonies of the Boorong people where, 'when the moon 
rose ... the dance commenced ... the women and young girls formed a sort of 
orchestra, beating opossum rugs, and singing' (Krefft, 1865: 367), while the 
men, painted and decorated with opossum skin thongs, danced, clashing boo
merangs in time to the women's chant (Stanbridge, 1861: 296). 

In many areas, however, the relationship between the male and female 
protagonists is unwanted by the women and involves pursuit, often violence, 
escape and sometimes punishment. In the Western Desert region, for example, 
the Seven Sisters, or Kunkarankara, were said by some informants to belong 
to the Two Men (Wati Kutjara) the two most revered mythical heroes of this 
region (Tindale, 1936: 172). 

At Yalata and Ooldea the women's version of the Seven Sisters myth is 
performed for a girl's first menstruation and concerns the pursuit of the sisters 
by Njiru (Orion) who catches and rapes one of them. She dies but he continues 
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his pursuit, sending his penis along the ground (or underground) to rape one 
of the other women. The women set their dogs on to him and they bite off his 
penis, which assumes a separate identity as Jula, which also chases women 
(White, 1975: 130). Similar narratives were recorded from the northwest corner 
of the Western Desert, across the Mann, Petermann and Musgrave Ranges to 
Glen Helen and Yuendumu in Central Australia, and south to Ooldea 
(Mountford, 1976: 462), usually with reference to specific landforms in the area. 
Thus the group of rocks along the side of the Finke Gorge at Glen Helen in 
the Western MacDonnell Ranges is explained by the local people as being the 
Seven Sisters, clinging to the side of the gorge and hoping to escape the notice 
of their pursuer Nirunja (Orion). The eldest sister, keeping watch, became a 
particularly spectacular outcrop, while rows of vertically bedded rocks at the 
mouth of the gorge are said to have been created by the feet of the sisters as 
they performed their ceremonial women's dance (Mountford, 1976: 480-2). 

Amongst the Pitjantjatjara people, the practical connection noted above 
between the dingo breeding season and the appearance of the Pleiades in the 
dawn sky in autumn is preserved in their local legend. According to this, the 
ancestral women or Kungkarungkara kept a pack of dingoes to protect them 
from the hunter, Njiru. However, he succeeded in raping one of the girls, who 
died (the obscure Pleiad). Still not satisfied, he continued to pursue the others, 
armed with a spear which came to have ritual phallic significance. Eventually 
the women assumed their totemic form of birds and flew into the sky to escape 
from him. Even then, he defied their dingoes and followed the women into the 
heavens where he can be seen in the stars of Orion's belt. Pairs of smaller stars 
which arise near the constellation of Orion are said to represent his footsteps 
as he pursues the Kungkarungkara (Mountford, 1976: 462-5). 

In another version of the story told by the Kamilaroi people in eastern New 
South Wales, the Pleiades were seven sisters called the Meamei or Mayi-Mayi, 
who had long hair and bodies of ice. Before leaving the Earth, they travelled 
into the mountains causing springs to issue forth and feed the rivers so that 
there would be sufficient water for the people forever. A young hunter, 
Karambal, fell in love with one of the sisters and carried her off to be his wife. 
The other sisters sent cold wintry weather to force him to release her, but later, 
repenting of the hardship this caused the tribe, they made their way into the 
sky in search of the summer sun to melt the snow and ice. Thus the Pleiades 
appear in the summer each year, bringing the warm weather. Afterwards they 
travel west and winter returns as a reminder to men that it is wrong to carry 
off women who belong to a totem forbidden them. Karambal ascended with 
them into the sky and still pursues them as the star Aldebaran, which follows 
close to the Pleiades (Ridley, 1875: 141). In related versions of the story a 
family of young men, the Berai-Berai (the stars of Orion) pursued the Meamei, 
wishing to marry them, but an old man, Wurunna, stole two of the girls before 
they escaped to be reunited with their sisters as the Pleiades (Parker, 1953: 
105-27). 

In another story from eastern Arnhem Land the Seven Sisters (Yogamanda) 
are the daughters of the moon, Pingal, who nurtures incestuous lust for them. 
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However his wife (an unnamed star) wishing to prevent this liaison, throws 
down a rope by which means the Sisters climb into the sky becoming the 
Pleiades, but still fleeing from the moon (Bozic and Marshall, 1972: 125-7). In 
the Kimberleys the Sisters are chased by Eaglehawk, the Southern Cross 
(Kaberry, 1939: 12). In all these myths, whether men's or women's stories, the 
Seven Sisters are depicted as running from the unwelcome and usually forbidden 
advances of a male figure. Isobel White points out that such a scenario bears 
little relation to the actual exploits of the peoples who relate them with such 
gusto (White, 1975: 134-40), and the Berndts have pointed out that the sexual 
fantasies and evil doings depicted in these myths cannot be interpreted as a 
'pattern for living' (Berndt and Berndt, 1970: 244) nor even as cautionary tales 
since most of the crimes are unpunished. White suggests that these myths, 
where ordinary existence suddenly becomes absurd or horrible, are like night
mares acting out the suppressed desires or fears of the participants in the 
ceremony (White, 1975: 137-8). 

At Yirrkala on the coast of Arnhem Land, these motifs of pursuit and rape 
are replaced by domestic harmony. There the constellation of Orion is said to 
be a canoe full of fishermen, the Tjirulpan, while their wives, the Pleiades, are 
in another canoe, all having arrived from another land to the east. On their 
way the men caught a turtle and the women two large fish, but as they were 
nearing the shore a heavy storm capsized the canoes and drowned the people. 
The two canoes, the men and women, the turtle and the two fish (adjacent 
clusters of stars in the Milky Way) are all visible in the sky for the whole of 
the wet season (December to March) (Mountford, 1956: 500). In its basic form 
this legend carries a warning against the dangers of fishing when storms are 
imminent, but in northeastern Arnhem Land it carries the added moral message 
that the fishermen drowned as a punishment for catching catfish, forbidden to 
this tribe by totemic law. On nearby Groote Eylandt, the three stars of Orion's 
belt are three fishermen, the Burum-burum-runja, and the Pleiades are their 
wives, the Wutaringa women. The stars of Orion's sword are the fish that they 
have caught and their campfire (Mountford, 1956: 482) (Figure 10). 

To the Aborigines around Milingimbi, the stars of Orion, the Hyades, the 
Pleiades and many adjacent stars are all part of the Aboriginal constellation 
of Tjilpuna (the Canoe Stars) which dominates the evening sky during the wet 
season. The three stars of Orion's belt are seen as three fishermen, the Tjilpuna, 
sitting in one end of a canoe; their wives, the Pleiades, sit at the other end. The 
fish they have caught is the constellation of the Hyades, while the fish in the 
sea are other groups within the Milky Way (Mountford, 1956: 493) (Figure 11). 

THE MAGELLANIC CLOUDS 

Although relatively insignificant (and best located with the peripheral vision), 
the Magellanic Clouds feature in many Aboriginal legends involving close 
relationships. On Groote Eylandt they are believed to be the camps of an old 
couple, the Jukara, who have grown too feeble to catch their own food. Other 
star people catch fish and lily bulbs for them in the Milky Way and bring them 
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Figure 10 Bark painting from Groote Eylandt illustrating the myth of the three fishermen, Burum
burum-runja (Orion's belt). The top star of Orion's sword is their fire , and the next two are fish 
they have caught. Above them are their wives sitting in their circular grass hut. (Mountford 
Collection, State Library of South Australia.) 

Figure II Bark painting of the Aboriginal constellation of Tjilulpuna, the canoe stars. The 
Tjilulpuna (Orion's belt) are in the left end of their canoe, while their wives (the Pleiades) are in 
the middle. The paddles are long lines of sta rs stretching north and south including some of the 
stars of Gemini and some of Eridanus. The fish in the canoe is the constellation of the Hyades. 
The fish outside the canoe are groups of stars in the Milky Way. (Mountford Collection, State 
Library of South Australia.) 
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to the Jukara to cook on their fires. The Large Magellanic Cloud is the camp 
of the old man and the Small Cloud that of the woman. The space between 
them is their cooking fire, while a bright star called Angnura (probably 
Achernar - Alpha Eridani, magnitude 0.49) represents their meal (Mountford, 
1956: 484- 5). This story suggests a celestial model of compassion for the aged 
(Figure 12). 

At Yirrkala on the coast of Arnhem Land, the Magellanic Clouds are said 
to be the homes of two sisters, each of whom has a dog. The elder sister and 
her dog live in the Large Cloud and the younger sister and her dog in the 
Smaller Cloud. During the middle of the dry season the elder sister leaves her 
younger sister, but during the wet season she is persuaded to return so that 
they can go out together collecting yams (Mountford, 1956: 500) (Figure 13). 
This story reflects the observed fact that at this latitude, 12°S, only the Small 
Cloud is visible during the dry season (April to September), whereas both 
Magellanic Clouds can be seen during the wet season. To the Boorong the 
Magellanic Clouds are kuuru kuuronn and gnaerang kuuronn, a pair of brolgas 
(Dawson, 1881: 99). 

For the Pitjantjatjara of the Western Desert, on the other hand, the 
Magellanic Clouds are two sky heroes, the Kungara bothers, whose camp fires 

Figure 12 Bark painting from Groote Eylandt showing the Magellanic Clouds. The lower design 
(the Large Cloud) is the camp of the old man Jukara and the upper design (the Small Cloud) that 
of his wife. The oval between them is the fire (Achernar) on which they cook the food the other 
star people bring them. (Mountford Collection, State Library of South Australia.) 
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Figure 13 Bark painting from Yirrkalla showing the Magellanic Clouds as the two sisters. The 
lower portion is the older sister, Nujai, with her dog; the upper part shows the younger sister, 
Narai, with her dog. The oval figure is their fire, and the parallel lines are the burning logs. 
(Mountford Collection, State Library of South Australia.) 
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are Achernar (Alpha Eridani) and Canopus (Alpha Carinae). The Kungara 
decide on the fate of a dying person's spirit or kuran for, if the person has been 
evil, the elder Kungara (the Large Cloud) spears the kuran and takes it to the 
younger brother's camp fire, where it is cooked and eaten. But if the dying 
person has led a good life the elder Kungara protects the spirit from his 
younger brother (Mountford, 1948: 168). 

SCORPIUS 

The constellation of Scorpius is prominent in the southern sky. In the Western 
Desert it carried a moral message, being associated with two lovers who 
violated the tribal laws of initiation. In the complex, illustrated story related 
to the anthropologist Charles Mountford, a girl was strongly attracted to a 
youth who was undergoing circumcision as part of his initiation and was 
therefore forbidden to be seen by women for the prescribed time. The girl 
however approached him and persuaded him to engage in sexual intercourse. 
Unfortunately the youth's penis was so swollen from the circumcision that they 
were unable to separate so the resourceful girl, knowing they would be killed 
if discovered, took the youth in her arms and flew into the sky. They were 
pursued by the boy's guardians (Lambda Scorpii is the older guardian and 
paired stars in the Milky Way are their footsteps) and the star cluster below 
the constellation represents their throwing sticks and boomerangs flung at the 
fugitives. The boy and girl are small paired stars to the right. M7 is the boy's 
ceremonial headdress, which was knocked off during the chase (Mountford, 
1976: 457-60) (Figure 14). 
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Figure 14 Diagram showing the initiate and the girl in the constellation Scorpius. (After 
Mountford, Nomads oj the Australian Desert.) 
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THE SPACES BETWEEN 

The European zodiac focused on the constellations and, with the single excep
tion of the very conspicuous Coal Sack, a dark nebula near the Southern Cross, 
ignored the dark patches of the sky. Aboriginal myths, on the other hand, also 
attempted to account for the spaces between the stars. The Coal Sack itself 
featured prominently: the nest of the wedge-tailed eagle (Mountford, 1976: 
450); as a waterhole surrounded by sky heroes; as a torong (the fabulous horse
like bunyip) (Dawson, 1881: 99), and as the boat of fishermen drowned in the 
sky river (Milky Way). For people of the western Kimberley a dark patch 
between Alpha and Beta Centauri is Galalang, an ancestral hero, and the two 
stars are feathers from his headdress (Worms, 1986: 129). The Ngadadjara 
people of the Warburton Ranges in Western Australia saw in a long line of 
dark patches along the Milky Way between Alpha Centauri and Alpha Cygnus 
a great totem board made by two ancestral heroes, the Wati Kutjara, while 
they were accompanying the Seven Sisters (Tindale, 1936: 169), and many 
other small dark areas in the sky are incorporated into myths. 

Perhaps the most striking of Aboriginal constellations to Western eyes is the 
giant emu, known by the Boorong as Tchingal. Recognition of it depends on 
seeing shapes of dark nebulae outlined against the brilliance of the Milky Way. 
The Coal Sack represents Tchingal's head and beak, his long neck is indicated 
by the Pointers of the Cross (Alpha and Beta Centauri), and his body by the 
dark space just short of Scorpius (Morieson, 1996: 109-11). 

EXTRAORDINARY OCCURRENCES 

If we assume that the myths discussed above evolved for one of the reasons 
outlined above: to fill a calendrical function, to explain the origins of natural 
phenomena, to reinforce behavioural norms and ritual obligations or to act 
out subconscious fears and fantasies, then irregular celestial events would seem 
to be of less interest as the raw material for myth. This conforms with the 
apparent paucity of actual stories incorporating non-recurrent phenomena. 
There were 'explanations' for eclipses, meteors, comets and aurorae, but they 
seem not to have been integrated into narratives such as might be acted out, 
danced or sung. Moreover, the explanations almost invariably involve regarding 
the event as a portent of death or disaster, present or imminent, so that they, 
too, can be seen as expressions of the wish to preserve and reinstate the order 
of the universe. Once the death or disaster has occurred, normality will be 
restored. 

Eclipses 

An eclipse of the sun is a dramatic event. For the Aborigines, who would not 
have predicted it, it was a source of great fear. The Aranda people of Central 
Australia explained it as the Arungquilta, an evil influence, arriving from the 
west and attempting to set up camp in the sun, thereby obliterating its light. 
The Arungquilta could be evicted only by powerful magic exerted by skilled 
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healers and it was their efforts that restored the sun's light (Johnson, 1998: 87). 
In other Aranda explanations, an eclipse could be caused by a great black bird, 
tia, standing in front of the sun (Spencer and Gillen, 1966: 415-6). The Ngadjuri 
people of the Eyre Peninsula in South Australia regard a solar eclipse as being 
caused by two lizard men killing an old woman and her dogs. The sun is 
returned when one of the lizard men throws a boomerang to the east (Tindale, 
1974: 135). In these cases the event is said to be triggered by some evil spirit 
or wrongdoing. That is, a violation of the moral order produces a discontinuity 
in the natural order, and this, in itself, is consistent with an overall universal 
order. In northwest Arnhem Land, on the other hand, a solar eclipse is integ
rated into the natural order itself, albeit in unpredictable terms; it is explained 
as the Moon Man copulating with the Sun Woman and temporarily obscuring 
her light (Warner, 1937: 538). Such an explanation requires no countermagic 
in order to restore normality. 

Eclipses of the moon are less dramatic and less fearful since the Moon Man 
nearly disappears every month. Lunar eclipses are usually explained in terms 
of the Moon Man's turbulent love life, as when his lover, the Sun Woman, 
finally overtakes him for a short time. 

Meteors 

Different Aboriginal groups have provided various interpretations for meteors. 
In northeastern Arnhem Land, because of their speed and unpredictability, 
they are believed to be sky canoes carrying the spirits of the dead to their 
permanent home (Peck, 1933: 169; Piddington, 1932: 394). Amongst the 
Yarralin people of the Northern Territory and the K wadji people of Cape 
York, shooting stars are believed to mark thc passage of a dead person's breath 
or spirit to his own land if he has died far from home (Rose, 1992: 70; Montagu, 
1974: 155). 

To the Tiwi of Bathurst and Melville Islands, meteors are more sinister; they 
represent the gleaming eyes of the one eyed spirit men, the Pipinjawari, who 
steal bodies and suck the blood of their victims, and their evil eyes are seen 
blazing as they streak across the sky looking for their prey (Mountford, 1958: 
32). The Aranda and Luritja peoples of Central Australia regarded meteors as 
snakes, Kulaia, with fiery eyes that flew through the sky and landed in 
waterholes where they lay in wait for the unwary (Strehlow, 1968: 30). In these 
and most other stories, the advent of meteors is associated with some unfortu
nate event, usually an imminent death, a sign from already deceased relatives 
(Roth, 1984: 8), or a lurking enemy (Roth, 1984: 8). However, other groups 
regarded them as a sign to a prospective father that a spirit child was 'moving 
on the sky-path to be born to his wife' (Harney and Elkin, 1949: 142). 

In areas of New South Wales, meteors were associated with fire and linked 
to the waratah plant, Telopea speciosissima, a member of the Protea family, 
which is resistant to fire and whose brilliant red flowers seemed to the 
Aborigines like sparks from a fire. This was why, in the early years of white 
settlement, some Aborigines brought waratahs to the European blacksmiths: 
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they identified the sparks from the anvil with the sparks from meteors and 
hence with the waratahs (Peck, 1933: 168). 

Comets 

Comets were widely believed to be flaming spears hurled across the heavens 
by ancestral figures. The Pitjantjatjara people of the Western Desert, for exam
ple, called them wurluru, and associated them with a powerful sky hero who 
occasionally flung his spear across the sky. Similar beliefs were prevalent among 
the Aranda and Luritja people of Central Australia (Strehlow, 1968: 30). Early 
last century Aborigines living near Adelaide told Edward Eyre, the noted 
explorer, that a particularly spectacular comet was an omen that sorcerers 
from the north were about to destroy the town, especially all the Europeans 
and their houses (Reynolds, 1983: 89). 

Aurora australis 

This spectacle is visible only in southern areas of the continent and, like the 
other erratic phenomena discussed above, it was normally associated with 
impending disaster of some kind. Gippsland Aborigines of Victoria attributed 
it to the fire of an ancestral hero warning of catastrophes (Worms, 1986: 112), 
while the Dieri of the Lake Eyre region saw it as 'a charcoal fire of indignation' 
(Dawson, 1881: 101). 

NEW MYTHS 

All the stories recounted above can be considered traditional myth stories, with 
little if any evidence of elements deriving from European contact. They were 
believed to be true accounts of events and therefore, in a sense, historical 
constructions. Those associated with the Ancestors of the Dreaming are 
regarded as having an eternal quality, that is, like the Dreaming, they are 
believed to be true not just in the past but for all time. This should not 
necessarily be taken to mean that they have remained unchanged over countless 
generations. Nevertheless, as anthropologists Ronald and Catherine Berndt 
conclude: 'the nature of the mythology suggests that we are in the presence of 
a body of literature that is associated with a continuing tradition; that its 
narrative form and structure have persisted and been insulated to some extent 
from outside interference because of the high value that Aborigines place on 
their heritage' (Berndt and Berndt, 1989: 402). For indigenous peoples whose 
traditions have been eroded or even totally lost through the dispersal of the 
original clan groups, the traditional songs and dances could not be performed 
and the young people were therefore ignorant of these stories, leaving them 
culturally and spiritually deprived of their birthright. 

However, Aboriginal storytellers are now also telling new stories which may 
include events contingent on contact with non-indigenous peoples. For example 
the Yanuwa song 'Little Eva at Moonlight Creek' from the Gulf of Carpentaria 
in the Northern Territory records the crash of a US Air Force B-24 bomber 
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called Little Eva at Moonlight Creek on 1 December 1942 and the involvement 
of the local Yanyuwa and Garrawa people in searching for survivors (Duwell 
and Dixon, 1994: 3-21). 

Visitors to Alton Downs, a cattle station on the Birdsville Track in Central 
Australia, are impressed that Aboriginal stockmen recount not only traditional 
stories like those already outlined, but modern versions incorporating artificial 
satellites whose tracks and time of appearance they know with great accuracy 
(J. B. McGuire, 1997). 

RELATION TO WESTERN ASTRONOMY 

From the sample of myths described here, it will be apparent that, with the 
possible exception of meteors (and even they can be regarded as recurrent 
events), the Aborigines were mainly concerned not with extraordinary occur
rences, but with the regular patterns of natural phenomena. The legends served 
to integrate a potentially alien universe into the moral and social order of the 
community, by 'humanising' species and natural objects and ascribing to them 
behaviour patterns and motivations which accorded with those of the group. 

Such a philosophy served a number of important social functions. In the 
first place it engendered a level of confidence about the place of human beings 
in the universe, not as superior beings but as equal partners; in this it fulfilled 
a role comparable to that of technology which also offers a level of some 
control over the environment. Secondly, it cultivated respect for the inanimate 
as well as the animate, since all were regarded as partaking of the same spiritual 
identity and maintaining enduring links with the Dreaming. Thirdly, the legends 
provided a justification for the customs, rites and morality of the group, as 
these were believed to be reflected and re-enacted in the sky world. 

The most radical difference between the vitalistic beliefs which underlie these 
myths and the materialistic philosophy of western science concerns the relation
ship of the observer to the observed. Within the framework of Newtonian 
science, the observer is theoretically regarded as independent of, and distinct 
from, the object observed and this object, in turn, is uninfluenced by the 
observer. Hence, the relationship between physical objects can be validly 
expressed in mathematical terms which remain true irrespective of the observer. 
The Aborigines, on the other hand, did not conceive of themselves as observers 
separated from an objectified Nature, but rather as an integral part of that 
Nature. The meaning of the stars, as of everything else in the environment, 
was neither self-evident nor independent of the observer; rather it depended on 
the degree of initiation into tribal lore which elucidated the links between tribal 
customs and natural phenomena. Without this knowledge the individual was 
disoriented and powerless in an alien universe. 

The arrival in Terra Australis in 1770 of European astronomers, imbued 
with a mathematical and reductionist understanding of the world, was to have 
an effect on this mythical framework no less radical than the impact of white 
society on the land and status of the Aborigines themselves. Indeed the wholly 
Eurocentric intellectual structures of colonial scientists made it virtually impos-
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sible for them to understand or evaluate Aboriginal astronomy or any other 
indigenous scientific knowledge. However, with the re-evaluation in Australia 
of Aboriginal social systems, there has been a corresponding movement in 
contemporary Western thought away from the belief that mechanism, reduc
tionism and determinism are the only satisfactory ways of understanding the 
world. A progressive disenchantment with mechanism, now frequently seen as 
leading to an alienated and dysfunctional relationship with the natural environ
ment, has elicited new models stressing complexity and relationship. The physi
cist Paul Davies writes that, 'Matter as such has been demoted from its central 
role, to be replaced by concepts such as organisation, complexity and informa
tion' (Davies, 1992: 23). The recent models of Lynn Margulis and Dorion 
Sagan (1987) which stress complex symbiosis, networks and relationships, the 
'post-modern challenge to biology' issued by Charles Birch (1988) and N. 
Katherine Hayles's discussion of the 'cosmic web' as a metaphor of interconnec
tion (Hayles, 1984) have all, in a practical sense, been anticipated by the social 
structures of the Aboriginal Australians and the integration of their knowledge 
systems within that framework. 
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MICHAEL E. CHAUVIN 

USEFUL AND CONCEPTUAL ASTRONOMY IN 
ANCIENT HAWAII 

The beginning of modern astronomy in Hawaii can be dated to the arrival, in 
1778, of Captain James Cook, who brought with him the navigational practices, 
the calendrical system, and the telescopes, clocks, and other instrumental para
phernalia of Western European astronomy. That Cook had, by that time, 
already encountered - and even commented with favor upon - an indigenous 
astronomy in Polynesia cannot be disputed. But the exact nature and extent 
of the science in ancient Hawaii - the precise stages of its evolution before 
European contact, the changes wrought by successive waves of Polynesian 
immigrants, the relative significance of astronomical knowledge to various 
social strata (chiefs, priests, commoners) - are by no means clear. 

Any attempt to reconstruct the astronomical practices, knowledge, and beliefs 
of ancient (pre-1778) Hawaii is a hazardous endeavor. Where is the evidence 
to support such a reconstruction? Prior to 1778, the Hawaiians had no written 
language, and they produced no written history. Moreover, after more than 
two centuries of foreign influence, the material culture of ancient Hawaii has 
now well nigh disappeared. 

Only in the 19th century, and only after learning from foreigners the art of 
writing, did native Hawaiian scholars begin to document their own astronomi
cal heritage. Worse yet, they produced their works only after being exposed to 
a system of education that included the inculcation of a Western worldview. 
How well, then, did the initial matching of native Hawaiian ideas with foreign 
concepts, and their subsequent transformation into a written language, preserve 
the purity of the original, pre-literate Hawaiian notions? Where in the personi
fications and deifications of nature, where in the romantic and sexual expres
sions, where in the metaphors heaped up by a long oral tradition - where, 
among all this, were these early authors to place the 'true' astronomy of ancient 
Hawaii? And precisely whose astronomy was it? If recent evidence from the 
Gilbert Islands can be considered as representative of prehistoric Oceania, it 
surely was not the astronomy of the common man. In the Gilberts, Arthur 
Grimble found, among 30,000 native residents, fewer than twenty who could 
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speak with any authority about the stars, and they did not share their knowl
edge willingly. (Grimble, 1931: 197) 

The history of Polynesia, and of Hawaii, is haunted by such silences as these: 
the silences of men who spoke little, and who wrote even less, and who are 
now silent forever. These silences place limits upon what a historian may 
himself say or write with conviction. 

BEGINNINGS 

Cosmogony 

Because Hawaiian cosmogony recognized a pre-human period when spirits 
alone inhabited the land and sea, the ancient Hawaiian people, from the very 
beginning, shared their world with spirits. There were many spirits or gods 
(akua). Some created the world. Some animated the creatures of the sea or the 
trees of the forest or put fire into the earth or sky. Some had multiple forms 
and multiple epithets. Some - Ku, Kane, Lono, and Kanaloa, the four major 
gods imported to Hawaii from central Polynesia - were worshipped by chiefs 
and commoners alike. Others were minor individual or family gods ('aumakua) 
or had been created locally by the deification of ancestors. There were gods 
for men and gods for women, gods for chiefs of high rank, others for those of 
lower rank, gods for canoe makers, for bird catchers, for fishermen, for women 
who beat out kapa (barkcloth), for sorcerers, for practitioners of medicine, for 
hula dancers, for robbers, and for those who studied the heavens. There was a 
god of the east, west, north, and south, as well as a god of winds and storms. 
And although the number of gods that were supposed to preside over one 
place or another was countless, all the gods were thought to reside in the 
heavens. Things both in the air and on the earth were worshipped. Some men 
also worshipped the stars. (Malo, 1898: 81-84; Buck, 1964: XI, 465-467) 

The relative rank of all these gods and how they might have acquired their 
special dominions and powers is not at all clear, but the leading place among 
the Hawaiian creative spirits was sometimes given to Kane. It was Kane who 
made the sun, moon, and stars and placed them in the empty space between 
heaven and earth. They were called 'The-great-sun-of-Kane', 'The-great-moon
of-Kane', and 'The-innumerable-stars-of-Kane.' 

Acts of cosmogenesis were sometimes ascribed not to Kane but to two 
supernatural beings, male and female. One such account from Hawaii imputes 
the act of world creation to Wakea and Papa. It is said that Papa, the wife of 
Wake a, begot a calabash, including bowl and cover. Wakea threw the cover 
upward and it became the heavens. From the bowl he made the land and sea, 
from the juice he made the rain, from the inside meat he made the sun and 
moon, and from the seeds he made the stars. It must have been some time 
later that, in order to give life on earth sufficient light and space to flourish, 
Earth Mother and Sky Father, once tightly bound together, became (in Tahiti 
and New Zealand myth) separated. 

If Wakea and Papa, broadly construed as personifications of sky and earth, 
are regarded as the primordial male and female forces that vivify the cosmos, 



USEFUL AND CONCEPTUAL ASTRONOMY IN ANCIENT HAWAII 93 

then the status assumed in Hawaii by Ku, Kane, Lono, and Kanaloa, variously 
present in most Polynesian cosmogonies as the children of the Sky Father and 
the Earth Mother, becomes a coherent story of successive generations of the 
Hawaiian pantheon. But because gods are sometimes represented in Hawaiian 
stories as chiefs dwelling in far-away lands as well as in the heavens, Wakea 
and Papa have found a place in Hawaiian tradition not as mere personifications 
of sky and earth, but as 'ancestors' in human genealogies. High chiefs and 
rulers (alti) - or others with supernatural powers (mana) - sometimes proffered 
elaborate genealogies in support of such lofty claims. The assertion that 
Polynesian chiefs and priests could trace their ancestry back to the gods; the 
insistence that all traditional Hawaiian versions of creation agree that the first 
ancestors of the Hawaiian race came from the sky; the characterization of the 
story of Wakea and Papa (as the parents of sun, moon, and stars) as a 'charm
ing conceit [that] is exactly in the mood of Hawaiian riddling speech' - all 
these give credence to the notion that there was a fusion of cosmogony with 
genealogy, a notion that is well exemplified by the Kumulipo. 

The Kumulipo (Kumu- [u]li-po = Beginning in the darkness of night, that 
is, the spirit world) is a Hawaiian account of creation that takes the form of a 
poetic chant. Inherited by Hawaii's last king David Kalakaua and posthu
mously translated into English in 1897 by his sister Queen Liliuokalani, the 
chant was composed for one of Kalakaua's ancestors and was reputed to trace 
his family's divine origin by genealogical pairs through great rulers, heroes, 
and primary gods back to the first appearance of life in the universe. 

An account of both the creation of the universe and the procreation of a 
divine child, the Kumulipo places the conception, development, birth, and 
ancestry of a sacred chief in its cosmic context. Beginning in the darkness of 
po (night), it enumerates successive generations born from the mating of male 
and female, at first as personifications of cosmic forces and later as historic 
predecessors from whom the child has inherited his mana. The Kumulipo, which 
runs to more than 2,000 lines, uses the mechanism of genealogical recital to 
blend natural history with human history. It is through his ancestors - and 
ultimately through his most remote ancestors, the gods - that a man is linked 
to the cosmos. 

Five astronomical referents - the earth, the heavens, the sun, the moon, and 
the Pleiades - begin the Kumulipo. Together with the primordial darkness, they 
help explain the birth of the first procreative pair. 

At the time when the earth became hot 
At the time when the heavens turned about 
At the time when the sun was darkened 
To cause the moon to shine 
The time of the rise of the Pleiades 
The slime, this was the source of the earth 
The source of the darkness that made darkness 
The source of the night that made night 
The intense darkness, the deep darkness 
Darkness of the sun, darkness of the night 
Nothing but night. 
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The night gave birth 
Born was Kumulipo in the night, a male 
Born was Po'e!e in the night, a female. (Beckwith, 1972: 58) 

As the era of po unfolds, male and female principles continue their work, 
and land and sea become animated. The period of ao (light) follows, witnessing 
the birth of the god Kane, the time of men multiplying and spreading abroad, 
the appearance of Wakea and Papa, and the 'swinging' of the stars. By the 
time the chant concludes, an important social function has been served: 

The Kumulipo enhanced the prestige and fortified the political bid for power of the family to 
which it belonged by using ancient cosmogonic beliefs, common elsewhere in Polynesia as in 
Hawaii, in such a way as to trace the family back to the 'beginning in deep darkness'. (Beckwith, 
1972: xviii) 

No less important are the Kumulipo's broader cosmogonic features. Its 
conception of the formation of an ordered world from the pairing of opposites 
- day and night, light and darkness, male and female - is reminiscent of ancient 
Greek philosophy. It shares with Hesiod's Theogony the notion that the ordered 
world - a cosmos rather than a chaos - can be understood, and that its coming
to-be must have been like a series of births analogous to observed biological 
processes. It eschews the sort of word magic exemplified by the biblical Genesis 
in which the origin of the world is ascribed to the utterances of a single male 
deity, and its evolutionary linking of mankind to the pre-human world of 
plants and animals resonates well with modern scientific views. Moreover -
and despite the fact that Hawaiian creation myths need to be read with caution 
because of possible post-contact adulterations - the Kumulipo attempts not 
merely to describe the natural world but to explain it, and the explanation that 
it proffers is both anthropocentric and modeled on the activities of anthropo
morphic gods. 

Cosmography 

Implied in the Hawaiian story of cosmogenesis modeled upon the 'birth' of a 
calabash is a fanciful explanation of the dome-like appearance of the sky. Like 
an inverted bowl, the sky-dome rested on the rim of the earth where it 
intersected the latter to form the circular horizon. The dome was divided into 
spaces or zones and an assortment of astronomical circles and reference points 
- including the meridian, equator, ecliptic, tropics, and zenith - were imagina
tively inscribed upon it. 

Because the dome-like appearance of the sky could be easily modeled by a 
calabash or a gourd, such a ready-at-hand analogue did not escape the notice 
of the 19th-century native Hawaiian scholar Samuel Manaiakalani Kamakau. 
In 1865, Kamakau wrote of the gourd's pedagogical value: 

Take the lower part of a gourd or hula drum (hokeo), rounded as a wheel [sphere?], on which 
several lines are to be marked ... These lines are called 'Na alanui 0 na hoku hookele' (the 
highways of the Navigation stars), which stars are also called 'Na hoku ai-aina' (the stars which 
rule the land) ... 

The first line [representing the meridian] is drawn from the 'Hoku paa' (North Star), to the 
most southerly of 'Newe' (Southern Cross?) ... 
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Then three lines are drawn east and west (latitudinally), one across the northern section, 
indicates the northern limit of the sun [the Tropic of Cancer] ... and is called 'Ke alanui 
polohiwa a Kane' (the black shining road of Kane). The line across the southern section 
indicates the southern limit of the sun [the Tropic of Capricorn] ... and is called 'Ke alanui 
polohiwa a Kanaloa' (the black shining road of Kanaloa). The line exactly in the middle of the 
sphere [representing the celestial equator] ... is called 'Ke alanui a ke Kuukuu' (the road of 
the Spider), and also 'Ke alanui i ka Piko 0 Wakea' (the way to the navel of Wakea). 

Between these lines are the fixed stars ... On the sides are the stars by which one navigates. 
The teacher will mark the position of all these stars on the gourd ... 

If you sail for the Kahiki [Tahiti] groups, you will discover new constellations and strange 
stars over the deep ocean ... 

When you arrive at the 'Piko 0 Wakea' (Equator), you will lose sight of the 'Hoku-paa' (North 
Star); and then 'Newe' will be the southern guiding star ... (Alexander, 1890) 

Intended for navigators confronting 'the rough, the dark and [the] unfriendly 
ocean', Kamakau's instructions incorporated a realistic model of the sky. He 
also described two kinds of horizons towards which the navigator might steer, 
the visible and the invisible: 

If a person stands on a height - a hill or a mountain - he sees the 'wall' (paia) of the sky, the 
meeting place of the dome of the sky and the ocean ... This is the horizon, ke kukulu; it is the 
visible horizon. An invisible horizon 'pushes out' (pane'e); its only boundary is where it adjoins 
the solid walls of the sky. (Kamakau, 1976: 5) 

Beneath a domed sky and encircled by horizons, the island-bound observer 
regularly appeared to himself to be at the pika - the center, or navel - of the 
world (Figure 1). From there, the 'walled' horizon might appear near or far -
but it was not impregnable: 

The natives of the Hervey group supposed that the horizon around their group enclosed the 
world. Beyond this world line were heavens and heavens. A daring voyager by sailing through 
the sky-line would break out from this world into an unknown world or a heaven bounded by 
new horizons. Strangers 'broke through' from heaven, sometimes making use of the path of the 
sun. Thus about twenty-five generations ago Raa (possibly Laa, the Hawaiian) broke down the 
horizon's bars and established a line of kings in Raiatea. So also when Captain Cook came to 
the Hervey Islands the natives said: 'Whence comes this strange thing? It has climbed up ... 
from the thin land, the home of Wakea.' He had pierced the western heavens from which their 
ancestors had come. (Westervelt, 1963: 4-5) 

Mythology 

The religion of ancient Hawaii was a nature-based form of polytheism, and 
several nature myths had astronomical or meteorological content. Stories of 
sun, moon, stars, rainbows, and meteors are all represented in Hawaiian myth. 

Three Hawaiian myths of the sun, all of which required careful observations, 
are of special interest. The first claims that when the sun passes through 
Hawaii's zenith (as it does just before and just after the June solstice) and 
bodies become 'shadow less', the strength of the sun passes into its worshipper, 
and the time is called ka la i ka 1010 (the hour of triumph, or, literally, the sun 
on the brain). The second speaks of Kumukahi, the easternmost point of the 
Hawaiian archipelago where the sun rises up out of the sea, where two women, 



96 MICHAEL E. CHAUVIN 

Figure 1 Polynesian sky domes intersecting the surface of the Earth to form a series of concentric 
circles (horizons) with island(s) at the center or piko (navel). Each horizon circle had its correspond
ing heavenly dome, imaginatively illustrated here in vertical stacks by Maud Makemson, The 
Morning Star Rises: An Account of Polynesian Astronomy. New Haven: Yale University Press, 1941: 
11. Used with permission of Yale University Press. 

in the form of stones, manipulate the seasons by pushing the sun back and 
forth between them at the two solstices. The place is called 'Ladder of the sun' 
and 'Source of the sun' and here sun worshippers bring their sick to be healed. 
The third (and most famous) is the story of how the Polynesian demigod Maui 
came to regulate the sun's behavior from the summit of Hale-a-ka-lo, the House 
of the sun. 

Maui, whose name is familiar on many Oceanic islands including those of 
Melanesia and Micronesia, is best known in Polynesia. A mischievous trickster 
with the bravado and hubris of youth, Maui was half god and half man. He 
was admired but not worshipped, and his exploits included his Promethean
like gift of fire to mankind and his fatal attempt to defeat Death. This 'Maui
of-a-thousand-tricks' has been called the most interesting and many-sided figure 
of any pantheon. (Luomala, 1949: 12) Among Hawaiian raconteurs, two Maui 
myths, variants of which are common to Polynesia, have distinct astronomical 
referents: his triumphant battle with the sun atop Haleakala on the island of 
Maui, and his fishing up of the Hawaiian Islands with the magical fishhook 
that is now found among the stars of Scorpius (Figures 2 and 3). Both episodes 
are mentioned in the Kumulipo and elaborated elsewhere. Both are excellent 
examples of astronomical myths in the classic sense. Perhaps even more impor
tant to anthropologists is the near-ubiquity of Maui myths on so many scattered 
Pacific islands - a strong piece of evidence binding the inhabitants of those 
islands into a single nation. 

In Hawaii, the foot of Haleakala is sometimes reckoned as the location of 
Maui's home. Most Hawaiian legends, however, place it (according to 
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Figure 2 Maui snaring the sun (center) and fishing up the islands (right panel, second from top). 
Illustration by Dietrich Varez in The Water or Life: A Jungian Jow'ney Through Hawaiian Myth 
by Rita Knipe. University of Hawaii Press, 1989. 
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Figure 3 Maui's Fishhook can be found among the stars of Scorpius. The red giant star Antares, 
the lucida of that constellation, marks the eye of the hook and is called, in Hawaii, Lehua Kona, 
the Southern Lehua, after the red blossom of the 'ohi'a lehua tree. Illustration from Voyage of 
Rediscovery: A Cultural Odyssey Through Polynesia, by Ben Finney. University of California Press, 
1994. Used with the kind permission of the author. 

Westervelt) by the Wailuku River near the town of Hilo on the island of Hawaii 
where Maui's mother, Hina, lived in the lava cave behind Rainbow Falls - and 
where another astronomical myth has its source. For the Polynesian name for 
the moon, mahina, is derived from Hina, and it was from her cave on the 
Wailuku River that Maui's mother, having become weary of her life among 
mortals, escaped to the moon by climbing the rainbow into the sky. Carrying 
a calabash containing her most priceless possessions, Hina at last reached the 
moon, where men can still see her in her celestial home, a Polynesian moon 
goddess with her calabash by her side. 

Unlike the sun, the moon, and the stars, meteors occupy only a secondary 
place in Hawaiian sky lore - but a no less interesting one, particularly in tales 
that refer to a fiery object called an akualele, a 'flying god' or fireball. Akualele 
have sometimes been associated with meteors, sometimes been given descrip
tions consistent with fireball (bolide) phenomena, and sometimes been interpre
ted supernaturally. Many of the fireball motifs of Oceania center on themes of 
vengeance and sorcery and in essence relate light and fire to demons and 
vengeful gods. In Tahiti, the god Tane was represented as a meteor. In New 
Zealand, the god Rongo-mai came to Earth like a shooting star, comet, or 
flame of fire. In Hawaii, one of the forms of Pele, goddess of the volcano 
(Figure 4), was that of a ball of fire traversing the mountains, and people often 
attempted to predict volcanic eruptions by observing the 'traveling stars' (plan
ets) with which she was alleged to have 'intercourse'. Laka, Pele's sister and 
loving patroness of the hula, was also known in one of her manifestations as 
Kapo-'ula-kina'u, Kapo-of-the-red-streak, the angry and witch-like guardian 
of hula tabus who flew as a fireball on missions of punishment. Associated 
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Figure 4 Pele, goddess of the volcano. Illustration by Dietrich Varez in The Water of Life: A 
Jungian Journey Through Hawaiian Myth by Rita Knipe. University of Hawaii Press, 1989. 
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with Kapo-'ula-kina'u was Kane-i-kaulana-'ula, 'Kane-in-the-floating-red
cloud', a god who punished those violating the hula rituals and was seen as 
an avenging fireball. 

Both Kapo-'ula-kina'u and Kane-i-kaulana-'ula, it is said, came to Hawaii 
during the prehistorical period when they entered a grove of trees on the island 
of Molokai and, in a great flash of lightning, transmitted their powers into the 
wood of trees. Eventually, sorcerers came to discover and exploit those powers, 
the powers of Kalaipahoa, god of poison. 

The nioi tree with the body of Kane-i-kaulana-'ula was hewn into an image which was called 
Kalai-pahoa, cut with a pahoa adz. This nioi tree was so filled with power that its chips killed 
the carvers on contact. Any portion of this image of the poison god [Figure 5J, whether touched 
or consumed, would kill. Even physical contact of the image with the same type of wood 
transmitted its power to that wood. Consequently, nioi wood was sought and brought into 
contact with Kalai-pahoa so that the wood could be used for sorcery. When the caretaker 
wished to send the spirit within the wood on a mission, he scratched the wood and the spirit 
would fly at night in the form of a fireball, large at the head and tapering off to a tail ... 
(Kukuchi, 1976: 162) 

Kalaipahoa sorcery, which originated on the island of Molokai, eventually 
spread elsewhere. The original Kalaipahoa image is said to have been cut into 
bits and distributed among chiefs after King Kamehameha's death in 1819, but 
pieces of nioi wood which had been brought into contact with the Kalaipahoa 
image could still partake of its mana, and as late as the 1920s obscure diseases 
were still being ascribed to Kalaipahoa 'poison' flying from house to house. 

NAVIGATION 

Beyond the horizon 

The Polynesians inhabited a watery world. Whether seen from the deck of a 
voyaging canoe or from a sandy beach on a small atoll, the Pacific stretched 
as far as the eye could see. What might lie beyond the visible horizon was both 
a matter for speculation and a summons. 

The Western concept of a comfortable terra firma was foreign to Oceania 
and did not anchor island dwellers to the land, nor did it prevent them from 
advancing beyond the shoreline from fear of falling off the edge of a flat Earth. 
The ocean for the Polynesians was not so much a barrier as it was an ala 
moana - a 'sea road' along which they traveled. 

If 'bursting through skies' and 'fishing up islands' are construed as metaphors 
of discovery, the story of Maui fishing up the Hawaiian Islands may express a 
Pacific-wide desire to commemorate real events by honoring otherwise anony
mous heroes. So too it may be with the story of Hawaii-loa, the 'fisherman' who 

sailed from Kahiki-honua-ke1e and discovered these islands, first Kauai, then Oahu, then the 
Maui group, then Hawaii, which he named after himself. The other islands he named after his 
children, and various land divisions after his eight navigators who sailed with him, of whom 
Makali'i was chief. (Beckwith, 1970: 364) 

Thus, although Emory has regarded the story of Hawaii-loa as 'valueless' 
for the purpose of precise historical reconstruction, its close proximity to 
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Figure 5 Wooden image of Kalaipahoa, god of poison, now at the Bishop Museum in Honolulu. 

historical truth can scarcely be doubted. And like the myth of Maui's fishhook, 
the story of Hawaii-loa has been perpetuated in the stars. A star cluster passing 
near the zenith of Kauai commemorates his discovery of the Hawaiian Islands: 
these are the Pleiades, sometimes called, in Hawaii, Maka/i'i - The Eyes of 
the Chief. 

When efforts were made in the 19th century to account for the origin of the 
Hawaiian people, the Hawaiians themselves gave various answers. The English 
missionary William Ellis reported that in the 1820s there were two widely held 
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opinions among the natives: that they were descended from the gods who first 
inhabited the islands, or (more popularly) that they came by canoe from a 
place called Tahiti. The native Hawaiian historians David Malo and Samuel 
Kamakau echoed the idea of a Tahitian origin. Kamakau described the discov
ery of the islands by the legendary Hawaii-loa, and Malo noted that the name 
Tahiti (Kahiki) was mentioned in the chants, prayers, and legends ofthe ancient 
Hawaiians. Two such legends (described by Malo, and retold by many others) 
are those of Mo'ikeha and Pa'ao. 

Mo'ikeha lived in Waipio Valley on the island of Hawaii until great storms 
and floods devastated the valley, whereupon he sailed to Tahiti - only to be 
jilted there by his lover Lu'ukia. With his navigator, Kama-hu'a-Iele, Mo'ikeha 
returned to Hawaii, and eventually became the ruling chief of Kauai. 

The high priest Pa'ao hailed from Tahiti's neighboring island of Raiatea 
(anciently called Havai'i) and came to Hawaii only after the death of a son left 
him distraught. Though Pa'ao eventually sailed home, he too would return to 
Hawaii, bringing with him the high chief Pili. Together, Pa'ao (as priest) and 
Pili (as chief) began a dynasty in Hawaii that lasted to historic times. 

The legendary voyages of Mo'ikeha and Pa'ao - in addition to those of 
Mo'ikeha's sons, Kila and La'amaikahiki - are thought to have transpired 
several centuries before European contact. It was in such legends that Malo 
found additional support for Hawaii's already evident link with Tahiti: 

The Hawaiians are thought to be of one race with the people of Tahiti and the islands adjacent 
to it. The reason for this belief is that the people closely resemble each other in their physical 
features, language, genealogies, traditions (and legends), as well as in (the names of) their deities. 
It is thought that very likely they came to Hawaii in small detachments. 

It seems probable that this was the case from the fact that in Tahiti they have large canoes 
called pahi; and it seems likely that its [sic] possession enabled them to make their long voyages 
to Hawaii. The ancients are said to have been skilled also in observing the stars, which served 
them as a mariner's compass in directing their course. (Malo, 1898: 7) 

When Captain Cook, in 1778, discovered Hawaii for the outside world, 
native long-distance voyaging between Hawaii and the far-flung islands to the 
south had ceased, and the names of Pa'ao and Mo'ikeha, once embedded in 
legend, soon appeared in literature. But the heroes of such legends - resourceful, 
chief-like men in command of both canoes and people - must at least have 
been represented in character among Hawaii's first settlers, and the maritime 
and navigational skills exhibited by men such as Makali'i and Kama-hu'a-Iele 
must have been nothing less than remarkable. They had reached Hawaii by 
intentionally crossing more than 2,000 miles of ocean in open vessels, sometimes 
accompanied by women, livestock, and crop plants to provide Hawaii with a 
seed population. By 1778, the Hawaiian Islands had become the home of a 
homogeneous Polynesian stock, and no evidence has ever surfaced for the 
presence in the Islands of other races prior to European contact. 

Although much has been written about the problem of Polynesian origins, 
current thinking derived from linguistic, archaeological, ethnographic, botanic, 
and legendary evidence indicates a gradual settlement of Polynesia from the 
west, a general eastward movement of people across the Pacific from the 
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Bismarck Archipelago, to Fiji, Tonga, and Samoa, to Tahiti, and lastly to the 
islands of Hawaii, Rapa Nui, and Aotearoa at the three corners of the 
Polynesian Triangle. The first Hawaiians were, by this account, descended from 
Austronesian ancestors who penetrated the Pacific some 4,000 years ago. After 
colonizing the islands of Western and Central Eastern Polynesia, they arrived 
in Hawaii some 1.5 to 2 millennia ago, first from the Marquesas Islands and 
later from the Societies. 

When Captain Cook happened upon the Hawaiian Islands, he wondered 
about the origin of the islanders and entered the following observations in 
his journal: 

These ... Islands ... I named [the] Sandwich Islands, in honour of the Earl of Sandwich. They 
are situated between the Latitude of 21 030' and 22° 15' N and between the Longitude of 199' 20' 
and 20P 30' East ... I have already observed that ... [the] people [living here] are of the same 
nation as the people of Otaheite and many others of the South sea islands ... How shall we 
account for this Nation spreading it self so far over this Vast ocean? We find them from New 
Zealand to the South, to these islands to the North and from Easter Island to the Hebrides; 
extent of 60° of latitude or twelve hundred leagues north and south and 83° of longitude or 
sixteen hundred and sixty leagues east and west, how much farther is not known ... (Price, 
1971: 221-222) 

In this passage, Captain Cook has delimited what is today called the 
Polynesian Triangle - the vast area of the Pacific that extends from Hawaii in 
the north, to Easter Island (Rapa Nui) in the southeast, to New Zealand 
(Aotearoa) in the southwest (Figure 6). 

How, Cook wondered, can we account for the tremendous geographic range 
of the Polynesian people? How did they manage to spread themselves, without 
the use of compass or sextant, so far over the trackless Pacific, a body of water 
more than 60 million square miles in extent, the largest single feature on the 
surface of the Earth? How could South Sea islanders - people with the physiog
nomy, the language, and the cultural practices of island societies with which 
Cook was already familiar - have found their way to such a remote archipelago 
in the North Pacific, geographically the most isolated island chain in the world? 

Cook had no definite answers to such questions, though he did have some 
ideas. South Pacific island natives could, as he had already discovered, sail 
'from Island to Island for several hundred Leagues, the Sun serving them for 
a compass by day and the Moon and Stars by night.' (Finney, 1994: 11) But 
whether Polynesian settlements had been, in general, the result of deliberately 
navigated voyages, or whether they had been peopled mainly by castaways, he 
could not tell, though he did sense that he could trace migration paths westward 
at least as far as the East Indies. 

By the middle of the 19th century, three theories accounting for the origin 
of the Polynesians had been postulated. Two of those - that they entered the 
Pacific either from the west (Asia) or from the east (America) - have had 
advocates into the 20th century. The third alternative - that the Polynesians 
originated in Oceania on a great continent now vanished beneath the sea, 
leaving only mountaintop islands - has since been demolished by geological 
evidence. (Howard, 1967: 48-49, 55) 
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Figure 6 The Polynesian Triangle. Illustration from Voyage of Rediscovery: A Cultural Odyssey 
Through Polynesia, by Ben Finney. University of California Press, 1994. Used with the permission 
of the author. 

European speculation on Polynesian settlement was not always as tentative 
as Cook's. By the late 19th century, amateur historians, including the Swedish
born Hawaii resident Abraham Fornander, attempted to identify an ultimate 
Polynesian homeland by examining, inter alia, oral accounts of the epic voyages 
of tradition. But such efforts merely produced romantic and ill-evidenced 
hyperbole about Polynesian seafaring capabilities. Most particularly, because 
neither Fornander nor anyone else was able to specify precisely how the 
Polynesians sailed and navigated their canoes, the orthodox view of west-to
east settlement of Polynesia was vulnerable to attack, and by the mid 20th 
century the alternative views of Thor Heyerdahl and Andrew Sharp began to 
exploit the theory's weakness. Heyerdahl proposed that Polynesia, including 
Hawaii, was populated from the east by American Indians who entered the 
Pacific and were pushed westward by the prevailing winds and currents. Sharp 
suggested that although the Polynesians had entered the Pacific from the Asian 
side, they lacked the technology and navigational skills for making long, 
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purposeful voyages, and that islands without close neighbors (such as Hawaii) 
must therefore have been discovered and settled accidentally. (Finney, 1994: 
19-25) 

Although Heyerdahl supported his theory by mounting his famous Kon Tiki 
adventure, Sharp's theory had more appeal to scholars, who saw it as a weleome 
antidote to the factitious accounts of earlier writers. But while 'accidental' 
voyages could not be entirely dismissed from Pacific history, they were unlikely 
explanations for the discovery and settlement of the three most detached parts 
of Polynesia - New Zealand, Easter Island, and Hawaii. Most especially, the 
prevailing winds and currents of the tropical Pacific, which flow in an east
west direction, would have made north-south drift voyages between Hawaii 
and Tahiti virtually impossible in either direction, as computer simulations 
later demonstrated. Some account of purposeful, two-way voyages of explora
tion and settlement were required to complete the picture. And these presuppose 
a high degree of maritime technology and a navigational sophistication. 

Zenith stars 

Many astronomical observations are latitude-dependent. Tropical stars pass 
only through the zeniths of tropical places, and the tropical sun - and its 
consequent 'shadowless noon' - can only be experienced in the tropics. 

All the major islands of Polynesia, with the exception of New Zealand 
(Aotearoa), lie within the tropics. Coincidentally, many of the brighter stars 
have declinations that carry them directly over major Polynesian island groups. 
Aldebaran, Regulus, Procyon, Altair, Spica, Betelgeuse, and Rigel - indeed all 
the bright stars of Orion - are 'tropical' stars. And while Antares (at - 26° 26') 
'guards' the southern limit of the tropics near the Tropic of Capricorn, the 
Pleiades (at + 23° 58') perform the same service in the north, near the Tropic 
of Cancer. Moreover, precession over the past 2,000 years - the estimated 
period of the human settlement of Hawaii - has altered the situation but little. 
Sirius (- 16 0 42'), the brightest star in the entire sky, today passes near the 
zenith of Tahiti, and Arcturus (+ 19° 13'), the brightest star in the northern sky, 
passes directly over Hawaii. 

Through this wide belt of sky, straddling the Piko 0 Wakea and nearly 50 0 

wide, move the sun, moon, and planets, and all the zenith stars of the islands 
of tropical Polynesia. In it, therefore, are situated navigationally useful stars 
for guiding canoes to distant destinations. And of the many possible motives 
for seeking out those destinations, this star-filled story is especially suggestive: 

Long, long ago- longer than anyone can remember or even imagine - there were no stars in 
the sky. 

Sky was the god Wakea. Earth, the goddess Papa. Man and wife, they loved each other and 
held each other in tight embrace. The children of the gods, caught in the darkness between their 
parents, had very little room to move. 

All was darkness. Cosmic darkness - po. 

[Then] the greatest of the young gods, Kane, went forth ... lay down on the ground, braced 
shoulders against Earth goddess Papa, his feet against Sky god Wakea ... and groaned as he 
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pressed upward against the sky. Slowly, very slowly Sky began separating from Earth. Light 
flooded in between the two. And there was darkness no more ... 

The sun [now] shone by day and the moon by night. But there were no stars in the sky . 

... The children of the gods, seeing the body of their father Wakea above and unadorned, felt 
compassion. They picked up stars and placed them in a basket. From that basket they took 
the stars, one by one, and placed them in the heavens. They made the brightest star [Sirius] to 
travel over Tahiti, and they made blue-white Spica to travel over Samoa. And they left the 
basket in the heavens, too, a star group we know as Corona Borealis. 
If bright stars mark important islands, then what islands must lie beneath the path of that 
bright star [Arcturus] in the north, that star right off the curve of Na-hiku, 'the seven?' [The 
Big Dipper] Important islands they must be, for also traveling over that island group is a 
'cluster of little eyes,' Na-huihui-a-Makali'i [The Pleiades]. 
And so it may be that it was the stars that suggested to the children of old in their southern 
islands that land might lie to the north. 
For the earth is ocean. And rising everywhere in it are islands. Go find the islands ... (Kyselka, 
1987: 7-9) 

The Sacred Calabash 

When Captain Cook found Hawaii, he assigned to it a system of coordinates 
- latitude and longitude - and could then find his way back. But how, once 
having found the same islands, did the Polynesians re-Iocate them? Did ancient 
Hawaiian seafarers use any navigational instruments? And despite their inabil
ity to solve - and perhaps their indifference toward - the problem of finding 
longitude at sea, how could they have judged latitude well enough to make 
landfall? 

There is little doubt that simple hand measurements were used by sailors 
from many ancient lands to get approximate star and sun altitudes, and thus 
to navigate to the latitude of their chosen destination (Figure 7). Based upon 
the principle that an object of fixed size sub tends an angular measure that 

" POLARIS ~e /~o-o 
o OJ/per. 
" Ur~ 0 "'0 Minor 100 

o o 

Figure 7 Estimating latitude by using the hand to measure the altitude of Polaris. Illustration 
from Voyage of Rediscovery: A Cultural Odyssey Through Polynesia, by Ben Finney. University of 
California Press, 1994. Used with the kind permission of the author. 



USEFUL AND CONCEPTUAL ASTRONOMY IN ANCIENT HAWAII 107 

varies with the distance at which it is held from the eye, uncomplicated instru
ments such as the kamal and the cross-staff would have provided navigators 
with technological improvements over simple hand and body measures. But 
these were Western advances. And like their successors - the astrolabe, the 
quadrant, and the sextant - all were, along with the magnetic compass, 
unknown in ancient Polynesia. (Taylor, 1958) 

If there was any analogue to the kamal or the quadrant in ancient Hawaii, 
United States naval officer Hugh Rodman believed he had found it, and in an 
essay published in 1927 he named it 'The Sacred Calabash' - a remarkable 
instrument that he had reportedly seen at the Bishop Museum in Honolulu 
more than twenty years earlier. Described as a gourd more than three feet in 
length, the Sacred Calabash was alleged to have been an instrumental aid for 
determining latitude, much like a sextant. Around the rim of the cylindrically
shaped object was a series of four holes, 900 apart and at just the right distance 
below the rim so that Polaris, when viewed through a hole on one side of the 
rim, could be seen resting on the opposite rim - an observation that fixed the 
altitude of Polaris at 19°, the latitude of Hawaii. Kept vertical by filling it with 
water to the level of the holes, the Sacred Calabash was purportedly used on 
return voyages to Hawaii from Tahiti, and from an inscription on it, it could 
allegedly be traced back through several owners and keepers to previous times 
when it was in general use. 

Six months following its publication, Rodman's story came under attack by 
Bishop Museum ethnologist John Stokes, who suggested that the object 
Rodman had seen at the Bishop Museum was nothing more than a traveling 
trunk for storing clothing and other valuables. Sir Peter Buck, who became 
the museum's director in 1936, gave extra authority to Stokes' critique by 
siding with his colleague. Buck thought that Stokes' interpretation of the Sacred 
Calabash as nothing more than a suitcase was sound, and he added that a 
search through the museum's collection of calabashes failed to locate one with 
four sextant-like sighting holes making angles of 19° with the opposite rim. He 
also found no references in Hawaiian tradition to observations of the North 
Star during the latter end of home-bound voyages. 

But Buck had apparently been either oblivious to, or dismissive of, Rodman's 
reply to Stokes' criticisms - namely, that he and Stokes were probably discuss
ing two separate objects. This - together with the fact that Rodman had first 
heard the story of the calabash from the Hawaii-born and Yale-trained astrono
mer W. D. Alexander, and that it was from Alexander (as well as from 
Alexander's translation of Kamakau's Instructions in Ancient Hawaiian 
Astronomy) that Rodman had evidently acquired some of his knowledge of 
Hawaiian astronomical and navigational tradition - had, apparently, little 
merit in Buck's assessment of the plausibility of Rodman's story. Buck's (post
humously) published comments on the Sacred Calabash only cited Rodman's 
initial essay and Stokes' response to it. It made no mention of Rodman's 
rejoinder. 

The existence of a Sacred Calabash came to be widely dismissed by members 
of the staff of the Bishop Museum, from the ethnologists Stokes, Buck, and 
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Emory in the first half of the century, to the astronomers Bryan, Bunton, and 
Valier in the latter half. Rodman's Sacred Calabash - or Stokes' interpretation 
of it - was reduced to caricature: when filled with water, it would have weighed 
more than 100 pounds - a ridiculously cumbersome weight for a sextant, and 
probably not very useful on a bobbing canoe. Bryan ridiculed it as a 'myth' 
and Bunton and Valier completely rejected the need of any navigational instru
ments by Polynesian voyagers 'beyond those organs of sight with which the 
gods had blessed him.' Bunton and Valier proved to be right in at least this 
sense: navigational instruments were not necessary in Polynesia, as the Hokule'a 
voyages were soon to demonstrate. 

Yet, stories of astronomically useful calabashes and gourds should not have 
been dismissed so summarily. In the latter part of the 19th century 'navigation 
gourds' were, by one report, still in common use by fishermen on trips to 
Nihoa, Necker and other of Hawaii's leeward islands. And even if gourds were 
not fashioned into navigational instruments per se, they nevertheless may have 
been employed as heuristic devices in the teaching of astronomy. A hemispheri
cal gourd could have been used, as in Kamakau's description, to model the 
celestial sphere, and lines representing the meridian, the celestial equator, and 
the northern and southern limits of the sun (the tropics) could have been drawn 
on the gourd, along with the positions of stars and planets. This device, much 
like a modern planetarium, could then have been used to instruct students in 
the art of navigation. Another calabash (with holes) might then have been 
employed, in tandem with the first, to represent the variable winds which, as 
one author has described them, 'seemed to blow through holes in the dome of 
heaven along the horizon.' (Kawaharada, 1995: viii) 

These considerations give warrant to the statement of University of Hawaii 
ethnologist Rubellite Johnson that discussions of the gourd's use in Hawaii 
have been tarnished with such 'great misunderstanding' and with so 'many 
unsound claims' that 'scientists have completely [and wrongly] rejected the 
traditions and the hypotheses that have been formulated' regarding its use. At 
the very least, they suggest that the bandwagon dismissal of the Sacred Calabash 
story should be viewed with caution. 

Hokule'a 

Rodman's story of the Sacred Calabash had included the proposal that a 
Tahiti-to-Hawaii voyage might be accomplished in essentially two steps: first 
reach the latitude of Hawaii on its windward (eastern) side; then make landfall 
by sailing downwind along that line of latitude. During the closing decades of 
the 20th century, a sailing canoe from Hawaii employed exactly that strategy. 

In 1973, three men from Honolulu - anthropologist Ben Finney, artist Herb 
Kawainui Kane, and water sportsman Charles Tommy' Holmes - established 
the Polynesian Voyaging Society (PVS). Their purpose was to deflate theories 
of the accidental settlement of Polynesia by building, provisioning, and sailing 
a modern-day replica of an ancient voyaging canoe over the legendary Hawaii
Tahiti route without the use of modern navigational instruments. 
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The outcome of several years' effort spearheaded by the PVS but involving 
a large community of supporters was a 62-foot, twin-hulled vessel (Figure 8), 
the first of its kind to ply Hawaiian waters since prehistoric times. Although 
the canoe, crafted of both natural and synthetic materials, was a compromise 
of the old and the new, one principle was rigidly adhered to: performance 
accuracy. Thus, although the hulls had watertight compartments (for safety) 
and were lashed to the crossbeams with dacron line (for structural integrity), 
other modern modifications such as the use of a keel (to reduce leeway) were 
not allowed. 

Launched in 1975 from Kualoa on the island of Oahu, the canoe was named 
Hokule'a (Star of Happiness) after the zenith star for Hawaii (Arcturus). Within 
a year, it would be tested, provisioned, crewed, and otherwise readied for its 
maiden voyage to the South Pacific. 

On May 1, 1976, Hokule'a departed from the island of MauL It carried a 
crew of seventeen men and a small number of animals, representatives of the 
living cargo that had once accompanied early Polynesian voyagers to Hawaii. 
The Hokule'a's navigator, Mau Piailug, was recruited by the PVS from 
Micronesia where he had honed his talents on the island of Satawal. No one 
living in Hawaii at the time possessed Piailug's traditional skills. 

After more than a month at sea, Hokule'a made landfall on June 4 at Papeete, 
Tahiti where a public holiday was declared to celebrate the success: a modern 
double-hulled canoe of ancient Polynesian design had reached Tahiti from 
Hawaii without the use of modern navigational instruments, strengthening with 
new evidence the old argument that voyages of similar nature could have been 
intentionally undertaken centuries earlier. More unexpectedly, the voyage also 
placed Hokule'a at the symbolic center of a cultural renaissance that would 
eventually embrace the entire Polynesian Triangle. 

In 1980, the voyage of Hokule'a from Hawaii to Tahiti was repeated. This 
time the navigator was 27-year-old Nainoa Thompson of Honolulu, and this 
time the navigator guided the canoe from Hawaii to Tahiti and back - a 
distance of more than 6,000 miles - without instruments, thus demonstrating 
that two-way, non-instrumental voyages along the Hawaii-Tahiti corridor 
were feasible. 

In the absence of instruments, Thompson's method of navigation was essen
tially a dead-reckoning method: the location of the canoe was gotten from 
estimations of distance and direction of travel. But his wayfinding skills over 
the 6,OOO-mile round-trip voyage were uncannily accurate. In fact, his assumed 
position, especially on the return to Hawaii, was so close to his true position 
(which was regularly monitored both by satellite and by the escort vessel Ishka) 
that he thought nobody would believe it. 

Of particular navigational interest was Thompson's resourceful use of envi
ronmental clues (from winds and waves) and particularly his use of the sky. 
The sun (especially when near the horizon), the moon, individual stars such as 
Alpha and Beta Centauri, and even the planet Venus, were noteworthy celestial 
objects in helping to maintain orientation. For estimations of latitude, his use 
of 'synchronous star pairs' was extraordinarily inventive. And at low northern 
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Figure 8 The Hawaiian voyaging canoe Hokule 'a has a length of 62 ft. 4 in., a displacement of 
25,000 lbs. (fully loaded), and is fitted with two 'crab claw' sails with a total area of 540 sq. ft. 
Photograph from An Ocean in Mind, by Will Kyselka. University of Hawaii Press, 1987. Used with 
the kind permission of the author. 
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latitudes, the Southern Cross gave a clear indication - especially when used in 
tandem with Polaris - that the Hawaiian Islands were near. 

Although Thompson had some instruction in the tradition ofnon-instrumen
tal navigation from Piailug, his astronomical and navigational training was 
largely modern and probably unique in the history of the subject. For three 
years, beginning in 1977, he apprenticed himself to planetarium astronomer 
Will Kyselka at Honolulu's Bishop Museum. There, under the planetarium 
dome where times and distances could be compressed and the learning experi
ence accelerated, hundreds of dry runs were made between Hawaii and Tahiti 
in preparation for the 1980 voyage. By the time Thompson committed himself 
to the trackless sea, he had discovered four astronomical ways for determining 
direction and six ways for determining latitude. 

Perhaps the most uncommon of these was his discovery of synchronous star 
pairs - two stars whose simultaneous rising or setting provides an unambiguous 
check oflatitude. Thompson's original discovery was made in 1976, near Tahiti, 
when he observed Vega and Altair rising together. His observation was soon 
generalized and exploited at the planetarium, and within the next three years 
he would discover and memorize several such pairs. 

Latitude, therefore, was not a major concern for Thompson. In the absence 
of a knowledge of longitude, however, he needed to maintain a course that 
would keep H okule'a to the east of his target. Then, after sailing north or south 
to the latitude of his chosen destination, he could make 'windward landfall' by 
sailing downwind. The Hawaiian Islands, which extend more than 1,500 miles 
in a northwest-to-southeast direction - and which include several high islands, 
an active volcano (Kilauea), and the highest peak in the Pacific (Mauna Kea) 
- would provide a large target in the north. Tahiti, to the south, was not as 
high (only 7,400 feet), but, unlike Hawaii, it lay within an island-rich zone. In 
either case, a 'circle of life' around the islands - the sight of birds, turtles, or 
floating vegetation - would, together with mountain-clinging clouds, expand 
the target even more. And although the celestial bodies - the sun by day and 
the stars, moon, and planets by night - would provide the primary visual cues 
on the open sea, careful observation of ocean swells would provide subsidiary 
directional guides and be especially useful under overcast skies. 

To maintain Hokule'a's orientation, Thompson developed a star compass 
that incorporated the azimuthal rising and setting positions of nearly three 
dozen stars (Figure 9). And although the thirty-five stars which he selected for 
the purpose were irregularly distributed around the azimuth, the natural sym
metry of a star compass gave him twice as many reference points. The sighting 
of anyone of the 35 stars as it rose from, or set into, its appropriate lua (pit) 
around the horizon would, at any time, be sufficient for the determination of 
its related azimuth and, by inference, all compass points. Moreover, because 
the azimuths of Thompson's chosen stars change but little at low latitudes, his 
star compass was, with only minor adjustments, useful to a high degree of 
accuracy between Hawaii and Tahiti (Table 1). 

Hokule'a's successful return to Hawaii in 1980 placed the canoe, once again, 
under Hawaii's zenith star. But were such stars, suspended over Polynesian 
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Figure 9 Nainoa Thompson's star compass. Illustration from All Oceall ill Milld, by Will Kyselka. 
University of Hawaii Press, 1987. Used with the kind permission of the author. 

Table 1 Azimuth values for ten stars of Nainoa Thompson's star compass, computed for three 
tropical latitudes, from the formula: cos Rz = sin d/cos L, where Rz is the azimuth at rising, d the 
declination of the star, and L the latitude of the observer. 

Azimuth (rising) Azimuth (rising) Azimuth (rising) 
at Honolulu, Hawaii at the equator at Papeete, Tahiti 

Star (+21' 19') (00'00') (_17° 32') 

Capella 39.5 44.0 41.0 
Arcturus 69.3 70.8 69.8 
Regulus 77.1 78.0 77.4 
Altair 80.5 81.2 80.8 
Betelgeuse 82.1 82.6 82.2 
Sirius 108.0 106.7 107.5 
Antares 118.5 116.4 117.8 
Can opus 148.6 142.7 146.5 
Alpha Centauri 159.5 150.8 156.2 
Acrux 163.0 153.0 159.1 
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islands, actually used as latitude indicators by ancient voyagers? As David 
Lewis had pointed out, although Arcturus is presently the zenith star for 
Hawaii, a thousand years ago it would have been more than 5° farther north 
(as a result of precession), thus vitiating its usefulness on prehistoric Tahiti
Hawaii voyages. Add to this the fact that there is no visual zenith as there is 
a visual horizon, plus the fact that the motion of a vessel at sea compromises 
a sailor's ability to match a star with its zenith passage, and it is little wonder 
that neither Nainoa Thompson nor Mau Piailug found zenith stars of any use. 

Hokule'a has returned to sea on several separate occasions. In August 1985, 
it reached Tahiti for a third time, Nainoa Thompson again navigating without 
compass or sextant. From there, it continued on a two-year 'Voyage of 
Rediscovery' throughout the South Pacific, visiting the Cook Islands, New 
Zealand, and Samoa before returning to Hawaii in 1987, having traveled a 
distance of approximately 12,000 nautical miles. 

One of the more significant results of the Voyage of Rediscovery was its 
demonstration that west-to-east passages could be accomplished by simply 
waiting patiently for west (or other non-prevailing) winds, and that, conse
quently, many of the assumed migration routes within Polynesia were indeed 
viable. Accounts of ancient voyagers plying these routes could no longer be 
glibly dismissed as mere fictions. The Voyage of Rediscovery also corroborated 
the results of the 1976 and 1980 voyages by demonstrating that the fixing of 
one's position by a system of latitude and longitude coordinates is superfluous 
to the needs of a 'wayfinder', as one Hokule'a veteran had already insisted: 

... latitude and longitude are convenient conventions for recording position, especially for 
subsequent comparison, but New Zealand is in exactly the same place relative to Tahiti whether 
located by crossed lines on a chart or by saying it is so many days sailing (at a given speed) in 
a particular star direction. (Lewis, 1972: 5) 

Hokule'a's fourth long-distance voyage (in 1992) and her fifth (in 1995) 
continued to add to her laurels. And although the former had more an educa
tional than an experimental focus, the latter, by returning to Hawaii from 
Tahiti via the Marquesas Islands in the company of a small flotilla of traditional 
canoes from other parts of Polynesia, served as a proud declaration of a shared 
heritage that once had placed the long-distance voyaging canoe at the very 
heart of Polynesian culture. 

After Hokule'a reached Rapa Nui in October 1999, it had finally provided, 
to the fullest measure possible, a set of realistic insights into Polynesian nauti
calk achievements. It returned to Hawaii ~ and to joyful celebration ~ the 
following March (Figure 10), having at last closed the Polynesian Triangle. 

CALENDRICS 

According to Fornander, the beginning of a new year was marked in Hawaii 
as it was elsewhere in Polynesia: with the first appearance of the Pleiades in 
the eastern sky at sunset. The Polynesian word for 'new year' - matahiti, or 
makahiki, or makali'i-hiki ~ may be translated as 'the Pleiades rise' and the 
Hawaiian 'year' (makahiki) began when, or at about the time, that that asterism 
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Figure 10 Hokule'a at rest. Having returned to Hawaii from Rapa Nui via Tahiti, Hokule 'a lies 
moored at Kualoa (Oahu), March 12, 2000, after her most recent odyssey. Over the past quarter 
of a century, and frequently under the guidance of navigator Nainoa Thompson (inset), Hokule'a 
has traveled an estimated 90,000 miles - the equivalent of four times around the globe. Photos by 
M. Chauvin. 

rose at sunset. Such a custom was not restricted to the Hawaiian Islands. In 
the Samoan, Tongan, Society, Marquesan, and some other island societies, the 
new year began with the first new moon after the first appearance of the 
Pleiades in the eastern sky in the evening twilight. The Pleiades was a well
known star cluster throughout Polynesia, and the Society Island (Tahitian) 
custom of dividing the year into two seasons - Matari'i-i-nia, the Pleiades 
above the horizon, and Matari'i-i-raro, the Pleiades below the horizon - had 
close counterparts in Hawaiian practice. (Fornander, 1969, vol. 1: 118- 119) 
But the ancient Hawaiians did not divide the year into seasons in accordance 
with equinoctial or solstitial observations of the sun, a practice more likely to 
be found in other climates and cultures. Nor did they have annual markers in 
their calendar - holidays honoring the birthdays of cultural heroes or commem
orating nationally significant events. These features strongly imply that the 
year was of subsidiary importance in their calendrical system. 

The fact that the beginning of the new year was as contingent upon the 
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phase of the moon as it was upon the rising of the Pleiades is indicative of the 
important place occupied by the moon in the ancient Hawaiian calendar. That 
calendar was, in fact, essentially a lunar calendar, time being reckoned by 
nights (po) rather than by days (fa). The year, with its two broadly specified 
seasons - sometimes simply designated as the dry, hot (summer) season of Kau, 
and the rainy, cold (winter) season of Ho'oilo - was divided into monthly 
periods of (nominally) thirty nights each. Each season contained six months 
(Table 2), and each night within the month had its own distinctive name 
(Table 3). Furthermore, the days set aside for religious rites so rigorously 

Table 2 The Hawaiian months and seasons, according to Malo, Kamakau, and Kepelino. 
Although the Hawaiian year was divided into two seasons, there seems to have been wide dis
agreement with respect to the names of the months corresponding to each season, and even to the 
names of the seasons themselves. The disparities among the three native Hawaiian historians of 
the 19th century cited here only reflect what appear to have been island-to-island differences of 
similar nature. 

Malo 
Hooilo (November to April) 

Weleehu 
Makalii 
Kaelo 
Kaulua 
Nana 
Welo 

Kau (May to October) 
Iki-iki 
Kaa-ona 
Hina-ia-eleele 
Mahoe-mua 
Mahoe-hope 
Ikuwa 

Kamakau 
Hooilo (September to March) 

Ikiiki 
Ka'aona 
Hanaia'ele'ele 
Hilina 
Hilinehu 
'Ikuwa 

Makalii (March to September) 
Welehu 
Makali'i 
Ka'elo 
Kaulua 
Nana 
Welo 

Kepelino 
Hooilo (September to February) 

Mahoe-mua 
Mahoe-hope 
Ikuwa 
Welehu 
Makalii 
Kaelo 

Kau (March to August) 
Kaulua 
Nana 
Welo 
Ikiki 
Kaaona 
Hinaiaeleele 

Table 3 The 30 nights of the Hawaiian month. These are the names given by Malo (1898: 
Chapter 12), who tells us that the four monthly tabu periods 'to be devoted to religious ceremonies 
and the worship of the gods' were as follows: for Ku, from the night of Hilo to the morning of 
Kulua; for Hua, from the night of Mohalu to the morning of Akua; for Kanaloa, from the night 
of Ole-pau to the morning of and Kaloa-ku-Iua; and for Kane, from the night of Kane to the 
morning of Mauli. 

1. Hilo 11. Huna 21. Ole-ku-kahi 
2. Hoaka 12. Mohalu 22. Ole-ku-Iua 
3. Ku-kahi 13. Hua 23. OIe-pau 
4. Ku-Iua 14. Akua 24. Kaloa-ku-kahi 
5. Ku-kolu 15. Hoku palemo, or Hoku iii 25. Kaloa-ku-Iua 
6. Ku-pau 16. Mahea-Iani 26. Kaloa-pau 
7. Ole-ku-kahi 17. Kulua 27. Kane 
8. Ole-ku-lua 18. Laau-ku-kahi 28. Lono 
9. Ole-ku-kolu 19. Laau-ku-Iua 29. Mauli 

10. Olepau 20. Laau-pau 30. Muku 
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observed in ancient Hawaii depended upon the phases of the moon. Each of 
the four principal deities of the Hawaiian pantheon required a kapu (tabu) 
period each month, and each of these periods encompassed two or three nights 
each. These kapu periods, which totaled nine nights per month, were in effect 
for eight months. The remaining months of the year were devoted to the 
observance of the Makahiki - a time of games and merrymaking when warfare 
ceased and the kapu were relaxed. 

Although there were essentially three phases of the moon - the waxing or 
'growing' (ho'onui), the full or 'round' (poepoe), and the waning or 'decreasing' 
('erni) - the Hawaiian names for the thirty nights of the moon indicate an 
ancient ability to make accurate naked-eye observations of lunar phases and 
then to record those observations in descriptive appellations. Thus, the first 
appearance of the (waxing crescent) moon in the west marking the first night 
of the month was called Hilo - meaning 'twisted' or 'threadlike', as a braid. 
The thirteenth night was called Hua because the moon then had the (gibbous) 
form of an egg, hua. The fifteenth night had two possible names, Hoku palerno 
(sinking star) if the moon set before daylight and Hoku iii (stranded star) if it 
was still above the horizon when daylight came. The twenty-ninth night, when 
the (waning crescent) moon did not rise until morning twilight, was called 
Mauli (fainting); but if it rose so late that it was lost in the light of the sun, it 
was called Muku (cut off). 

The ancient Hawaiians had no need to subdivide a natural period (the lunar 
month) into artificial weekly periods of five or seven or ten days, as was done 
elsewhere. (Zerubavel, 1989) But insofar as they had a need for regulating and 
coordinating social activities. as well as a need to predict and plan appropriate 
times for those activities, their calendar served their purposes. Farmers and 
fisherman, as well as navigators and priests, consulted the heavens for the most 
auspicious times to plant or to harvest, or to go to sea or to war. And the 
names that they used for the months of the year, as well as for the nights of 
the month, seem to have incorporated both knowledge of their climate and an 
intimate familiarity with island biology. Thus, to give but two representative 
examples, the month called Makali'i referred both to the Pleiades and to the 
Ii'i (little) rnaka (eyes), or shoots, of the yams, arrowroot, and tumeric beginning 
to show above the surface of the soil at this time of year (December-January). 
Ka'elo referred to the ka (drenching) or 'elo (soggy) time of soaking rains and 
thunderstorms characteristic of the Ho'oilo season, as well as to the 'elo'eTo 
(greasiness) of migrating birds that were hunted at this time (January
February). 

A similarly descriptive nomenclature was captured in the Hawaiian names 
of the nights of the month and the timing of planting. Thus, the third through 
the sixth nights, Ku-kahi through Ku-pau, were recommended for planting 
sweet potato, taro, and bananas for they would then stand or grow ku (upright). 

Although, according to the best available authorities, there were twelve 
named months of thirty nights each in the ancient Hawaiian calendar and thus 
a 360-day year, periodic intercalations would have been necessary to keep such 
a calendar practicable for agricultural, fishing, religious, and other purposes. 
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Precisely how this may have been done is not clearly understood. The fact that 
the ancient Hawaiians had thirty separate names for the nights of the moon 
suggests that they made good naked-eye observations, and by omitting, as they 
apparently did, the last day of alternate months, they would have happened 
upon a good approximation of the synodic month (29.53059 days). But, in 
order to compensate for the difference between 12 lunar months totaling 354 
days and a 365-day solar year, they would have needed to correct their calendar 
by adding an extra 11 days annually (perhaps during the Makahiki season), 
or by inserting a thirteenth (unnamed) month into the calendar every third 
year - and still the problem of integrating lunar with solar periods would not 
have been fully solved. W. D. Alexander (1833-1913), the professor of astron
omy at Oahu College who once grappled with these issues, accepted as a 'well
established' fact the ancient Hawaiian practice of intercalating 'a month about 
every third year' - though he could neither specify the precise rule by which 
this was accomplished nor give the name of the intercalary month. It is 
unfortunate that his discussion of the matter, which simply took the form of a 
commentary on Malo's earlier work, could not have been more exact than 
this. Because Alexander wrote about what could or should be done in the 
reckoning of lunar and solar cycles, we are, in his own words, 'still in the dark' 
about what precisely was done in ancient Hawaii. 

ARCHAEOASTRONOMY 

Archaeoastronomy is the relatively new interdisciplinary field of investigation 
that joins astronomy with archaeology in the attempt to reconstruct the astro
nomical practices, knowledge, and beliefs of prehistoric peoples through the 
examination of surviving forms of art and architecture. There have been few 
serious archaeoastronomical studies in the Islands, and Hawaii's place in the 
larger effort has been relatively quiet. 

The potential for serious archaeoastronomical research in Hawaii is contin
gent upon assumed astronomical practices (as evidenced in oral and written 
traditions) as well as by the discovery of archaeological sites promising to 
support those assumptions. But because ancient Hawaii created nothing as 
august as the moai of Rapa Nui (Easter Island), as mystifying as the megaliths 
of Stonehenge, or as enduring as the pyramids of Egypt or Mesoamerica, such 
evidence of ancient astronomical knowledge and teaching as may be retained 
in stone has eluded easy detection. Although many archaeoastronomical studies 
have been conducted in both the Old World and the New, Oceania in general, 
and Hawaii in particular, has not been the scene of sustained investigation. If 
the stone-age art or architecture of ancient Hawaii harbored astronomical 
meaning, such creations, and their associated significance, have remained 
largely hidden. 

The beginning of archaeoastronomical work in Hawaii may be dated to the 
1980s and to the pioneering investigations of Rubellite Johnson. They were 
followed, in the 1990s, by the work of Karen Meech on Kauai and Johnson 
(et al.) on Kaho'olawe. The recent work of William Liller at numerous sites 
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throughout Polynesia, including several in Hawaii, has brought the subject 
increased attention and respectability. (Editor's note: See Liller's article, 
'Ancient Astronomical Monuments in Polynesia', in this volume.) 

The excitement and the controversy surrounding archaeoastronomy hit 
Hawaii in 1982 when Harry G. Kurth, a U.S. Army Major, 'discovered' a site 
on central Oahu that he described as a 'Hawaiian Stonehenge'. What Kurth, 
in fact, had stumbled upon were the stones of Kukaniloko, a well-known site 
that had earlier been described by Fornander as the birthplace of chiefs. The 
stones included a prominent 'birthing stone' upon which the wives of the 
highest royal chiefs reputedly gave birth. Kurth, however, thought he saw more. 
Describing the Kukaniloko birthing stone as 'the stone to be trusted,' he opined 
that such a phrase more accurately described a stone star compass, similar to 
the 'stone canoe' used in the Gilbert Islands to train navigators, something 
described by Lewis as a 

stone teaching device [that] is aligned astronomically to facilitate learning about the stars. At 
such times the pupil sits on the rectangular stone in the centre as if he were in a canoe. The 
bearings of the southern Gilbert Islands are taught in terms of the rising and setting points of 
navigational stars. (Lewis, 1972: 186) 

Kurth thought that the 'stone to be trusted' was a stone of this kind, and 
that this was indicated by both its orientation and its shape, as well as by the 
design of a petroglyph on its surface and a series of bumps and serrations 
along its perimeter. The 4' x 2.5' diamond-shaped object was a 'complete obser
vatory on a stone.' He called it a 'major discovery'. 

When Kurth died in 1987, he left his notes on Kukaniloko to Rubellite 
Johnson who promised to evaluate his interpretation of the birthing stone as 
a 'Hawaiian sidereal compass stone' and the Kukaniloko site in general as a 
'training site'. Kurth had found that various features at the site were in align
ment with the sun at auspicious times - at the winter solstice, in particular -
and Johnson further speculated that its position in central Oahu could have 
provided a means of observing the swing of the moon relative to the Ko'olau 
Mountains to the east and the Waianae Mountains to the west. But Johnson 
could not be certain that the site had had any intentional astronomical design 
or use, nor even that the 'stone to be trusted' had itself been purposefully 
placed. Its location alone, so far from the coast, made it an unlikely place for 
navigational training. Kurth's effusive comparison of Kukaniloko with 
Stonehenge began to appear strained at best. 

But Johnson had not become involved in the investigation of Kukaniloko 
without some preparation. The Kukaniloko 'stone to be trusted' was, in fact, 
merely part of a larger heiau, and the existence in Hawaii of heiau for 'distant 
voyaging' had already been affirmed by Kamakau. Still, it was another heiau 
on another island that first stirred her archaeoastronomical interests - the Ahu 
a 'Umi Heiau on the island of Hawaii. 

A heiau is a Hawaiian temple, often a walled enclosure resting on a paved 
platform. The word ahu means 'heap', as of stones, but can also mean 'altar' 
or 'shrine'. The Ahu a 'Umi Heiau is located at 19° 38' North, 155° 47.5' West 
on the island of Hawaii. At an elevation of 1,585 meters, it is the highest of all 
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large, pre-contact (i.e., pre-I778) heiau in the Hawaiian Islands and the farthest 
inland. It consists of three parts: a central rectilinear enclosure measuring 22.8 
by 17.4 meters, eight cairns, or ahu, of stones irregularly spaced around the 
central enclosure, and a smaller stone enclosure to the west. Native Hawaiian 
tradition claims that this heiau is that of 'Umi, a high-ranking ali'i who united 
several districts under his rule some three centuries before the arrival of 
Captain Cook. 

Johnson and her co-investigator, geographer Armando da Silva, first sug
gested in 1982 that the Ahu a 'Umi Heiau once might have served as an 
'astronomical-directional register' and that what remained of it five centuries 
after its construction might still provide clues to how the ancient Hawaiians 
conceived of and sanctified celestial-terrestrial relationships. Their task was not 
easy, being initially burdened by the fact that the first survey of Ahu a 'Umi, 
conducted in 1840 by the Wilkes Exploring Expedition, had produced an 
inaccurate survey map. Then, later in the 19th century, stones had been removed 
from some of the cairns to construct stone wall extensions from the northern 
wall of the central enclosure, probably for herding livestock into the enclosure. 
Finally, by the time of their study, encroaching vegetation had defiled the site 
further still (Figure 11). 

Aerial photographs showed that a basic geometric and structural integrity 
had been retained, and after studying the heiau's directional features vis-a-vis 
the rising and setting positions of the sun, moon, and stars, Johnson and da 
Silva asserted that it had been built not only with mathematical sophistication 
but according to prescribed rules for constructing 'a symbolic design of the 
cosmos on earth.' And there was more: the Ahu a 'Umi Heiau had served not 
only as a directional register for things celestial, but for things terrestrial as 
well: its main axis was oriented in the direction of Waipio Valley, the birthplace 
of 'Umi! 'One is awed by the genius of the architect. He had to arrange the 
geometry of Ahu a 'Umi Heiau to accommodate significances in solar, lunar, 
stellar, and terrestrial orientations. We believe that he succeeded in this effort.' 

A decade later, Johnson's search for evidence of ancient Hawaiian astronomi
cal skills continued on the island of Kaho'olawe, a small, unpopulated island 
off the southern coast of Maui. Her study had two central aims: to identify 
astronomical alignments at key sites on the island and to make appropriate 
recommendations for historic preservation and future study. Oral tradition 
suggested that Kaho'olawe had once been the locus of important astronomical 
and navigational activity. A hill at Moaulaiki was the reputed site of a school 
for astronomy and navigation, and the name of the island's westernmost point, 
Kealaikahiki - or 'Ke ala i kahiki' or Te ala i tahiti', The way to Tahiti' -
recalled the legendary voyage(s) to Tahiti from Kaho'olawe of La'amaikahiki, 
Mo'ikeha's son. But could a careful survey of the island corroborate naviga
tional legend with physical evidence? And would Johnson and her team be 
able to locate any likely, or possible, places where kahuna (priests) once 
observed the sky or transmitted to others their knowledge of the heavens? 

The Kaho'olawe study had almost instantaneous results for archaeoastro
nomy when Edward Stasack reported the discovery of a previously unreported 
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Figure 11 A scale drawing of the Ahu a 'U mi Heiau complex on the island of Hawaii as illustrated 
in Ahu a 'Umi Heiau: A Native Hawaiial1 Astrol1omicallll1d Directiol1al Register, by da Silva and 
Johnson, 1982. Used with the kind permission of the publisher, The New York Academy of Sciences. 

object that may once have had an astronomical function. This was a large, flat 
boulder incised with several petroglyphs and a 'very interesting' group of 
cupules - cup-shaped depressions pecked into the dense basalt with, apparently, 
a 'serious purpose' that betokened ceremony and ritual (Figure 12). 'At sunset, 
a stick held vertically in one of the cupules casts a shadow along one of the 
three lines pecked along the length of the boulder. In different seasons there 
would be other alignments.' Because this was curiously similar to Kurth's 
discovery of a 'shadow-dagger' at Kukaniloko and its alleged ability to mark 
the equinoxes, Stasack suggested that the use of Hawaiian petroglyphs for 
astronomical purposes had been uncovered on Oahu and was now proffering 
similar evidence from Kaho'olawe. 

Stasack suspected that the Hawaiians had utilized petroglyphs to mark the 
seasons and was becoming increasingly aware of the possible astronomical 
meanings latent in Hawaiian rock art. The petroglyphs of Kaho'olawe are still 
among the least changed evidence of the Hawaiian precontact period,' he wrote. 
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Figure 12 The Loa'a boulder on the island of Kaho'olawe, This large, horizontally-oriented stone 
is marked with twelve petroglyphs, four lines, and thirty-two cupules around the perimeter. The 
stone itself is relatively flat and rests on a natural pedestal. It resonates when tapped with a stone, 
giving out a bell-like peal. Illustration by Edward Stasack, from Edward Stasack and Georgia Lee, 
The Petrogiyphs of" Kaho'o/awe, 1993. Used with the kind permission of the illustrator. 
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But because there was no information about the authorship of the petroglyphs, 
their meanings - astronomical or otherwise - remained elusive. 

Aki Sino to's work on Kaho'olawe was similarly tantalizing and similarly 
inconclusive. He presented the results of an archaeological assessment of two 
Kaho'olawe sites that had been especially singled out by Johnson for their 
possible astronomical significance. Both were located in areas of the island that 
had astronomically suggestive names: one was called Makali'i (the Hawaiian 
name for the Pleiades), the other Makakilo (possibly meaning 'sky-watcher'). 

At the Makali'i site Sinoto located a conspicuous natural feature - a weath
ered and roughly cylindrical boulder, standing nearly three meters high and 
characterized as 'anthropomorphic' because of its face-like appearance, but no 
evidence of cultural activity was found. Evidence of human activity was, how
ever, abundant at the Makakilo site, including the remains of a partially walled, 
oval platform incorporating outcrops and large boulders and measuring 
5.5 meters north-to-south and 7.5 meters east-to-west. 

The knowledge of the existence of a complex and highly sophisticated traditional system of 
celestial observation together with an infrastructure of a network of manmade and natural 
features that served as observatories and reference points, will provide for the archaeologist 
another approach for the interpretation of site function. (Sinoto, 1993: 12) 

Karen Meech and Francis Warther studied Kauai, an island where there 
once was a heiau to Laka, the principal goddess of the hula. They argued that 
the heiau's astronomical significance had been preserved in the unwritten 
memory of the hula: it was only after the hidden meaning (kaona) of a particular 
ancient hula chant was properly resolved that the heiau - and its attendant 
'cosmological purpose(s)' - could be rightly understood. 

The chant tells the story of a visit to Ni'ihau - Kauai's neighboring island 
to the southwest - by Laka in her manifestation as Kapo-'ula-kina'u, Kapo
of-the-red-streak. The visit takes place at the time of the summer solstice - and 
the summer solstice sunrise, as seen from the Ka-Uno-Ka-Ha hula platform 
on Ni'ihau, occurs in the direction of the Ka-Ulu-A-Paoa heiau on Kauai - a 
heiau that includes another hula platform, or altar (ahu), to Laka. In sum, the 
chant seems to speak of two hula platforms on two separate islands that are 
aligned to the summer solstice sunrise. Moreover, the winter solstice sunset 
occurs along the same heiau-to-heiau axis in reverse order, from Kauai to 
Ni'ihau. Meech and Warther conclude that one of the purposes of the hula 
chant was to record and reveal 'cosmic alignments' ritualistically - adding that 
the names Laka and Kapo include allusions to both sun (la) and night (po). 

Meech and Warther examined several other chants for astronomical meaning. 
One seemed to use the changing position of the setting sun to align the island 
of Kauai astronomically with its neighbors to the west: Ni'ihau, Lehua and 
Ka'ula, and Nihoa (150 miles to the northwest of Kauai). The two main chants 
that they examined - both oli oli, sacred hula without dance - not only 'mapped' 
several islands relative to the rising and setting sun, they also 'had to be 
composed by astronomer-navigators who had a thorough knowledge of their 
islands' positions' - even when those islands were out of sight. They wondered 
if this was part of a master plan to link all the islands into a ritualistic whole. 
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And might the answer be hidden in hula chants tied to the solar cycle and to 
a 'vast architectural plan' encompassing the entire Hawaiian archipelago? 

More generally, are the alignments found by Kurth, Johnson, and Meech 
on several separate islands truly astronomical alignments, or merely gratuitous 
extensions of the line-of-sight from terrestrial objects to the distant horizon 
and, from thence, onto the heavens? 

Archaeoastronomers may one day find the answers to such questions. But 
archaeoastronomical research in Hawaii will be hampered forever by a very 
particular geographic affliction: the general orientation of the islands. From 
the island of Midway at one end of the archipelago to the island of Hawaii at 
the other, the I,SOO-mile long chain follows a northwest-to-southeast axis, and 
any structures - natural or man-made - that exhibit the same orientation will, 
ipso facto, be aligned in the general direction of the setting sun on the summer 
solstice and the rising sun on the winter solstice. Whether such structures were 
built or used as geographic pointers or as astronomical pointers - or whether 
they were used as both, or as neither - is a matter that evades easy answer. 
But the fact that neither solstices nor equinoxes played any role whatever in 
the Hawaiian calendar (and the religious practices enshrined therein) can only 
be regarded as evidence against the premeditated construction of such solar 
architecture. 
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THE POLYNESIAN TRIANGLE 

Geography and geology 

If, on a Cartesian projection map of the world, one draws straight lines 
connecting Hawai'i, New Zealand and Easter Island, the resulting triangle will 
enclose most of the thousands of islands called Polynesia by the early explorers 
and anthropologists. They noted the similarities of human physical characteris
tics, customs and language in this immense area of the globe. In 1774 Captain 
James Cook wrote upon arriving at Easter Island: 

It is extraordinary that the same Nation should have spread themselves over all the isles in the 
vast Ocean from New Zealand to this Island which is almost a fourth part of the circumference 
ofthe Globe'. (Cook, 1777) 

Nearly all the islands are the result of volcanic activity, and often the rims 
and craters remain above sea level, forming bays and lagoons and at times 
mountainous terrain with deep valleys. On most islands basaltic rock is plentiful 
and provides ready building material for important structures such as altars, 
temples and shrines. Other islands, the atolls, are nothing more than low strips 
of coral reef which might surround a lagoon and which have an elevation 
above sea level of only a few meters. Here slabs of coral can be mined from 
the shore and the shallows of the sea to be used for hardy construction. New 
Zealand, by far the largest of the Polynesian islands and unlike any of the 
others, is really a miniature continent with mountains, lakes, rivers and 
extended plains. 

The few major islands that lie outside the tropics are, except for the northern
most members of the Hawai'ian chain, south of the Tropic of Capricorn: New 
Zealand, Easter Island and Rapa. Here seasonal changes make their presence 
known more dramatically than on the tropical islands. Also affecting the 
climates are the prevailing winds and ocean currents which, except for a narrow 
zone near the equator and again far south, generally move from east to west. 
The capricious effects of El Nino and La Nina can strengthen or weaken these 
patterns, and there are times in the southern tropics when the winds blow 
strongly from the west. 
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The Polynesians 

The wisdom that currently prevails is that the ancestors of the Polynesians 
originally came from Southeast Asia, crossing first to the Philippines and then 
rather quickly moving eastward through the thousands of islands in Micronesia 
(the Carolines, Marshall and Gilbert Islands) and in Melanesia (New Guinea, 
the Solomons and Fiji). (See Terrell, 1998 for a recent general discussion of 
the prehistoric Pacific and Bellwood, 1987 for a more specific account.) The 
first Polynesians probably first arrived in Tonga and Samoa, the westernmost 
islands of Polynesia, not long before 1000 BC and gradually spread throughout 
the rest of the triangle, finally reaching Easter Island, Hawai'i and New Zealand 
a few hundred years AD and over a thousand years before contact with Western 
explorers. 

Many now believe that following the colonization of the major island groups 
like the Hawai'ian and Society Islands, inter-island voyages of many hundreds, 
even thousands of kilometers were made in large sailing vessels, and celestial 
and ocean-swell navigation was developed into a high art. It has been noted 
that at least one of the Polynesian sea-going double canoes was longer than 
Captain Cook's ship, Endeavour. Between the two hulls there usually was a 
platform large enough to support a sturdy house, a population of many dozens 
of people, and food supplies including live animals. 

As each island or island group became inhabited, the languages brought by 
the early colonizers in time developed individual differences, more pronounced 
than just dialects. Today linguists recognize nearly two thousand separate, 
though similar, languages. Still, a dozen years ago, an elderly Easter Islander 
told me that he was able to understand much of what was being said by a 
Samoan visitor speaking his island's tongue. 

Religion and religious monuments 

With the migrations also came the same fundamental religious beliefs and 
practices of the Polynesians. Certain gods were associated with certain activities 
and occupied certain places - in the sky, in the sea, and in various caves and 
craters. The stone or coral-slab temples, called mara'e or mala'e or ma'ae in the 
central parts of Polynesia and heiau in Hawai'i, ranged in elaborateness from 
simple platforms built on high ground or mounds to well-constructed walls 
surrounding large rectangular areas. Inside these walls were vertical uprights 
or statues, and usually at one end there was a raised platform called in all 
places an ahu. Usually, these stone, coral or wooden uprights, said to be 
backrests for the chiefs, were placed along a short wall of the ahu. On Easter 
Island the word mara'e was unknown, and the entire ceremonial area was 
called an ahu. There the ahu platforms reached their culmination both in size 
and in elaborateness, and the impressive and famous Easter Island statues were 
placed on top of many of the platforms. In western Polynesia - New Zealand, 
Tonga and Samoa - few mara'e survive possibly because many were simple 
mounds of earth or made of wood, and just possibly because religion did not 
playas important a role as in eastern Polynesia. In New Zealand the large 
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number of forts - pa - that exist seem to suggest that the native Maori were 
more interested in warfare than carrying out ritual ceremonies. 

On the main islands of Hawai'i the larger heiau almost enclosed small 
villages, with several houses and signs of priestly use - plus the ahu - located 
inside a four-sided wall that was only roughly rectangular. The heiau walls, 
made of small stones piled carefully, were only approximately straight, and in 
every important heiau stood a tower framework. On some of the small islands 
of the Hawai'ian chain extending to the northwest, the heiau were of a very 
simple design. 

Our knowledge of exactly how the mara'e and heiau were used in religious 
ceremonies is sketchy, since the early missionaries were quick to convert, but 
reports from the early explorers and oral histories taken down by the first 
anthropologists make clear that the ceremonies were an important part of the 
Polynesians and at times included human sacrifices. According to Bellwood 
(1987: 83), in the Society Islands 'the mara'e were used mainly for addressing 
prayers to god and ancestral spirits ... The ahu was sacred to the gods who 
seem to have been represented by carved wooden boards or stone slabs set on 
top ... and thus served as an altar'. An interesting observation made at the 
time of the 'discovery' of Easter Island by Jacob Roggeveen in 1722 was that 
in the early morning the Islanders 'had prostrated themselves towards the 
rising sun and had kindled some hundreds of fires which probably betokened 
a morning oblation to their gods'. 

Names for most of the larger temples still exist, and a few include names of 
astronomical objects, especially the moon (mahina or maZama) and the sun (ra, 
ra'a or Za). However, the great majority of important temples have names 
seemingly unconnected with astronomy. 

Navigation 

Inter-island voyages among islands in a single group or archipelago were 
relatively easy and must have been quite frequent. Neighboring islands could 
often be seen if not from the high points of the islands, then from fishing boats 
that ventured far from shore. In the low-lying Tuamotus, there still remained, 
as of 1934, a pair of standing stones used as guides for canoes departing from 
Nukutavake to nearby but unseen Vairaatea (Emory, 1934a). Rows of vertical 
stone uprights on Aitutake in the Cook Islands may have had the same purpose 
(Bellwood, 1987). 

To travel between distantly separated islands, the Polynesian navigators had 
to rely on other means to guide their double-hulled canoes. Magnetic compasses 
were unknown, but the great array of celestial markers could be used in various 
ways - and still are. David Lewis (1972), an enthusiastic yachtsman, sailed 
with indigenous navigators in the Western Pacific and learned of their highly 
developed skills in knowing the directions in which dozens of stars as well as 
the sun rose and set. Zenith stars and steering stars were associated with the 
islands to which travel was frequent or intended. Such direction markers 
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allowed the ships to come close enough to the destined island for birds or 
island clouds to be seen. 

Clark (1984) has proposed an intriguing theory, namely that the occurrence 
of a bright supernova might have been interpreted as a message to the ancient 
Polynesians that ships should depart in the direction of the rising (or setting) 
'new' star in search of something we cannot know. With a series of maps and 
steering directions based on these supernovae, he demonstrates that some of 
the remote islands such as Easter Island were in the directions of rising 
supernovae as seen from, for example, the Marquesas. 

What is important to this article is that the Polynesians were well acquainted 
with the celestial heavens, even recognizing the shifting planets and the swings 
of the moon. In addition to their practical value, astronomical objects were an 
important part of the religion, myths and legends of the people. Living on 
islands, the Polynesians probably had a much better knowledge of the cosmos 
than their contemporaries living on extended continents. Writing about Easter 
Island, Heyerdahl has said, ' ... the nearest solid land the islanders can see is 
above, in the firmament, the moon and the planets. They have to travel farther 
than any other people to see that there is really land yet closer. Therefore, 
living nearest the stars, they know more names of stars than of towns and 
countries in our own world'. (These words appeared on the cover of a map of 
Easter Island.) 

THAT WHICH WAS WORSHIPPED 

Many of the Polynesian gods were associated with celestial objects, principally 
the sun and the moon. Some of the more prominent constellations or star 
groups were often where the gods dwelled. In this section I will give a quick 
overview of the celestial objects known to and revered by the Polynesians. 

The sun 

During the course of a year, as the rising and setting points of the sun step 
slowly along the horizon from solstice to equinox to solstice and back again, 
the ancient Polynesian astronomers were able to note the start of the seasons 
with little difficulty. However, in most of these islands, seasons held less impor
tance than in temperate latitudes when winter can bring biting cold weather 
and spring marks the time for planting. Only the winds, the clouds and the 
rain produced alterations over the course of the year. The exceptions were 
New Zealand, Easter Island and little Rapa in the south and the extreme 
islands of the Hawai'ian chain in the north. 

Of course, whether the June solstice marks the beginning of summer or 
winter depends on whether you are referring to a location in the northern or 
southern hemisphere. To avoid confusion here, since Polynesia extends well to 
both sides of the equator, we will henceforth refer to the solstices by month, 
not by season. Furthermore, it would seem logical to put most of our attention 
on the rising sun since the advent of dawn carries with it all manner of 
significance and emotional impact. 
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The exact point of sunrise depends primarily on one's latitude, and in 
principle, the cosine of the rising sun's azimuth (measured eastward from the 
north point of the horizon) is simply the ratio (sin d/cos f) where d is the sun's 
astronomical declination, currently 23.45°, andfis the observer's latitude. For 
example, in the middle of the northernmost major island of the Hawai'ian 
chain, Kaua'i, on the June solstice the sun rises at an azimuth of 64.6°; on an 
equatorial island, it occurs at an azimuth of 66S; and in central Otago on the 
South Island of New Zealand, 55.8°. At all latitudes the equinoctial sunrise 
takes place exactly at an azimuth of 90.0°. And for the December sunrise, rising 
azimuths are 115.4°, 113S and 124.2° for the same three locations, respectively. 

The Polynesian navigators were certainly aware of the seasonal changes in 
the rising and setting points of the sun, but according to Lewis (1972), they 
calibrated the sun's rising azimuth by the steering stars that were last visible 
near the horizon in the dawn, and similarly with the setting sun in the 
evening twilight. 

The small changes owing to the changing angle of the spin axis of the Earth 
relative to the Sun, currently 47 seconds of arc every century, can be ignored 
here for reasons that will become clear later. Another correction is the horizon 
'dip'. From the tallest mountain peaks on Hawai'i, Tahiti and New Zealand, 
there is a considerable horizon dip amounting to more than a degree, and even 
from the low rounded hills of Easter Island, the horizon will be noticeably 
depressed. This dip, expressed in minutes of arc, amounts approximately to the 
square root of the observer's altitude in feet and would change the azimuth of 
the rising sun significantly. This effect would not matter to the islanders who 
no doubt aligned their markers empirically, but modern-day archaeoastronom
ers, who now prefer that their field be called cultural astronomy, would have 
to take this dip into account in comparing the measured azimuths of the 
orientations of mountain structures with rising points of celestial objects. 

Finally, it should be emphasized that a clear distinction must be made 
between the approximate orientations that one would expect for certain living 
quarters that were built to face vaguely in the direction of the rising sun - for 
purposes of warmth or early morning light, for example - and the more precise 
orientations that an advanced culture might make, wishing to pay homage to 
the primary celestial body and, perhaps, home of a most important god. 

The moon and planets 

Following very nearly the same ecliptic path in the sky as the sun, the moon 
was certainly the object of much reverence among ancient civilizations. 
However, because its orbit around the earth is inclined 5.15 0 to the plane of 
the earth's orbit, the swings in the moon's azimuth will generally differ from 
the sun's. Because of the slow rotation of the moon's node, the process is 
repeated once every 18.6 years resulting in standstills in declination (see Thorn, 
1982) when the moon's maximum or minimum declination changes very little 
over the course of several months and the extremes of declination are the 
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greatest. A primitive astronomer might - or might not - notice these somewhat 
more subtle changes. 

Since the orbits of the planets lie close to the plane of the Earth's orbit, they 
too only follow the ecliptic closely. Their changing aspects can be expected to 
be a matter of great interest to the Polynesians: brilliant Venus and ruddy 
Mars with synodic periods of 584 and 780 days make their spectacular appear
ances as morning or evening stars with regularity but infrequently enough so 
that the island priests very likely read all sorts of messages and omens into 
their regular re-appearances. 

The Polynesian navigators are known to have used the moon and planets 
to guide their canoes, and frequent calibrations of the positions of the planets 
relative to the backdrop of the fixed stars would have been necessary. To find 
monuments on land dedicated in some way to the moon or planets would be 
difficult, but legends, oral histories and the rare astronomical names that one 
finds, especially the moon, might reveal their existence. 

Eclipses 

A total solar eclipse must have absolutely galvanized the populace of a remote 
Pacific isle. Although totality occurs extremely rarely on anyone given small 
island - once every 300 years on the average - deep partial eclipses would still 
have been noticed, and the prospect of actually losing the sun must have 
produced stark terror. We can only guess at the consequences. An early society 
might or might not recognize that the moon was the cause; that solar eclipses 
always occur one or two days after the thin crescent moon's last appearance 
in the dawn might be noticed, but only if a rare series of solar eclipses took 
place over a relatively few years. 

The more frequent lunar eclipses would have certainly produced unrest, 
especially because of the blood red color in which the moon is bathed. Because 
these events occur more frequently and involve a somewhat lesser celestial 
body, the consequences on an island probably were less dramatic, perhaps 
much like the effects of the appearance of Venus or Mars once again in the 
morning sky. In all parts of the primitive world, eclipses were viewed with 
immense awe and considerable fear, but on remote islands these effects must 
have been magnified: there were fewer places in which to hide or to which 
to escape. 

Are there permanent markers to eclipses? Again, it would be difficult to find 
structures inspired by eclipses, but mention should be made of the unusually 
high incidence of five solar eclipses that occurred between the years AD 762 
and 772 near Easter Island (Liller, 1986). Three were total and two annular, 
and all reached their maximum magnitude very close to the island. Sixty-five 
years later, when these five awesome events were more legend than fact in the 
minds of the native Rapanui, another total solar eclipse occurred, followed 
three months later by a spectacular comet (see below). It is a curious fact that 
the first of the large, imposing Easter Island statues, the moai, were carved at 
just about this time. Could it be that in this way the priests were trying to 
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appease the gods and protect the islanders from these ominous celestial happen
ings? We will never know for sure, but we should look for ethnological 
connections. 

Temporary celestial visitors 

Here we include comets, novae and supernovae. Already mentioned was the 
suggestion by Clark (1984) that bright supernovae (and novae) might have led 
Polynesian navigators to undiscovered islands. Bright comets might have 
played the same role - and caused a certain amount of consternation in the 
minds of the navigators as they moved slowly through the fixed stars. They 
must have thought the gods were playing games with them. Back on dry land, 
the astronomer-priests would have been able to use these temporary appear
ances with their mysterious shapes and hairy tails as omens to correct misbeha
vior of their human flock. But they too must have worried. 

Special mention must be made of the appearance of Halley's comet in 
AD 837. In that year, this famous comet made its closest approach ever to the 
Earth, and according to modern-day calculations (Yeomans, 1986), it reached 
the awesome magnitude of - 3.9, brighter than anything else in the sky except 
the sun, moon and occasionally Venus. At its brightest it was at a south
erly declination and highest in the sky around midnight; its tail was over 
90 degrees long. 

Could it be that stone or coral monuments were built to commemorate this 
or some other spectacular comet? As noted above, on Easter Island a series of 
six deep solar eclipses took place shortly before this arrival of Halley's Comet; 
the islanders must have been terribly restless and, as I have suggested, the 
reaction might have been to begin carving immense stone statues to guard 
against future omens from the gods. 

Historical records from the Far and Middle East, as well as modern observa
tions, have made it possible to assign reasonably accurate dates and approxi
mate circumstances for pre-contact supernovae, but to connect their appearance 
with actual monuments is virtually impossible since supernovae carry no names 
nor do we have accurate dates for the monuments. Moreover, to my knowledge, 
there is no mention in the legends of the Polynesians of a temporary or 'guest' 
star. Possibly the brightest supernova of the last two millennia occurred in 
AD 1006 in the constellation of Lupus; at a declination of -42 0 it would have 
passed directly over the Cook Strait separating the two islands of New Zealand. 
With a brightness comparable to the crescent moon and lasting for several 
months, it must have had a profound effect on the early Maori as well as on 
all the other inhabitants of Polynesia. 

The permanent stars 

Many star and star group names used by the ancient Polynesians have survived 
and are still in use today. Even though the art of navigation by the stars has 
all but disappeared in Polynesia, the myths and legends are still remembered 
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by some. In her book The Morning Star Rises, Maude Makemson (1941) relates 
many of the stories and includes a list of 772 names used in Polynesia. Other 
ethnologists like Metraux and Routledge have collected hundreds of legends 
and myths which include the names of stars and constellations. Another impor
tant collection of star names has been published by Johnson and Mahelona 
( 1989). 

The possibility that some monuments were aligned towards or named after 
important stars must be carefully considered. One of the most important star 
groups in all the islands (and in much of the primitive world) was the Pleiades, 
known universally in Polynesia as Matariki. A thousand years ago it was 
located at the declination of the June solstice sun and slightly more than 
3 hours to the west of the solstice point in the sky. Its appearance in the 
morning sky before dawn was one of the ways that the priests knew that the 
Sun was nearing the solstice, and according to Makemson, on many of the 
Polynesian islands the new year began after the first new moon after the Pleiades 
was first seen in the dawn sky. (In New Zealand it was the morning appearance 
of Rigel in Orion that was used to mark the beginning of the year.) 

ALIGNMENTS AND POINTING DEVICES 

We turn now to an examination of the existing data on the orientations of 
ancient Polynesian structures, looking most closely at the altars and shrines 
and considering their orientations. But first, let us note some generalities. 

As noted above, we will consider the azimuths of the rising sun to be the 
most important directions to consider. If there turn out to be an unusually 
large number of altars aligned in some non-solstice or non-equinox direction, 
then we will examine the possibility that that azimuth corresponds to the rising 
point of a bright star or a lunar standstill. Then, as a most important follow-up, 
we should review the myths and legends of the place to see if specific reference 
is made to the celestial object whose rising has been revered. 

The azimuthal direction of a long side or central axis of an ahu will be our 
primary datum, realizing, of course, that the ancients might have preferred to 
have a perpendicular to the long axis as the significant pointer. Mindful of this 
possibility, we should remember that the complementary angle to the indicated 
azimuth may be the more significant. For example, a temple longwall that 
aligns with an azimuth of 155° may be indicative of the ancients' intention to 
have the wall's perpendicular point towards azimuth 65°. 

It now becomes apparent that a perplexing number of any azimuths should 
be considered as possibly significant: not just the azimuths of the sun, moon, 
planets and the more important stars and star groups should be taken as 
possibilities, but also the complements of their rising azimuths. While this 
problem of too many significant azimuths is not unique to Polynesia, it is 
exacerbated by the importance that the Polynesian navigators gave to their 
steering stars. Apart, then, from taking the sun as the celestial object most 
revered by the Polynesians, we should review the collections of myths and 
legends before arriving at any conclusions about the significance of an indicated 
direction. 



ANCIENT ASTRONOMICAL MONUMENTS IN POLYNESIA 135 

It is not surprising that the great majority of temples and shrines that have 
been surveyed in Polynesia are located near the ocean shore. More than a few 
hundred meters back from the shore, dense jungle covers tropical islands, and 
if there were important inland monuments, it is likely that they have either 
disappeared from memory, or all but disappeared from existence owing to the 
invasion of plant growth. For example, Emory (1933) lists twenty mara'e on 
the island of Ra'iatea, all of which I visited, but my informant, Johnny 
Brotherton, assured me that there were many, many more. This information 
came from a 'witch doctor' who claimed that 'there were 494 or 497' mara'e 
on the island located mainly back from the shore. 

Deterioration of ancient monuments is not a problem unique to Polynesia, 
but because of the jungles and also because of the zeal of some of the early 
missionaries to destroy all evidence of earlier religion, many altars have only 
remnants to measure. Walls that perhaps were once impressively straight have 
fallen into disrepair, and the azimuthal direction they indicate can only be 
estimated. In general, the accuracy to which the azimuth of an altar wall can 
be measured will depend not only on its length and straightness but also its 
state of preservation. 

The destruction of the ancient structures in the Pacific continues, since many 
tropical isles have become tourist meccas and the playground of sportsmen. 
Extensive farming of coconuts, pineapple and sugar has obliterated many sites. 
More than once when we arrived at the location of a monument described by 
pioneering archaeologists, we found no remains but instead a new hotel or a 
shopping center. On Maui we were threatened with legal action if we crossed 
a new golf course under construction in order to measure a large heiau, and 
recently on O'ahu, a major highway was blocked from passing through the 
remains of an ancient village only by the last minute action of native Hawai'ians. 

The consequences of time's toll on the monuments can be partly overcome 
by relying on the surveys of the early archaeologists. Of course, some worked 
more carefully than others, and it is not always clear on the published plans 
whether the indicated 'North' is a magnetic or a true astronomical north, nor 
is there information as to how accurate the direction was measured. Moreover, 
especially on the high islands, magnetic anomalies can exist owing to local 
incursions of iron or other magnetic material. 

There is one outstanding exception to all this: in 1965 William Mulloy spent 
over two months moving slowly around the periphery of Easter Island going 
from one ahu to another determining their orientations using the rising and 
setting sun as points of reference. In all he measured 226 ahu, approximately 
three-quarters of all the known ones on the island. 

In my own field work, my wife and I have been able to visit some 23 
Polynesian islands: five of the Hawai'ian chain, six of the Society Islands, plus 
two each in Samoa, in the Australs, and in New Zealand. Single islands include 
Tongatapu, Ra'ivavae, Mangareva, Pitcairn, Henderson and Easter Island. On 
many of these islands I was able to inspect ancient structures and often could 
measure their orientations using, when possible, a modern theodolite, or at 
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least a magnetic sighting device calibrated before or after on the rising or 
setting sun. 

Comparing my results with those found by others made it possible to evaluate 
the accuracies that earlier archaeologists had been able to achieve. On Easter 
Island in 1986 and 1987, using a theodolite, I repeated 16 of Mulloy's orienta
tion measurements and found that the average difference between his reading 
and mine was + 1.26°. Considering that none of the measured ahu walls are 
precisely straight and that during the 20-plus years that intervened some 
deterioration must have occurred, the agreement has to be considered excellent. 
And of course this is not to say that my measurement was the correct one. 

As for other investigators, the most careful was Sinoto who has studied and 
restored a number of sites in the Society Islands; repeating nine of his measure
ments revealed a difference - 3.56° between his values and mine. However, 
here I used a pointing compass for some of my measurements, and a certain 
portion of that difference must surely be ascribed to my results. The differences 
found for all the other investigators including Emory, Stokes, McKern, 
McAllister, Jennings and Bellwood, fall between 5° and 7°. These larger values 
probably are largely due to the state of the measured structures; for many of 
the monuments studied by these last archaeologists, straight walls were neither 
the norm nor the intention of the builders. 

Orientations 

Because most of the above investigators made their surveys long before con
sideration was given to the possibility that some of these ancient island struc
tures might have been astronomically oriented, there should be no bias, 
unintentional or otherwise, in the results. 

What we will be looking for, in the absence of evidence that might be 
provided by names or legends connected with the structures, is a greater than 
expected abundance of orientations in directions primarily associated with the 
rising points of the solstices. As has been noted earlier, excess numbers in other 
directions might be attributable to the moon, certain planets, or important 
stars and star groups, but to make the association plausible, the ethnology of 
the region will have to provide clues. 

In all of Polynesia, because a sizeable percentage of those shrines and altars 
are situated within one or two hundred meters of the shore, most of these have 
been constructed so that their long axes are closely parallel to the nearby 
shoreline. Consequently, we will be most interested in those structures which 
are not so aligned, noting, however, that the builders may have taken advantage 
of a portion of the coast that was naturally oriented such that a perpendicular 
to the shoreline and the altar was pointed in the direction of, for instance, the 
rising June-solstice sun. The orientations of inland structures should be more 
interesting since the builders would be freer to choose how to orient the altar 
and thus might be more influenced by astronomical considerations. But again, 
the decision might be made by the proximity of a ravine, cliff or mountain. 
Still, we will consider the data from inland monuments separately from the 
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very much larger number of shoreline structures. A further consideration will 
be based on size. It can be argued that the most important mara'e, heiau and 
ahu will be the ones that were more divinely oriented. One mara'e in particular 
deserves special study: Taputapuatea (Tapu-tapu-a-tea) on the island of Ra'iatea 
in the Societies. This imposing structure, a sort of Vatican of Polynesian 
religion, as well as the island itself, originally called Havai'i, had great religious 
importance throughout much of Polynesia. 

The actual orientation data published by the investigators usually consists 
of a plan drawing with an arrow marking the direction north. From this it is 
possible, using a simple protractor, to determine the azimuthal orientation, 
from 00 to 1800 , of any wall or platform or altar. When magnetic north is 
indicated, the correction can be made using the data supplied on local naviga
tional charts or the information provided by U.S. Coast and Geodetic Survey 
maps. Over the Pacific Ocean, the corrections change slowly, ranging from 100 

to 150 east for all the islands except for New Zealand, which for the most part 
is more than 200 east. To these values a slow annual correction must be applied 
amounting to slightly more than 3' in most of the Hawai'ian isles. In other 
words, there should be little or no error introduced by converting from magnetic 
to true (astronomical) north. 

The common practice of modern day archaeologists is to represent true 
north by an open-headed arrow with the letter N at the bottom, and for 
magnetic north, a filled-in arrow with no associated letter. (See Joukowsky, 
1980, for example.) Whether or not all the archaeologists followed this conven
tion early in the 20th century is not known, and unfortunately the texts rarely 
make it clear how the north direction is defined. Consequently, some of the 
surveys will be of limited use. In what follows, I will summarize all the pertinent 
information that I have for each island. The order of islands will be approxi
mately that of the Polynesian migrations. Included will be those references to 
legends and myths that might be applicable. It should be emphasized here that 
my information is far from complete but represents data harvested from the 
better known and usually more important archaeological surveys that have 
been made and supplemented by some of my own data. 

TONGA 

Some general texts on Polynesia give Fiji as the entry island into Polynesia, 
but because the majority of native Fijians are anthropologically more allied to 
the Melanesians, we will start with the Tongan Islands, first settled around 
BC 1200. 

It is said that in some of the prehistoric settlements, 'god houses' were 
constructed, but as they were made of wood, none have survived (Bellwood, 
1987). There are, however, some 45 langi, impressive royal tombs constructed 
of stone and coral slabs, many of them tiered, many in good condition. McKern 
(1929) provides plan diagrams of 25 of these, the largest of which measures 
just over 50 meters on a side. However, the tombs are only approximately 
rectangular, and right-angled corners are rare. Consequently, finding a unique 
orientation is virtually impossible. 
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However, two monuments are of special interest. The first, a raised mound 
called Makahokovalu on the island of Uiha, was reported by one anthropolo
gist to be 'a religious site connected with the sun worshipping practices of the 
primitive Tongans'. (Wragge, as quoted by McKern, 1929). Nearly a perfect 
rectangle raised almost a meter above ground and with walls composed of 
large, smoothly dressed, rectangular slabs of coral, it measures 25 by 12 meters. 
It lies just at shoreline, and the side towards the ocean is now missing. McKern's 
plan shows an unlabelled arrow indicating a direction, and if we assume it 
defines magnetic north, then the long axis is oriented at an azimuth, A = 2° 
(otherwise 348°). Therefore, a perpendicular to the platform would have pointed 
just 2° to the right of the rising equinoctial sun. However, McKern writes that 
he has failed to find any archaeological evidence of sun worship, and that E. W. 
Gifford, in an unreferenced Bishop Museum Bulletin, reports the absence of any 
evidence that the Tongans practiced sun worship. The name Makahokovalu 
means Eight-stone-pieces, according to McKern. 

The other monument of interest is the great trilithon known as Ha'amonga
a-Maui meaning 'the burden carried by the god Maui'. (See Figure 1.) According 
to tradition, in AD 1200, the eleventh king ordered its construction, to be made 
of massive coral blocks. It is said that the two uprights represent the king's 
two sons, and the lintel atop signifies the strong bond between them-or possibly 
represents their sister. Its dimensions are impressive: the uprights are approxi
mately 5 meters tall with a cross-section of 1.6 x 2.3 meters, and the lintel 
measures 1.4 x 1.2 x 5.6 meters. 

In 1967 the current monarch took an interest in the trilithon and wondered 
if it might have some kind of astronomical connection. In the words of the 
official Island Tour Guide, ' ... in his Majesty's gracious presence surveyors 
took accurate sightings of the rising sun on the morning of the 21st of June, 
and 10 and behold it was found that the sun did rise according to His Majesty's 
expectations ... The lintel itself is undoubtedly aligned along the southern
most point at which the sun rises marking the Summer Solstice'. My own 
measurements fully confirm these statements: the 5.7 meter long lintel is directed 
1.2° to the right of where the December solstice sun rose 800 years ago. 

Carved into the top of the lintel is a curious double W, a zigzag figure whose 
axes point roughly (+ 5°) to the two rising solstice directions. However, accord
ing to Dhyne (1994), there are reasons to believe that these markings were 
made relatively recently. 

The god Maui is widely known throughout Polynesia and is credited with 
pulling up several Polynesian islands with his fishhook, said by some 
Polynesians to be the tail of the constellation Scorpius. Aside from this myth, 
no other astronomical connection can be found, and if the trilithon was con
structed to mark the direction of the rising December solstice sun, we have no 
knowledge of why. One thing is certain: the trilithon is unique in Polynesia. 

THE SAMOAN ISLANDS 

Both Tonga and the Samoan Islands are near the center of the typhoon belt, 
and as a result, many of the ancient monuments that might still have existed 
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Figure I The Trilithon on Tongatapu, the Kingdom of Tonga. 
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have disappeared. Missionary zeal and wartime occupation have caused a 
further decline in the number of shrines and temples. As a result, little is known 
about the earliest Samoans who arrived around BC 1000. 

Perhaps the best known ancient structure in Samoa, said to be the largest 
in all of Polynesia, is located 5 km from the shore on the south side of Savai'i 
Island in Western Samoa. Called Pulemelei Mound, it is roughly rectangular 
and surrounded by a stone wall measuring approximately 75 by 60 meters, 
and rises in two steps to a height of 12 meters. On the flat top is another 
enclosed area with dimensions 34 by 42 meters. A number of post holes suggest 
that a large ceremonial house once was located on the top. According to 
Swaney (1990), 'it is almost squarely oriented with the compass directions', 
and on the plan of the mound, if one takes the indicated direction to be 
magnetic north, the straighter of the long sides is indeed oriented at a true 
azimuth of 87°. The native Samoan scholar Malama Meleisea (1987) states 
that 'there are no stories which explain the function of ... Pulemelei'. It is, 
however, of fairly recent date, perhaps constructed not many years before the 
first European explorers arrived. However, it probably had been built on top 
of an earlier structure. 

Hundreds of other raised platforms exist in Samoa and deserve further study 
to see if there is any evidence of preferential alignments. However, very few are 
even approximately rectangular, and having been constructed of earth and 
loose stones, most are in a poor state of preservation. 

One type of structure unique to Samoa is the star, or cog mound, a raised 
platform with up to at least ten rounded projections extending from the main 
body. As no evidence for there being an associated habitation exists. it has 
been assumed that a wooden god house stood on the mound and the mound 
probably had a religious connotation. Jennings et al. (1976, 1980) have exca
vated four star mounds and show detailed maps of the two largest. All four 
are approximately 20 meters in diameter, two are raised by about 80 cm, and 
the two depicted are raised by some 2.5 meters. They have been dated to fairly 
recently in the history of Samoa, namely AD 1500. 

Of course with so many projections, many directions are indicated by a star 
mound, and on the two maps shown, it is a simple matter to deduce on each 
diagram where a sighting post might have been located so that the directions 
to the projections would have been pointed at the two rising solstice points. 
However, no post holes or other markers have been noted near these special 
points nor on the extremities of the projections. As Jennings et al. write of the 
star mound called Ten Points, 'The entire structure is built with a loose rubble 
of basaltic stones'. Nevertheless, further study is indicated. 

THE MARQUESAS 

It is generally believed now that the next island group to be inhabited after 
Tonga and Samoa was the Marquesas Islands located well to the east and 
almost midway between Hawai'i and Easter Island. It is believed that the first 
settlers arrived at about the beginning of the Christian era. Perhaps because 
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of the ruggedness of the terrain and a generally unhealthy climate, they have 
received little archaeological attention until recent times. Suggs in the 1950s 
and more recently Kirch and Sinoto have since carried out extensive investiga
tions, but since their reports (Suggs, 1961; Kirch, 1973; Sinoto, 1966 and 1979) 
are not available to me at this time, I will only summarize briefly the nature 
of the more important structures that have been found there. 

The raised house platforms, or paepae, are most impressive, measuring up 
to 30 meters in length. They were constructed of huge stones, the largest 
weighing several tons. These stones were prominently placed on the front wall, 
and Suggs (1960) has suggested the owner wanted to demonstrate his wealth 
and importance in being able to have such stones moved. However, some of 
the paepae are believed to be the homes of chiefs and priests. Some are found 
in large ceremonial areas called tohua, and one measuring 25 by 180 meters 
was constructed with low stadium-like steps of earth for spectators at special 
sacred ceremonies. Within these cleared areas mara'e (ma'ae in the Marquesas) 
were also found, and others were located outside of these terraces. On some 
stood anthropomorphic statues up to 2.5 meters high, typical in design of 
wooden statues found throughout eastern Polynesia but decidedly different 
from the famous Easter Island statues. 

Soon I hope to get access to the works of Sinoto, Kirch and Suggs to 
measure the orientations of some of these three types of structures, and possibly 
visit the islands to take measurements of my own. 

THE TUOMOTUS 

South of the Marquesas and east of the Society Islands is a long stretch of 
mostly coral reefs and low-lying islands ending just to the northwest of the 
high Gambier Islands (see below) including Mangareva. Exactly when the 
Marquesans arrived here is unclear, but the prevailing currents could easily 
carry a raft set adrift at the Marquesas to the western end of the Tuamotus. 

The classic work on the archaeology of the Tuamotu Islands is by Emory 
(1934a) who provides us with a list of 344 mara'es and plans for 48 of them. 
He notes that many more have surely been destroyed by typhoons and tidal 
waves, against which these low islands have little defense. Emory describes a 
typical mara'e and gives average dimensions for the court of 45 meters long 
and 20 meters wide, with an ahu at one end measuring 15 meters in length, 
2 meters in width and just over a meter high. On top of the ahu and in front 
of it are placed a series of uprights standing up to nearly a meter in height. 
The material is always coral limestone, slabs of which have been cut from 
outcropping or uncovered ledges. Emory writes (1934a: 5): 

At almost every marae the bearing of the ahu was taken with a hand compass and corrected 
for [magnetic] declination. It is obvious from this record that orientation to the cardinal points 
was not practised; nor was there any hard and fast rule as to whether the ahu should be placed 
parallel or at right angles to the lagoon or the sea. 

Figure 2 is a histogram of Emory's measurements of the orientations of the 
longest sides of the ahu binned by 10°. The ahu, never more than a few hundred 
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Figure 2 Number histogram of orientations of 52 ahu in the Tuamotus, French Polynesia. Plotted 
are the azimuths of the better preserved long side of the ahu. Filled bars represent ahu which have 
their axes clearly non-parallel to the adjacent shoreline. 

meters from the shore, have been separated into two groups following Emory's 
comments regarding the orientation relative to the coast. Concentrating our 
attention on the non-parallel ahu, most of which, according to Emory, are at 
right angles to the shore, we see that the most favored orientation is in the 
65°-7SO bin which includes 65.3°, the azimuth of the rising June solstice. 
However, with only three ahu involved, two of which are of rather minor 
importance, there is little statistical significance here. 

We should also consider the directions indicated by perpendiculars to the 
long sides of the ahu in which case 90° should be added to the azimuth values 
on the horizontal axis of Figure 2. Again, we see no obvious concentration of 
orientations towards solsticial rising points. In conclusion, we can add to 
Emory's earlier remarks that there is no obvious concentration of orientations 
towards the rising solstices. Finally, it is of interest to note that a Tuamotuan 
myth related by Emory (1947) speaks of a couple, Matariki (the Pleiades) and 
Takero (the Belt of Orion), who lived in the abdomen of Atea-mau-tagata (the 
Milky Way?). One night Takero went out without Matariki's permission, and 
later, Matariki chased her in the many-domed sky. 

THE GAMBlERS AND THE PITCAIRNS 

Emory has also written (1939) about the archaeology of Mangareva and the 
neighboring atolls he visited in 1934. The complete disappearance of all impor
tant structures in the Mangarevan group [is] ... accounted for by the immense 
amount of stone required for the great cathedral'. He goes on to remark that 
'fortunately, the stone structures on the island of Temoe some 50 km to the 
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southeast stand almost in tact'. He gives plans for seven sites, including two 
mara'e, but only one of these, a well-preserved paepae near the shore, has an 
orientation of interest, namely 114°, close to the azimuth of the rising December 
solstice sun, 115.6°. However, Emory's comments on this structure are very 
brief. For the neighboring atolls, he shows plans for three more mara'e; none 
are of particular interest here. 

Sir Peter Buck, who was half-Polynesian, traveled through all of Polynesia 
from 1927 until his death in 1951. He collected many oral histories and legends 
from island elders. Of special interest to us is the following report: 

'Mangareva is unique in Polynesia in having studied the northern and southern limits of the course 
of the sun. They empirically established marks for the summer and winter solstices ... Observations 
on the morning sun or the evening sun depended on there being suitable landmarks provided on 
islets or mountain ridges. On the atoll of Otamaru the observations were from a flat rock ... The 
landmarks were two rocks on a mountain ridge ... Observations were directed also toward the 
setting sun when it set over a certain islet to the west ... there were also two long stones set upright 
and close together on a small mountain to the east, and when the sun rose between them, the 
observer seated on the observation stone shouted the announcement ... The winter solstice was 
reached when the shadow ofMt. Duff arrived at a certain stone which it did not pass'. (Buck, 1938) 

In 1991 the author spent most of a day on Mangareva and the nearby atoll 
of Aukena, and our ship captain Lampe took me to see a structure known 
locally as La Tour du Solei I, the Tower of the Sun. Located on the south side 
of the main island on the slope of a hill leading down to the shore, it is a 
hollow cairn approximately 5 meters in diameter and 3 meters tall, and in the 
flattened top of the cairn is an aperture about 1.5 meters in diameter. The 
construction material consists of rounded stones up to a half meter in diameter. 
Through the trees one can make out the rounded peak of the highest mountain 
on the island, Mt. Duff. According to my photographs, this peak is at an 
altitude of 21° as seen from the top of the cairn, and a magnetic compass 
reading gave its true azimuth as 53°. A simple calculation shows that an 
observer sitting on the roof of Le Tour du Solei! would have seen the June 
solstice sun rising precisely over the peak of Mt. Duff. 

A young local guide and informant knew of no tales or legends that referred 
to this conclusion. Had I more time on the island, I would have asked some 
of the elder inhabitants for information. Perhaps a reader of this article can. 

About 600 km to the east of Mangareva one finds Pitcairn and three smaller 
neighboring islands. Emory (1939) states that evidence of prehistoric (i.e., pre
Bounty mutiny) habitation has been found on the Pitcairn islands, but the 
Bounty mutineers reportedly found the island uninhabited. According to 
Heyerdahl and Skjolsvold (1965), the mutineers encountered four raised plat
forms with stone images nearby. However, all the stone structures that once 
existed have been destroyed. 

THE SOCIETY ISLANDS 

Next to be settled was most likely Tahiti and the surrounding islands. They 
are close to the western end of the Tuamotus, and ocean currents generally 
flow in that direction. Furthermore, they are the first high islands to the west 
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and would be visible to navigators from a long distance. Bellwood (1987) 
suggests a date of first arrival of around AD 300. 

Many archaeological investigations have been carried out on these tropical 
isles because of their size and importance in the South Pacific. As early as 1769 
Sir Joseph Banks with Captain James Cook noticed that the structures of the 
(eastern) Windward Islands (Tahiti, Mo'orea and Meetia) were fundamentally 
different in construction from those in the Leeward Islands (Ra'iatea, Tahaa, 
Borabora and Huahine). The former are in general very well constructed, made 
of fitted small limestone, basalt and volcanic (tuff) blocks and stones, whereas 
on the western islands great slabs of trimmed limestone were used. 

The classic archaeological work, again by Emory (1933), has recently been 
upgraded by Wallin (1993) who shows maps for 188 mara'e structures, conve
niently reproducing Emory's plans and adding plans published by others 
(Garanger, verin, Green Lambert, Cristino and his own). Using mostly an 
optical alidade, I have repeated several dozen measurements of ahu walls on 
all the above islands except Meetia and Tahaa. 

Figure 3a shows the orientation histogram of what I believe are the 105 best 
preserved mara'e (as of 1931 when Emory completed his work), divided into 
the two island groups. The azimuths plotted are again those of the long sides, 
and I have been able to use my own measurements in approximately half the 
cases. While there is clearly a slight excess of structures aligned north-south 
or east-west, most markedly in the Leeward Islands, there is certainly no 
overwhelming preference of orientation. 

More recently, a survey by Edwards (1992) in the Faaroa Valley in Ra'iatea 
mapped 14 mara'e, and according to Edwards, 'five solstice orientations and a 
north-south/east-west orientation are identified'. This work has not yet been 
published and I have not had access to the maps, but he concludes that 'the 
probability [of this result] is 8 x 10-4 '. Edwards goes on to state that in 
Huahine, 47 mara'e on the Matairea Hill were examined of which eleven show 
solstice orientations, and he gives a similar probability of this happening by 
chance. However, according to a map of the site provided to me by Sinoto, I 
am unable to reach the same conclusion but do note that the west side of the 
hill slopes in the direction of the setting summer solstice sun, and that perhaps 
six or eight mara'e are very approximately oriented as Edwards claims. But 
there clearly is a large scatter in the azimuths and I feel that his result is 
circumstantial. 

The Vatican of the ancient Polynesian religion, the mara'e Tapu-tapu-a-tea 
is located on the east side of Ra'iatea about 100 meters from the shore. 
According to Buck (1938), the great temple of Tapu-tapu-a-tea was erected to 
a new god, 'Oro, the son of the god of creation Ta'aroa. It was constructed 
around an earlier ahu Vai'otaha, the remains of which can clearly be seen 
inside the newer enlarged structure. It has been restored in recent times by 
Sino to, and Emory reports that the long inland-facing wall of its ahu 'lies due 
north and south (as nearly as can be determined by a hand compass).' My 
own measurement, made with an optical alidade, shows that the true azimuth 
is 6.3°. This small but possibly significant difference could be attributed to a 
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Figure 3 Number histogram of orientations of 105 ahu in the Society Islands, French Polynesia. 
Plotted are the azimuths of the better-preserved long side of the ahu. As noted, there is a distinction 
between ahu in the Windward Islands (east) and those in the Leeward Islands (west). 

magnetic anomaly, but more likely it is because in Emory's time, part of the 
wall was 'concealed in a thicket of hutu trees' and his measurement was 
necessarily approximate. 

The area in which the mara'e is located is called Te Po (The Night), and 
this leads one to wonder if, for example, a perpendicular to the wall was 
purposely directed towards the rising point of a certain star at about azimuth 
96.3°. Probably the best candidates are in the southern portion of the constella-
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tion of Orion, and include the Belt of Orion, the Orion Nebula, and Rigel. At 
the time the ahu was first constructed, assumed here to be AD 1000, the rising 
azimuths of these three objects were, respectively, 92.5", 96.5", and 100.3°. (A 
correction for the precession of the equinoxes amounting to -1.2° has been 
applied.) 

Whatever the reason for this particular orientation, it is interesting to note 
that on the opposite side of the same island of Ra'iatea, there is an ahu called 
Tainu'u which has almost exactly the same dimensions of Tapu-tapu-a-tea and 
is oriented so that a perpendicular to its long wall is directed at an azimuth 
98.7°. Major temple structures on other islands, Matairea-rahi and Anini on 
Huahine, Marotetina on Borabora, Mahaiatea on Tahiti, and Tetii on Mo'orea, 
are also oriented to within a few degrees of that of Tapu-tapu-a-tea. (See 
Figure 3b) In my reading I have never come across a reference to the Orion 
Nebula in Polynesian legends and myths, but it must surely have been noted 
by the ancient priest-astronomers as something special. Could it have been 
regarded as the birthplace of 'Oro? 

THE COOK ISLANDS 

Stretching between Tonga and Samoa to the west and the Society Islands to 
the east are the Cook Islands. Since the distance between the westernmost 
Society Islands and the easternmost Cooks is only about 400 kilometers, settlers 
came soon; Bellwood (1987) estimates an arrival date of approximately AD 500. 
The Cooks naturally divide into three groups: to the north a number of sparsely 
inhabited atolls, in the west, isolated Niue, and in the south, the main islands 
of Rarotonga, Aitutaki and Mangaia. It is these last three islands that have 
the largest and more important mara'e. 

Bellwood (1978) presents the results of three expeditions made to the Cooks, 
and he gives plans for over a hundred different sites. Most of these are the 
house platforms known as paepae, but he describes 20 mara'e on Rarotonga, 
27 on Aitutaki, 29 on Mangaia and three on Tongareva (Penrhyn Island) in 
the northern Cooks. For most of these he provides plans. Additionally, he 
notes that Buck (1932) recorded and mapped 24 mara'e on Tongareva. And 
finally, mention is made of some mara'e sites on Pukapuka in the northern 
Cooks. To these I can add five more mara'e mapped and measured on 
Rarotonga, and the re-measuring of three on Aitutaki. 

At this time my analysis of the many Cook Island mara'e is very preliminary, 
but I have been impressed, first of all, by the relative crudeness of these 
structures, especially the several I saw and the many that Bellwood describes 
on Rarotonga. Secondly, there is as yet no evidence that any were intentionally 
solsticially or equinoctially oriented: no more orientations turn up at the 
solstice rising points or the north-south direction than would be expected by 
chance. And regarding the southern Cooks, Bellwood writes that 'very little 
information has survived on the actual use of mara'e'. 

The mara'e of Aitutake are of special interest because of their unusual design. 
Having no rectangular area surrounding them, they consist of one or more 
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roughly parallel rows of often very tall uprights. One of the most impressive, 
Rangi 0 Karo north of Tautu Village, contained a total of about 45 uprights 
up to nearly two meters in height arranged in three closely parallel rows 
straddling the main paved road and stretching out to nearly 85 meters. 
According to my measurements (which differ significantly from Bellwood's and 
are in agreement with the topographical map of the island), the azimuths of 
the three rows average 178.9°. The two other Aitutaki mara'e which I measured 
have principal azimuths of 98° (Te Tapere) and 168C (Paengariki). Thus, two 
of these three alignments are close to the north-south direction. Might they 
have been used for navigation? No other islands can be seen from Aitutaki, 
and navigators could have used them to set their course. 

Near the south end of Aitutaki is a strangely shaped mara'e called 
Nukumanini. 'To the south [of this area] is an unusual V-shaped enclosure 
delimited by two stone lines ... ' (Bellwood, 1987: 109) From his plan one 
readily sees that the left hand line of stones of the 'V' points almost directly 
north, while the other line is aimed at an azimuth of 57°. (The azimuth of the 
rising winter solstice is 65.1 0.) The two lines of stones are not exactly straight, 
and so the azimuths are only approximate, but what is startling is that they 
form a V with the two arms pointing roughly at two astronomically significant 
directions. 

My guide and informant on the island told me that most of the mara'e that 
Bellwood measured in 1968-70 are now overgrown and difficult to visit. It is 
hoped that someone soon will make the effort to survey these sites more 
thoroughly. 

THE AUSTRALS 

Located about 600 km south of Tahiti and straddling the Tropic of Capricorn 
are the Austral Islands, the principal islands being Rurutu, Tubuai and 
Ra'ivavae. The last two have been studied, among others, by W:rin (1969) and 
by Edwards ( 1993). 

Four of the six mara'e that Verin investigated in Tuburu show alignment 
with the December solstice sunset in the sense that the perpendiculars to the 
mara'e were aligned in that direction. For this Edwards calculates a probability 
of 1.3 x 10- 4, but he notes that the island's coastline in the region where Verin 
worked (Vitaria) 'is also along the same solstice direction'. Edwards' own work 
in Ra'ivavae revealed that there are a total of 92 mara'e on the island, and of 
79 that he was able to measure, 11 (13.9%) are astronomically oriented. Writing 
about the large mara'e Unurau, Edwards says, 'It is oriented to one degree to 
the true north. This could not be merely a coincidence as other similar mara'e 
have exactly the same bearings and the mara'e is not parallel to the coast'. He 
gives dimensions for this mara'e of 7 x 28 meters and remarks that Stokes 
(unpublished) tried to obtain some information concerning the use of the 
mara'e but all the information he obtained from the local informant was that 
the main enclosure was very sacred. Stokes also was told that the mara'e was 
built around AD 1800. Unfortunately, Edwards does not show any mara'e 
plans; it is hoped that soon his work will be published in full. 
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A fourth Austral island, Rapa, or Rapa Iti, is another 500 km to the southeast 
of Raiavavae and has been studied most recently by some of the members of 
the Norwegian Archaeological Expedition (Heyerdahl & Ferdon, 1965). The 
island is best known for its hilltop forts, and the mara'e must have been small 
and simply constructed. In some ways Rapa Iti seems more closely associated 
with New Zealand (see below) than the other Australs. 

EASTER ISLAND (RAPA NUl) 

Because of its moderate rainfall and its location out of the tropics, Easter 
Island is not densely covered by vegetation, and consequently, nearly all of the 
ahu are easily accessible. Furthermore, most of the island has been declared a 
National Park by the government of Chile, and park rangers have done much 
to protect the sites. 

A surprisingly early date has been established on Easter Island for the first 
arrival of the Rapanui, as the island natives are called. Carbon dating indicates 
AD 300-400, and it is remarkable that the Polynesians ever arrived there 
against the prevailing ocean currents. This surprise (and a few others) has led 
Heyerdahl to argue that the first settlers came from South America, but there 
are few adherents to this theory, and as Bellwood (1987) writes, ' ... there is no 
evidence, linguistic or archaeological, which can be used to support a major 
American settlement on the island, or anywhere else in Polynesia'. 

Beginning with the discovery of the island by Roggeveen in 1722, many 
visitors have written about and described with varying degrees of accuracy the 
numerous stone monuments, especially, of course, the famous statues, called 
moai, and the often well-constructed ahu. A milestone in the investigations 
took place in 1955-56 when the Norwegian Archaeological Expedition spent 
over 17 months on the island carrying out a large number of investigations 
(Heyerdahl & Ferdon, 1961). For the first time, the investigators were on the 
lookout for structures or pointing devices that were linked to the heavens. 

From the point of view of cultural astronomy, the most important result of 
this expedition was the participation of William Mulloy, a professor at the 
University of Wyoming, who later re-visited the island numerous times and 
carried out important studies including restorations and precise orientation 
measurements. In addition, members Carlyle Smith and Edwin Ferdon made 
important contributions in this area of research. 

Approximately 300 basalt stone ahu have been recognized on Easter Island. 
About 90% of these are located within a few hundred meters of the rocky 
coastline, and roughly a quarter had, at one time, one or more Easter Island 
statues - moai - standing on them. When the Norwegian Expedition arrived, 
none were standing, with the majority lying face down on the ground in front 
of the platform. The moai atop the ahu all looked over a clan settlement that 
spread out before them. The moai are known to be images of departed chiefs 
and nearly all were carved at the quarry on the slopes of the extinct volcano 
Rano Raraku. The manner in which the moai were transported many kilometers 
from the quarry to their destination has been a topic of great controversy. 
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During the expedition nine ahu were excavated and surveyed. Several are of 
special interest: Mulloy (1961) made a detailed study of a pair of large ahu at 
Vinapu on the south coast and discovered that a perpendicular to the well
constructed facade of the northernmost Vinapu 1 pointed in the direction of 
the summer solstice sunrise, while a similar perpendicular for Vinapu 2 was 
aligned with the equinoctial sunrise point. At the same time his colleague Smith 
(1961) was investigating the two platforms comprising the ceremonial center 
of Tepeu on the west coast and found that perpendiculars to their inland 
facades were directed towards the rising summer solstice. Finally, Ferdon (1961) 
noticed that pairs of four cupules found at the important ceremonial center of 
Orongo were aligned closely with the directions to the rising points of the two 
solstices and the equinox. These little cavities he called the 'sun stones'. Lee 
and Liller (1987) have however, questioned Ferdon's results. 

Fascinated with the island, Mulloy returned later and restored two inland 
ahu. One, known as Huri A Urenga, 14 meters long and 5 meters wide (see 
Figure 4), was located over a kilometer from the nearest shore, and the other, 
A Kivi, was about two kilometers inland. Both, he noted, seemed to have 
astronomical orientations. Huri A Urenga's moai, facing at right angles to the 
long axis of the ahu, looked directly at the point where the winter solstice rose 
(Mulloy, 1975). And A Kivi, with seven moai, was slightly skewed from the 
equinoctial rising point. Mulloy and a Chilean collaborator (Mulloy and 
Figueroa, 1978) noted that the platform orientation was such that a perpendicu
lar to the facade pointed towards the point where the sun first appeared over 
the slope of the hill Maunga Terevaka at the time of the equinoxes. His 
measurements were made with a magnetic compass, and he strongly recom
mended that someone make a more accurate orientation. 

Following up on his suggestion, a colleague and I took precision theodolite 
measurements and found that Huri A Urenga was indeed solsticially oriented: 
the azimuth of the perpendicular to the front face, Aperp = 64.8°, was intriguingly 
close to the azimuth of the rising winter solstice of 63.3° (Liller and Duarte, 
1986). My measurements for A Kivi gave the result Aperp = 86.8°, in full accord 
with the earlier result of Mulloy and Figueroa. Mulloy had also noted several 
cupules by the Huri A Urenga, and surmised that pairs of these small pits were 
aimed at the important rising and setting points. He called the set a 'solar 
ranging device', and our accurate measurements confirmed his belief: not only 
were directions to the important rising and setting points marked, but also 
north-south was indicated, all to an accuracy of better than 2° (Liller and 
Duarte, 1986). 

Other remarkable direction indicators were noted: 1400 meters to the east 
of Huri A Urenga was a sharply peaked volcanic hill with a small crater at 
the top, Maunga Mataengo; as seen from the moai, it had an azimuth just 0.8° 
to the left of the direction to the rising winter solstice. And two other ahu, 
both with single moai, were in an east-west line with Huri A Urenga: 1600 
meters to the east, Ko Te Pei, and 675 meters to the west, Moa Te Eru Eru. 
Their azimuths as seen from the Huri A Urenga moai are 91.60 and 270.1°. 
Farther due west was a low rounded hill, Maunga Tararaina, but regretfully, 
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Figure 4 The moai of Ahu Huri A Urenga, Easter Island. 
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it was removed for airport construction. One has to wonder if there was at 
one time a marker on this hill precisely indicating the direction of the setting 
equinox. 

Thus, we have a total of at least nine incidences with astronomically signifi
cant directions. Ahu Huri A Urenga almost certainly was a sophisticated solar 
observing station. Even the name is suggestive: in the native Rapanui language, 
huri means 'pointing to'. However, the meaning of 'urenga' is unknown by the 
island elders; could it have meant 'rising solstice'? 

In 1965 Mulloy with two assistants decided to carry out a survey of all the 
coastal ahu, measuring orientations precisely with an optical alidade using the 
rising or setting sun as his fundamental reference point. His measurements are 
given to the nearest minute of arc and my own repeated measurements show 
that we differed on the average by 1.30. Although the primary reason for his 
survey was to describe and evaluate the state of conservation of these ahu, it 
is clear from his field notes that he was on the lookout for astronomical 
orientations. Sadly, he died before he could conclude his study, but happily, 
his carefully made field notes survive and are in the library named after him 
in Chile. (A copy on CD-ROM is available at cost by writing the author.) 

Initially, there does not seem to be any clear tendency for the ancient 
islanders to have oriented their coastal ahu astronomically. Mulloy took meas
urements on 226 ahu, and only about 45 had orientations within a few degrees 
of the looked-for directions, only a few more than the number that one would 
expect given a set of totally randomly oriented ahu. What was clear was that 
nearly 90% of the ahu had been built with seaward facades closely parallel to 
the nearby coastline. The ahu builders clearly favored this orientation. But if 
one considers the 23 ahu with long sides non-parallel to the shoreline (the 
angle between the ahu and the coast being > 20°), one arrives at a most 
remarkable result. As Figure 5 clearly shows, there is an overwhelming tendency 
for these non-parallel ahu to be oriented in a north-south direction. (Note that 
in this histogram, the azimuths are those of a perpendicular to the facade.) 
And there are even an extra one or two ahu aligned in the directions of the 
two solstice rising points. (See Liller, 1989 for a more detailed discussion of 
this result.) As for the likelihood of this being a chance grouping, Poisson 
statistics tell us that the chances of finding any 3° bin containing six or more 
ahu in any given bin is 5 x 10- 6 , or one chance in 200,000. 

For what reason were these six (approximately; the exact number cannot be 
determined) ahu built to be aligned north-south? There are no legends nor do 
any of the ahu names give any clues. Putting aside the possibility of some 
unknown ritual being the reason, it would seem that some of the islanders 
living near the coast felt a special need to mark this unique direction, and 
living by the sea, there was always the lure of sailing off to find another island 
or to return to the island whence they came. How many did sail off? We will 
never know. 

Other ahu of interest are those in the island interior lying more, say, than a 
kilometer from the coast. Mulloy measured the orientations of only a few of 
these, and so my wife and I returned to Easter Island a number of times to 
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Figure 5 Number histogram of orientations of 26 ahu within 500 meters of the coast and with 
long axes skewed by more than 20.0 to the adjacent shoreline of Easter Island. The letters J, E, and 
D indicate the azimuths of the rising sun at the June solstice, the equinoxes and the December 
solstice, respectively. 

measure these inland platforms. Thirty are known to me, and a histogram of 
their azimuths is shown in Figure 6. There is no longer a desire to align the 
platforms north-south; instead there is a weak tendency to have the moai look 
in the direction of the rising winter solstice sun at an azimuth of 63.3°. (One 
of these ahu is Huri A Urenga, described in detail above.) According to Poisson 
statistics, the probability of finding at random five or more ahu in any 6° bin 
and centered on a significant sunrise/sunset direction is 0.061, or about one 
chance in 16. 

In summary, statistics tell us that it is virtually undeniable that the ancient 
islanders, the Rapanui, designed and constructed some ahu - maybe as many 
as 15 - to be aligned astronomically. Along the coast, the strong preference 
was a north-south alignment although solsticial alignments can be counted. 
Inland, there is a good probability that a few ahu were aligned with the rising 
winter solstice, and Ahu Huri A Urenga stands out as an irrefutable example. 

THE HAWAI'IAN ISLANDS 

The first Polynesians to arrive in Hawai'i came around AD 500, and how they 
ever found these islands is difficult to understand. There are a few islands 
between Hawai'i and the Cooks and the Societies to the south - Malden, 
Christmas, Fanning, Johnston - and signs of human presence are visible; Emory 
(1934b) has carried out archaeological research there. But whether the first 
settlers arrived at Hawai'i purely by accident - navigators blown off course, 
for example - or whether a fleet of great Polynesian sailing vessels set off to 
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Figure 6 Number histogram of orientations of 27 ahu more than 500 meters from the coast of 
Easter Island. The letters J, E, and D indicate the azimuths of the rising sun at the June solstice, 
the equinoxes and the December solstice, respectively. 

look for new lands is not at all clear. The name Hawai'i is almost the same as 
the ancient name for Ra'iatea, Havai'i, and this alone leads one to suspect that 
the first inhabitants came from the Societies. 

Many ancient structures exist on the Hawai'ian islands, and much has been 
written about the archaeology. Most study has been concentrated on the Big 
Island of Hawai'i, largely because only sparse vegetation is there to hinder 
studies. Furthermore, many of the archaeological remains on the islands to the 
north have been disturbed or destroyed by the population boom and the giant 
farming industry which has taken place since the 19th century. (Editor's note: 
For a detailed look at Hawaiian astronomy, please see the chapter by Michael 
Chauvin in this volume.) 

One of the earliest studies made of the heiau of the island of Hawai'i was 
by Stokes in 1906 and 1907, and his unpublished manuscript did not become 
available until 1991 when the Bishop Museum anthropologist Tom Dye orga
nized the material for publication (Stokes, 1991). In this volume are the plans 
for 42 heiau with 'true north', or sometimes just 'north', clearly indicated. 
Sometimes he provides a detailed drawing of the heiau, and at other times he 
gives a schematic drawing. He comments early on the endless variety in size, 
shape and form of the heiau but does conclude that there were two classes of 
heiau, the platform and the walled enclosure. He defines six heiau types with 
the most important being the luakini belonging to the king, and the po'o kanaka, 
the greatest of the temples. 

One of the first impressions one gets from studying these drawings is that 
very few heiau are constructed with right angles. Stokes writes, 'Of the three 
elementary principles applied by the straight-edge, square, and compass, the 
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heiau builders appear to have succeeded with the first alone and only tolerable 
well with that'. He goes on to note that the nature of the construction (loose
piled, unworked stones) suggests that the plumb line was not used. 

Stokes makes some interesting comments on the topic of orientation. 
'Orientation of the heiau platform was controlled by the situation. If situated 
on the shore, the temple lay parallel or at right angles to the immediate 
shoreline (not the overall lay of the coast). If slightly inland, the orientation 
would seem to depend primarily on the contour of the ground and secondarily 
on the lay of the coast ... Farther inland, only the contour of the ground would 
be considered. I could find no evidence in the foundations of orientation to 
cardinal points. It is true that some of them did lie almost true north-south 
or east-west, but this was because the situation required it'. 

Consequently, I have made little progress in the search for any astronomical 
intents or orientations on the Big Island. I have been twice to measure orienta
tions, and have been able to confirm Stokes' readings. Although he never says 
so, it seems that he used a theodolite; I used a sighting compass. Our agreement 
is usually to within three degrees. 

One temple of special interest is Mahinaakaaka Heiau located near the east 
point of the island in the section known as Puna. The Hawai'ian (and 
Polynesian) word for the moon is mahina and immediately one wonders if there 
was an orientation marking special lunar positions like standstills, for example. 
Stokes describes it as an unusually high-platformed heiau built of rounded 
waterworn stones, and a photograph taken in 1930 included in Stokes' book 
shows it as in fair condition but covered with trees and wild vegetation. The 
shape shown in Stokes' schematic plan diagram is quadrilateral with no two 
sides mutually parallel. No side nor its perpendicular is aligned with any 
solstice or equinox rising point, nor is there any indication of the direction to 
a lunar standstill. (At the latitude of the heiau, the azimuths of the rising 
standstills are 59S and 120S.) 

The population of the island of Maui is growing rapidly, and as I related 
earlier, access to some of the sites is becoming impossible. However, during 
my stay there in 1992, I was able to inspect and measure eight heiau on the 
east side of the island. Two excellent examples were on private property 
belonging to Mr. Gilbert Dennon who kindly gave me permission to study 
them and provided a map showing their locations. One heiau with the intriguing 
name of Hale 0 Kane, meaning 'House of the God Kane' (one of the four 
major Hawai'ian gods), was roughly rectangular, measuring approximately 
55 x 32 meters. (Kane is also the name of the 27th night of the lunar month.) 
Both of its long sides were directed at an azimuth of 177°, and the one remaining 
short wall at azimuth 790 • Because the azimuths were measured with a magnetic 
compass, the uncertainties must be near + 30. The inside was covered with 
vegetation, but part of a rough pavement and a small stone enclosure could 
be seen. Another heiau with an interesting name, Hale 0 Lono, or 'House of 
the God Lono' (also one of the four major Hawai'ian gods and said to have 
been brought from Tahiti), is a rough rectangle measuring approximately 
33 x 37 meters, and with sides directed at azimuths 99° and 110. The largest 
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heiau in all of Hawai'i, Pi'ilanihale, which may mean 'House for Going Up to 
Heaven', stretches over more than a hundred meters in both directions. The 
outlines are irregular, but inside is a raised rectangular platform with sides 
aligned with azimuths 27° and 110°. Fortunately, it is protected in a State Park. 

We never visited Kealakaihonua Heiau in the Lahaina district. As related 
above, we were threatened with legal action if we crossed a golf course under 
construction. I am unaware of any other published archaeological studies of 
Maui. It would seem to be an island begging for a thorough investigation. 

The nearby island of Kahoolawe, long a u.s. Navy bombing range, is 
described as a waterless, barren and desolate island (McAllister, 1933). It was 
visited in 1913 by Stokes, presumably before the naval bombardment began, 
and McAllister has based h\s study on his notes and on other information filed 
in the Bishop Museum. Three sites are described as small heiau, none with a 
name. It seems unlikely that any of them have survived the bombings. 

Lanai was one of the first islands to have been studied intensively by Emory 
(1924) who said he was impressed by the number of ruins. He lists an amazing 
489 house sites on the island and eleven major heiau, and shows detailed plans 
for the latter, noting that, 'in recording the individual structures a hand compass 
and a tape were the only necessary instruments'. He does not make it clear if 
the indicated north arrows are corrected magnetic directions or not. 

The heiau are complex structures with very few right angles and parallel 
walls, and Emory states that they 'face either a valley or the ocean'; all but 
two are located near the coastline. One of the inland heiau sits on the lower 
slopes of Pu'u Alii mountain not far from the geographical center of the island; 
it is clearly not astronomically oriented. The other, at Pu'u Makani, 'crowns 
the summit of the hill (pu'u means 'hill') 1500 feet above sea level. It, too, is 
not astronomically oriented. 

If Emory's north directions indicate true north, then two of the coastal heiau, 
at Kahe'a and at Lanaikaula, are basically oriented to the cardinal points. 
None of the others are of astronomical interest. Emory notes that the stones 
of the important heiau at Kahe'a were used by the Maunalei Sugar Company 
in building a railroad, and that the natives attributed the failure of the company 
to this desecration of the heiau. 

I have not had an opportunity to study investigations of the other two major 
islands of Hawai'i, O'ahu and Kaua'i, but I have been to both several times 
and have inspected and measured a total of 23 heiau sites, none of which show 
interesting orientations. However, an archaeoastronomer living on Kaua'i, 
Francis Wart her, has found several interesting alignments of stones inland from 
the city of Lihu'e which he notes marks accurately the rising summer solstice. 
In addition he notes that as seen from the northern tip of the nearby island of 
Niihau, the cliffs of the Na Pali coast lie in the direction of the June solstice 
rising point, and he has interpreted a Hawai'ian chant as describing this 
phenomenon (Warther, 1993). He promises a book on his findings; it should 
be of great interest to archaeoastronomers. 

Finally in Hawai'i, Emory (1928) has written on the archaeology of the 
northerly and now uninhabited islands of Nihoa and Necker. He describes 
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both as volcanic islands less than a mile in length rising steeply from the sea, 
and he adds that ruins are extensive and little disturbed by visitors. Nihoa lies 
240 km west-northwest of Kaua'i and Necker is another 240 km to the west. 
Emory found two contiguous mara'e on Nihoa, both rectangular in his drawing, 
both oriented 'approximately north-south' (his words). 

On the slightly smaller Necker Island, Emory identified 33 mara'e - he uses 
this word rather than heiau - and gives plans for all but two. But again, Emory 
neglects to note if the indicated north direction is magnetic or astronomical. 
All are shown as neat rectangles (one has one side rounded) and most are well 
back from the shore. Emory comments that all but five of the mara'e are 
comprised of 'a long, narrow, rectangular platform which faces on a paved 
rectangular terrace. Along the full length of the rear of the platform an odd 
number of upright slabs which average 2.5 feet in height ... are set at equal 
intervals'. 

Figure 7 presents a histogram of the orientations of the perpendiculars to 
the ahu identified by the row of uprights. The island is dominated by a ridge 
that lies in an east-west direction, and the orientations shown in Figure 7 
reflect this natural feature. Other than that, no interesting azimuth(s} are 
indicated. The mara'e of Nihoa and Necker Islands certainly resemble the 
mara'e of the Society Islands and the Tuamotus more than they do the heiau 
of the Big Island and Maui, and Emory raises the question of communication 
between these southern islands and Hawai'i suggesting that contact was first 
made on the islands of Nihoe and Necker. 
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Figure 7 Number histogram of orientations of 30 mara'e on Necker Island, Hawai'i. Plotted are 
the azimuths of the side of the mara'e next to the row of uprights on the ahu platform. The letters 
J, E, and D indicate the azimuths of the rising sun at the June solstice, the equinoxes and the 
December solstice, respectively. 
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NEW ZEALAND 

The surviving mara'e of these two large islands, thought to be the last major 
islands to be settled by Polynesians, probably late in the first millennium AD, 
are very few and said to be very simple (Bellwood, 1987). I have no further 
information on them. In a monograph written in 1931 entitled 'The 
Astronomical Knowledge of the Maori', Elsdon Best (1978) provides numerous 
legends and myths involving celestial objects, and supplies names for the 
important astronomical bodies. (Editor'S note: For a detailed look at other 
aspects of Maori astronomy, please see the chapter by Wayne Orchiston in 
this volume.) However, no mention is made of any monuments or structures 
that played a part in these tales. The major settlements are coastal and near 
the mouths of rivers, and the best preserved structures are ring forts, an 
astoundingly large number of which - some 5,500 according to Irwin (1985) -
have been identified. 

The numerous stone and coral altars found throughout Polynesia are usually 
found near the island shores and, in general, are oriented with the coastline. 
Inland structures are much more rare, although dense vegetation must certainly 
hide - or have destroyed - many that once existed. On some islands, principally 
Easter Island and perhaps two of the Australs, some of the altars have clearly 
been intentionally oriented with the significant astronomical directions of the 
rising (and setting) solstice and equatorial sun and the north-south axis. These 
conclusions result from solid statistical arguments which, in the case of Easter 
Island, are overwhelmingly in favor of intentional astronomical orientations: 
as many as 15 altars, or ahu, stand out as direction indicators. One modest 
ahu on Easter Island, Huri A Urenga with a single statue (moai) now restored 
to its original position on the platform, appears to have been an extremely 
important astronomical device: all the significant directions are clearly 
indicated. 

Oral histories tell us that the dawn rising of certain star groups, especially 
Matariki (the Pleiades), told the inhabitants of many of the islands that winter 
had ended. However, Buck (1938) states that 'Mangareva is unique in Polynesia 
having studied the northern and southern limits of the course of the sun', and 
he was told of certain alignments of rocks that were used to note the arrival 
of the winter solstice. Some of the unusual structures - the Trilithon and the 
finely crafted tombs of Tonga, the Star Mounds of Samoa and the complex 
heiau of Hawai'i - may have on occasion been constructed with an astronomical 
intent in mind, but until now at least, there is little evidence to support this 
conclusion. 

Future research is hampered on two fronts: the early archaeologists were 
not always careful to note true directions on their plan drawings of sites, and 
the structures are deteriorating because of population growth and rapid build
ing, especially in Hawai'i. 

It is fervently hoped that this article will stimulate further investigations 
before it is too late. 
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WAYNE ORCHISTON 

A POLYNESIAN ASTRONOMICAL PERSPECTIVE: 
THE MAORI OF NEW ZEALAND 

To the Maori of New Zealand, astronomy was an integral part of everyday 
life. Before the arrival of the Europeans, it foretold the seasons and the weather, 
dictated a variety of food-quest activities, and played a vital role in oceanic 
voyaging. Thus, the Maori had names for the sun, the moon, all of the naked 
eye planets, some of the brighter stars, the Milky Way, the Coal Sack, both 
Magellanic Clouds, and even the Zodiacal Light. There also were names for 
comets and meteors. Yet, even with this rich history, our knowledge of Maori 
astronomy is superficial and plagued by severe source limitations. Nevertheless, 
Kingsley-Smith reminds us that, 'The Maori, like other races, endowed the 
stars and constellations with human attributes and wove fantastic stories about 
their conflicts, loves, hatreds, and achievements ... They possessed great potency 
for good or ill to the human family'. (1967: 5) 

In this chapter we examine critically the sources of information on Maori 
astronomy available to us, briefly describe the archaeological evidence for the 
settlement of New Zealand and hence the origins of Maori astronomical 
knowledge, and examine the life of the Maori astronomer. We then detail the 
range of astronomical objects and events that graced the Maori sky between AD 
1000 and 1768, and see what evidence of these is preserved in the oral records. 
We then query whether astronomical motifs are represented in Maori rock art, 
summarise Maori concepts of time, and conclude with some comments about 
what the future may hold for those wishing to carry out further studies of 
Maori astronomical lore. 

SOURCE LIMITATIONS: THE NATURE OF THE EVIDENCE 

This study is concerned with ethnoastronomy, ' ... that peculiar intermingling 
of astronomy, history, anthropology and folklore .... Ethnoastronomy is a 
fascinating discipline on two counts, its novelty and its potential ... [and] 
remains largely underexplored and underdeveloped. Consequently, it is full of 
promise.' (Snedegar, 1992: 41). The special place of ethnoastronomy within the 
discipline of astronomy is discussed by Erny (1992). 
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The study of Maori astronomy is endowed with its own special problems 
and challenges. Like many other indigenous peoples of the world, the Maori 
were non-literate, and so we had to await the arrival of the first European 
explorers for written accounts of their knowledge systems. Although Cook, 
Surville and Du Fresne were all in New Zealand waters between 1769 and 
1777 and recorded a great deal of detail about Maori culture in different coastal 
localities (see Salmond, 1991), their various logs, journals and published 
accounts say almost nothing about Maori astronomy. 

I find this especially sad in the case of the Cook voyages, for astronomers 
were on all three voyages, and spent considerable periods ashore, particularly 
at Queen Charlotte Sound, carrying out astronomical observations (see 
Orchis ton, 1998). For the most part there were very amiable Maori-European 
relations, and some of the Maori who visited the Europeans would have been 
told what the astronomers were doing. Yet none of them thought to discuss 
their own astronomical activities and beliefs and compare these with those of 
the visitors. This may have been because such knowledge was jealously guarded 
and not to be shared with visiting Europeans, but Maori astronomical lore 
was the domain of specialists so another explanation would be that Maori 
astronomers were not among those interacting with the Europeans at this time. 

Although there are snippets of information on Maori astronomy included 
in a number of books and research papers published during the nineteenth 
century, much of this material is superficial, contradictory or downright unrelia
ble, and it was only towards the end of that century that a detailed study was 
carried out. The scholar in question was Elsdon Best (Figure 1), who was later 
to work as an ethnologist at the national museum in Wellington (Craig, 1964). 
During the last decade of the nineteenth century and first decade of the 
twentieth, he carried out fieldwork, particularly in the Ureweras in the East 
Coast region of the North Island (see Figure 2 for New Zealand localities 
mentioned in the text). Best subsequently published a succession of 
Monographs and Bulletins of the Dominion Museum (as it was then known) 
on aspects of Maori culture, and in 1922 his 80 page Monograph No.3, The 
Astronomical Knowledge of the Maori, appeared in print. This contained a 
synthesis of information drawn from his own fieldwork and that culled from 
earlier published accounts. Subsequently, Best included additional material in 
two other Monographs, The Maori Division of Time (No.4) and Polynesian 
Voyagers. The Maori as a Deep-sea Navigator, Explorer, & Colonizer (No.5). 
To this day, these remain the only substantive works written on the traditional 
astronomical systems of the Maori, and they have been through numerous 
reprintings; I have used copies printed in the 1950s for this study. 

Invaluable as these books may be, we cannot ignore their serious limitations 
(Orchiston, 1986). All of the published sources he drew on date to the nineteenth 
century, and Best carried out his fieldwork at the very end of that century, 
more than one hundred years after initial European contact. In the interim, 
major changes had taken place in traditional Maori culture. This was particu
larly so of Maori religious systems, which invited the wrath of the early 
evangelical missionaries, and we must not forget that Maori astronomy was 
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Figure 1 Elsdon Best (1856- 1931) 

intricately interwoven with mythology and religion. In other words, the Maori 
astronomy that Best recorded may have differed significantly from the practises 
and beliefs in vogue in 1768, before the arrival of Cook and other Europeans. 

Another important consideration is that Best's astronomical field data were 
geographically biased in that they came - in the main - from just the one area 
of the North Island of New Zealand. Studies have shown that at anyone time 
there were major regional variations in Maori culture and material culture (e.g. 
see Skinner, 1974: 18- 26), and that significant changes occurred through time. 
Given the data at his disposal, all that Best could do was attempt to provide 
an overview of Maori astronomy based on his own fieldwork and supplemen
tary data provided by earlier writers. The result is a synthesis, which indicates 
the general trends and patterns prevalent in the nineteenth century. This may 
be fine for basic astronomical knowledge, but when it comes to the Maori 
perception of the cosmos, its creation and its evolution, how much is truly 
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NORTH ISLAND 

SOUTH ISLAND 

Figure 2 New Zealand localities mentioned in the text 

traditional and how much is an amalgamation of pre-European concepts and 
elements of Christian-based religion and European scientific precepts? 

THE INITIAL SETTLEMENT OF NEW ZEALAND AND THE ORIGIN OF 
MAORI ASTRONOMY 

Cultural, linguistic, floral and faunal evidence reveals that most Polynesian 
peoples are genetically related, and this is also reflected in the similarities of 
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the various astronomical knowledge systems found in the different island groups 
at the time of initial European settlement (see Best, 1955). 

The present-day Polynesians can be traced back to the first settlers of Samoa 
and Tonga, who made their initial appearance on the western boundary of the 
Polynesian Triangle by 1000 BC They were associated with the distinctive 
Lapita pottery tradition, also found further to the west, in Fiji, New Caledonia, 
the New Hebrides, the Solomon Islands and islands in the Bismarck 
Archipelago off New Guinea (see Green, 1992: Figure 1.3). 

The evolution of this Lapita cultural complex into a distinctly Polynesian 
culture occurred in the Samoa-Tonga region. Polynesian 

... language, biological make-up, and culture was not brought from elsewhere already fully 
formed, but rather evolved in that region from a proto-language (Central Pacific) ancestral to 
the present-day daughter languages of Fiji, Rotuma and Polynesia (Pawley and Green, 1973, 
pp.42 43, 53), from a pre-Polynesian parental stock ... and from the Eastern Lapita cultural 
complex which can be associated with this language and population. (Green, 1992: 41). 

By the first few centuries BC an ancestral Polynesian culture was recognisable, 
and it was people from this region, armed with what we may call an Ancestral 
Polynesian astronomical knowledge system, who then colonised the Cook, Society 
and Marquesas Islands. These, in their turn, became the primary dispersal points 
from which the remaining island groups of Polynesia were settled. 

New Zealand is situated in the far southwestern corner of the Pacific Ocean 
at one apex of the Polynesian triangle (see Figure 3). Current evidence favours 
an initial settlement about AD 1000, but there is considerable debate about 
the precise date and the source of the initial settlers. However, archaeological 
and linguistic evidence point clearly to the general region of the Cook, Society 
and Marquesas Islands (see various papers in Sutton, 1992). 

Upon arriving in New Zealand, the ancestral Maori discovered an alien 
environment that was very different from the small high islands of central or 
eastern Polynesia whence they came. There were two very large islands and 
many smaller ones, extending from sub-tropical north to sub-antarctic south. 
Both islands were bisected longitudinally by high mountains, and in the central 
North Island some of these were volcanically active. Most of the land was 
forested, and the principal terrestrial inhabitants were a range of giant flightless 
birds (all of which are now extinct). 

The astronomical knowledge base that reached New Zealand with the first 
settlers was the one then current in central Polynesia, and was part of their 
prevailing worldview. However, it had its roots further to the west and was 
derived from an earlier Lapita prototype. In this regard, it is important to 
realise that the major stars and constellations visible from New Zealand, and 
other prominent features such as the Magellanic Clouds, had been equally 
visible from island Polynesia and the islands of Melanesia occupied by the 
Lapita people. So although they moved to a more southerly land, the ancestral 
Maori settled under a familiar sky - even if the Magellanic Clouds and Milky 
Way rose higher in the sky at culmination. In another words, there was no 
need to develop a new or even a revised astronomical system specifically for 
New Zealand. 
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Figure 3 The islands of Polynesia and Melanesia 

Yet no knowledge base is unchanging, for cultures are dynamic and automati· 
cally evolve (or devolve) with time. The archaeological record clearly documents 
that the initial Maori culture underwent substantial modification in the course 
of the next 1,000 years (Davidson, 1984). This is best seen in elements of 
material culture, but it is reasonable to suppose that the astronomical knowl
edge base would have shared in this process. 

THE WORLD OF THE MAORI ASTRONOMER 

In pre-European Maori society, membership of various social groups - as 
elsewhere in Polynesia - was based on kinship and descent. Three different 
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groupings are conventionally recognised: the whanau (extended family), the 
hapu (clan) and the iwi (tribe). Davidson provides a timely reminder, 'It is 
important to realise, however, that this is a generalised (and idealised) summary 
based on nineteenth century studies. The system encompassed considerable 
individual and regional variations'. (1984: 149) 

Be this as it may, the local group usually comprised the whanau, typically 
20-50 individuals who lived together in a hamlet or village. Only in times of 
threat would members of several whanau flee to a common pa (fortified 
settlement), but at other times the whanau was the group involved in day-to
day activities. If astronomy underpinned various horticultural and fishing 
activities, as Best (1955) documents, then every local group would have needed 
one or more individuals with specialist celestial knowledge. 

These individuals were always men of high rank, and were termed tohunga 
kokorangi. Their duty was to study the heavens, and Best (1955: 6) recounts 
how 'One famed old wise man of the Wairarapa district, of last century, devoted 
much of his time to studying the stars and planets. His contemporaries have 
told me that they have often known him to pass the greater part of the night 
on the summit of a hillock near his hut, gazing continuously at the heavens'. 
Like other Maori astronomers, he had to rely solely on the naked eye for his 
studies. The only reference I could find to any sort of observing aid - if it may 
be termed that - comes from Beattie (1918: 145), who was told by an informant 
that, 'When he was a lad at Temuka [during the nineteenth century] he had 
seen his father put sticks in the ground and observe the stars.' This would 
appear to have been an isolated incident, or perhaps an idiosyncrasy of that 
particular astronomer. It certainly was not the norm. 

Training to be a tohunga kokorangi was no trivial task. It involved years of 
study to acquire the full gambit of celestial lore, which was passed down from 
generation to generation by word of mouth. Consequently, most Maori astrono
mers were respected senior members of their local groups, but to think of them 
as elderly in the context of present-day populations is misleading, for Houghton 
(1980: 95-97) has shown that in pre-European Maori society the average 
lifespan was only 31-32 years, and that very few individuals lived beyond 
50 years of age. It would seem that most Maori astronomers were venerable 
old men in their late twenties or in their thirties! 

Although astronomy was the domain of experts, in 1922 Best believed that 
'It is assuredly a fact that in former times the average Maori knew much more 
about the stars than does the average man among us [today].' (Best, 1955: 8). 

THE CREATION OF THE MAORI UNIVERSE 

Best (1955: 5-6) stresses that 

Maori beliefs concerning the heavenly bodies were very different from our own ... much of the 
star-lore of the Maori was empirical - astronomy and astrology were intermingled in his beliefs 
and teachings ... there was much of sentiment in the Maori mind in connection with the stars ... 

Mythological accounts were used to explain various astronomical objects 



168 WAYNE ORCHISTON 

and events, and these myths were passed down by word of mouth, and in 
songs, charms, chants, and as sayings. 

To the East Coast Maori there was a system of twelve separate and distinct 
heavens, which were termed nga rangi tuhaha (the bespaced heavens). Some 
other tribes reported just ten heavens, while two earlier writers, White and 
Davis, mention twenty heavens. Despite these variations, Best (1955: 8) gives 
greatest credence to the East Coast accounts. Of these twelve heavens, closest 
to the Earth's surface was the mythological Ranginui, and it was upon his 
body that the stars and other celestial objects moved. East Coast accounts 
reveal that it was Turangi and Moe-ahura, two of the offspring of Ranginui 
(the Sky Father) and Papatuanuku (the Earth Mother), who gave birth to the 
sun, the moon and the stars, as depicted in the following genealogy (see 
Figure 4). The stars were produced after the sun and moon, and were referred 
to as the younger members of the family (Best, 1955: 9-10). 

Variations on this genealogy occur throughout New Zealand, generally in 
the names assigned to the parents of the sun, moon and stars (e.g. see Orchiston, 
1996: 326 for another version of this genealogy). To the Te Awa people of the 
Bay of Plenty they were Tangotango and Wainui, respectively, while other 
tribes claim the father's name was Tongatonga. The mother's name has also 
been given as Moe-te-ahura and Hine-te-ahura. Regardless of the names used, 
the offspring were generally the same, except that the Te Awa included Hinetore 
(phosphorescence) as a fourth sibling (ibid.). 

One interesting variant, supplied to Best by Nepia Pohutu from the 
Wairarapa, substitutes Uru-te-ngangana for Turangi and has him marrying 
two different women. From the first, Hine-te-ahura, he begot Te Ra-kura (the 
red sun) and Te Marama-i-whanake (the waxing moon), and from the other, 
Hine-turama, came the stars (Best, 1955: 10-11). Various other options are 
mentioned by Best (1955: 11-13), providing just grounds for claiming that 
regional variations in Maori star lore did indeed occur in pre-European times. 

Originally, Tane, Turangi and Moe-ahura lived in darkness, but the birth of 
the whanau marama (children of the light) brought night and day to the world. 
It was Tane who was responsible for placing his nieces and nephews up in the 
sky, across the body of their grandfather, Ranginui. In a Bay of Plenty version 
of the myth, Tane began by positioning Hinatore on Ranginui's chest, but 
'feeble indeed was the light emitted ... and darkness held fast. Tane procured 
the stars, and now dim light was seen. He next brought the moon, and light 

Ranginui = Papatuanuku 

I 
Tane 

TeRa 
(The Sun) 

I 
I I 

Turangi = Moe-ahura 

I 
Te Marama 
(The Moon) 

Nga Whetu 
(The Stars) 

Figure 4 Genealogy documenting the Maori origins of the sun, moon and stars (after Best, 1955) 
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became stronger. Then Tane placed the sun on high, and bright light entered 
the world.' (Best, 1955: 13). 

Other myths assign different ancestors with the important task of placing 
the stars in the sky. In one of these, Tama-rereti took them aboard his canoe 
for transportation. The basket for the stars was named Te Ikaroa (the Milky 
Way), and instead of going into a basket with all the other stars, Atutahi 
(Can opus) clung to the outside. This explains why it now resides beyond the 
bounds of the Milky Way (Best, 1955: 14). 

Because of the conflicting accounts, the precise identity of the Milky Way is 
unclear. In some accounts Te Ikaroa is equated with Turangi and in others is 
identified as his younger brother (Best, 1955: 10-15). But in all versions, Te 
Ikaroa was charged with their well being and ' ... was placed in the middle of 
the little suns (stars) in order that he might protect and cherish them.' (Best, 
1955: 14). 

The Milky Way and two guardians of the seasons were then appointed to 
lay down the courses of the different heavenly bodies in order to regulate the 
seasons and to prevent their interfering with one another. Te Ikaroa was 
responsible for guarding the ara matua (the main road), which is the path 
followed by the sun, moon and the planets (Best, 1955: 15). It is known to 
present-day astronomers as the ecliptic. 

CELESTIAL OBJECTS AND EVENTS AND DOCUMENTATION OF MAORI 
ASTRONOMICAL KNOWLEDGE 

In this section, we examine the range of objects and events that were known 
to have been visible in the skies over New Zealand between AD 1000 and 1768 
and then examine Best's account for any evidence of these. We also look for 
evidence of regional variations in Maori astronomical practices and beliefs, to 
determine whether these would have been a feature of the geographically
discrete culture areas that typified Maori culture at the time of early European 
settlement (see Skinner, 1974: 18-26). 

The sun 

The sun is the most conspicuous star visible from the Earth, and it is seen as 
vital for human survival. This was also the view of the Maori astronomer, who 
referred to the sun as Te Ra, an ancient term found throughout Polynesia (and 
even further afield, in Egypt, though this should not be seen to imply cultural 
links between these two regions). Best (1955: 9) also mentions the terms Komaru 
and Mamaru for the sun, but notes that they were seldom heard. Ra kura, the 
'red sun', is a term that was sometimes used to describe the sun, and would 
have been most applicable at sunset. When the sun was on the meridian it was 
known as Poutumaro, and two different personified names for the sun were 
Tama-nui-te-ra and Tama-uawhiti (Best, 1955: 16-17). 

Sunspots are a well-known photospheric phenomenon, and vary in abun
dance with a period of 11.1 years between successive maxima. By systematically 
observing the sun through thin cloud or when it was near the horizon, Mossman 
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(1989) has established empirically that near sunspot maximum, experienced 
observers should be able to see naked eye sunspots almost every day, and even 
an inexperienced person would easily notice large spots. Moreover, the general 
shapes of large individual sunspots or groups of smaller spots were discernible, 
which provides confirmation for some of the descriptions contained in Oriental 
records (see Clark and Stephenson, 1978), even if the actual numbers of spots 
reported greatly understated their actual abundance (Eddy, 1987). Mossman 
also found that spots were most conspicuous at sunset, ' ... when viewed against 
a naturally reddened disk .. .' (Mossman, 1989: 62). When they applied 
Mossman's parameters to Oriental records, Eddy, Stephenson and Yau (1889) 
concluded that sunspots were visible within ± 3 years of each solar maximum. 
Assuming an average cycle period of 11.1 years, this would imply that there 
were about 70 solar maxima between AD 1000 and 1768, and that naked eye 
spots would have been obvious to the Maori astronomer. 

This, of course, assumes that the sunspot cycle has not changed appreciably 
during the last 1,000 years, but we now know that such was not the case and 
that during the Maunder Minimum (from about AD 1645 to 1715) sunspots 
were absent or very rare. On the basis of Chinese and Korean sunspot records, 
Clark and Stephenson (1978) suggest that reduced sunspot numbers may also 
characterise the Sporer Minimum and the Medieval Minor Minimum, both of 
which also occurred during Maori times (see Figure 5). Even so, there would 
still have been numerous occasions during the following intervals when Maori 
astronomers could have observed naked eye sunspots: 1000-1280, 1350-1450, 
1550-1650 and 1710-1768 AD. Yet no evidence of spoUy imperfections or 
blemishes - of sunspots - exists in Best's account of Maori astronomy. Te Ra 
was perfection personified! 

Grant (1992) has combined data drawn from the sunspot record, spel
eothems, tree rings, and erosional-alluviational sequences to reconstruct the 
palaeoclimate of New Zealand for the last 2,000 years, and he identifies two 
different periods of warmer weather during the pre-European Maori occupation 
of New Zealand. They are the Warm Waihirere Period (immediately prior to 
the Medieval Minor Minimum) and the Warm Matawhero Period (between 
the Sporer Minimum and the Maunder Minimum). Each of these Periods was 
characterised by higher temperatures than at present, stormy weather that 
caused widespread gale damage to forests and coastlines, heavy rainfall and 
associated flooding. Maori mythology contains an account that could conceiva
bly have been inspired by one, or both, of these warm Periods. Soon after the 
sun was placed in the sky 

It was now found that the heat of the sun was unbearable. The body of the Earth Mother dried 
up and became dust; the eye of man could see naught. For at that period the body of Papa, 
the Earth Mother, was without covering. So now Tane said to Te Ikaroa (Milky Way), 'Space 
out the courses of the little suns and the moon that we may obtain sleep. Move the sun forward, 
there to traverse his course, while you and the younger ones follow behind .. .' This was done 
... But the heat of the red sun was still intolerable, and all the offspring of the Earth Mother 
wailed aloud. Rangi was afflicted sorely by the great heat, and moaned in anguish; his head 
was scorched by the fierce rays of the sun ... So the sun was removed to the back of Rangi, 
and all things were content. (Best, 1955: 15). 
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Judging from Chinese analogies (see Xu, 1987), another naked eye phenome
non which a dedicated Maori astronomer was bound to see sooner or later 
was a white light solar flare. Data from the last century and a half suggest that 
during those intervals with sunspots, about 50 white light flares were potentially 
visible each century, but because no mention of them appears in Best's account 
there is no way of knowing whether any were witnessed by Maori astronomers. 

Solar eclipses are rare and spectacular events, and no fewer than 13 totals 
and 22 annulars were potentially visible from New Zealand between AD 1000 
and 1768. These are listed in Table 1 (after J. Meeus, personal communication, 
1999), and each event would only have been visible for a few minutes, and in 
every case from a very localized region of the country. In addition to these 35 
eclipses, a large number of partial solar eclipses were visible from New Zealand 
in pre-European times. 

In perusing Table 1, the century and a half from 1400 to 1550 stands out as 
being particularly rich in such events (there were 5 total eclipses and 7 annular 
eclipses), with less than one generation in each case separating the 4 different 
eclipses that occurred between 1424 and 1444, and between 1485 and 1507. 
Inclement weather probably prevented observation of some of these eclipses, but 
it is reasonable to expect that information about those that were observed, and 
others that occurred during the fifteenth century, would have spread by word 
of mouth. 

Collectively, the eclipses listed in Table 1 would have provided Maori astron
omers with ample examples of each type of phenomenon, yet Best (1955: 20) 
only records a single term for a solar eclipse, which is Ra Kutia. There is no 
indication whether this applies solely to total eclipses, or whether it also was 
intended to include annular, and even partial, solar eclipses. Nor does the 
standard Maori explanation of solar eclipses provide any clarification: 'An 
eclipse of the sun was caused by its being attacked and devoured by demons, 
from which attacks, however, it invariably recovers.' (ibid.). Obviously these 
demons were not always successful in their attacks, given the comparative 

Table 1 Total and annular solar eclipses visible from New Zealand, AD 1000-1768 

Total eclipse Annular eclipse 

1071 June 1 1079 January 6 1424 January 2 
1163 December 27 1086 August 12 1433 December 12 
1172 December 17 1113 September 12 1444 May 18 
1301 August 5 1124 February 17 1485 September 9 
1409 October 9 1133 February 7 1488 January 14 
1430 February 23 1187 March 12 1507 July 10 
1463 November 11 1270 September 17 1516 June 320 
1491 November 2 1275 December 19 1581 December 26 
1545 December 4 1293 December 29 1666 December 26 
1610 June 21 1330 January 20 
1735 April 23 1359 June 26 
1739 February 8 1368 June 16 
1748 January 30 
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prevalence of partial solar eclipses. In this regard, it is interesting to note that 
there is considerable debate as to just how obvious partial solar eclipses would 
have been to people without optical aid (e.g., see Mostert, 1989). 

Currently, the most prominent naked eye feature of a total solar eclipse is 
undoubtedly the corona, and its form and extent varies in the course of a solar 
cycle. However, Eddy (1976) has shown that the corona was absent during 
periods without sunspots. Therefore, coronae would only have accompanied 6 
or 7 total solar eclipses visible from New Zealand between AD 1000 and 1769, 
and if weather conditions prevented observation of all of these events the 
corona would have been viewed but rarely. It is therefore no surprise that Best 
fails to mention the existence of the corona in his account. Prominences were 
another conspicuous feature of total solar eclipses, but most would have been 
invisible or at very best inconspicuous to the naked eye, despite their distinctive 
red colour. Nor are they mentioned by Best. 

A comparatively rare terrestrial atmospheric phenomenon was a solar halo, and 
one form of this (Best suggests a sun dog of several colours) was known to the 
Maori as kura hau awatea. Such haloes were believed to portend approaching bad 
weather. If the different colours were bright and distinct then the storm was nearby; 
a dim halo showed that the storm was still some way off. It was also believed that 
certain gifted men could generate solar haloes at will and use these as a means of 
communicating with other Maori (Best, 1955: 19). 

The sun was originally important in everyday Maori life. To quote Best 
(1955: 20-21): 

A considerable amount of respect was paid to the sun in Maori ritual performances ... All 
higher classes of knowledge are connected with the sun; they emanated from Tane. The cult us 
of Tane represents the Maori form of sun-worship. It is marked by deference to Tane as 
representing the fertilizing-qualities of the sun, and by placatory gifts made to him. Thus all 
ritual form ulae and offerings were made to the personified form of the sun. 

The moon 

The moon is our nearest natural celestial neighbour, and its highlands and 
plains (maria) are obvious to the naked eye, as are its changing phases. 

In everyday speech the moon was known to the Maori as Te Marama, 
although the terms Ahoroa, Atarau and Mahina were occasionally used (Best, 
1955: 23). Different terms were used to distinguish the phases of the moon: kua 
toriwha te marama described the crescent moon; marama taiahoaho the full 
moon; and kua tohi te marama the waning moon. Best also lists other terms 
for unspecified phases of the moon. Maori mythology provides a logical expla
nation for the lunar phases. Unlike men, the moon never dies but at certain 
times it ' ... approaches its elder brother, the sun, and the two move together 
for a period. The moon belittles itself in the presence of its more important 
elder; its importance (brightness) is lost in the superior magnificence of the 
sun. After a time the moon leaves the sun behind; then it is said by men, "The 
moon is again seen".' (Best, 1955: 25-26). When the moon reappears in crescent 
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form, she has just re-enervated herself by bathing in the life-giving waters of 
Tane, and returns to view young and beautiful. 

The personified form of the moon was Hina or Hine-te-iwaiwa, and other 
variants were Hina-uri, Hina-te-iwaiwa, Hine-nui-te-po and Hine-to-otaota 
(Best, 1955: 22). Hina '". is said to have flourished in the days of the gods, 
and to have been a kind of patroness of the female sex and of all labours 
peculiar to women, such as weaving. Female children were dedicated to her, 
and, most significant of all, she presided over childbirth.' (Best, 1955: 22). Best 
(1955: 22-23) specifically refers to ' ... the cult of Hine-te-iwaiwa', and mentions 
that the moon was believed to exert considerable influence on the birth of a 
child (Best, 1955: 27). Meanwhile, Taylor relates that when the new moon 
appeared, women assembled and used the following lament to bewail those 
relatives who had died during the previous month: 'Alas! 0 moon! Thou has 
returned to life, but our departed beloved ones have not. Thou has bathed in 
the waiora a Tane, and had thy life renewed, but there is no such fount to 
restore life to our departed ones. Alas!' (ibid.). 

Our Man in the Moon to the Maori was a Woman in the Moon called 
Rona. One myth recounts that Rona ' ... was originally a woman of this world 
... She was going to a spring for water one night with her gourd water-vessels 
when the moon became obscured, which caused her to apply a most offensive 
epithet to it. She was at once taken away by the moon, and she is still seen in 
it with her rururu taha, or bundle of gourd-vessels. (Best, 1955: 25). Sometimes 
Rona also was known by her longer name, Rona-whakamau-tai (Rona the 
tide-controller), which would indicate that the Maori knew of the connection 
between the moon and the tides. Whether or not this reflects pre-European 
knowledge is a moot point. 

Compared to eclipses of the sun, total lunar eclipses were common, and 
hundreds of them were observed by Maori astronomers prior to the arrival of 
Europeans. Moreover, they were easily explained. 'The common view of an 
eclipse of the moon is that Rona, a malignant being, is attacking and destroying 
it. When the moon does not appear the twain are battling with each other, 
and so cannot be seen. After the combat, the moon bathes in the waiora a 
Tane, and so returns to us young and beautiful.' (Best, 1955: 24-25). There are 
some similarities here to the disappearance of the moon near the new moon 
phase. 

One of the remarkable features of a totally eclipsed moon is its colour, and 
it is interesting that Best does not allude to this. Those of us who have witnessed 
many lunar eclipses never know which particular hue the moon will take on 
at totality. Pink, golden and coppery-coloured moons all occur, each of which 
may have had a different significance to the Maori astronomer. 

Partial lunar eclipses were far less prominent than their solar counterparts, 
but Stephenson and Fatoohi (1994) found that they were regularly observed 
by Chinese and Arabic astronomers nonetheless. There is no reason to suppose 
that they would not have elicited the same attention from the pre-European 
Maori astronomer. In their study, Stephenson and Fatoohi (1994: 93) noted 
an interesting feature, that 'The magnitudes of small eclipses are consistently 
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overestimated, while for large eclipses the reverse is generally true.' (They define 
'magnitude' as the maximum degree of obscuration of the moon's disk.) Since 
this seems to have been a universal phenomenon, it should also characterise 
the observations of the Maori astronomer. 

One other moon-related phenomenon which deserves to be mentioned is the 
lunar occultation. Typically between ten and twenty of these would be visible 
to the naked eye in anyone year. Lunar occultations were observed by the 
Maori, and were reputed to have portended the outcome of military action. 
Best was told by one of his informants that the '... moon represents a pa and 
the star a war party attacking that fort. The star knows all about the coming 
trouble. Should it pass to the other side of the moon [i.e. be occulted] the pa 
will fall. Just before the battle of Orakau we saw this sign, and we saw the star 
reappear at the other side of the moon. As we were a war party of course our 
warriors made much of this omen.' (1898: 233) Much rarer were lunar occult
ations of planets. Although these would have been even more notable phen
omena, Best is not forthcoming on how the Maori explained them. 

The planets 

Five different planets were known to ancient peoples (Mercury, Venus, Mars, 
Jupiter and Saturn), and they stood out from the background stars by their 
motion along the ecliptic. Mars was also conspicuous because of its red colour. 
In addition, all five planets underwent noticeable changes in brightness in the 
course of a year. Jupiter and Venus were always brighter than the brightest 
stars, and Mars sometimes was. Venus spent part of a year as the Evening Star 
and the remainder as the Morning Star, while Mercury never seemed to be far 
from the sun, low in the western sky at sunset or similarly positioned in the 
east before sunrise. 

Among the myriad of stars in the night sky, the Maori astronomers also 
recognised these same five deviant stars, which were referred to as Whetu Ao 
(Best, 1955: 9). Mercury was called Whiro, while Mars was generally known 
as Matawhero although the name Maru has also been proposed (Best, 1955: 
49). Given the significance of the colour red in Maori society, it is remarkable 
that Mars' distinctive red hue had no particular meaning to the Maori. 

Jupiter was generally known as Kopu-nui and perhaps Parearau (Best, 1955: 
40-42), but there is some controversy surrounding the latter name. Four Bay 
of Plenty Maori assigned it to Jupiter, but 

... Stowell says that it is Saturn; that Parearau is a descriptive name for that planet, and 
describes its appearance, surrounded by a ring. The word pare denotes a fillet or head-band; 
arau means 'entangled' - perhaps 'surrounded' in this case, if natives really can see the pare of 
Saturn with the naked eye. If so, then the name seems a suitable one. (Best, 1955: 43). 

In fact, Saturn's ring is not visible to the naked eye, even to those with acute 
vision, so if this name does indeed refer to Saturn and its rings then it must 
be of nineteenth century derivation, when telescopic studies of the planet and 
its rings were very much in vogue (e.g., see Proctor, 1882). 

Parearau, whatever her true identity, was also sometimes known as Hine-i-
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tiweka, and was often spoken of as a companion of Kopu (Venus) and in one 
version as the wife of Kopu (Best, 1955: 43-44). In another variant, far from 
being a wife, she is a widow. Best (1955: 44) recounts that, 'Seafarers consulted 
Parearau when a storm was threatening, for if she appeared to be of a light 
misty aspect the storm would pass by.' 

When Galileo first viewed Jupiter through a telescope on 1610 January 7 he 
was amazed to observe four small adjacent stars which he quickly came to 
realise were satellites of the giant planet. They are now termed the Galilean 
satellites. During the nineteenth century, Colenso was told that some Maori 
astronomers had such phenomenal eyesight that they could see these four 
moons of Jupiter (Best, 1955: 35). Peak (1958: 256) gives the mean visual 
magnitudes of 10 (I), Europa (II), Ganymede (III) and Callisto (IV) at opposi
tion as 5.5, 6.1, 5.1 and 6.2 respectively, and notes that ' ... I and III would be 
comparatively easy naked eye objects, were it not for the proximity of the 
brilliant planet; II and IV would be near the limit but might be seen on 
occasions .. .' (ibid.). These comments by an authority on visual observations 
of Jupiter must throw doubt on Colen so's account - which, after all, was 
obtained long after the existence of the Galilean moons had become common 
knowledge. 

Best known and brightest of all the planets was Venus, which unlike the 
other whetu ao was blessed with a number of names. A Tuhoe informant from 
the Urewewas told Best that ' ... Venus has three names - Kopu, Tawera, and 
Meremere. As an evening star in summer it is called Meremere-tu-ahiahi; in 
the winter, as a morning star, it is Kopu. In other districts Venus as a morning 
star is called Tawera; as an evening star, Meremere and Meremere-tu-ahiahi.' 
(1955: 50) Other terms listed by Best (1955: 40) are Rangi-tu-ahiahi, Rere
ahiahi, Tu-ahiahi, and possibly Puaroa - although Best (1955: 50-51) has some 
doubts regarding this last name. The first three names all relate to Venus as 
an evening star. 

Of all the planets, Venus was most revered for her beauty, and what better 
way of complimenting an attractive woman than to describe her by way of the 
following popular saying: 'Me te mea ko Kopu e rere i te pae.' (Like Venus as 
she appears above the horizon.) (Best, 1955: 50). Yet in Maori mythology, 
Venus as a morning star is a male (Best, 1955: 51). 

Conjunctions of two or three of the five naked eye planets are beautiful 
events, and many of these must have been observed by Maori astronomers. 
Much rarer were quintuple planetary groupings, when all five known planets 
were visible together in the sky within a circle of just 25 degrees diameter. 
These events were seen as portends of disaster in Europe, and the spectacle 
would also have drawn Maori concern and comment (though Best is silent on 
this topic). Quintuple planetary groupings that occurred during pre-European 
Maori times are listed in Table 2 (after Meis and Meeus, 1994). 

Although these dates relate to the closest approaches of the planets, all five 
planets would have been in comparatively close proximity for several successive 
days - certainly long enough to guarantee their observation regardless of 
prevailing weather conditions. It is a safe assumption that all eleven planetary 
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Table 2 Quintuple planetary groupings, AD 1000-1768 

1007 August 14 1284 December 23 1584 May 1 
1088 April 15 1483 October 23 1624 August 26 
1108 February 14 1524 February 19 1662 December 6 
1186 September 17 1564 June 21 

groupings would have been seen, marvelled at, and remarked upon. However, 
given the spacing of these apparitions, and assuming an average Maori lifespan 
of 31-32 years, most quintuple planetary groupings would have been once-in
a-lifetime events, except for those lucky enough to witness the 1088-1108 and 
1564-1584 pairs of events. 

Comets 

Comets, those dreaded 'bearded stars' to some ancients, are commonly referred 
to in the historical records (see Hasegawa, 1980), but precisely which ones were 
observed by Maori astronomers is not known. Hughes (1987) has written 
about 'great' or 'remarkable' comets, which passed close to the sun and the 
Earth, and consequently were conspicuous to the naked eye for several succes
sive weeks or months. 

By drawing on Hughes' paper and data in Hasegawa (1980), Hughes (1985), 
Jansen (1991), Marsden and Williams (1996) and Vsekhsvyatskii (1964), I have 
been able to assemble a list of all naked eye comets with maximum apparent 
visual magnitudes brighter than + 2 that were definitely visible from New 
Zealand between AD 1000 and 1769 (Table 3). A minor shortcoming of this 
list is that not all of these comets may have still been in New Zealand skies 
when at their brightest or when their tails were of maximal length, although 
those of 1577, 1686 and 1758 certainly were. However, Masse reminds us that 
'The incredible variable nature of comets cannot be overstated in terms of 
impact on early culture. A single comet can change from being short-tailed (or 
even non-tailed) to long-tailed ... from single straight tails to branching, 
twisting, chain-like or even multiple tails ... and from dull to brilliant over the 
course of a few days or even hours of time.' (1995: 465) 

In addition to the comets listed above, there would have been others of 
comparable brightness visible from New Zealand which faded beyond Hughes' 
magnitude threshold by the time they were detected by northern observers and 
so were omitted from his list - and hence from Table 3. 

Other fainter comets of less spectacular appearance would also have been 
visible to Maori astronomers. It is significant that Marsden and Williams 
( 1996) list no fewer than 54 different non-periodic comets that were visible 
from the northern hemisphere between 1000 AD and the advent of the telescope, 
which gives some idea of the occurrence frequency of naked eye comets (as 
opposed only to 'remarkable' comets, of which there are just 6 in Table 3). Of 
the 54 comets, 16 (30%) were observed for more than one month. 

Naked eye comets certainly were known to the Maori, who generally referred 
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Table 3 

Date 

1066 
1106 
1145 
1264 
1378 
1402 
1456 
1531 
1556 
1577 
1585 
1607 
1618 
1664 
1665 
1677 
1680 
1682 
1686 
1744 
1758 
1759 

WAYNE ORCHISTON 

Great Comets visible from New Zealand, AD 10()()-1768 

Maximum Naked eye 
Designation magnitude visibility (days) 

IP/Halley -3 to -4 59 

IP/Halley -0.9 65 
C/1264 NI 0-1 
IP/Halley + 1.2 44 
C/1402 DI -5 Visible in daylight 
IP/Halley -0.2 43 
IP/Halley + 1.4 36 
Cj1556 DI -2 
C/1577 VI -7 
C/1585 T1 +1 
IP/Halley + 1.6 23 
C/1618 WI + I to + 3 
C/1664 WI +1 
C/1665 FI -2 to -3 
Cj1677 HI 0 
C/1680 VI + 1.5 
IP/Halley + 1.6 26 
C/1686 RI +1 
C/1743 XI -5 
Cjl758KI -3 
IP/Halley -0.9 69 

Tail length 
(') 

~90 

> 100 
>20 

>20 
> 15 

Short 
~30 

Short 
Long 
~70 

>20 
30 

Short 
~70 

30 
18 
90 

Short 
>25 

to them as Auahi-roa or Auahi-turoa. The former translates literally as 'long 
smoke', and according to one legend, Auahi-roa was the son of Te Ra (the sun) 
and was sent down to earth to supply the people there with fire. After reaching 
the earth Auahi-roa married, and his wife subsequently gave birth to five 
mythical Fire Children who produced fire for mankind. Best succinctly summar
ises the connection. 'So when you see the comet in the heavens, know that it 
is Auahi-turoa, he who brought fire to mankind. And fire is often called Te 
Tama a Auahi-roa, or Te Tama a Upoko-roa (the son of Auahi-roa or of 
Upoko-roa), because it is the offspring of a comet.' (1955: 66) 

Best also gives a number of other names for comets, namely Auroa, Manu
i-te-ra, Meto, Puaroa, Puihiihi-rere, Purereahu, Tiramaroa, Tunui-a-te-ika, 
Taketake-hikuoa, Upoko-roa, Wahieroa, Whetu and Whetu-kaupo. Some of 
these were probably generic names of regional rather than national significance; 
others were descriptive, for particular kinds of comets (e.g. those with prominent 
tails); and others again probably referred to specific comets. Hongi (1920: 27) 
is probably referring specifically to its spectacular apparition in 1910 when he 
says that Comet IP/Halley was known as Awa-nui-a-rangi, or the 'celestial 
river of light'. 

Two features of all bright comets which excite present-day observers are the 
nature and behaviour of the head (that is, the nucleus and the coma) and the 
form and evolution of the dust and ion tails. While the head does not seem to 
have been of much interest to the Maori astronomer, four of the different 
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comet names listed above specifically refer to cometary tails. Meto denoted a 
whetu puhihi, a star which emitted 'rays' (a tail), and Best (1955: 67) was told 
that The rays or tail of Meto extend upwards ... if its body be below the 
horizon, as a range of hills, its puhihi extend up above the horizon (Ka hihi 
ake nga puhihi).' The second term is Puaroa, which Best (ibid.) tells us, ' ... is 
said to possess or emit mist-like emanations, referred to by the name of hiku 
makohurangi, or misty tail.' Tiramaroa referred to a comet with long puhihi 
(rays), which sometimes pointed upwards and sometimes downwards (Best, 
1955: 65), while Tunui-a-te-ika reputedly possessed a long tail (Best, 1955: 68). 

Finally, for centuries comets were seen by the lay public in many areas of 
the world as ill omens and 'harbingers of doom' (e.g. see Chambers, 1910; 
Proctor, 1896). Generally, the Maori also saw comets as signs of impending 
doom. Thus, when Taketake-hikuroa was seen in the sky' ... it was viewed as 
an evil portent for the tribe.' (Best, 1955: 68), and the appearance of Tunui-a
te-ika announced the death or impending death of some person so ' ... priestly 
adepts performed the matapuru rite, in order to avert the threatened evil, 
whatever it may be.' (ibid.). But apparently not all comets portended disaster, 
for the appearance of Meto gave forewarning of a hot summer (Best, 1955: 67). 

Meteors and meteorites 

Meteors, those sand-sized pieces of cometary debris that light up when they 
penetrate the Earth's atmosphere, are visible on every clear night, more so if 
the moon is absent. To the Maori, these transient celestial visitors were com
monly referred to as Kotiri, Kotiri-tiri, Matakokiri or Tumatakokiri, and Best 
(1955: 69) states that the Bay of Plenty Maori used the name Tamarau. 

Meteors were explained as wayward stars that wandered from their places 
in the sky, and were struck by their elder siblings, the sun and moon. Some 
Maori regarded the appearance of a meteor as portending the death of a chief, 
but others thought that if a meteor appeared to fly towards them this was a 
good sign. One old informant told Best that 

Another ancestor is Tumatakokiri, who is seen darting at night. His appearance is that of a 
star flying through space. His task, as he so flies, is to foretell the aspect and conditions of the 
heavenly bodies, of winds, and of seasons. If he swoops downwards, the following season will 
be a windy one. If he just flies through space, a fruitful season follows; a season of plenty lies 
before the people. (1955: 70). 

Sporadic meteors were present throughout the year, but at certain times they 
paled into insignificance in the presence of shower meteors. In pre-European 
times, many showers would have been visible from New Zealand in the course 
of anyone year (e.g., see Rada and Stevenson, 1992). These typically had zenith 
hourly rates of between 5 and 50 meteors, but judging from twentieth century 
experiences, certain showers (such as the Pi Puppids and the Phoenicids) 
occasionally exhibited greatly enhanced activity. 

A totally different scale of activity, however, was sometimes associated with 
the Leonid meteor shower. This shower currently is active each November, 
and is associated with Comet 55P/Tempel-Tuttle. Every 33 years there is a 
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chance of greatly enhanced meteor activity for just the one year or two succes
sive years, with zenith hourly rates of thousands or even tens of thousands of 
meteors. When this occurs the sky literally 'rains meteors', providing a truly 
unforgettable experience. These short-lived events are termed meteor storms, 
and are only visible for a few days in anyone of these storm years. By searching 
through historical sources it has been possible to identify the occurrence dates 
of such storms, and these are listed in Table 4. 

All of these Leonid meteor storms would have been visible from New 
Zealand, weather permitting, and for many Maori would have afforded an 
unforgettable once-in-a-lifetime spectacle. Even at its best, the point from which 
the meteors were seen to emanate would have been very low in the northern 
sky, with most meteors shooting up into the sky from this radiant point, and 
others disappearing below the horizon. The presence of many bright and 
colourful meteors would have added to the drama of the occasion. 

Very bright meteors - whether sporadics or shower-based - are known as fireballs, 
while exploding fireballs are termed bolides. Such meteors never fail to excite 
present-day confirmed meteor-observers and would have provided the same appeal 
for Maori astronomers. To the Maori, fireballs were personified as Rongomai, and 
occasionally one of these would escape from the sky and crash to earth as a 
meteorite. Evidence of these may be indicated by Maori placenames, for there is a 
locality near Wellington named Te Hapua 0 Rongomai, where Rongomai is said 
to have descended to earth at some time in the past (Best, 1955: 67). 

Known New Zealand meteorites are listed in Table 5 (mainly after Orchiston, 
1997). Those identified as falls in the second column are recent phenomena, 
but most if not all of the remainder must date to Pleistocene or Holocene 
times given their proximity in each case to the land surface when recovered 
and the types of sediments in which they were found. It is likely that some of 
these fell during Maori times and that their impacts were witnessed. 

This table only lists recovered meteorites, yet we know of other meteorites 
that have definitely fallen in recent times but have not been recovered (despite 

Table4 Leonid meteor storms, AD 1000-1768 (after Dick, 1998) 

Date Range Where documented 

1002 October 14-15 China and Japan 
1202 October 18-19 Middle East and China 
1237 October 18-19 Japan 
1238 October 18-19 Japan 
1366 October 21-22 Europe and China 
1532 October 24-26 China and Korea 
1533 October 24-26 Europe, China, Korea, Japan 
1566 October 25-27 China and Korea 
1601 November 5-6 China 
1602 November 6-7 China 
1666 November 6-7 China 
1698 November 8-9 Europe and Japan 
1766 November 11-12 South America 
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TableS New Zealand meteorites 

Name Discovery year Discovery mode Type Weight (kg) 

Wairarapa 1863 Farming Stony 5.8 
Makarewa 1879 Railway construction Stony 2.3 
Mokoia 1908 (fall) Search Stony -5 
Waingaromia 1915 Farming Iron 9.2 
Berhampore early 20s (fall) Search Stony Cricket ball size 
Morven 1925 Farming Stony 7 
'Otago' 1925? Laboratory analysis Stony 5.lg fragment 
View Hill 1952 Farming Iron 33.6 
Dunganville 1976 Prospecting Iron 50.2 
Kimbolton 1976 Farming Stony 7.5 
Opotiki 1989 (fall) Search Stony Fusion crust only 

systematic searches, including those carried out by the author and his research 
associates). Moreover, the frequency of meteorite finds in agricultural areas of 
the US, Canada and Europe and the areal extent of comparable agricultural 
land in New Zealand indicates that Table 5 in no way reflects the true meteorite 
population. Clearly, many more meteoritic impacts occurred between AD 1000 
and 1768 than the mere handful reflected in this table. 

Meanwhile, in more recent times, Maori oral histories record one example 
of what appears to be a meteorite impact. ' ... when the Pakakutu pa [fortified 
settlement] at Otaki was being besieged [during the 1830s] Rongomai was 
seen in broad daylight, a fiery form rushing through space. It struck the ground 
and caused dust to rise.' (1955: 67). There has been extensive agricultural 
activity in this general region over the past century and a half, but as yet no 
meteorite discovery has been reported. 

Stars and asterisms 

On a clear moonless night away from city lights, the average astronomer can 
nowadays see about 2,500 stars (Moore, 1985: 9), down to a limiting magnitude 
of between 6 and 6.5 depending upon age, experience and visual acuity. In the 
course of the night, many stars are seen to rise in the east and twelve hours 
later to set in the west, with the notable exception of the circumpolar stars. 

Arriving at a proper understanding of Maori star-lore is a considerable 
challenge. In the first place, Best (1955: 29-30) found accounts written by 
others of little use: 

There exists no monograph on the subject of Maori star-lore - no paper of any importance. 
Such matter as has been placed on record is in the form of brief or incomplete notes in a 
number of publications. Taylor's star-notes in Te Ika a Maui are sadly jumbled. Few men have 
been field-workers in Maori lore; thus many of the works dealing with such material simply 
contain rewritten data from previous publications. 

And then when he tried to investigate Maori astronomy in the course of his 
own fieldwork, he encountered serious difficulties: 'The fixing of Maori star
names is by no means always easy, for the average person among us needs a 
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planisphere to refer to when making inquiries, and such is not always to hand. 
Nor is it often convenient to have one's native authority at one's side at night
time.' (Best, 1255: 29). Compounding this was the fact that 'Star-names differ, 
in some cases, among different tribes.' (ibid.). 

Despite these shortcomings, Best was able to assemble an interesting body 
of data. To the Maori, stars in general were known as Nga Whetu, and 
occasionally as Whanau Riki and Whanau Punga (Best, 1955: 9). All of the 
stars were collectively referred to as kahui-o-te-rangi, or ' ... the flock or assembly 
of the heavens .. .' (Best, 1955: 42), and like the sun, moon and planets, the 
principal stars were assigned mythological attributes. Best (1898: 239) refers to 
these as 'high-born stars', while 'All the small stars were common people.' High
born stars included Aldebaran, Altair, Antares, Arcturus, Canopus, Capella, 
Castor, Procyon, Rigel, Sirius, Spica, and Vega, and all were known by one or 
more names (Best, 1955: 38-42). 

In addition to naming individual stars, the Maori recognised various group
ings of stars and assigned names to these. A few of these asterisms correspond 
to present day constellations (e.g. the Southern Cross, Leo) or widely-recognised 
open clusters (such as the Hyades, the Pleiades), but others did not. Examples 
of the latter include Orion's Belt, an even larger part of Orion likened to a 
bird snare, a triangle of stars in Canis Major, and the tail of the scorpion in 
Scorpius (ibid.). According to Best, the Southern Cross had no fewer than six 
Maori names, Orion's Belt five, the Pleiades four, and the Hyades three. Some 
of these names were regional variants. The Maori recognised that stars in some 
of these groups were circumpolar and never set (Best, 1955: 46). 

Perhaps the most remarkable of all Maori constellations was the fabled 
Canoe of Tama-rereti which in toto extended all the way from Taurus and 
Orion to Crux: 

The Pleiades form the bow of this starry vessel, and the three bright stars in Orion's Belt 
represent the stern. The sail, the Ra a Tainui, is perhaps the Hyades. The cable is seen in the 
Pointers [Alpha and Beta Centauri], and the anchor is the Punga a Tama-rereti, the Southern 
Cross .... The position of the cable in relation to the far-flung anchor is somewhat unusual. 
(Best, 1955: 60). 

This was the mythical ancestral canoe of the Tainui people. 
Of all the stars known to the Maori, Canopus and Rigel had a special place, 

because of their intimate links with kumara cultivation (the kumara was a 
Maori dietary staple somewhat similar to the potato). Can opus was known 
variously as Aotahi, Atutahi, Atutahi-ma-Rehua, Autahi, Kauanga, Paepae
poto, and possibly Makahea (Best, 1955: 38), and Best (1955: 42) was told that 
' ... its appearance is a sign for the task of planting the crop to be commenced.' 
Rigel was generally referred to as Puanga, but another name for it was Pua
tawhiwhi 0 Tautoro, and in the South Island it was known as Po aka or Puaka 
(Best, 1955: 39). It, too, provided a guide to the planting of the kumara (Best, 
1955: 48). The Maori also believed that Can opus and Rigel could be used to 
foretell the weather (Best, 1955: 42, 48). 

Two prominent asterisms also were associated with kumara cultivation, and 
they were the Pleiades and the three stars comprising Orion's Belt. The latter 
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were known variously as Tautoro, Tata 0 Tautoro, Te Tira 0 Puanga, Te Tuke 
o Maui and Te Tuke 0 Tautoro (Best, 1955: 39). But of all the asterisms 
recognised by the Maori, the Pleiades held pride of place, just as they did in 
Polynesia and in many other parts of the world (e.g. see Ammarell, 1987; 
Snedegar, 1995). 

To the Maori, the Pleiades were generally referred to as Matariki, but they 
were also known by three other names, Ao-kai, Hoho-kumara, Te Huihui 0 

Matariki (Best, 1955: 40) - and the first two of these alternatives clearly reflect 
their horticultural affinities. Whatever the name used, their role was to stay 
together and paddle their canoe across the sky (across the body of Ranginui), 
whilst ensuring that mankind was supplied with food. The primary food was 
kumara, and Best was told that, 'Our forebears consulted those sign-giving 
stars in connection with the planting of the kumara crop. The principal stars 
so relied on were Rigel, the Pleiades, Orion's Belt (Tautoro), and Whakaahu 
[Castor]. According to the manner of their rising, the crops would be planted 
early or late.' (Best, 1955: 48). 

The appearance of Matariki also heralded the start of the birding season: 
'An old saying is, "When Matariki is seen, then game is preserved"; for it 
marked the season when such food-supplies have been procured and preserved 
in fat in certain vessels.' (Best, 1955: 53). In addition, the arrival of Matariki 
indicated that it was time to go in search of the lamprey, a type of freshwater 
crayfish (ibid.). 

It is apparent that the seasonal appearance of Matariki - more so than for 
any other diagnostic stars or groups of stars - was critical to the economic 
well-being of the Maori. But it was more than this, for each year the 
re-appearance of this star cluster was greeted ' ... by laments for those who had 
died recently, and by women with singing and posture dances.' (Best, 1955: 
54). Following is a translation of the opening lines of a lullaby that was sung 
by parents to their infants: 

You come hither from the realm of Rigel, 
From the Assembly of the Pleiades, 
From Jupiter, and from Altair. 
These alone, oh child, are the stars that provide food at New Zealand. (Best, 1955: 7) 

While Canopus, Orion's Belt and the Pleiades regulated the planting of the 
kumara, the appearance of the bright star Vega (Whanui) ' ... gives the sign for 
the lifting of the kumara crop, and this must not be delayed too long after the 
heliacal rising of the star .. .' (Best, 1955: 63-64). The heliacal rising of specific 
stars or groups of stars allowed for great precision in economic planning as 
Ammarell (1987: 242) so clearly explains: 

Heliacal (Greek helios: 'sun') apparitions of stars or groups of stars are those which occur at 
dusk (when the star or stars first become visible in the twilight) or at dawn (when the stars are 
last seen in the new light). Since the altitudes of stars vary as a function of both the time of 
night and the day of the year, a certain star or group of stars, when observed at the same time 
each night, will appear at a given altitude above the eastern or western horizon on one and 
only one night of the year .... The heliacal rising of a star or group of stars occurs on the date 
that the star or group of stars are observed just above the eastern horizon at dusk or dawn. 
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There is one further application of Maori astronomical knowledge which we 
must discuss, and this is oceanic voyaging. I have suggested elsewhere that 
'After the Vikings, they [the Polynesians] were the world's most accomplished 
mariners. Two-way voyaging was endemic throughout the central Polynesian 
region, and celestial objects were habitually used for navigation.' (Orchiston, 
1996: 324). But just how closely the Polynesian norm applied to pre-contact 
New Zealand is debatable. It is now apparent that the first settlement of New 
Zealand occurred as a result of a planned voyage involving systematic naviga
tion in a south-westerly direction, but there is considerable debate as to the 
extent of two-way voyaging between New Zealand and island Polynesia 
following this initial settlement (e.g. see Finney, 1994: 68-73). If two-way 
voyaging was rare - as some authors suggest - then much of the traditional 
navigational knowledge of the Maori (e.g. see Best, 1954) could have been 
obtained from fellow-Polynesians by Maoris who served on whaling, sealing 
and other European vessels during the nineteenth century. 

This brings our account of Maori star-lore to a close. What is remarkable 
is that so little was recorded, for of the 2,500 naked eye stars that were visible 
to the Maori, Best was only able to supply names for 12 that we can definitely 
identify! We have already alluded to the problems that non-astronomers faced 
in trying to identify different stars and asterisms, and Best (1955: 65) succinctly 
sums up the situation when he writes: 'Such are the Maori star-names collected, 
and a poor showing it is, compared with what might have been obtained, for 
so few have been identified.' 

Variable stars 

To the Maori astronomer most stars were unchanging in location, brightness 
or colour, from week to week or month to month, but they must have noticed 
that just a few altered appreciably in brightness. We call these variable stars, 
and now know that there are very large numbers of them in our Galaxy. There 
are various classes of variable stars (see Kholopov, 1985), and most exhibit 
cyclic variations in brightness with well-defined periods and magnitude 
variations. 

However, few variable stars remain within naked eye range throughout their 
full cycle, or if they do vary sufficiently in brightness for this to be apparent to 
a naked eye observer. Nowadays, variable stars are a favourite quarry of the 
amateur astronomer, and experienced observers are able to discern a magnitude 
variation of 0.1 reliably. 

Table 6 provides a list of stars whose magnitude variations should have been 
conspicuous to any observer, but on the basis of the limited information 
supplied by Best there is no evidence that Maori astronomers actually systemat
ically monitored any of these stars. Indeed, Best is silent on the very existence 
of variable stars. 

Apart from variable stars, which would have been constant companions of 
the Maori astronomer, from time to time he would have encountered two 
different types of temporary stars, or guest stars as they were termed by the 
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Table 6 Examples of conspicuous naked eye variable stars visible from New Zealand (after 
Norton, 1957) 

Name Magnitude variation 

Eta Aquilae 3.7~4.5 

I Carinae 3.6~5.0 

Omicron Ceti 1.7~9.6 

Alpha Orionis 0.5~1.1 

Kappa Pavonis 4.0~5.5 

L2 Puppis 4.6~6.2 

Lambda Tauri 3.3~4.2 

Period (days) 

7.2 
35.5 
331 

9.1 
140 
3.9 

Popular name 

Mira 
Betelgeuse 

Chinese: supernovae and novae. Dodd (1996: 95) has described a supernova 
as ' ... a sometimes catastrophic energy outburst caused by the explosive disrup
tion of a star late in its evolution.' Supernovae are associated with both massive 
stars (more than eight times the mass of the sun) and white dwarfs, and the 
total energy output is prodigious. Not only were supernovae conspicuous by 
their brightness, but also by their longevity, for most remain visible to the 
naked eye for more than a year. 

Because of their prominence, historic supernovae were widely recorded in 
the Chinese, Japanese, Korean and European literature, and those within the 
last 1,000 years visible from New Zealand are listed in Table 7. Other known 
supernovae, such as the famous one of 1572 generally associated with Tycho 
Brahe, were located in the far northern sky beyond the range of New 
Zealand eyes. 

In all probability, Table 7 underscores the actual number of supernovae 
visible to the Maori, as it is likely that there also were a small number of far 
southern supernovae for which no written records exist. 

Unlike a supernova, a nova is a star that rapidly increases in brightness over 
just a few hours and then slowly fades, usually over several months. Not all 
novae reach naked eye visibility, but the light curve follows the same pattern 
as for a supernova, although the magnitude increase is much less. Furthermore, 
the cause is quite different (e.g. see Zeilik, 1985). It is believed that novae are 
associated with close binary stars, where one component is a white dwarf and 
the other a red giant. The two stars are so close together that matter can flow 
from the giant to the dwarf star, and after this has occurred for a time the 

Table7 Historic supernovae visible from New Zealand, AD 1000~1768 (after Hsi, 1958; 
Velusamy, 1987) 

Start date 

1006, May 1 
1054, July 4 
1203, July 28 
1604, October 8 

Constellation 

Ophiuchus 
Taurus 
Scorpius 
Ophiuchus 

Duration Notes 

several years 
22 months Crab Nebula 

12 months 
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accumulated material is ignited explosively and some of it is blasted into space. 
When this happens we see a nova. 

Clark and Stephenson (1977) surveyed the historical records of the past 
2,000 years, and found evidence of numerous new stars. Some of these were 
supernovae, but the majority were undoubtedly novae. Those that were visible 
from New Zealand are listed in Table 8 (after Ho, 1962; Hsi, 1958), and all 
would have been obvious to the Maori astronomer even though those at + 20° 
declination would have been low in the northern sky. 

This has to be regarded as a minimal list, for Ho (1962) includes many more 
guest stars and new stars drawn from Korean and Japanese sources, but 
unfortunately he does not pinpoint their positions so it is not known how 
many of these would have been accessible to New Zealand observers (although 
some undoubtedly were). In addition to these, and the novae listed in Table 8, 
it is certain that there were others that were visible from New Zealand but 
were beyond the view of Chinese, Japanese and Korean astronomers. This is 
indicated by the fact that novae tend to be most abundant in the general region 
of the Milky Way, which is particularly rich in the southern circumpolar region 
of Carina, Crux and Centaurus. 

Even without allowing for all these additional novae, the eleventh century 
stands out for the relative abundance of these new stars. But more than this, 
the occurrence of the two novae of 1138 and 1139 within the space of just nine 
months, and those of 1430 and 1431 within just four months of one another, 
would have been of special note to the Maori astronomer. Further, there are 
several other instances represented in the table where two or more novae would 
have been observed in the course of a typical human lifespan of 31-32 years. 

Clearly, novae and to a lesser extent supernovae would have been notable 
intruders in an otherwise largely unchanging night sky, and would have featured 

Table 8 Historic novae visible from New Zealand, AD 1000-1700 

R.A. Dec. 
Date recorded Constellation (hour, minute) (degrees) 

1006 Lupus 15 -50 
1011, February 8 Sagittarius 1920 -30 
1065, September 11 Hydra-Antlia 10 20 -30 
1070, December 25 Cetus 240 +10 
1138, June Ara 1 50 +22 
1139, March 23 Virgo 1420 -10 
1224, July 17 Scorpius 17 -40 
1240, August 17 Scorpius 17 -40 
1388, March 29 Pegasus-Andromeda 0 +20 
1430, September 9 Canis Minor 720 +7 
1431, January 4-April 3 Eridanus 5 -10 
1461, July 30-August 2 Ophiuchus 1740 0 
1584, July 11 Scorpius 1540 -25 
1676, February 18 Eridanus 4 -10 
1690, October 18 Sagittarius 18 -30 
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in the star lore of the Maori. Yet the only possible references to temporary 
stars or new stars in Best's account of Maori astronomy relate to Mahu and 
Mahutonga, both of which are described as ' ... a star of the south that remains 
invisible .. .' (Best, 1955: 46). Other names which include the term Mahu refer 
to the Southern Cross and the Coal Sack, suggesting that this invisible star 
may have been located in or near Crux (and therefore too far south to have 
been seen by Chinese, Japanese and Korean astronomers). Given the relative 
prevalence of novae, the Maori reference to a single star could suggest that a 
supernova was involved. 

Nebulae 

The only gaseous nebulae clearly visible to the naked eye in the southern skies 
are the dark nebulae scattered throughout the Milky Way (Fisher, 1963). The 
most conspicuous of these is undoubtedly the Coal Sack, flanking the Southern 
Cross. Best (1955: 39-41) lists six different Maori names for the Coal Sack, 
which are Manako-uri, Naha, Te Patiki, Te Rua-patiki, Te Rua 0 Mahu and 
Te Whai-a-titipa, but nowhere does he expound on how this feature was 
interpreted in Maori mythology. However, Sirius is said to have made his way 
into the sky' ... down through the Coal Sack.' (Hongi, 1920: 26) which suggests 
that the Coal Sack was regarded as a hole in the heavens, similar to a viewpoint 
that at one time also was prevalent in Europe (e.g. see Pannekoek, 1961: 476). 

The Milky Way and the Magellanic Clouds 

The Milky Way, that amazing concentration of stars, dust and gas, is seen at 
its best in the southern sky in the constellations of Scorpius and Sagittarius. 
Telescopic examination promptly reveals a plethora of star clusters and double 
stars, but Maori astronomers were not afforded this privilege. Nonetheless, the 
Milky Way was a conspicuous feature of the Maori night sky, and was known 
by numerous names (see Table 9). Of all of these options, Best (1955: 45) 
informs us that Mangaroa was the most commonly used. Other names, like Te 
Kupenga a Taramainuku and Whiti-kaupeka were regional terms, and it is 
likely that a number of the other names listed also were regionally-specific. In 
addition, some similar terms may reflect the regional dialect variations that 
are found in the Maori language (see Harlow, 1979). 

According to Maori legend, the Milky Way was one of the offspring of 
Ranginui and Papatuanuku, and its role - as we have seen - was to care for 
the stars. 

The Magellanic Clouds were seen as separate entities to the Milky Way, 
despite their similar appearance, and a number of different names were applied 
to them. As Table 10 indicates, some of these terms applied collectively to both 
Magellanic Clouds and others to either the Large or the Small Magellanic 
Cloud. Again, there is evidence here of regional variations in terminology. 

The large number of names employed for these two systems probably demon
strates the importance of the Magellanic Clouds in Maori society, but unfortu
nately, Best does not divulge precisely what their importance was. 
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Table 9 Different Maori names for the Milky Way (after Best, 1955) 

Name 

Te Ika a Maui 
Te Ika-matua a Tangaroa 
Te Ika-o-te-rangi 
Te Ikaroa 
Te Ikaroa-o-te-rangi 
Te Ika-whenua-o-te-rangi 
Te Kupenga a Taramainuku 
Te Mangoroa 
Mangoroiata 
Mokoroa-i-ata 
Te Paeroa 0 Whanui 
Te Tuahiwi-nui-o-rangi 
Tuahiwi 0 Rangi-nui 
Whiti-kaupeka 

Source/Region 

Ureweras 

South Island 

Table 10 Different Maori names for the Magellanic Clouds (after Best, 1955) 

Name 

Nga Patari 
Nga Pataritari-hau 
Nga Patari-kai-hau 
Nga Patari-hau 
Te Purangi 
Whakaruru-hau 

Kokirikiri 
Patari-rangi 
Rangi-matanuku 
Tioreore 

Patari-kaihau 
Tikatakata 

Ao-tea 
Ao-uri 
Kokouri 
Kokotea 
Manako-tea 
Manako-uri 
Nonoko-tea 
Nonoko-uri 
Tiripua 
Tiritiripua 
Tuputuputu 

Pioriori 

Association * 

The MCs 
The MCs 
The MCs 
The MCs 
The Mes 
The MCs 

LMC 
LMC 
LMC 
LMC 

SMC 
SMC 

One of the MCs 
One of the MCs 
One of the MCs 
One of the MCs 
One of the MCs 
One of the MCs 
One of the MCs 
One of the MCs 
One of the MCs 
One of the MCs 
One of the MCs 

Upper MC 

Source/Region 

Williams 

White 
Williams 
White 

Williams 

Stowell 
Stowell 

White; Williams 
White 
Taranaki 
Taranaki 
Williams 

White 

* Key: MC = magellanic cloud; LMC = large magellanic cloud; SMC = small magellanic cloud. 
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ASTRONOMICAL MOTIFS IN MAORI ROCK ART 

Thus far, our account of Maori astronomy has been based solely upon the oral 
record, but in other pre-literate societies astronomical information was also 
preserved on rock art, house design and orientation, portable artifacts, clothing, 
and even on personal tattoos or temporary body decoration. With the possible 
exception of rock art, there is little if any evidence that the Maori made regular 
use of any of these options. 

Rock art is an important feature of many cultures, and was executed for a 
number of reasons. In some instances, the actual painting or engraving of the 
rock walls was imbued with symbolic significance, and once accomplished the 
final product was of no great importance. Conversely, rock paintings were 
sometimes made at the time of a significant event or activity to commemorate 
its occurrence or observation. Thirdly, some rock art was prepared in order 
for the site to be used in future for ceremonies associated with the motifs 
depicted there. 

Solar eclipses, comets, meteor storms and supernovae were all spectacular 
apparitions, and there is good reason for believing that these sometimes were 
depicted in the rock paintings and engravings of pre-literate peoples (e.g. see 
Ronan, 1996: 250-251, and 'Physical representations of celestial objects' in 
Warner, 1996). 

During the first five centuries of South Island settlement, rock art was a 
feature of Maori culture, particularly in the limestone regions of north and 
south Canterbury and northern Otago (see Trotter and McCulloch, 1971: 28). 
Many of the motifs have been interpreted as humans, dogs and moas (the giant 
flightless birds of New Zealand which are now extinct), and appear to depict 
moa-hunting expeditions by small numbers of people, but there are a few 
paintings which do not seem to relate to the natural landscape and some of 
these may represent celestial objects. 

For example, Ambrose (1970) includes the concentric circles shown in 
Figure 6(a), which may depict the sun or the AD 1006, 1054 or 1203 supernova. 
Similar concentric circles are found in other sites, but are rare (Trotter and 
McCulloch, 1971: 40). Of similar antiquity to the Figure 6(a) painting are the 
six linear figures on the left hand half of Figure 6(b), which may represent a 
meteor shower, the two most prominent objects being bolides. The sixth object 
in this group also is reminiscent of a comet, and may portray a comet that 
was visible at the time of the meteor shower. Finally, Figure 6(c) shows another 
composition from the same rock shelter, and the five aligned diamonds with 
'tails' may document the celestial movement of a conspicuous comet over a 
finite time interval. Obviously, all of these interpretations must remain 
speculative. 

MAORI CONCEPTS OF TIME 

The Maori developed their own calendar system, based in the main on the 
motion of the Earth round the sun and on the movement of the moon. In this 
way, they could identify seasons, months of the year, and days of the month. 
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Figure 6 Possible rock art depictions of celestial objects and events; scale in inches (after 
Ambrose, 1970) 

What they could not do, apparently, was count individual years: 'The Maori 
had no tale of years as Europeans have .. .' (Best, 1959: 11). 

To the Maori, there were two main seasons of the year, summer (termed 
Raumati) and winter (Takurua or Hotoke), but autumn (Ngahuru) and spring 
(Koanga or Mahuru) were also recognised (Best, 1959: 46). The first of the 
two words for winter is also a name for the star Sirius, while Koanga (spring) 
announces the digging season - a time to plant the kumara and other crops. 
In contrast, Ngahuru (autumn) is the season for harvesting the crops; it was a 
time when food was plentiful, hence the terms Ngahuru-kai-paenga and 
Ngahuru-kai-paeke, where kai refers to food. 

Summer and winter 

... were personified in two beings named Hine-raumati, the Summer Maid, and Hine-takurua, 
the Winter Maid. These damsels ... were taken to wife by Te Ra, the sun. The Winter Maid 
dwells out on the ocean and controls the food supplies of that region ... The Summer Maid 
dwells on land, her task being to foster the food products of the earth. Ra, the sun, spends half 
a year with each of his two wives. (Best, 1959: 49) 

The Maori year (with its four seasons) was made up of lunar months, but 
there were considerable variations throughout New Zealand in the precise 
number of months recognised and in their names. Most tribes recognised twelve 
months in a Maori year, but Best (1959: 21-22) also cites 10 and 13 as rare 
alternatives. In regard to the naming of the months, he observes: 

... no common system of naming months existed. Several series of names were in use, even in 
the North Island. Each tribe recognised proper names for the months, but also, and apparently 
more commonly, employed a series of names consisting partially or entirely of ordinal numbers, 

12 
I 
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as Te Tahi (The First), Te Rua (The Second), and so on. The remarkable point is that the 
proper names of the month did not agree. Two distinct series of such names were in use on the 
east coast of the North Island. (Best, 1959: 18-19) 

This is yet another example of the way in which regional variations permeated 
Maori astronomical lore. 

Regardless of the number of months used and their names, the Maori year 
was intimately associated with a succession of ecological situations and associ
ated food-quest activities. This is illustrated below in reference to the Tuhoe 
tribe from the Ureweras (see Table 11). Because they lived in a mountainous 
somewhat inhospitable inland region of the North Island, there is greater 
emphasis than elsewhere on forest products and of course no mention of 
maritime resources. 

Identifying months by number rather than name was all very well so long 
as a clearly-defined start to the Maori year was universally adopted, but this 
was not the case: 

Now in some districts, as the east coast of the North Island, the Pleiades year was a permanent 
institution, but in others the heliacal rising of Puanga (Rigel in Orion) marked the commence
ment of the year. This was the case in the far North, in the South Island, and at the Chatham 
Isles. It is possible that the two systems were introduced by different bands of migrants, and 
possibly from different regions of the Pacific. (Best, 1959: 6). 

For some the year commenced in May and for others in June, depending 
upon whether Orion or the Pleiades controlled the Maori year. The actual 
starting date varied from year to year, and depended on the occurrence of the 
first new moon after the reappearance of the Pleiades or Rigel in the morn
ing sky. 

The month, in its turn, was composed of different named nights of the moon 
rather than days of the month. Most sources recognised 30 days per month, 
but others give 29 or 31, and one even lists 33. Best (1959: 30) observes that 

Table 11 Months of the Tuhoe Maori year (after Best, 1959: 19) 

Month Name 

Piripi 
2 Hongonui 

3 Hereturi-koka 
4 Mahuru 
5 Whiringa-nuku 
6 Whiringa-rangi 
7 Hakihea 
8 Kohi-tatea 

9 Hui-tanguru 
10 Poutu-te-rangi 
11 Paenga-whawha 
12 Haratua 

Features 

All things on earth come together owing to the cold; likewise man. 
Man is now extremely cold, and so kindles fires before which he 
basks. 
The scorching effect of fire on the knees of man is seen. 
The earth has now acquired warmth, as also have herbage and trees. 
The earth has now become quite warm. 
It has now become summer, and the sun has acquired strength. 
Birds are now sitting in their nests. 
Fruits have now set, and man eats of the new food products of the 
season. 
The root of R uhi now rests upon the earth. 
The crops are now taken up. 
All stakes are now stacked at the borders of the plantations. 
Crops have now been stored in the store pits. The tasks of man are 
finished. 
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the 'Names of nights of the moon differ to some extent in different districts, as 
also does the order in which the names occur.' This is clearly illustrated by 
reference to Table 12, where the successive columns list the names supplied by 
Otaki, Tuhoe, and Kahungunu informants (after Best (1959: 28-35)). 

In each instance, 'The moon disappears on the Mutuwhenua night; it acquires 
form on the Whiro night and its radiance is seen.' (Best, 1959: 31). In other 
words, the first night of the moon correlates with the initial appearance of the 
crescent moon low in the western sky immediately after sunset. 

One major problem with this calendar system was that the true lunar month 
was in fact less than 30 days (or nights), which sooner or later would have led 
to discrepancies between the stated night of the moon and the required phase 
of the moon. Best's Otaki informant explained how this dilemma was resolved: 

The fifteenth night is an Ohua, but in certain months it is the sixteenth night, and sometimes 

Table 12 Maori names for nights of the moon from different regions of the North Island 

Region 

Night Otaki Ureweras Wairarapa 

Whiro Whiro Whiro 
2 Tirea Tirea Tirea 
3 Ohoata Hoata Hoata 
4 Oue Oue Ouenuku 
5 Ok oro Okoro Okoro 
6 Tamatea Tamatea-tutahi Tamatea-ngana 
7 Tamatea-ngana Tamatea-ngana Tamatea-kai-ariki 
8 Tamatea-aio Tamatea-aio Huna 
9 Tamatea-whakapau Tamatea-kai-ariki-whakapa Ari-roa 

10 Huna Ari-matanui Maure 
11 Ari Huna Mawharu 
12 Hotu Mawharu Ohua 
13 Mawharu Maure Hotu 
14 Atau Ohua Atua 
15 Ohau Atua Turu 
16 Turu Hotu Rakau-nui 
17 Rakau-nui Turu Rakau-matohi 
18 Rakau-matohi Rakau-nui Takirau 
19 Takirau Rakau-matohi Oike 
20 Oike Takirau Korekore-te-whiwhia 
21 Korekore Oika Korekore-te-rawea 
22 Korekore-turua Korekore-whakatehe Korekore-hahani 
23 Korekore whakapiri ki nga Korekore-piri-ki-te-

Tangaroa Tangaroa Tangaroa-amua 
24 Tangaroa-a-mua Tangaroa-a-mua Tangaroa -aroto 
25 Tangaroa-a-roto Tangaroa-a-roto Tangaroa-kiokio 
26 Tangaroa-kiokio Tangaroa-kiokio Otane 
27 Otane Otane Orongonui 
28 Orongonui Orongonui Mauri 
29 Maurea Mauri Omutu 
30 Mutu Mutuwhenua Mutuwhenua 
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it is the seventeenth night - that is, ere the condition of full moon is obtained. If the moon does 
not become full until the seventeenth night, then the fifteenth, sixteenth and seventeenth nights 
are all termed Ohua, and then the last three nights of the moon, Orongonui, Maurea, and 
Mutu, are omitted, because a new moon has appeared. (cited in Best, 1959: 29). 

This flexibility not only allowed corrections to be made to accommodate the 
changing phase of the moon, but it also goes some way towards explaining 
why identical names in Table 12 sometimes denote very different nights of the 
moon. This flexibility aside, the Maori were able to use their calendar system 
to pinpoint particular dates during the year with great precision, by simply 
specifying the month in question and the relevant night of the moon. 

* * * 
The foregoing account indicates that Maori astronomy was intricately inter
woven with mythology, ritual and religion, and that various celestial bodies 
were attributed human qualities - good and bad. The sun, the moon and 
certain stars (and groupings of stars) played an on-going role in everyday life 
on Earth, and their surveillance and study was therefore a matter of consider
able importance. 

It is equally apparent when comparing the various objects and events that 
we know were visible in the New Zealand night sky between AD 1000 and 
1768 with what is actually recorded in Best's accounts that either 

1. the Maori astronomer was basically disinterested in much of what was 
happening in his night sky, or 

2. the account provided by Best is superficial and in no way reflects the actual 
interests, skills and knowledge base of the pre-European Maori astronomer. 

I believe the second alternative best represents the true situation and that Best's 
work simply presents the tip of the Maori astronomical iceberg. I also believe 
- with considerable regret - that given the passage of time and the degree of 
acculturation involved, there is no chance of capturing the detail of pre-contact 
Maori astronomy, of reconstructing the morphology of that all-elusive astro
nomical iceberg. As Best himself noted back in 1922: The knowledge ... of this 
subject is meagre and unsatisfactory, but it is now too late to remedy the 
deficiency.' (Best, 1955: 78). 

All we can aim to do now is document contemporary Maori astronomical 
knowledge, note any evidence of regional variations, and see if we can establish 
which components are drawn directly from Best's accounts and which definitely 
derive from the post-contact period and reflect European religious and scientific 
views. We should also try to quantify the various ways in which this contempo
rary astronomical knowledge base is utilised in everyday life. Our focus now 
must shift to the Maori astronomy of the twentieth and twenty-first centuries. 
This is the challenge. 
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DAVID S. P. DEARBORN 

THE INCA: RULERS OF THE ANDES, 
CHILDREN OF THE SUN 

As children of the sun god, Inti, the Inca ruled their empire. Their claim to 
this position was reinforced through mythology and ceremonies involving a 
system of solar markers around the horizon of Cuzco. The remains of such 
solar markers have now been found, giving flesh to early Spanish accounts. 
But many questions remain. This system required the support of other observa
tions. Who made them and how? More importantly, how was this sky watching 
activity used to support the Inca imperial system? 

By 1572 the last legitimate heir to the Inca crown had been executed, and 
many of the important shrines had been desecrated or destroyed. A great deal 
of information on Inca social structure, ceremonial activity, and belief is lost. 
Still, through ethnohistoric accounts, and archaeological fieldwork, it is possible 
to piece together the skywatching practices of the Inca and understand some 
of its use in organizing their empire. In late 1526, a small company of men led 
by Francisco Pizzaro departed from Panama, in search of a fabulously wealthy 
kingdom that was said to exist to the south. As Pizzaro's ship sailed onward, 
the ruling Inca, Huyna Capac, enjoyed a moment of tranquillity in his rule 
over the empire, Tahuantinsuyu. In just three generations, Inca control had 
expanded from the Cuzco heartland to a region that ran the length of the 
Andes. Over these years, Cuzco had been physically rebuilt into an imperial 
capital. At the same time, the Inca must have reconstructed their own society 
to accommodate the duties of imperial elites. 

Tahuantinsuyu was one of the greatest states to develop in the Americas, 
but this empire was not the first complex Andean society. Cuzco lay at the 
frontier between the highland centers of Huari and Tiwanaku. The region was 
occupied by the Huari from around AD 600 until the collapse of that empire, 
perhaps as late as AD 900 or 1000 (McEwan, 1987: 80, 1991). It is currently 
unclear which elements of Huari or Tiwanaku statecraft were adopted by the 
Inca as their own expansionistic state developed in the 15th century and which 
were their own invention. It is certain that on the eve of European contact, 
the Inca state had developed a very complex, hierarchical social structure, in 

197 

H. Selin (ed.). Astronomy Across Cultures: The History of Non· Western Astronomy, 197-224. 
© 2000 Kluwer Academic Publishers. 



198 DAVID S. P. DEARBORN 

which they asserted their right to govern as children of Inti, the powerful 
sun god. 

In early 1528, as Pizzaro sailed home seeking a royal commission to conquer 
and Christianize the lands that he had found, a comet appeared in the sky. 
Shortly after this apparition, the last independent ruler of Tahuantinsuyu 
succumbed to a disease that swept the empire (Ziolkowski, 1985: 161-167; 
Dearborn, 1986: 17-19). With the death of the ruling Inca, a civil war engulfed 
Tahuantinsuyu as the brothers Atahualpa and Huascar contended for control. 
Huascar was captured by Atahualpa's general and killed. However, with the 
appearance of another comet in 1533 (Xerez, 1985: 156 [1534]; Cieza de Leon, 
1984: 201 [1553: pt. I, Bk. I, Ch. 65]), Atahualpa too was executed by the 
newly arrived Spanish, and the collapse of Tahuantinsuyu as an indigenous 
state had begun. 

When the Spanish arrived, they wrote accounts that chronicled Inca accom
plishments and methods of governance. As part of this effort, they could hardly 
avoid descriptions of the public rituals that marked the activities of the year. Nor 
could they miss commenting on the system of monumental structures that sur
rounded Cuzco, marking the sun's motion along the horizon. During public 
gatherings, the rise or set of the sun between these markers provided a visible 
manifestation of the bond between the sun and the ruling elite. These historical 
materials provide a great deal of information on the development and operation 
of this autochthonous state, but substantial questions remain. The importance of 
the solar cult in Inca social organization was unambiguous, but beyond maintain
ing an army, how did the Inca establish and enforce their premier position in 
Andean cosmology? What element in that cosmology made the sun an object of 
choice for the preferred supernatural patron? Was Andean cosmology adapted to 
fit Inca society, or was the empire organized to reflect that cosmology? 

To answer these questions, Andean cosmology must first be examined. Like 
any cosmology, it incorporated all perceived components (sun, earth, wind, beasts, 
people), and processes (creation, growth, celestial motions) of the cosmos. The 
indigenous methods of perceiving those components and processes can be called 
ethnoscience. The astronomy segment of indigenous science provides timekeeping, 
but it can be involved more fundamentally into social organization. When natural 
physical phenomena or celestial objects are seen as supernatural, their perceived 
powers make them subjects for attention and propitiation (for good or to avoid 
ill). The practical value of timekeeping reinforces the perceived power of celestial 
supernaturals, and the organized activities for propitiating them become a part 
of the indigenous astronomy. Close association with these powerful entities con
veys social status or reinforces hierarchy. 

The Inca origin fit into this cosmology but included a kinship claim reaching 
to the beginning oftime (or at least the birth of the sun). Evidence will be presented 
suggesting that this assertion was an adoption of the Inca and not an invention. 
As an adopted element of state organization, Inca astronomy is potentially perti
nent for understanding earlier Andean states as well as Tahuantinsuyu. As the 
best documented and preserved Andean culture, the Inca model has been used as 
a template for understanding pre-Inca sites (Anders, 1986). 



THE INCA: RULERS OF THE ANDES, CHILDREN OF THE SUN 199 

The best evidence for Inca astronomical practice involves a system of pillars 
used to mark the motion of the sun along the horizons of Cuzco. A combination 
of historical and archaeological data will be presented to shed light on how 
these markers physically reinforced their claims to a solar heritage. The recent 
discovery of the remains of a pair of solar markers at the Island of the Sun 
provides insight into the actual functioning of these structures and resolves 
some of the ambiguity or contradiction- among various historic accounts. The 
construction of a system of markers used in public ceremony, along with the 
need to predict when to gather participants, requires the presence of specialists 
who systematically monitored the sun. What was the position of these astrono
mer/skywatchers in Andean society, and how did they carry out their duties? 
The extent and nature of astronomical specialization is closely linked to both 
the astronomical knowledge that a culture possesses and the roles that this 
knowledge played in their communities. While there is considerably less infor
mation on these specialists, evidence will be presented that skywatching was 
an important and well supported activity. 

With this basic data, some more elaborate but speculative hypotheses will 
be briefly discussed. They originate in the study of a system of shrines that 
existed around Cuzco, today called the ceque system. In 1964, R. Tom Zuidema 
published the first major study of the ceque system and its relation to the social 
and political organization of Cuzco. The first map of the system appeared in 
his introductory investigation of the Inca-calendar (Zuidema, 1977a). Zuidema 
(l977a, 1977b, 1981a-c, 1982a-c, 1983a, 1983b, 1988a, 1988b, 1990) and his 
collaborator, Anthony Aveni (1981, 1987), have subsequently investigated a 
number of hypotheses including the use of each shrine to represent a day in a 
sidereal calendar of 328 days (12 lunar sidereal months). In addition, a number 
of its shrines are aligned to astronomical phenomena including solstices, stellar 
rises and sets, and zenith/antizenith dates. While physical evidence to support 
these hypotheses is minimal, they have inspired considerable research. 

The utility of indigenous astronomy to help understand the relation between 
Andean cosmology and Inca social organization has long been recognized. 
Early efforts include Horacio H. Urteaga (1913), who reviewed various Spanish 
accounts concerning Inca solar markers, and Erland Nordenskiold (1925), who 
examined a series of Inca quipus (knotted strings on which the Inca recorded 
information) for possible calendric information. The recent and extensive works 
of Aveni, Sadowski, Ziolkowski and Zuidema will be referenced in this article, 
but for more complete accounts of astronomical research on the Inca see 
Astronomy and Empire in the Ancient Andes (Bauer and Dearborn, 1995), or 
La Arqueoastronomia en la investigacion de las culturas Andinas (Ziolkowski 
and Sadowski, 1992). Conquest of the Inca (Hemming, 1970), Provincial Power 
in the Inka Empire (D'Altroy, 1992), and Development of the Inca State (Bauer, 
1992) are also excellent resources for additional information on the Inca. 

ANDEAN COSMOLOGY AND THE CULT OF THE SUN 

Early Spanish documents describe the Inca and other Andean peoples worship
ping mountains, caves, springs, rivers, and rocks [e.g. Cobo, 1990: 44-46 (1653: 
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Bk. 13, Ch. 12)]. Each of the shrines they constructed, called huacas, was 
thought to contain an animus to which offerings were made. Certain of these 
huacas, mountains in particular, can be locally very important. Natural phen
omena of demonstrable power, like the sun, thunder, and earthquakes, were 
also held to be supernaturals with an interest in the actions of humans. As 
these occur along the whole length of the Andes, they were more widely 
worshipped than individual terrestrial features. Among these natural forces, 
the sun was widely accepted as a deity to whom the Creator god had given 
the power to raise all foods (Cobo, 1990: 25). 

In addition to a landscape populated with animas, each ethnic group had a 
principal huaca, or idol, that was worshipped as a patron. As the Inca incorpo
rated new localities into their empire, these idols were captured and transported 
to Cuzco. The status of such huacas was accepted, but they were held hostage 
in order to insure the good behavior of the captured people. The imperial Inca 
beliefs were formed from this animistic Andean basis. In line with their elite 
status, the ruling Inca claimed kinship not to a terrestrial object but to the 
powerful sun god, Inti. As the Inca expanded their region of influence, it was 
not necessary to introduce a new god, only to assert successfully their close 
relationship to that deity. 

The basis of this assertion was recorded in an account of Christobal de 
Molina (ca. 1575). A Quechua scholar, and author of a number of documents, 
he gives Titicaca as an origin place for the sun, and places the first Inca, Manco 
Capac there: 

They say that it was at night and that there he [the Creator] made the Sun and Moon and 
Stars, and that he ordered the Sun and Moon and Stars go to the Island of Titicaca that is 
near there, and from there they rose to the sky. And at that time, the Sun who wanted to rise 
in the figure of a very flamboyant man called to the Inca and to Manco Capac, as their superior 
and said: You and your descendants will be Lords and will subjugate many nations; take me 
as your father (Molina, 1989: 52 [ca. 1575] translation by Bauer [Dearborn, Seddon, and 
Bauer, 1998]). 

The island of Titicaca, now called the Island of the Sun, became the site of 
an important Inca temple to the sun and the terminus of pilgrimages by sun 
worshippers. However, historical evidence suggests that the Island of the Sun 
was a focus of sun worship and was seen as an origin place of the sun even 
before the arrival of the Inca empire. This solar association appears to extend 
back at least to the Colla Indians, who occupied the area before the Inca 
incursion. 

Bernabe Cobo, a Jesuit Priest and naturalist, wrote one of the early histories 
of Peru. Published in 1653, it was based on both his own travel and experiences 
and the manuscripts of earlier writers (some of which no longer exist). Cobo 
(1990: 91-92) presented the following account for the sun's origin: 

... the people of ancient times tell of being without light from the heavens for many days, and 
all of the local inhabitants were astonished, confused, and frightened to have total darkness for 
such a long time. Finally, the people of the Island of Titicaca saw the sun come up one morning 
out of a crag with extraordinary radiance. For this reason they believe that the true dwelling 
place of the sun was that crag ... Thus a magnificent temple, for those times, was constructed 
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there and dedicated to the sun, although it was not so magnificent as it was after the Inca 
enlarged and enhanced its frame. 

In this myth, the Colla believed the Island of the Sun (Titicaca) to be the 
origin place of the sun and worshipped there before the Inca occupation. Over 
a century earlier, Pedro Cieza de Leon (1976: 280 [1553: Pt. 1, Ch. 103J) had 
published the same myth, and repeated this story in a subsequent part of his 
chronicle, adding that after the sun rose, a man appeared 'who they called the 
Maker of all things, their Beginning, Father of the sun, .. .' and that 'the statues 
of Tiwanaku were believed to be of this time' (Cieza, 1976: 27 [1554: Pt. 2, 
Ch. 5J). All that differs between Molina's and Cieza's versions is the presence 
of the first Inca, Manco Capac, at the island and his adoption by the sun. 

The importance of the sun to the pre-Inca inhabitants of Collao is further 
supported by Juan de Betanzos' account of the Inca conquests. Betanzos was 
an early Spanish settler in Cuzco who married an Inca princess and learned 
Quechua, the Inca language. He is an important source for Inca history, as he 
was personally acquainted with the Cuzco nobility. He does not mention 
Titicaca, but does describe Pachacuti's conquest of the Colla (Betanzos, 1987: 
99-102 [1551: Pt. 1, Ch. 20J). The Colla leader called himself the 'King and 
only Lord, Child of the Sun', Capac Capaapoyndichori. Evidently the effort to 
claim a solar patron was not unique to the Inca. Additional evidence of non
Inca derived sun worship among the Colla is provided by Santacruz Pachacuti 
Yampqui, an indigenous chronicler and himself a Canchis of Collasuyu. 
According to him, on the death of Pachacuti, the Colla rebelled against the 
empire (Santacruz Pachacuti Yampqui, 1873: 101). In this rebellion, the Incas 
laid siege to them in a fortress called Llallahua-Pucara. During this siege, the 
Collas sacrificed children to the Sun, asking for aid against the Inca. 

How widespread and how early the belief that the Island of the Sun was the 
origin place of the sun is difficult to determine. Francisco Avila, a priest in the 
province of Huarochiri, also encountered a fable in which the world was dark 
for a period of days (Avila, 1873: 131-1.32 [1608 Ch. 3J). Unfortunately, instead 
of reporting the resolution of this fable, he speculates that it might have been 
an eclipse. Archaeological evidence (Seddon, 1998) argues that Titicaca (the 
Island of the Sun), and in particular that section of the island from which the 
sun rose, was a place of importance and offering as far back as Tiwanaku 
times. Radiocarbon evidence suggests that a Tiwanaku temple found there was 
constructed around 750-800 AD. The long term occupation of the island, and 
use of the northern end as a place for offerings, is more broadly supported by 
the survey work of Bauer and Stanish (1999 manuscript). 

In any case, the Inca version of the solar origin myth placed it in a region 
outside of their original control. The pre-imperial relationship between the 
Inca state and the polity of Callao is not known, but eventually Callao was 
incorporated into the empire. While the initial incorporation of this area seems 
to have been difficult and bloody, ultimately the inhabitants became Incaized 
(Julien, 1978: Ch. 6). Pilgrimages to the origin place of the sun began (or 
resumed) under Inca control. 
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THE ORIGIN OF THE INCA 

Bernabe Cobo also recorded a number of origin myths for the Inca themselves. 
In one account (Cobo, 1983: 103 [1657]), Manco Capac and his brothers and 
sisters emerged from a cave, Paccarictambo, seven leagues from Cuzco. Many 
Andean kin groups, or ayllus, traced their lineage back to mythical ancestors 
who emerged from a sacred place on the landscape. These locations formed a 
special class of huacas called paqarinas and commonly were caves, lakes, and 
springs (Bauer and Dearborn, 1995: 5-6). Molina's account connects the Inca 
origin to that of the sun by having them present at the island, but from there 
they are sent under the earth to a cave at Paccarictambo, from which they 
emerge. This cave was then their paqarina. Such a typical origin place does 
little to distinguish the Inca or to connect them to the powerful Inti. 

Cobo (1983: 104-105 [1657]) collected additional stories for the origin of 
the sun and the mission given to Manco Capac. In a slightly different story, 
Manco and his brothers and sisters were actual children of the sun. Concerned 
for the miserable state of humanity, the sun placed the first Inca in the lake 
and sent him forth to 'teach them to live like men of reason in a disciplined 
and orderly fashion.' This account eliminates the cave of origin and promotes 
the Inca above others by making the powerful sun god, Inti, an actual ancestor 
and giving them a common paqarina with the sun. 

With this ancestry, the Inca organized an annual cycle of celebrations that 
tracked the turnings of the sun. There is abundant historical evidence that Inti 
Raymi, the sun festival, was perhaps the most important annual public ritual. 
It was timed to include the June solstice, and people from all over the empire 
came to Cuzco with offerings and gifts for the Sun and his children. For the 
Inca themselves, Capac Raymi, the royal festival, was an annual celebration in 
which young men were initiated into adulthood. It lasted a month, including 
the December solstice. Citua was considered the third most important celebra
tion of the year. It occurred around the September equinox. Molina (1989: 73 
[ca. 1575]) describes it as a time for purifying Cuzco. Solstices and equinoxes 
can be understood as astronomically significant times, definable purely from 
the sun's motion, and causally linked to seasons. In addition to these astronomi
cally timed celebrations, there were the very important planting and harvest 
festivals. The timing of this type of celebration must be regionally determined 
to account for terrestrial conditions. In Cuzco, both the planting festival in 
August and the harvest in March or April included public gatherings in which 
the sun was observed to rise and set. 

While we cannot say with certainty why the Inca took the sun to be their 
patron/ancestor, we can offer some hypotheses for this choice. The Sun was 
very important, but it was not the most powerful force even in the Inca's own 
cosmology. Of supreme power was a Creator god, Pachayachachic, to whom 
all other gods were servants and ministers (Cobo, 1990: 22). Polo de Ondegardo 
(1916: 54) affirms the importance of Pachayachachic, identifying him as the 
universal Creator. While the Creator god was supreme in this pantheon, he 
was invisible and did not appear regularly in the affairs of man. Thunder and 
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Earthquake were powerful and potentially devastating gods requiring respect 
for the damage that they could do. They were irregular in their appearance 
and chaotic in their impact. 

By comparison, the sun is visible, regular, and a benevolent force providing 
food and warmth. Its regularity permitted the sun seemingly to participate in 
the most important Inca ceremonies. Further, the ethnohistorical evidence of 
pre-Inca sun worship at the Island of the Sun and the archaeological evidence 
of a Tiwanaku ceremonial center at this site suggests a long history of sun 
worship. Whatever their reason, by the time the Inca expanded their empire 
into the Lake Titicaca region, the royal Inca and his queen were believed by 
many to be the human descendants of the sun and the moon. Accordingly, the 
origin myths regarding the sacred islands of Lake Titicaca may have begun to 
change. It is possible that during this later period, the Lake Titicaca myth was 
transformed with the Inca (analogous to the sun) and his sister/wife (analogous 
to the moon) emerging from these sacred islands. This association was used to 
compel a recognition of the Cuzco elite's right to rule. 

HORIZON ASTRONOMY 

The elite's relationship to Inti not only depended on mythic assertion, but was 
regularly demonstrated in ritua1. Spanish accounts of Inca ceremonies describe 
solar observations made by large groups as a focus of the ceremonial activity. 
Around Cuzco, this sun watching was augmented by a system of solar horizon 
markers, and these public activities were located and timed so that the partici
pants saw the sun rise or set between towers as part of the celebration. 

The most common historical evidence for Inca astronomy is accounts of 
large pillars forming a system of solar markers. They are mentioned by at least 
a dozen authors who visited Cuzco between 1541 and 1630, giving accounts 
of as many as 16 pillars in that area. One such author was Polo de Ondegardo. 
In his first term as Corregidor of Cuzco (1559) he collected data that was used 
in the now lost document De los errores y supersticiones de los indios (On the 
errors and superstitions of the Indians). An extract of that document published 
in 1585 still exists. In this work, Polo de Ondegardo describes the use of 
the pillars: 

Each moon or month had its monument or pillar around Cuzco, where the Sun reached that 
month. And those pillars were important shrines, to which various sacrifices were offered, and 
everything that was left over from sacrifices to the H uacas was taken to these spots, which were 
called Sucanca; and that which is the beginning of winter, pucuy sucanca, and the beginning of 
summer, Chirao sucanca. [Polo de Ondegardo, 1965a: 20-22 (1585: Ch. 7) translation modified] 

In another document, Relaci6n de los Jundamentos acerca del notable dano que 
resulta de no guardar a los Indios sus Jueros (A report on the basic principles 
explaining the serious harm that follows when the traditional rights of the 
Indians are not respected), Polo de Ondegardo mentions the Cuzco solar 
pillars in a description of a feast occurring near the equinox (11 March in the 
Julian calendar): 

In the middle of March according to the moons which they count by observing the course of 
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the sun through those columns or posts which they call Saybas [sayhuasJ, and which surround 
the City of Cuzco, the Inca divided them [young women], or his lieutenants did, a solemn 
ceremony for this purpose having been held in this form, so that women were taken from there 
for the Sun ... [Polo de Ondegardo, 1965b: 101 (1571)] 

Cobo, who had a copy of Polo de Ondegardo's complete document, states that 
each month was marked by pillars. Bauer and Dearborn (1995: 25-46) provide 
an exhaustive examination of the historical accounts to draw some conclusions 
about the Cuzco pillars. They were rectangular stone structures of considerable 
size, visible from a distance of two to three leagues. They were also well 
constructed and remained visible on the horizon for at least one hundred years 
after the conquest. The accounts are not consistent on the pillar separation, 
and this is critical to understanding the actual nature of the use. Was the 
determination of a particular date really the object? 

In the region of Cuzco, the daily motion of the sun along the horizon ranges 
from near 30 minutes-of-arc at an equinox (approximately the angular diameter 
of the moon), to a few minutes-of-arc near a solstice. To be useful as an 
observational instrument to mark a particular date, the pillars must mark a 
small region on the horizon corresponding to the date. Especially near a 
solstice, a single pillar is perfectly suited to this task. Closely spaced pairs of 
pillars are also suitable to frame the small region where the sun will rise and 
set on a particular day. 

Among the most commonly mentioned pillars is a group of four on a hill to 
the northwest of Cuzco now called Picchu (Figure 1). In his description of 
these pillars, Betanzos (1987: 73-74 [1551: Pt. 1, Ch. 15]) places the outer 
pillars about a braza (a fathom) from the inner pillars, and the inner pillars 
about half a braza apart for a total group width of approximately 5 meters. 
This separation is so narrow (as viewed from Cuzco) that only near a solstice 
could the sun be guaranteed to set between the pillars. Near an equinox, the 
daily solar motion is so large as to move the set position of the sun from one 
side of the group to the other without setting between the pillars. Similarly, 
Garcilaso de la Vega (1989: 116 [1609: Vol. 1, Bk. 2, Ch. 22]) described two 
large pillars flanking two smaller ones, each separated by about 20 feet for a 
total of 18 meters. Here again, a closely spaced group is described that would 
serve to define a particular date. With this spacing, the sun would set between 
the outside pillars every year, as viewed from central Cuzco, but would consis
tently set between the inner pillars only if they were located near a solstice 
position. 

In the Discurso de la sucesion y gobierno de los Yngas, an Anonymous 
Chronicler (1906: 151 [ca. 1570]) gives the most complete account of the pillars 
on Picchu. He provides information on the approximate location of the pillars, 
the location from which the observation was made, and the approximate date 
of the observation. 

In the highest hills in view of the city of Cuzco, to the west, they built four pillars in the form 
of small towers, that could [be seen] from two or three leagues. The first was placed two 
hundred paces from the last and the two in the middle were fifty paces from one another, and 
the separation of the two extremes was suitable for their intended use; with the result that when 
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Figure 1 Photo of the plaza de Armas, and the hill, Picchu, on which there once existed four 
pillars marking the sun's motion. 
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the sun reached the first pillar they prepared for the general planting and began to plant 
vegetables in the heights, as slower [to mature], and when the sun reached the two pillars in 
the middle, was the point and the general time of the planting in Cuzco, and it was always 
in the month of August. It is in this way that, to take the point of the sun between the central 
two pillars they had another pillar in the middle of the plaza, [a] pillar of well worked stone 
one estado in height, in a suitably indicated place, that they called usnu, and from there they 
watched the sun between the two pillars, and when it was exactly there, it was the time for 
sowing in the Cuzco Valley and its region. 

Here the pillars on Picchu are said to mark a planting festival some time in 
the month of August (Figure 2). The Inca gathered around the usnu, a stone 
in the plaza of Haucaypata, to watch the sun set between the central two pillars 
on a nearby hill, Picchu. In this account, the inner pillars were separated by 
50 paces (approximately 70 meters), and the outer pillars by 200 (around 
350 meters). Dearborn and Schreiber (1986) noted that at the distance of 
Picchu from the plaza, these pillars are much too wide apart to specify a precise 
date. In mid-August, the sun would be observed to set between the central 
pillars for nearly a week. This may have been a convenience to allow for 
weather, as the beginning of the planting season does not require starting on 
a particular day, and clouds sufficient to obscure the sunset are possible in 
August. They also postulate an alternative, in which the large separation 
permitted most of people gathered in Haucaypata to witness the observation, 
along with the ruling Inca. In either case, such a wide separation is better 
designed for a group activity in which many see the sun participate by returning 
to earth at a prepared position than it is for determining a particular date. 

The pillar separation becomes a determinant for resolving the question of 
whether the primary object was astronomical (date determination) or ritual 
(group participation). Bauer and Dearborn (1995: 67-100) combined the eth
nohistorical data with detailed archaeological research in an effort to locate 
any of these pillars. Unfortunately, the proximity of a continuously occupied 
urban area has resulted in extensive destruction of the archaeological remains 
around Cuzco, so that physical evidence of pillar spacing must be sought 
elsewhere. While there is no early historical account of pillars outside of the 
Cuzco area, such rituals were an important element in Inca social activity, 
suggesting the practice may have been established at other Inca ceremonial 
sites. As the location from which the Inca, the Colla, and possibly other Andean 
peoples believed the sun ascended into the heavens, the Island of the Sun, 
Titicaca, held one of the most important shrines of the empire. It was here that 
the Sun spoke to the first ruling Inca, Manco Capac, calling him a son. As a 
destination of sun-worshipping pilgrims, this island was a location for the type 
of ritual activity that might include the use of solar markers. 

The Inca took this island when they expanded political control into the 
Colla region and established their own sanctuary at the north end of the island 
around the large sandstone crag from which the sun ascended. Much of our 
historic information on the Island of Sun comes from Cobo (1990: 91-99 
[1653: Bk. 13, Ch. 18]), who describes the path of a pilgrim going to worship 
at the sanctuary. The pilgrim would first arrive at the town of Yunguyo, near 
the modern boarder between Peru and Bolivia and about a league from 
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Figure 2 Drawing by the indigenous chronicler Guaman Poma de Ayala showing part of the 
ritual activity associated with the ceremony to begin planting around Cuzco in August. 

Copacabana. Access beyond Yunguyo was restricted and available only to 
pilgrims, priests, and those who maintained fields on the island. To gain access, 
a pilgrim had to speak with a confessor and do penitence. He also had to 
abstain from salt, meat, and ahi (chili peppers). After this the traveler could 
proceed to Copacabana, where a second confession was made. Pilgrims were 
not permitted to approach empty handed and had to bring offerings. According 
to Cobo the veneration of this shrine was widespread, and the high cost of 
such visits caused them to be held in high esteem. 
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Ultimately the pilgrims were not permitted to enter the sanctuary or 
approach the sacred crag. Instead, they arrived at a gate, Intipunku, where 
they handed their offerings to the priests of the shrine. This gate was in a wall 
that crossed an isthmus near the north end of the island. In Cobo's account, a 
simple pilgrim could come no closer to the sacred crag than the 200 paces 
(about 350 m) distance of the wall. The stone rubble of this wall still exists 
today at the approximate distance stated by Cobo. The amount of stone is 
insufficient to have formed a high wall, and unless topped by some more 
perishable material, the pilgrims would have easily seen the sacred stone and 
an adjacent plaza from their position at the wall. 

Both Ramos Gavillin (1988: 93-95 [1621: Ch. 13]) and Cobo tell of a round 
altar stone in front of the rock and in the adjacent plaza. This round stone 
had a hole into which large amounts of chicha (corn beer) were poured during 
ceremonies. When Cobo visited the sanctuary in 1616, a cross had been erected 
in the hole, suggesting a deliberate effort to Christianize this important solar 
shrine. While this altar no longer exists, recent excavations in the plaza (Bauer 
and Stanish, n.d. manuscript) found the remains of a small underground channel 
that would have carried the chicha from the altar to a structure north of 
the plaza. 

This plaza runs about 80 meters along the sacred rock and is about 30 meters 
deep. It has a typical U shape with a wall and terrace forming the shorter 
sides. The rock itself dominates the northeast side, reaching a height of about 
5 meters. There is a concavity near the center that Cobo says was lined with 
gold and contained an image of the sun. 

There is no account stating when pilgrims came to the Island of the Sun, 
but June is the month of the solstice and the Inca festival honoring the sun, 
Inti Raymi. In his account of the activities of this month, Molina (1873: 17-18 
[1575]) describes a pilgrimage that left Cuzco and went as far as Vilcanota 
near la Raya on the frontier of Collao. While this pilgrimage returned to Cuzco, 
some pilgrimages went to the sanctuary itself. The months of May, June and 
July were optimal times for travel for other reasons besides being able to be 
at the Island of the Sun for the feast honoring Inti. Preparation of the fields 
for planting began in August. Planting activity ended in December with the 
beginning of the rainy season. From January through March, crops had to be 
tended, and rain made travel very difficult. Harvest was in April, leaving May, 
June, and July as good (dry) times for travel. 

From the plaza adjoining the sacred crag, the sun appears to rise over the 
stone in the months of June and July. At this time, the elites who gathered 
there to celebrate Inti Raymi saw the sun rise over the stone as described in 
the origin myth. Historical evidence from Cuzco suggests that such ceremonies 
lasted all day. In a rare eyewitness account of a ceremony that took place in 
April of 1535, Bartolome de Segovia (1943: 51-52 [1553]), described a large 
celebration in which the ruling Inca and his nobles participated in public 
observations of the sun . 

. . . they sang from the time when the sun rose until it had completely set. And since until noon 
the sun was rising, they heightened their voices, and after noon they slowly softened them, 
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always in step with the movement of the sun. [Segovia, 1943: 51 - 52 (1553) trans. 
S. MacCormack, 1991: 75- 76] 

When an observer in the plaza sees the sun rise over the sacred stone, it will 
be seen to set over a nearby ridge, Tikani. On the June solstice, the sunset 
position is flanked by two foundations, the only remains located on that ridge. 
These foundations were reportedly rectangular structures, a few meters on a 
side. On removing the collapsed rubble there was as much as a meter of 
structure remaining. The considerable surrounding material was sterile, con
taining no household, workshop, or funerary materials. They appear to have 
been solid rectangular structures that extended to some significant height. The 
excavations excluded their being chuipas, or houses, but were fully consistent 
with the descriptions of the solar markers surrounding Cuzco (Dearborn, 
Sedden, and Bauer, 1998). 

Even today, these foundations are readily visible from the plaza, and observ
ers there see the sun set between them (Figure 3). When these structures were 
standing, they formed a pair of dramatic markers for the June solstice sunset. 
With a separation of about 30 meters, 2.8 0 as viewed from the plaza, their 
appearance is consistent with that derived from the account of the Anonymous 
Chronicler. His pillars were separated by 50 paces (or approximately 70 meters). 
At the distance of Picchu, from the plaza, Haucaypata, these pillars would 
appear to have a separation of 2.1°. 

A separation of 2.80 is too far apart to be useful as an observing instrument 
to determine a precise date, particularly near a solstice. It does permit large 
numbers of people to participate in the sunset observation. In fact, the separa
tion is such that an observer near the stone sees the sun set near the easternmost 

Figure 3 Photo of the June solstice sunset from the center of the plaza. Flags mark the rectangular 
foundations, the only two structures on the hill of Tikani. 
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foundation, an observer in the center of the plaza sees the sun set in the middle, 
and an observer near the outside of the plaza sees the sun set near the western 
most pillar. Everyone in the plaza saw the sun set between the structures. 

While the common pilgrims were not permitted to approach the sacred stone 
to see the sun rise over it, they were not excluded from the sunset observation. 
Adjoining the exterior of the wall that limited their access, there was a platform 
near what appears to be the remains of a gate. This platform was littered with 
Inca period pottery and located in a position from which the foundations again 
bracket the solstice sunset position. Further, the size of the platform is such 
that all occupants saw the sun set between the pillars and over the elites 
gathered in the plaza. While the elites and pilgrims were segregated, this system 
provides a position for both groups to celebrate and witness the sun returning 
to the earth (Figure 4). 

The material remains at the Island of the Sun are not those of an observatory 
for determining a particular date. The primary object seems to have been group 
participation, with separation by status. Group participation is also consistent 

To June Solstice 

Figure 4 Figure of sanctuary area at the Island of the Sun, showing the location of the platform 
available to pilgrims, the sacred rock and adjoining plaza, and the location of the structures that 
marked the sunset position near the June solstice. 
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with the Anonymous Chronicler's account. There the separation of the inner 
pillars was approximately sufficient for everyone gathered in Haucaypata to 
observe the sun between the central two pillars. The Anonymous Chronicler 
does not mention any segregation by status; however, only Inca nobility gath
ered in Haucaypata. Non-elites could observe festivities from Cusipata, an 
adjoining region to the southwest (Garcilaso de la Vega, 1989: 358 [1609, Bk. 6, 
Ch. 21]). Observers in this plaza would see a sunset to the left of the central 
pillars, between them and the leftmost of the four pillars. This suggests that 
celebrations in Cuzco also provided separation by status. The mechanical 
structure described by the Anonymous Chronicler supported such segregation 
and permitted both groups to participate in the sunset observation.1 

In any case, a pair of structures existed at the Sanctuary on the Island of 
the Sun that framed the sun's setting near the time of the solstice. They were 
not designed for precise monitoring of the solar motion but functioned in a 
manner suited to ritual observation. As these were not the locations from which 
dates were determined, the question arises of how the observations were made 
to determine/predict particular dates. Who were the specialists that provided 
this information? 

SKYWATCHERS AND OBSERVATORIES 

There are few ethnohistoric accounts describing monitoring observations by 
sky-watching specialists. The best account of an observation made in Inca 
Temples of the Sun is by Garcilaso de la Vega (1966: 117 [1609: Vol. I, Bk. 2, 
Ch. 22]). He accurately describes a method of shadow casting to determine 
the date of the equinox. Unfortunately Garcilaso left Peru for Spain when he 
was 19, and did not write his account for over 40 years. As a result, his 
statements are frequently undependable. Yet he provides a general claim for 
the existence of systematic observers, and the existence of such individuals is 
hardly astonishing in a society with public ceremonies dedicated to the sun. It 
is certain that someone provided the appropriate dates to gather people for 
the group observations, with sufficient warning for preparations to be made. 

There are two historical accounts that describe the activities of Andean 
observing specialists who were active in regions outside of Cuzco. An indigenous 
chronicler from the Lucanis region, Guaman Poma de Ayala (1980: 830 [1615: 
884 (898)]) describes an astrologer who measured the way light entered a 
window. Another document by an anonymous author, the Huarochiri 
Manuscript (1991: 72 [ca. 1608 ]), calls this local specialist a yanca, and describes 
how he watched the way in which sunlight fell on a wall (or possibly watched 
from a wall). These individuals were local specialists who monitored the motion 
of the sun. From the observations of light or shadow, specific dates were 
obtained for planting and harvest festivals. Such scheduling coordinates the 
organized activities of villages. The observation was done by an individual, 
and only the derivative information, time, is passed on to the group. 

With scant historical resources we must rely more on material remains. 
Machu Picchu provides a location of excellent physical preservation, with an 
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architectural style that unambiguously marks it as an imperial Inca site of 
some importance. A recently discovered land document identifies it as a prob
able estate of the ninth Inca, Pachacuti (Rowe, 1987). The dearth of post 
conquest remains argues for early abandonment, possibly as part of Manco 
Incas effort to isolate Vileabamba from Spanish intrusion. 

As with any site, most of the structures can be tentatively identified as 
storehouses, residences, workshops, or other common buildings. However, the 
structure that Bingham called the Torreon was clearly something special. It 
was constructed on a large rock prominence with a clear view to the east. The 
walls are of the finest stone work to be found anywhere, and one is curved to 
conform to the contour of the rock foundation. While this curvature is physi
cally essential for the foundation, it is very uncommon in Inca structures. 
Bingham compared a number of superficial characteristics of the Torreon to 
the Coricancha, the most important temple in Cuzco, which contained temples 
to the sun, moon, and stars. Among these similarities is the existence of a 
curved stone wall in both buildings. Additionally, the Torreon is a relatively 
small structure (not conducive to large gatherings), located in a compound 
area with access limited through a single elaborate door. 

The Torreon also contains features that were unique among the buildings at 
Machu Picchu (Dearborn and White, 1983). The two windows in the curved 
wall had projections at the exterior corners that were flat on the top as if to 
support something in the window. These projections are specifically related to 
the windows, not randomly located along the wall, and are not reasonably 
confused with projections frequently found near the base of large stones, 
supposedly for manipulating the stone while it was being worked. The interior 
of the structure is dominated by a platform or altar carved from the bed rock. 

The principal feature of the Torreon is a single straight edge cut into the 
rock that dominates its interior. This edge is oriented very precisely to the 
rising point of the sun on the June solstice. This solsticial alignment was 
accurate to approximately 2 arc-minutes, a precision comparable to the best 
naked eye astronomical measurements. Machu Picchu is a tropical site with a 
high horizon, and it is not subject to azimuth ambiguity of the solstice rise 
position as may occur at high latitude sites (Schaefer, 1993), so such precision 
is physically possible. 

While it was possible to use the building to determine the solstice with no 
additions, it would have been awkward. An observer located at the rear of the 
stone must site upward across the edge to see through the window to the hill 
where tl,1e sun rises on the day of the solstice. Such direct observation does not 
use the whole length of the edge and loses some of the potential accuracy 
(Figure 5). It further allows no accounting for poor weather on the particular 
date of interest. 

As mentioned above, the exterior corners of this window had pegs or projec
tions that were designed to support something. Anything supported in this 
window would cast a shadow across the stone. Measuring the angle between 
the shadow and the edge permits monitoring and precise date determination 
over a broad range of dates. While it is speculation to suggest that these pegs 
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Figure 5 Light entering the window of the Torreon and illuminating the carved edge that is 
oriented to the sunrise position on the June solstice. 
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formed part of a shadow casting mechanism to measure the angle at which 
sunlight enters the window, it is consistent with Guaman Poma's description 
of the type of observations done by a local astrologer in Lucanis: 

In the sowing of the crops, they follow the month, the day, the hour, and the point where the 
Sun moves; they watch the high hills in the morning, the brightness, and the rays that the Sun 
aims at the window; by this clock they sow and harvest each year in this domain. (Guaman 
Poma de Ayala, 1980: 210, 830 [1615: 235(237)])2 

Clearly the idea of measuring the angle with which sunlight enters a window 
as a means of determining the date is not exclusively modern. The utility of 
such shadow-casting was investigated in this structure by an experiment in 
which a plum bob was suspended from a rod supported by the upper pegs 
(Figure 6). While any object hung or supported in the window at sunrise will 
cast a usable shadow on the central stone, this was a simple means to support 
a vertical marker in the window. It was found that individual dates could be 
identified for a range of time before and after the June solstice (Dearborn and 
White, 1983). The light from the rising sun will enter the window to illuminate 
the central stone and the edge that points to the solstice rising position. The 
shadow of any object will cross the stone forming an angle with the edge. Like 
the hands of a clock, the angle between the shadow and edge will decrease 
each day as the sun approaches the solstice. Finally, on the solstice, they are 
parallel, and the direction of the shadow's daily motion will change, moving 
away from the carved edge. 

While the orientation of the carved edge is of sufficient precision to suggest 
strongly that it was intentional, it is not the limit of the evidence. The Torreon 
is not a unique structure. Subsequent work in the Intihuatana Barrio at another 
Inca site, Pisac, revealed a building with remarkable similarities to the Torreon 
(Dearborn and White, 1983). The Pisac structure was in much poorer condition, 
but like the Torreon, was founded on a large rock prominence with a clear 
view to the east. The masonry was of very fine coursed stones that formed a 
curved wall conforming to the shape of the rock. The walls are no longer high 
enough to tell if windows with pegs existed, but an edge is carved into the 
foundation stone which, like that in the Torreon, is oriented to the June solstice. 

Although the solstice orientation of the edge carved into the foundation rock 
is the firm evidence for a particular observation being done at these sites, the 
historic data and the unique window projections argue for a monitoring activity. 
Regular observing eliminates concern for poor weather on special days and 
allows advanced preparation. These are properties of a true observatory, dis
tinct from what is seen in Intimachy, a small cave at Machu Picchu. This cave 
shows fine masonry indicative of a special structure, and has a deep masonry 
window through which light penetrates only for a brief period near the 
December Solstice (Dearborn, Schreiber, and White, 1987). Structures with 
alignments that do not permit observing activities for an extended period might 
be better characterized as shrines with an astronomical linkage. 

The utility of the Torreon may not have been restricted to solar observations, 
and the Inca certainly did not limit themselves to looking only at the daytime 
sky. The edge carved into the stone points out the left side of the window. 
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Figure 6 The shadow cast by an object placed in the window will form an angle with the edge 
carved into the stone, as described by the indigenous chronicler Guaman Poma de Ayala. 
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Measurements of this window found it aligned to a declination of + 21.0 
degrees (instead of 23.4 degrees for the solstice). This difference might originate 
as a purely practical artifact of construction. The position of the solstice can 
only be observed for a limited time in late June. This window is well oriented 
to the position at which the Pleiades rose near the end of the 16th century. 
This rise is observable through a large fraction of the year, and the direction 
was sufficiently close that a window constructed to one naturally included 
the other. 

While this coincidence allows the bulk of construction to occur without first 
observing a solstice, there is considerable reason to think that the Pleiades 
themselves were of interest. Cobo (1990: 30-31 [1653: Bk. 13, Ch. 6]) includes 
information on Inca star worship that appears to be drawn from the earlier 
work of Polo de Ondegardo. He states that the Indians called these stars Collca 
(storehouse), and that they were the mother of other stars that were the patrons 
of the animals and birds. He further states that 'they were universally considered 
to be a major guaca by all of the ayllos and families.' Among the historical 
accounts summarized by Bauer and Dearborn (1995: 101-128), the Pleiades 
had many names and were among the most commonly referred to constell
ations. In 1612 Arriaga published his now famous work, La extirpacion de la 
idolatria en el Peru (The Extirpation of Idolatry in Peru), in which he describes 
a celebration that occurred some time in Mayor June when the Pleiades 
appeared. He says, 'They worship [this constellation] so that the corn does 
not dry up' (Arriaga, 1968a: 213 [1621: Ch. 5]). Observations of the morning 
rise of the Pleiades for agricultural purposes continue to the present day in 
some Andean villages (Urton, 1981: 118, 119). 

The very limited ethnohistoric information on Andean sky watching supports 
the existence of individuals who monitored the sun and stars. These individuals 
derived information (e.g., time and agricultural prognostication) deemed impor
tant to their villages. It is reasonable to suppose that as Cuzco grew from a 
village to the capital of an empire, the sky-watchers became specialists. Material 
remains at the Inca sites of Machu Picchu and Pisac are consistent with the 
types of observations described. The structures are small and appear designed 
for limited access. They are not locations at which large groups can meet. They 
contain distinctive features that suited them to a regular monitoring program. 
Finally, they are constructed of the finest stonework, indicating they housed 
an activity of considerable status. 

SHRINES, CEQUES, AND ASTRONOMY 

As the capital of an empire, the Cuzco landscape contained a large number of 
shrines, or huacas. In addition to natural features, such as caves, boulders, 
springs, and mountain tops, there were artificial constructs, like houses, foun
tains, and canals. Cabo (1990: 51-84) gives an account of 328 of these huacas 
surrounding Cuzco that were organized into groupings called ceques, as well 
as four others that he said were part of the system but not included in his 
organized list. There are also shrines in the area, including most of the solar 
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markers, that are not part of this system. He gives each shrine a name and 
provides a short description of its physical form. The descriptions sometimes 
include fragments of oral traditions concerning the origins of the huacas and 
information on what offerings were made at them. Many of the shrines were 
associated with events in the mythic history of the Inca. Others marked land 
boundaries between social groups or were related to the local irrigation systems 
(Sherbondy, 1982, 1986; Zuidema, 1986b). Huacas also marked important 
locations such as mountain passes or summits where the city was lost from 
sight. Cobo's information on these shrines probably originated in a missing 
manuscript by Polo de Ondegardo (Bauer, 1998: 21-22). 

Under the Inca, the valley of Cuzco, and by extension their empire, was 
divided into four regions, or suyus. The suyu divisions of Cuzco can be found 
in most Spanish chronicles. The physical partitioning of the city and the 
surrounding valley was reflective of a societal division into moieties (or halves). 
The upper half of Cuzco, Hanansaya, included the northwest quarter, 
Chinchaysuyu, and the northeast, Antisuyu. The lower half of Cuzco, 
Hurinsaya, contained Collasuyu, lying to the southeast, and Cuntisuyu to the 
southwest. The empire was given the name Tahuantinsuyu, 'the four parts'. In 
his introduction to the shrines of the ceque system Cobo writes: 

From the Temple of the Sun as from the center there went out certain lines which the Indians 
call ceques: they formed four parts corresponding to the four royal roads which went out from 
Cuzco. On each one of those ceques were arranged in order the guacas [huacas] and shrines 
which there were in Cuzco and its district, like stations of holy places, the veneration of which 
was common to all [Cobo, 1980: 15 (1653: Bk. 13, Ch. 13) trans. 1. Rowe]. 

Cobo's (1980 [1653: Bk. 13, Chs. 13-16]) subsequent list of ceques suggests 
a vastly more complex partitioning of the Cuzco Valley. It describes 41 or 42 
ceques that radiated from the Coricancha in the center of the city. The first 
three suyus, Chinchaysuyu, Antisuyu, and Collasuyu, contained nine ceques 
each, while the last, Cuntisuyu, contained fourteen or fifteen. The number of 
shrines contained along an individual ceque varied from three to fifteen. 

In his research on the Cuzco ceque system, Zuidema (1977a: 220) has 
developed a complex argument suggesting that a central function of it was as 
a counting device for the Inca calendar. In this hypothesis each of the 328 
shrines3 represents one day in a year that is divided into 12 lunar sidereal 
months4 (328 days). The full solar year is completed with a 37-day intercalation 
period that is taken to be coincident with the disappearance of the Pleiades 
when the sun passes near them in May. This hypothesis is based on a complex 
synthesis of the writings of diverse chroniclers, and results in a system with 
many practical difficulties and inconsistencies (Sadowski, 1989), including 
ignoring the four additional huacas that Cobo stated were a part of the system. 

Bauer and Dearborn (1995: 54-66) summarized the ethnohistoric informa
tion on the Inca year, in which the use of a synodic lunar calendar, marked 
by new moons, is unambiguous. While early authors are not consistent on 
which solstice this lunar count commenced, the use of a solstice to begin the 
year is directly stated by many chroniclers including early residents of Cuzco 
like Betanzos and Polo de Ondegardo, as well as indigenous chroniclers like 
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Guaman Poma de Ayala. This inconsistency may arise because the arbitrary 
requirement for a the start point of a cycle was not an indigenous concept 
(Cobo, 1956: 142-143 [1653: Bk. 12, Ch. 37]; Bauer and Dearborn, 1998: 60). 

These early chroniclers also suggest a purely solar calendar in which pillars 
marked each individual month by the sun's motion. The details of such a 
purely solar calendar are vague, and its workings seem to have been substan
tially lost by the 1570s. Bauer and Dearborn (1995: 66) concluded that a simple 
system of lunar synodic months phased with solsticial observations was most 
likely in common use, and that the existence of a sidereal lunar calendar 
remains highly speculative. 

Certain of the shrines of the ceque system are especially significant to any 
Inca astronomy. Three of the huacas listed consist of twin pillars located on 
the hills of Quiancalla, Picchu, and Chinchincalla. Cobo directly states that 
these pillars marked specific sunsets. However, Zuidema (1981b, 1982b, 1983b), 
and Aveni (1981) additionally suggest that the ceque system held astronomical 
functions beyond those specifically mentioned. They assume that ceques are 
straight lines, and that some were aligned for observing astronomical events 
on the horizon. Among these claims are alignments to the December solstices 
and the rise or set positions of the Pleiades, Vega, Betelguese, the Southern 
Cross, and (X and ~ Centaurus. This model has been used to interpret Inca sites 
outside the Cuzco region, such as Incahuasi (Hyslop, 1985, 1990: 232-234), 
but the basic evidence for this detailed hypothesis has been questioned 
(Dearborn, 1987; Dearborn and Schreiber, 1986, 1989; Bauer and Dearborn, 
1995: 92-94, 130-136). 

A fundamental difficulty for defining alignments in the first place is best 
shown in Bauer's (1998) detailed survey of the ceque system, The Sacred 
Landscape of the Inca: the Cuzco Ceque System. Based on his archaeological 
survey of the complete system, he finds that many of the ceques, including ones 
for which alignments are claimed, were far from straight. In a number of 
relevant cases the shrines of a ceque define a broad region of horizon. As an 
example, it was claimed that the fifth ceque of Antisuyu was aligned to the 
Pleiades (Zuidema, 1882b). Many of these huacas were located by Niles (1987: 
181-190), and later re-identified by Bauer. As viewed from the Coricancha, 
they were found to subtend a range of at least 25° of azimuth, crossing the 
horizon more than 10° from the position where the stars are (or were) actually 
seen (Bauer and Dearborn, 1995: 132). 

Even if ceques had a much more precise direction definition (e.g. 2°), the 
large number of bright stars and ceques results in an expected number of 
coincidental alignments comparable to the number claimed (Dearborn and 
Schreiber, 1989). While this in no way disproves the idea that the Inca believed 
certain ceques were oriented toward some astronomical phenomena, it leaves 
no physical support for the hypothesis. Furthermore, most of the huacas were 
not of a nature to be visible on a distant horizon, particularly under the low 
light levels experienced when observing the rise or set of stars. Such alignments 
would not then be physically useful. With a complete absence of direct historical 
data linking ceque orientation to celestial phenomena,s support for this hypoth-
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esis relies on inference from ethnohistorical sources that must be evaluated by 
each individual scholar. 

As a derivative of his work with the ceque system, Zuidema (1981 b) has also 
proposed an organization of the year that includes zenith passages of the sun 
and something termed antizenith passages. Support for zenith passage observa
tion includes statements like, The three ceques (the seventh, eighth, and ninth 
ceques of Antisuyu) were very close to the same direction, succeeding each 
other out from Cuzco and pointing to the zenith sunrise as seen from the 
Temple of the Sun (Zuidema, 1983b: 252).' Claims for this alignment were 
repeated in subsequently published maps of the ceques (Zuidema, 1982b: 206, 
1982b: 64; 1990: 70-71; Aveni, 1990: 53). This hypothesis was tested in field 
research (Bauer and Dearborn, 1995: 97-98). The results of this comparison 
do not support the idea that the last three ceques of Antisuyu formed a ritual 
line pointing to the zenith sunrise as seen from central Cuzco. 

Antizenith is not a term used by other scholars of ancient astronomy and 
needs some explanation. In the tropics, the sun passes through the zenith; (i.e., 
directly overhead) on a pair of days. The term 'antizenith passage' is used to 
refer to a solar observation that is in 'opposition' to the zenith passage. The 
passage of the sun through the nadir (a point directly below your feet) is not 
visible, but the position where the sun sets opposite where its rises on zenith 
passage days can be seen. These days are dubbed the 'antizenith passage dates' 
and, for Cuzco, lie in the months of August and April. These months include 
the planting and harvest ceremonies which Zuidema then associates with 
antizenith passage dates. This hypothesis is supported with claims that several 
ceques of the Cuzco system, and at least one set of pillars on the Cuzco horizon, 
those of Picchu, were aligned with or marked the passage of the sun on these 
dates. This creative organizational model has been used to interpret the site 
Ingapirca in Ecuador (Ziolkowski and Sadowski, 1985). However, the specula
tion that the Inca linked their planting and harvesting observations to a reversal 
zenith passage sunrise (antizenith) is not well supported by established historical 
or archaeological data from the Cuzco region (Bauer and Dearborn, 1995: 
92-98). 

* * * 
The peoples of Tahuantinsuyu understood many elements of nature to be 

gods or the actions of gods. These gods were perceived to be interested in the 
actions of man, and attempts were made to manipulate/propitiate them through 
ritual and offering. The sun was generally held to have the power to make 
things grow, and the people of the empire were taught that the ruling Inca was 
his intermediary. This status legitimized the centralized power and authority 
in the hands of the ruling elite and contributed to the hierarchical organization 
of the state. 

The connection between the Inca and the sun was made manifest by the 
pillars that surrounded Cuzco. These monuments of public solar observation 
sat at the boundary between earth and sky, capturing the attention of early 
Spanish visitors. No remains of these markers have been found in the environs 



220 DAVID S. P. DEARBORN 

of Cuzco, but those found at the Inca sanctuary on the Island of the Sun were 
not built as precise observing instruments for marking a single date. Consistent 
with the most complete description of such markers in Cuzco, they were 
structured to permit whole groups to see the sun join the ceremony as it set 
between the pillars. 

It was the ruling Inca who scheduled the rituals in which he interceded with 
his celestial ancestor for good crops and other blessings. Such rituals bind 
societies together and define position. At the Island of the Sun, both elites and 
pilgrims watched the sun set in the marked position, but they were segregated 
in this activity. There, only the elites could watch the sun rise over the stone 
from which it originally ascended to the heavens. 

Predicting the time to gather people was presumably the task of a skywatcher. 
Such specialists existed at village levels, as well as among the Inca. The struc
tures found at Machu Picchu and Pisac were small but of very high quality. 
Both were constructed with a durable June solstice alignment carved into the 
stones on which they were founded. Further, the remains of the Torreon show 
unusual elements suited to permit monitoring observations of the solar motion 
through a broad range of dates. These architectural features are consistent with 
the observations described in historical texts. The lavish effort evident in 
construction of the Torreon and the structure at Pisac indicates that significant 
resources were devoted to supporting the activities of such specialists under 
the empire, and that their influence probably grew with state development. 

The question remains: of all forces of nature, why did these powerful conquer
ors of the world take the sun as their patron? The full complexity of a long 
dead Inca's thoughts can not be known, but some motives are apparent. The 
Sun was already accepted as a powerful deity to the people of the Andes. It 
was a strong, benevolent force for life and growth, and its motions were regular 
and predictable, allowing it to be visibly integrated into public ritual. Further, 
the adoption of a solar patron does not appear to be unique to the Inca. A 
leader of the Colla used the same claim to promote an early rebellion against 
the Inca. The ethnohistoric assertion of the existence of a pre-Inca temple 
dedicated to the sun at the island Titicaca, coupled with the archaeological 
remains of a Tiwanaku ceremonial site there, argues that the importance of a 
solar deity, and perhaps the claim of kinship, was an adoption of the Inca, not 
an invention. The full antiquity of solar cults in the Andes, and the use of a 
solar patron for state legitimization, can not be compellingly shown, but it 
extends farther back than the Inca. 

Finally, the Inca perceptions of the sky go beyond the physically causal 
motivations of season and time. Cosmology, personal origin, and status con
nected there. Variations in the accounts of Inca origin show an effort to modify 
those myths to claim a closer association with the sun, even to having the same 
paqarina. Additionally, the Inca structured their rituals to utilize the predictable 
behavior of the sun. Along with a solar ancestry, they adopted the practical 
path of structuring their social organization to fit a broadly accepted cosmologi
cal understanding of nature as opposed to promoting a new cosmology reflect
ing their own unique traits. 
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NOTES 

1 While we have not discussed the northernmost pillar on Picchu, the Anonymous Chronicler said 
it marked the time to prepare 'for the general planting and [toJ begin to plant vegetables in the 
heights.' If a group observation was made at this time, persons in Haucaypata saw the sunset 
between the northernmost pillar and the central pillars, while observers in Cusipata would have 
seen the sun set between the central pillars. 
2 The two windows in the Torreon were positioned such that light could enter the structure all 
year. Light could penetrate through both windows only for a limited period of about a week. 
3 The number 328 ignores the four additional huacas that Cobo appended to the end of the list 
claiming that they were a part of the system. 
4 A sidereal month is the time required for the moon to move once around the sky with respect to 
the stars. It is slightly more than two days shorter than a synodic month, the time between 
new moons. 
5 Possible exceptions to this are the three sets of pillars that are part of the system, but even here 
there is evidence that the observation was not along the ceque. According to the Anonymous 
Chronicler, the pillars on Picchu, the seventh huaca of the eighth ceque of Chinchaysuyu, were 
observed from the plaza, not the Coricancha. Furthermore, the ninth huaca of the sixth ceque of 
Chinchaysuyu were a set of pillars located in a region in which the sun is never seen to set from the 
Coricancha. 
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MESOAMERICAN ASTRONOMY AND THE RITUAL 
CALENDAR 

To Anthony F. Aveni, 
who established the field of Mesoamerican archaeoastronomy 

ANCIENT MESOAMERICA 

The cultures of Ancient Mesoamerica that flourished between approximately 
14°N and the Tropic of Cancer (23 0 27'N) have a long history. The term 
Mesoamerica was first proposed by Paul Kirchhoff in 1943. It defines a number 
of traits that distinguish this culture area of Native America from its neighbors 
to the South and North. However, the borderline is not an abrupt one, and it 
also fluctuated throughout history. Ancient Mesoamerican civilization reached 
its first flourishing during the Middle Formative or Middle Preclassic period 
(1200-400 BC) with the Olmec horizon that had its centers in the tropical 
lowlands of the Gulf of Mexico. However, other centers of Olmec culture were 
situated in the Central Highlands in the Basin of Mexico and in the modern 
states of Morelos and Guerrero. After this ancestral cultural horizon strong 
regional differences developed during the Classic period (approximately 
200-900 AD) and the Postclassic (900-1519 AD). The Maya peoples lived to 
the South and Southeast; the Zapotecs and Mixtecs were in the southern 
highlands; the Nahua, who were latecomers, settled in the Basin of Mexico 
and the surrounding Central Highlands; the Tarascans, Otomi, Totonacs and 
Huaxtecs were their neighbours to the West, North and the East. Another 
cultural province was situated towards the West reaching to the Pacific Coast. 
This 'western' province still bears many mysteries; recent excavations have 
revealed a much greater complexity than was known before. The peoples that 
lived to the North of the cultural border of Mesoamerica were known at the 
time of the Conquest as Chichimecs, a term that referred to their warlike 
character. In fact they also shared numerous cultural traits with their more 
civil southern neighbors and interacted with them continuously! (Figure 1). 

Mesoamerica was a mosaic of ethnic groups, languages and cultures. This 
variety corresponded to the great geographic diversity of this area situated in 
the American tropics (to the south of the Tropic of Cancer) where the climate 
and environment vary enormously according to altitude and local conditions. 
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There is great variability in the accessibility of sources on the different 
Mesoamerican cultures. Archaeology analyzes the material records and is the 
principal discipline that reconstructs the cultural development of Mesoamerica. 
Iconography is another important field of research. Ethnohistory combines the 
study of indigenous written sources with the study of historical documentation 
that was generated by European chroniclers after the Spanish Conquest. 
Another important discipline is epigraphy which deals with deciphering Mayan 
hieroglyphic texts; great progress has been achieved in this field over the past 
two decades. In this chapter we will deal with the specialized field of archae
oastronomy. It combines astronomical research and methodology with the 
above mentioned historical disciplines. This interdisciplinary approach forms 
part of the anthropological study called cultural astronomy.2 

Given the variety of peoples that constituted Mesoamerica and the great 
gaps that exist in the sources, it is not possible to present an exhaustive 
treatment of all the regional developments that at different time periods deter
mined the evolution of Mesoamerican civilization. The best known cases are 
the Olmecs, the Maya, the Zapotecs and Mixtecs, as well as the Aztecs. These 
peoples flourished in stratified societies that reached the state level and devel
oped complex social, economic and religious institutions. In this chapter we 
are concerned with the development of calendrics and astronomy which was 
one of the outstanding achievements of Mesoamerican culture. Among the 
shared traits of this ancient civilization, the latter played a prominent part. 

THE CALENDAR SYSTEM 

The basis and point of departure for any investigation on Prehispanic astron
omy is the calendar system; evidence for it can be studied in the historical and 
archaeological sources (Caso, 1967 and 1971; Broda, 1969). The best-docu
mented cases are the Aztec and the Maya calendars; those of other 
Mesoamerican groups are much less known, yet it is assumed that they shared 
the same basic elements. In this chapter I will refer mainly to the Aztec calendar 
since this has been the field of my own research over the years; however, I will 
also include references about the Maya calendar, and delineate the historical 
development of the calendrical system in general terms. I will concentrate more 
on the general characteristics of the system than on its specific particularities. 

The Mesoamerican calendar was primarily solar and consisted of a year of 
365 days combined with a 260-day ritual calendar and the Venus cycle of 584 
days. It was based on a cyclical philosophy of time that was one of the 
foundations of Prehispanic cosmovision.3 The solar year (called xihuitl in 
Nahuatl, the language of the Aztecs) consisted of eighteen months of twenty 
days, with a remainder of five days. Civil affairs like tribute payments as well 
as religious matters, i.e. public state rituals, were determined by this solar 
calendar which also corresponded to seasonal and climatic cycles.4 

The ritual cycle, on the other hand, (called tonalpohualli, 'the counting of the 
days' by the Aztecs) was composed of thirteen vigesimal units, i.e. 260 days. 
Thirteen numerals were combined with twenty day signs, representing mostly 
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animals, in ever revolving cycles. To these days the Aztecs attributed a favorable, 
unfavorable or neutral significance which had a great influence on daily life. 
Before all important undertakings the people consulted the priests who dealt 
specifically with the interpretation of the sacred calendar. Besides, there existed 
several series of deities that exercised their influence on the days. One series 
was formed by the thirteen Lords of the Days, the Tonalteuctin, who accompa
nied the days in a continuously repeating cycle of thirteen. Each of the thirteen 
gods was associated with a bird. There also was a series of nine Lords of the 
Night, the Yohualteuctin, who formed a cycle of nine nights. In addition, there 
were series of gods or Lords of the twenty day signs and Lords of the twenty 
weeks of thirteen days. The tonalpohualli was also combined with different 
colors, with the five directions (East, West, North, South, and the Center) and 
their associated animals. 

The combination of the cycles of 365 and 260 days formed major units of 
52 years, called xiuhpohualli ('the counting of the year'); it provided the multiple 
reference system for designating days, months and years by means ofthe above
mentioned names based on the ritual calendar. 

This 'Calendar Round' of 52 years was the major Mesoamerican chrono
logical unit in the so-called 'Short Count' (xiuhmolpilli or 'binding of the years') 
which was the system most commonly used in Central Mexico at the time of 
the Spanish Conquest. In contrast to that, the Classic Maya invented an 
absolute chronology that was counted from a zero date, the so-called 'Long 
Count' which apparently was never adopted either in Oaxaca or in the Central 
Highlands and which was lost in the Maya area after the fall of the Classic 
cultures. 

The Short Count of 52 years of 365 days coincided with 73 ritual cycles of 
260 days (52 x 365 = 73 x 260 = 18,980 days). At the end of this period, the 
combination of the year of 365 days and the 260 days-cycle was exhausted, 
and a new mayor cycle with exactly the same dates began. Every two of these 
units, or 104 years, coincided also with 65 years of Venus; they were called by 
the Aztecs huehuetiliztli, 'old age.' The Venus cycle contains 584 days, and five 
years of Venus correspond to eight solar years, as well as 146 ritual cycles of 
260 days (65 x 584 = 104 x 365 = 146 x 260 = 37,960 days). The cycle of eight 
solar years was given Venusian symbolic connotations. 

Great importance was attributed to Venus in astronomical, calendrical as 
well as symbolic terms (Sprajc, 1993a,b; Carlson, 1991). Regarding other plan
ets, Mars was also observed, at least among the Maya (Bricker and Bricker, 
1986). The synodic revolution of the planet (780 days) was brought into tune 
with the ritual cycle of 260 days (260 x 3 = 780). Among the constellations, the 
Pleiades received attention all over Mesoamerica, a fact that is clearly docu
mented in the Aztec case (Broda, 1982b). Their annual disappearance as well 
as their heliacal rise 40 days later were carefully tracked on the night sky. 
Among the Aztecs, their nocturnal zenith passage at the end of November was 
celebrated every 52 years by the New Fire Ceremony, an ostentatious ceremo
nial kindling of New Fire that initiated a new Calendar Round; it was also an 
important religious and political event. In the latitude of the Central Highlands 
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the annual cycle of the Pleiades shows certain particularly interesting character
istics, since there exists an 'opposite symmetry' with the solar course. The first 
zenith passage of the sun in the middle of May coincides, on the one hand, 
with the period of invisibility of the Pleiades, while on the other hand the 
constellation passes the meridian at midnight in the middle of November, i.e. 
exactly half a year after the solar zenith. This date corresponds to the 'anti
zenith' or nadir of the sun, a phenomenon that received great attention among 
the Inca (Zuidema, 1982) and apparently also among the Aztecs (Broda, 1982b: 
129-158). (Editor's note: see also the article on The Inca: Rulers of the Andes, 
Children of the Sun, by David S. P. Dearborn in this volume.) 

The Pleiades and Scorpius were seen as seasonal opposites. According to 
Susan Milbrath (1994: 387), Scorpius marked the nadir sun's position entering 
the Milky Way at the beginning of the dry season. 

THE HISTORICAL DEVELOPMENT OF THE MESOAMERICAN CALENDAR 

The constituent elements oCthis calendrical system, of which we have only 
mentioned its most important features, implicitly denote an exact knowledge 
of the solar year, as well as of the cycles of Venus and the Pleiades. The 
calendrical structure was basically solar; however, lunar observations were also 
important. The Classic Maya registered the lunar periods (the synodic as well 
as sidereal months) as is evidenced in the complex tables of lunations and 
eclipses of the 11th century Dresden Codex (1975); in contrast in Central 
Mexico no similar registry is known. Although one must suppose that there 
existed a certain familiarity with these computations all over Mesoamerica, 
because its inhabitants were in a constant exchange of ideas, nevertheless in 
the Central Highlands the lunar count remains evasive. The moon constitutes 
a mystery in the research on Central Mexico, since for agricultural peoples the 
observation of the moon has always been important, particularly in relation 
to the ancient Earth Goddess. In this context, Gordon Brotherston (1982, 1983, 
1989, 1992) has insistently proposed that lunar cycles also are implicit in the 
iconographic script of Postclassic Mixtec-Aztec style codices as for example, 
the Codex Vindobensis obverse. 

With respect to the ritual cycle of 260 days it remains an open question and 
a topic of scholarly dispute whether it was based on the observation of nature 
or whether it resulted simply from the combination of the cycles of thirteen 
and twenty numerals. There is a hypothesis about the solar origin of this cycle 
that deserves particular attention: at the geographical latitude of 15°N, the 
distances between the two zenith passages of the sun are 105 and 260 days, 
respectively. At this latitude two important archaeological sites are located: the 
great Classic Maya centre of Copan, where there is evidence for advanced 
astronomical activities, and the Pre classic site of Izapa on the Pacific coast of 
Chiapas near the border of Guatemala (see Figure 1). From cosmological, 
calendrical and astronomical points of view, at the latter site there seems to 
have originated a rich cultural tradition which later spread to other regions of 
Mesoamerica. A hypothesis, put insistently forward by Vincent Malmstrom 
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(1973, 1981, 1997), suggests that the calendar of 260 days might have been 
invented at this geographical latitude during the first millennium Be. 

Nevertheless, the first abundant evidence for the ritual calendar of 260 days 
does not come from the Maya area nor from the Olmecs of the southern Gulf 
Coast, but from the Valley of Oaxaca. It is in the Zapotec region where the 
oldest so far known calendrical inscriptions have been found. The first inscrip
tion with recognizable day signs is at San Jose Mogote and can be dated 
around the year 600 Be. It is followed around the same date by testimony 
from the great Zapotec site of Monte Alban where the main elements of the 
Mesoamerican calendrical system, including the 260-day and the 365-day cycles, 
are amply documented (Caso, 1967, 1971; Broda, 1969; Marcus, 1976, 1992) 
(Figure 2). 

At the beginning of the first millennium AD there appeared in the region of 
the southern Gulf Coast and on the Pacific coast of Chiapas and Guatemala 
a series of monuments that registered calendrical inscriptions already belonging 
to the Long Count, the system used later by the Maya during their Classic 
splendor.5 In this area up to now no earlier inscriptions comparable to those 
of the Valley of Oaxaca have been found. Nevertheless, it is plausible that the 
basic elements of the Mesoamerican calendar system originated during the 
Middle or Late Formative (Preclassic), corresponding to the second half of the 
first millennium BC, within that large region extending from Oaxaca, southern 
Veracruz and Tabasco to the Pacific Coast of Chiapas and Guatemala, a region 
with clear Olmec influence and prior to the flourishing of the Classic Maya. 

On the other hand, the apparent absence of early evidence of calendars and 
writing in the Mexican Central Highlands is noteworthy. There is only a single 
and controversial inscription from the important Preclassic site of Cuicuilco 

Figure 2 The oldest known calendrical inscriptions: Left, Monument 3, San Jose Mogote, Valley 
of Oaxaca. Right, Stelae 12 and 13 from Monte Alban, Valley of Oaxaca, 6th century Be (after 
Marcus, 1976). With permission, from the Annual Review of Anthropology Volume 5, © 1976. by 
Annual Reviews http://www.AnnuaIReviews.org, and from the author. 
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in the Basin of Mexico which Munro Edmonson (1988: 90) has interpreted as 
a calendrical date registering the tonalpohualli and which this author correlates 
with the eighth century BC. In my own research on calendrics and the ritual 
landscape of the Basin of Mexico, specifically the horizon calendar of Cuicuilco 
(Broda, 1991b, 1993), I also found indications for the formalization of astro
nomical and calendrical observation at this important site (see below). This 
circumstance might have far reaching implications, since Cuicuilco is considered 
to have been the direct antecedent of Teotihuacan which in the first centuries 
AD became the politically dominant center of Mesoamerica. Recent excavations 
have shed new light on writing used at Teotihuacan and new archaeoastronomi
cal evidence has also been analyzed (Morante, 1996; Broda, 1999; see below). 
Nevertheless, the development of calendrics and writing in the Central 
Highlands still poses many questions since in the extant documentation there 
does not exist any abundance of inscriptions comparable to the ones from 
Monte Alban or from the Maya area. 

The calendar developed among the Maya in a close relationship with writing 
and with the cult of erecting stelae with calendrical inscriptions. Astronomical 
observation, the formalization of a series of mathematical concepts and the 
invention of hieroglyphic writing and a notational system were closely interre
lated developments which, besides constituting scientific achievements, 
expressed socio-economic and political necessities facing an increasing social 
complexity. According to Joyce Marcus, the inscriptions on stelae register, 
above all, important events in the lives of the rulers and other political events 
linked to the ruling dynasties. Thus, 'the main theme of Mesoamerican writing 
was the presentation of political information within a calendrical structure' 
(Marcus, 1976; 1992). This indicates that the parallel rise of astronomical 
observation, calendrics, mathematics and writing has to be correlated with the 
socio-economic processes which during the same period brought about the 
configuration of complex society or 'civilization'. During this period, hierarchi
cally stratified societies emerged. The nobles were maintained by tribute in 
labor and in kind by their subjects. In political terms, the first Mesoamerican 
states appeared that expanded their territory through military conquest (see 
Wolf, 1959; Sanders and Price, 1968). 

The archaeological evidence that we have mentioned here only minimally 
shows that the calendar was one of the constituent features of ancient 
Mesoamerican civilization. The earliest indication of its development dates 
from the first millennium BC, when the characteristic elements of this cultural 
tradition gradually took shape. During the later evolution of these societies, 
the basic elements of the calendar reached a geographical distribution across 
the whole territory of Mesoamerica; its existence is documented, on the eve 
of the Spanish Conquest, from the northern frontier of the Nahua, Otomi, 
Tarascans and Huaxtecs to the southern border of the Maya, Pi piles and 
Nicarao (Caso, 1967; Broda, 1969; Edmonson, 1988) (see Figure 1). 

There are many studies on Mesoamerican calendrics and writing that were 
initiated in the last century and include the first systematic studies of 
Prehispanic astronomy.61t is not surprising that the majority of these investiga-
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tions based on written sources have concentrated their efforts on the decipher
ment of Classic period Maya hieroglyphic inscriptions, since these are true 
written texts. The Maya accurately registered their sophisticated astronomical 
and calendrical knowledge and engraved their calculations on stelae, relief 
inscriptions and in codices.7 While only four Pre hispanic Maya codices have 
survived the destruction of the Spanish conquest, the inscriptions registered on 
artistically tallied stone stelae and on ceramic vessels are abundant. Great 
advances have been made in this field over the past two decades,s yet only a 
small proportion of these inscriptions on monuments and ceramics have been 
deciphered so far. 

The development of hieroglyphic writing greatly facilitated the precise regis
try of astronomical and historical events. Concomitant with writing, the Maya 
invented a system of notation by position based on the vigesimal count, and 
they refined this system to such a degree that they could carryon calculations 
involving periods up to 23,040 millions of days (Sugiura Yamamoto, 1982). 
The Maya also were the first people of the ancient world that invented the 
zero, even before the Hindus who introduced this fundamental concept in the 
Old World. The zero sign was used in the system of notation by position in 
the hieroglyphic inscriptions of the Long Count (Figure 3). 

It is generally agreed that as far as advances in writing and in the notational 
system are concerned, the Classic Maya were not equalled by any other 
contemporary or later Mesoamerican people. Nevertheless, recent research on 
other regions of Mesoamerica shows that their cultural complexity was far 
greater than had previously been known. The study of the internal structure 
of the pictorial codices of the Central Highlands and of Oaxaca reveals that 
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Figure 3 The Maya Notational System. Dots represent one, the bars are fives, while zero was 
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of larger numbers are given. The notation functions vertically in base 20. The position at the 
bottom is the unit position, above it is the 20 position, followed by 400 (20 x 20) and 8000 
(400 x 400). In the Maya calendrical count, however, the 400s became 360s (20 x 18) and the 8000s 
became 7200s (20 x 360). 
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their 'reading' (i.e. oral interpretation) also implied complex calculations with 
periods of time that, according to Gordon Brotherston (1982, 1983, 1989, 1992), 
in some cases also reached as far back as 3113 BC (3114 BC), i.e. the year of 
the (fictional) beginning of the Maya Long Count. These new interpretations 
provide further evidence of the active relations that existed at least since the 
end of the 1st millennium BC between the Central Highlands, Oaxaca, the 
Gulf Coast and the Maya area, and demonstrate that these exchanges were 
much more intense than had been supposed before. However, the major input 
of new evidence on calendrics and astronomy in the Central Highlands, and 
its early influence on the development of Mesoamerican culture, comes from 
the new specialized discipline of archaeoastronomy; we will deal with this 
subject in the following section. 

MESOAMERICAN ARCHAEOASTRONOMY 

The interdisciplinary field of archaeoastronomy was introduced into 
Mesoamerican studies in the 1970s. It was stimulated by the discussion on 
European megalithic constructions, particularly Stonehenge (Hawkins, 1965; 
Aveni, 1997) which gave rise to the new approach of the comparative study of 
astronomy in ancient civilizations. While archaeoastronomy derives many of 
its enquiries from the history of sciences, the latter has studied above all the 
development of astronomy in Europe and its origins in Classical Antiquity and 
in the Near East. Archaeoastronomy seeks a wider comparative framework 
concentrating on non-Western civilizations, and in this perspective collaborates 
closely with anthropology and archaeology. This specialized field of research 
developed vigorously over the past three decades in the study of Native 
American Indian cultures with regional subareas of North America, 
Mesoamerica and the Andes. 

In Mesoamerica the most important achievements of archaeoastronomy 
involved two aspects: (1) the incorporation of the specialized analysis of astron
omy in the study of Prehispanic codices and calendrical inscriptions, and (2) the 
systematic study of the orientation principle in Mesoamerican architecture and 
in the planning of urban and ceremonial settlements. 

The introduction of astronomy with its specific methodology has made it 
possible to systematize a wide range of Prehispanic concepts, to obtain greater 
precision in the results and make use of astronomical tables and modern 
technology to calculate or simulate astronomical phenomena that occurred in 
particular historical periods and at the precise geographical coordinates indi
cated by archaeology. 

In this field the work of Anthony F. Aveni has been fundamental. He has 
conducted pioneering field work all over Mesoamerica and organized numerous 
academic meetings that established archaeoastronomy of the ancient American 
civilizations as a scientific discipline. He has written the basic textbook (Aveni, 
1980) as well as a large corpus of highly specialized publications and recently, 
several books for a more general academic public. He has also co-authored 
many articles, particularly with architect Horst Hartung with whom he estab
lished a fruitful collaboration over many years (see the Bibliography). 
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In the consolidation of Mesoamerican archaeoastronomy a large number of 
scholars have participated over the past 25 years: astronomers, geographers, 
architects and mathematicians as well as experts on ancient American civiliza
tions: archaeologists, anthropologists, ethnohistorians, art historians, epigra
phers, etc. By now the bibliography of specialized articles, books, collective 
volumes, and proceedings of scientific meetings is so large that it is impossible 
to include it all in this review article. However, we have tried to mention a 
representative selection. 

Archaeoastronomy also allows us to enquire into the Prehispanic methods, 
techniques and observational instruments which represent a neglected but 
important field of research and which relate to the wider topic of Prehispanic 
technology. In this and other aspects of Mesoamerican calendrical studies the 
contribution of the geographer Franz Tichy has been fundamental (Tichy, 
1991a, 1993) (see Figures 6, 7, and 8). 

The astronomical interpretation of codices and inscriptions 

We have seen that the Mesoamerican calendrical system implied the previous 
existence of astronomical observation; only by this observation, carried out 
through many generations and centuries, could such a precise system arise. 
Among these observations tied to the calendar were the precise determination 
of the tropical year, the synodical and sidereal lunar months, solar and lunar 
eclipse cycles, the cycle of Venus, Mars, and maybe of Jupiter and Saturn, and 
the annual cycle of the Pleiades. 

The total number of these achievements is only documented for the Maya; 
it has been studied in hieroglyphic inscriptions from the Classic period as well 
as in surviving Postclassic Maya codices. With respect to the latter it has been 
established that the registry of astronomical objects and events includes Venus 
(Codex Dresden 24, 25-28; 30c-33c; 46-50), eclipses (c. Dresden 51a-58b; Codex 
Madrid 12b-18b), Mars (c. Dresden 43b-45b; 69-74; C. Madrid 2a), the seasonal 
year (c. Dresden 29b-30b; 65b-69b; 40c-41c; C. Madrid 10-11), and the exis
tence of a Maya zodiac consisting of a sequence of thirteen constellations with 
animal names (Codex Paris 23-24 ).9 

The astronomical interpretation of the Maya codices has undergone great 
advances over the past years. lO Their observational content is increasingly 
being established. They contain true ephemerides, i.e. lists or tables that give 
the positions in time of celestial bodies past, present, and future. At the same 
time they functioned as divinatory almanacs. However, Aveni (1992: 8,9) points 
out that today we realize that many of the almanacs regarded by Eric 
Thompson and other earlier scholars 'as circular day-counting devices that 
possessed no point of reckoning in absolute time, do indeed contain references 
to specific phenomena, such as a particular eclipse or a heliacal rising of Venus, 
that can be anchored in real time, i.e. they are calendars.' 

The Maya codices deal predominantly with commensuration; 'that is, they 
were fond of discovering and rediscovering that two or more calendrical cycles 
could be equated to fit precisely into a larger cycle of cycles by separately 
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multiplying each one by different small whole numbers' (Aveni, 1992: 7). They 
became obsessed about the relation between real and canonic time and 'kept 
account of the recession or advance of one calendrical period relative to another 
by divising clever mnemonics' to update their predictions (Aveni, 1992: 9). The 
Maya 'believed in a universe that could be conceived and described in mathe
matical terms - and that they could invent certain formal mechanisms capable 
of generating predictions of future celestial events that could be observed, 
contemplated, and their results used to improve and adjust their instrument to 
make future predictions even more precise' (Aveni, 1992: 17). 

The Maya were able to register these complex astronomical and calendrical 
operations by means of a system of notation by position based on the vigesimal 
count of k'ins (days), uinals (twenty-day periods) and tuns (periods of 360 days). 
The vigesimal multiples of the tun are known as the k'atun (20 tuns), the 
baktun (400 tuns) and the pictun (8,000 tuns). Other higher periods also occur 
but they are much less common (Closs, 1994: 367). This system of notation 
further involved the use of the mathematical concept of zero (Figure 3). 

Another outstanding feature was the so-called Long Count that established 
an absolute chronology in which dates were counted from a base date or zero 
point, 4 Ahau 8 Cumku, corresponding to the Christian year of 3114 Be. There 
are around 200 carved stone inscriptions that register Initial Series or Long 
Count dates. 'These records begin with a characteristic glyph, called an intro
ducing glyph, and further express the chronological interval that separates the 
initial date of the inscription from the base date' (Closs, op. cit.: 367). 

Texts were rendered by means of a system of hieroglyphic writing. The basic 
elements in the script were logo graphic and phonetic signs. These were com
bined in accordance with complex rules of orthography that reflected accurately 
the spoken language. Considerable progress has been made in deciphering this 
script and today there is increasing agreement on the linguistic interpretation 
of many glyphs (Closs, op. cit.: 366). 'On the typical page of a Maya book 
there is hieroglyphic writing; there is arithmetic, unembedded, pure and 
abstract, with its vigesimal value and its clear specification of such astronomical 
periods as the Venus cycle and lunar and solar eclipses; and there are pictures' 
which serve as illustrations of the text (Brotherston, 1992: 76). 

The fact that Native American civilizations developed writing and notational 
systems to a lesser degree than Old World civilizations makes the achievements 
of the Maya all the more extraordinary. Literacy, i.e. being able to transmit 
their astronomical observations on inscriptions and in books, certainly 
enhanced their capacity of expanding their knowledge. True writing conveys 
more clearly the intentionality of its creators (Figure 4). 

However, in the rest of Mesoamerica oral tradition remained predominant. 
The Postclassic codices of the central and southern highlands, some of which 
survived the holocaust of the Spanish Conquest, used an 'iconographic script' 
(Brotherston) which relied more heavily on oral interpretation. The reference 
to astronomical cycles and observations is much more ambiguous (Figure 5). 
Nevertheless, it appears that the observational content of these codices has 
been greatly underestimated. Some 100 years ago, the German scholar Eduard 
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Figure 4 Page 46 of the Venus table in the Dresden Codex (after Villacorta and Villacorta, 1976). 
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Figure 5 Solar eclipse according to Codex Nuttall. 

SeIer (1904) was a pioneer in these studies, particularly with respect to his 
interpretation of the depiction of the Venus cycle in the Codex Borgia; yet the 
latter has to be taken today with a certain caution. 

These codices depict the astronomical activities of priests, i.e. observing the 
night sky with rudimentary instruments. This came to be known in archae
oastronomical studies as 'naked-eye astronomy' (Aveni, 1980) (Figures 6, 7, 
and 8). 

In recent years, Gordon Brotherston has studied the Mixtec-Aztec codices 
as well as other iconographic data from central and southern Mexico as 'texts' 
that have historicity and an inner coherence and as such can be compared to 
other sources forming part of the 'Fourth World', i.e. the intellectual tradition 
of Native American Indian cultures. Script and text (including iconographic 
records), as well as configurations of time and space, constituted fundamental 
parts of the rich historical tradition of the Fourth World (see Brotherston, 1992). 

With respect to the astronomical content of the Codex Borgia, Aveni (1999) 
has also suggested recently that it may contain a greater degree of historicity 
than is generally assumed. He argues that the Codex Borgia not only registers 
endless rounds of time centered about the sacred count of 260 days, but that 
at least in some of its pages it records real-time astronomical events of the 
Venus cycle. Following analogies in the Dresden Venus Table, Aveni proposes 
that pp. 25, 27-28, and 53-54 of the Borgia are not only related to but may 
actually refer to the same events registered in that particular Maya codex 
(Aveni, 1999: SI, SI4-S16). 
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Figure 6 Priest observing the night sky according to Codex Mendoza (p. XXIV, part 1). 

Figure 7 Priest-astronomers in animal attire with instruments for observing the night sky (left, 
Codex Selden, 14; right, Codex Bodley, 17). 

Alignment studies 

Archaeoastronomy, stimulated by European megalithic studies, has undertaken 
in the past 25 years the systematic study of the orientation principle in 
Mesoamerican architecture and in the planning of urban and ceremonial 
centers. 

These orientation principles had been noticed earlier by some researchers 
and from the 1920s on there appeared several isolated publications containing 
astronomical observations and measurements; nevertheless they were not yet 
integrated into a coherent methodological approachY Only from the 1970s 
onwards were systematic field measurements undertaken, forming part of a 
wider methodological strategy that seeks to explain the alignments in terms of 
an observational base derived from astronomy. This task was initiated, above 
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Figure 8 Temples with Prehispanic instruments for observing the night sky (Codex Bodley). 

all, by Anthony F. Aveni and a group of collaborators, among them Horst 
Hartung, who in the last decades carried out systematic field measurements of 
the majority of existing archaeological sites, including the Maya area and 
central and southern Mexico.12 These results were presented in specialized 
academic meetings and have generated an important interdisciplinary discus
sion.13 Recently, some new detailed field observations were carried out by 
Ruben Morante (1993, 1995, 1996, 1997), Ivan Sprajc (1997) and others 
(Galindo, 1990, 1994; Iwaniszewski, 1986, 1993; Broda, 1993). Some of these 
results shall be mentioned briefly in this chapter. 

Another contribution to alignment studies has come from the field of cultural 
or human geography and the specialized study of cultural landscapes. In this 
context, the German geographer Franz Tichy has developed a methodology 
that combines the measurement of pyramids and sites with the study of the 
history of cultural landscapes in the Central Highlands.14 

Tichy's work explores multiple aspects of calendrics and the coordination of 
time and space that was expressed by the alignments. He proposes some 
interesting hypotheses with respect to the internal structure of the 
Mesoamerican calendrical system. His approach further establishes a connec
tion between site and temple alignments and the surrounding landscape, recon
structing aspects of the Prehispanic cultural landscape. By introducing the 
temporal dimension of calendrical dates, agricultural and cult activities, this 
cultural landscape becomes converted into a ritual landscape. We shall return 
to this point in the final section of this chapter. 

The above mentioned studies have documented that Prehispanic temples as 
well as settlements show alignments between architectural elements and promi
nent features of the landscape. Some of these orientations point conspicuously 
towards the direction of sunrise or sunset on the main dates of the sun's yearly 
cycle, i.e. the days of the solstices, the equinoxes, and the zenith. It was these 
orientations in archaeological complexes, observable today, that drew attention 
to the importance of the solar dates corresponding to these orientations and 
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that has stimulated further investigations into the cosmological implications of 
these facts. 

The annual movement between the solstice points was given greater impor
tance than the four cardinal directions. Thus, it is the solstice points, not the 
cardinal directions, which form the Mesoamerican cosmic diagram, the Aztec 
ollin sign that goes back to Olmec origins (Kohler, 1982; Tichy, 1981, 1991a) 
(Figures 9 and 10). 

Alignments may be read as a 'text' in the landscape. In fact, horizon calendars 
that tracked the rising or setting sun's movement along the local horizon seem 
to have been very important in Prehispanic Mesoamerica. We have pointed to 
the significance of the solstice points at the extremes of the sun's range of 
motion in the east and west (at approximate azimuths of 650, 115°, 245°, and 
295°), the equinoxes at the centers of these ranges (90° and 270°), as well as 
the rising and setting points on the dates of zenith passage. However, certain 
other directions also appear to have been of significance, such as the direction 
of 15°-16° from due east and west, which constituted a basic fourfold division 
of the Pre hispanic calendar. It was a 'calendrical direction' that was characteris
tic of Teotihuacan and acquired great importance all over Mesoamerica (see 
below). 

Thus, alignment studies open new perspectives for research where the inscrip
tions on stelae, codices and historical sources keep silence. Through field 
measurements it is possible to expand this new type of information further and 
also apply it to new archaeological excavation data. 

There are already many case studies that document the above-mentioned 
link between orientations and solar dates; we will mention here only a few 
relevant examples. These examples to illustrate our argument are again taken 
from different Mesoamerican cultures and time periods, since this chapter aims 
at generalization from shared features. 

a b c 

Figure 9 Mesoamerican cosmograms referring to the solstitial points. (a) Olmec (La Venta); 
(b) Teotihuacan; (c) the Aztec ollin sign (after Kohler, 1982, Figure 6). 
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Figure 10 The Philadelphia Monolith, with the representation of 4 ollin, "4 movement', name of 
the fifth Aztec cosmic age (Planetarium L.E. Erro, Mexico). 

Solstice alignments 

This alignment seems to have been of paramount importance from Preclassic 
(Formative) times until European contact. It might have motivated the first 
site alignments during the Middle Formative according to testimony from 
Izapa (Malmstrom, 1978, 1997) and other contemporary sites from the Pacific 
coast of Guatemala and Chiapas where the summer solstice was marked by a 
prominent mountain to the north (Aveni and Hartung, 1990). On the other 
hand, we find a similar situation at Cuicuilco, the oldest monumental site in 
the Basin of Mexico which was to influence decisively the rise of Teotihuacan. 
Viewed from its monumental round pyramid, the conspicuous volcano 
Popocatepetl marked the winter solstice sunrise (Ponce de Leon, 1983; Broda, 
1993). The horizon calendar ofCuicuilco had several other noteworthy features 
(see below). 

We might also mention the pyramid of Cholula; it was the largest of its kind 
in Mesoamerica and was already in use during the Classic period. The Aztecs 
called it Tlachihualtepetl, 'the Man-made Mountain'. Its orientation of 294°45' 
corresponded to sunset on the summer solstice (June 21) or to sunrise on the 
winter solstice (December 22) (Tichy, 1981: Figure 5; 1991a). (Figure 11). As 
seen from Cholula in the Valley of Puebla, Popocatepetl stands out prominently 
at the western horizon. Note the Christian church that the Spaniards built 
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Figure 11 The orientation ofthe pyramid and the church of Cholula. Positive (clockwise) deviation 
of 26° from east to south (sunrise on the day of the winter solstice) or from west to north (sunset 
on the day of the summer solstice). Measurement of the azimuthal angle from north from 0° to 
3600 (according to Tichy, 1981, Figure 5). Used with the kind permission of Dumbarton Oaks. 

after the Conquest on top of the 'Man-made Mountain', i.e. the Prehispanic 
pyramid resembling today a natural hill (Figure 12). 

Equinoctial or 'mid-quarter days' alignments 

The fundamental cardinal directions were east and west. The east was the point 
of reference for the other directions; north and south were sometimes only 
called 'to the right' and 'to the left [hand]' of east. Yet the precise direc
tions of the equinoxes, corresponding to an azimuth of 90° for March 21 
and September 23 respectively, are extremely rare in the orientation of 
Mesoamerican buildings. These astronomical dates account for a division in 
which the winter half is eight days shorter than the summer half. More fre
quently than the equinoxes one finds the alignment of the so-called 'mid
quarter days' that divided the year into equal halves of 182 or 183 days (or 
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Figure 12 The Church of Cholula, Puebla, built on top of the Prehispanic pyramid, 'the Man
Made Mountain'. In the background is the volcano Popocatepetl (Photograph by M. Caldewood, 
Post-Art). 
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quarters of 91.25 days), i.e. March 23/24 and September 21 (± 1d). The corre
sponding azimuth is between 0°30'- 2° deviation East to South, taking into 
account the horizon elevation (see Tichy, 1991a: 28- 31; Sprajc, 1997: 48ff.). 

There is evidence for special architectural assemblages that functioned as 
sun-watching devices. An observer would stand on an east-facing pyramid and 
view the sunrise over three structures that marked the solstices and the central 
line of the equinoxes or mid-quarter days respectively. The best known example 
for this type of sun-watching scheme is Building E at the Preclassic Maya site 
of Uaxactun (Figure 13). Several other examples have also been discovered at 
neighboring sites in the Peten rain forest of Guatemala (Aveni, 1980: Fig. 100; 
Tichy, 1981). Other similar assemblages were Structure 1 - subgroup and 
Stela 3 at Epiclassic Dzibilchaltun in northwestern Yucatan (Coggins and 
Drucker, 1988: 18, Fig. 3), or Pyramids C and D at Epiclassic Xochicalco in 
the Central Highlands (Tichy, 1981, 1991a: Fig. 5.7). 

At the Preclassic pyramid of Cuicuilco in the Basin of Mexico, the eastern 
horizon with its natural markers of prominent mountains also provided the 
possibility of tracking the sun between the solstices (winter solstice behind 
PopocatepetJ) and the mid-quarter days (marked conspicuously by 
Mt. Papayo). I have proposed (1993: 275- 285) that the formalization of this 
horizon calendar might have stood at the very beginning of calendrical observa
tion in the Central Highlands way back in the Middle Formative period 
(Figure 14). 

summer solslice 
equinox 

winter solstice 

Figure 13 Group E solar observatory, Uaxactun, Guatemala (according to Aveni, 1980, Fig. 100; 
diagram by P. Dunham). Used with the kind permission of Peter Dunham. 
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However, the horizon calendar of Cuicuilco had another remarkable feature. 
Subdividing the sections between the equinoxes and the solstices, these points 
corresponded to the dates of February 12, April 30, August 13 and October 30 
and the alignment group of 15S. These points were again signalled by natural 
markers: the outstanding profile of the volcano Iztac Cihuatl to the southeast 
and Mt. Tlaloc to the north; the latter was another sacred mountain still 
worshipped in Aztec times. The natural properties of the horizon profile of 
Cuicuilco suggest that the monumental Preclassic pyramid was intentionally 
situated at this location. The above-mentioned four dates are interesting in 
calendrical terms. They subdivide the year into fixed cycles of 260 + 105 days, 
as I have argued at length in previous studies (1991b, 1993, 1999). These dates 
corresponded to an internal structuring of the calendar, intimately related to 
agricultural as well as ritual cycles in later periods of Mesoamerican history. 
The four dates were highly significant in the Aztec calendar on the eve of the 
Spanish Conquest, and there even exist structural continuities in Mesoamerican 
Indian agricultural cycles and ceremonies up to the present day (see Broda 
n.d.). However, one of the dates, August 13, also was crucial in the Maya 
calendar. The Classic Maya chose it to be the day of the initiation of the Long 
Count, the (mythical) 4 Ahau 8 Cumku. 

15.5°: The sacred orientation of Teotihuacan 

August 13 corresponds to sunset at an azimuth of 285S (15S North of West) 
which could be observed from the Street of the Dead, the imposing ceremonial 
roadway that together with the Sun Pyramid determined the orientation of the 
sacred city. Vincent Malmstrom (1978, 1981, 1997) proposed that the 
Teotihuacanos might have commemorated the initial date of the Maya Long 
Count by aligning the Street of the Dead in this way. 

This roadway was built exactly perpendicular to the monumental Sun 
Pyramid which contained a sacred cave and was the main temple of the 
metropolis (Aveni, 1980: Fig. 68; Heyden, 1981). An observer positioned at the 
foot of the Sun Pyramid, at the entrance to its sacred cave, could see the sun 
set on the western horizon on April 30 and August 13 (Drucker, 1977; Millon, 
1992: 387). The interval between these dates was 105 and 260 days, respectively. 
On the other hand, looking from the Sun Pyramid towards the eastern horizon, 
sunrise could be observed on February 12 and October 30. The recent detailed 
field-investigation by Ruben Morante (1996) on astronomy at Teotihuacan 
provides new important data on these topics. In an interpretative study based 
on an exhaustive bibliographical review, I have explored the multiple implica
tions of these alignments, of calendrics and ritual landscape at Teotihuacan, 
themes of continuity in Mesoamerican cosmovision (Broda, 1999) (Figure 15). 

Since Teotihuacan was the hegemonic Mesoamerican state for many centuries 
(150-650 AD), this orientation scheme seems to have been transmitted to the 
rest of Mesoamerica, to other entities that were directly dependent on 
Teotihuacan or only received its cultural influence. For these reasons it has 
been called 'the sacred Teotihuacan orientation' (Aveni, 1980: 222ff.). 
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Figure 15 Plan of Teotihuacan showing the principal orientations with the Sun Pyramid and the 
Street of the Dead at the center (according to Aveni, 1980: Fig. 68; diagram by P. Dunham). Used 
with the permission of Peter Dunham. 

Subterranean observatories 

The dates belonging to the Teotihuacan orientation apparently also form 
constituent parts of the design of three subterranean observatories that were 
discovered recently at Teotihuacan. R. Morante (1995, 1996) undertook a 
detailed study of these artificially enlarged caves that were dated to around 
200 AD.IS Probably they were crucial for the development of calendrics at 
Teotihuacan, a subject on which there had existed very little evidence so far. 
From the point of view of the present chapter the particular interest of these 
observatories is that they seem to have been designed particularly to mark the 
period of time of 105/260 days running from April 3(}"August 13- April 29. 

Morante (1995) further compares the Teotihuacan caves with the subterra
nean observatories that had been described earlier at Xochicalco (see Tichy, 
1978,1980; Aveni and Hartung, 1981; Broda, 1982a) and Monte Alban (Aveni, 
1980). According to the detailed field research carried out by Morante at 
Xochicalco (1993), its astronomical tube was oriented with great precision not 
only to register the two zenith passages of the sun as well as the summer 
solstice, but also it seems to have been geared to observe how the rays of the 
sun enter directly into the cave for a period of 105 days between April 30 and 
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August 13; while for the remaining 260 days of the year, the beam of direct 
sunlight is not visible inside the subterranean ritual chamber. 

The observatory of Xochicalco is the most sophisticated construction that 
is known so far. At this Epiclassic site it was probably copied from the earlier 
and less elaborate subterranean chambers of Teotihuacan. At Monte Alban 
there was another artificial tube as part of one of the buildings of the acropolis. 
In his comparative study of the three subterranean observatories, Morante 
(1996: 181, 182) reaches the conclusion that in all three cases, with respect to 
the days of the first and last entrance of the direct beam of sunlight, these 
observatories marked regular periods of days grouped around the solstices. 
These periods were at Teotihuacan and Xochicalco 52/53 x 2 = 105 days, and 
at Monte Alban 65 x 2 = 130 days, respectively. This indicates, according to 
Morante (p. 182), the existence of the tonalpohualli as a basic counting device 
in these subterranean chambers. 

These observatories also served to detect the zenith passages of the sun 
which, however, varied locally according to latitude. Thus, they offered the 
possibility of detecting the true length of the tropical year (365, 2422 days) by 
means of the variations in the projection of light produced on the ground 
within a four-year annual cycle (Morante, 1995, 1996). As we have seen, starting 
from April 30, the sun enters the subterranean chamber of Xochicalco for 105 
days, while for the remaining 260 days the visibility of the direct rays of the 
sun is obstructed. In leap years, the chimney made it possible to observe 
intervals of 261/105 days, a fact that allowed the opportunity to correct the 
calendar, at least theoretically.16 

Zenith observations 

The above-mentioned vertical tubes of Xochicalco and Monte Alban permitted 
zenith observations. In the geographical latitude of Mesoamerica the sun passes 
the zenith twice a year, in its apparent annual movement between the equator 
and the Tropic of Cancer (lat. 23° 27'N). 

Between the latitudes of 15°N and 23° 27'N, the first zenith passage takes 
place between May 1 and June 21, and the second one occurs between June 21 
and August 12. As pointed out before, at the latitude of 15°N (archaeological 
sites of Copan, Honduras and Izapa, Chiapas) the time periods marked by the 
zenith passages are 105 days and 260 days respectively (April 30-August 13-
April 29). These were natural solar periods only at the latitude of 15°N, while 
at Teotihuacan and other later Classic and Postclassic sites these time periods 
were evoked artificially by the orientation of ISS. 

At the Tropic of Cancer, on the other hand, the summer solstice coincided 
with the zenith passage. There, the sun 'turns around' or 'stands still' on its 
apparent journey to the north and back again to the south. 

Ancient Mesoamericans were aware of this solar phenomenon at least since 
the Classic period, because they built an important site at Alta Vista (lat. 23°, 
28.8'N), in the modern state of Zacatecas, almost exactly on the Tropic of 
Cancer. Measurements by Aveni, Hartung and Kelley (1982) show that at Alta 
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Vista observations of the equinoxes as well as of the solstices were made 
(Figure 16). These phenomena were marked by Mt. Picacho (2800m), the most 
prominent peak on the eastern horizon line across the Valley. At the ruins of 
the so-called Labyrinth at Alta Vista there is an equinoctial alignment towards 
Mt. Picacho while the summer solstice-sunrise could be observed behind the 
same peak from nearby Cerro El Chapin. This spot was marked by two 
Teotihuacan-style pecked crosses (Aveni, Hartung and Kelley, 1982: 318ff.). 
CHAl petroglyph has 260 (+ 1) cuplike depressions, a fact which may indicate 
that it was used for calendrical computations (p. 329). However, even more 
interesting is the circumstance that its eastern axis points toward azimuth 
74°32' or sunrise on May 1 and August 15 (p. 325), practically the same dates 
of the sacred Teotihuacan orientation that we have outlined in this chapter. 

There is an on-going debate whether this site, situated at the northern limits 
of Mesoamerica, was built directly by agents of the Teotihuacan State exploring 
the astronomical properties of the territory known to them through their 
commercial expeditions, or whether it was built by people of the local 
Chalchihuites culture who had entered into contact with Teotihuacan. Certainly 
Alta Vista, which was investigated for many years by archaeologist Charles 
Kelley, situated today far off the main roads, is one of the most enigmatic and 
appealing archaeological sites of Mexico. 
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Figure 16 Alta Vista, Zacatecas, situated at the Tropic of Cancer. Double solar alignment towards 
Cerro Picacho (2,800 m): (1) from the ruins of the Labyrinth towards equinox sunrise on Picacho 
Peak; (2) from a pair of pecked crosses on nearby Cerro El Chapin towards the summer solstice 
sunrise on Picacho Peak. Reprinted with permission from Aveni, Anthony F. 'Tropical archae
oastronomy.' Science 213 (4504): 161-171, Fig.5a; diagram courtesy of E. C. Krupp, Griffith 
Observatory. Copyright 1981 American Association for the Advancement of Science. 
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THE OBSERVATION OF NATURE IN MESOAMERICA 

Tropical astronomy 

Because of its situation within the tropics, the geographical latitude of 
Mesoamerica determines a number of characteristics with respect to solar 
observation as well as climatic cycles. For these reasons, Aveni (1980, 1981; 
Aveni and Urton, 1982) proposed the terms 'tropical astronomy' or 'archae
oastronomy in the American tropics' to define with greater precision these 
specific features and distinguish them from astronomy of the northern latitudes, 
beyond the Tropic of Cancer (Europe, Near East, North America). There, the 
sun never passes the zenith and the center of the night sky is the Pole Star. In 
the northern latitudes there are four seasons in contrast to the tropics where 
we find only two, the rainy and the dry season. 

The zenith passage ofthe sun is not only important insofar as the observation 
of that heavenly body is concerned, but also because the climatological phenom
enon of the rainy season depends on it. The first passage of the sun through 
the zenith announces in Mesoamerica that the rains will start soon, which, in 
turn, is the necessary condition to begin the planting of maize. This interrela
tionship also found an expression in myth and ritual in ceremonies related to 
maize and water. 

Since times immemorial, in the proximity of the zenith passage and after the 
first rains have fallen, Mesoamerican peasants initiate their agricultural activi
ties in the cycle of dry-land cultivation. Prehispanic customs became fused with 
ceremonies that the Catholic Church imposed after the Conquest and which 
continue up to the present in the Feast of the Holy Cross on May 3, when 
fertility and rains are implored at the summits of ancestral mountains, and the 
seed corn and water resources are consecrated. On the other hand, harvest is 
celebrated on the Day of the Dead (Nov. 2), a date which denotes the comple
tion of the agricultural cycle (Broda, 1983, 1991a, n.d.). 

Observation of nature, science and cosmovision 

Astronomical (solar) observations formed an integral part of the observation 
of nature which also included geography and climate. In this perspective, I 
have proposed that observation of nature constitutes the systematic and repeti
tive observation of the phenomena of the natural environment which permits 
us to make predictions and orient social behavior based on these observa
tions. The precise observation of nature was an important element of the 
Mesoamerican cultural tradition. Its history goes back to the very origins of 
that civilization. Astronomy formed part of this tradition, together with obser
vations concerning geography, climate and the animate world: the human body, 
animals and plants. 

In this chapter, our position with respect to the definition of science is 
necessarily a very general one. The science of ancient civilizations is considered 
historically to have formed part of a social whole, in the same way that modern 
science is the historical product of Western cultural evolution, but it does not 
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constitute the only paradigm for defining science. This historical approach, 
which analyzes science as a body of exact knowledge embedded in social 
contexts, permits us to discuss the relation that existed in Prehispanic society 
between the observation of nature, astronomy, geography, climate, cosmovision, 
ideology and socio-political structure. In general terms, it is inferred that the 
conceptualization of nature in any given society is a re-elaboration in social 
consciousness - through the prism of social perception - of the conditions of 
the natural environment. The latter are never perceived in exactly the same 
way in different societies; there does not exist a 'pure' perception separate from 
the social institutions that produced it. 

Observation of nature provides one of the basic elements for constructing a 
cosmovision. Aztec cosmovision was a system that coherently explained the 
known universe in terms of a body of precise knowledge as well as the ideologi
cal needs of that society (Broda, 1982a, 1989, 1991a). 

Aztec calendar festivals 

The highlands of Central Mexico were inhabited on the eve of the Spanish 
Conquest by the Nahua ethnic groups. Among them, the Aztecs built a powerful 
state during the 15th and 16th centuries. On the cultural level, the Aztecs 
achieved a synthesis of new elements fused with ancient traditions of 
Mesoamerican cosmovision and perception of the natural environment. An 
important corpus of evidence, to be combined with archaeoastronomical 
studies, is the uniquely rich information on Aztec calendar festivals collected 
by 16th century Spanish chroniclers (above all, Bernardino de Sahagun and 
Diego Duran). The solar year of 365 days (xihuitl) consisted of eighteen months 
of twenty days; during each of these months a major festival was celebrated at 
the Templo Mayor of Tenochtitlan. These festivals belonged to the Aztec State 
Cult and involved the wide participation of the population of the capital. 

My year-long research on these matters has shown that while solar symbol
ism was important in specific ritual aspects, the basic structure of the festival 
calendar was closely tied to seasonal and agricultural cycles (see Broda, 1982a, 
1983, 1991b). The ceremonies of the rain gods and the deities of maize and the 
earth constituted a basic calendrical structure. It is not possible to go into 
further details here; however, it is worth noting that this basic structure of the 
Aztec ritual calendar coincided closely with the four dates of the year corre
sponding to the sacred Teotihuacan orientation of ISS: April 30, August 13, 
October 30 and February 12 (Broda, 1993, 1999, n.d.). 

There further exists an astonishing continuity up to the present in certain 
structural elements of Prehispanic cosmovision and the ritual calendar. The 
four dates of the year corresponding to the sacred Teotihuacan orientation of 
ISS and their corresponding syncretistic Catholic feasts are still crucial dates 
in the agricultural calendar of traditional Indian communities in Mexico, as I 
have tried to show in detail in previous research (op. cit.). This continuity of 
structural elements of the Mesoamerican calendrical system is possible since 
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the latter was based on the observation of nature and maintained this intimate 
relationship to the natural environment throughout the centuries. 

Mountain worship 

Mountains constituted another crucial element of the observation of nature. 
They are a prominent feature of Mesoamerican geography, their role in relation 
to meteorology and agricultural fertility being determined by the conditions of 
the natural environment. They also occupied an important place in cosmovision 
and in Pre hispanic ritual landscapes. 

In Aztec religion the high mountains were worshipped as water resources 
and places that controlled the weather. They were earth deities that sent 
thunderstorms, hail and illnesses, but they were also responsible for the benefi
cial rains that made plants grow and were necessary for agriculture. They had 
to be propitiated at the beginning of the rainy season by means of child 
sacrifices offered at mountain shrines, and their fertility function was acknowl
edged again at the end of the same period (1983; Broda, 1991a, 1997a). 

In the Basin of Mexico, in the vicinity of the great volcanoes, today there 
are still Nahua ritual specialists whose function is to control the weather. They 
are called graniceros, 'those who manipulate the hail', or tiemperos, 'those who 
control the weather, i.e. time'. The linguistic ambiguity in the term with respect 
to time and atmospheric phenomena expresses profound philosophical implica
tions with regards to these ritual specialists who live in permanent communica
tion with the personified High Mountains, the Volcanoes, and whose dimension 
of time is truly transcendental (see Glockner, 1996; Albores and Broda, 1997). 
The Volcanoes grant them the gift of being able to influence atmospheric time, 
i.e. the weather. The Volcanoes, in turn, are meteorological deities that have 
to be worshipped by cyclical calendrical rites. These rituals go back to ancestral 
Pre hispanic roots. 

In Aztec cosmo vision, mountains were conceived as huge hollow vessels 
filled with water. They were supposed to contain the subterranean waters that 
filled the space underneath the earth. This realm was called Tlalocan, the 
paradise of the rain god Tlaloc, and from it issued the springs to form the 
rivers, the lakes and the sea. Caves were the entrances to this subterranean 
realm immersed in water. At the same time they were considered places of 
origin, or entrances into the womb of the earth. It was further held that there 
existed a subterranean connection with the sea. The Aztecs called the sea huey 
atl, the 'great water' or water in its absolute form. It was also called ilhuicaatl 
or 'celestial water', i.e. where the sea blends with the sky. The sea became the 
symbol of the absolute expression of water and fertility. There are evocative 
passages in the 16th century texts of Fray Bernardino de Sahagun (Florentine 
Codex, Book XI: 247) that describe this cosmovision. The same concepts are 
still alive today according to modern ethnographic testimonies from different 
parts of Mexico (see Broda, 1989, 1991a, n.d.). 

Numerous archaeological examples show that the conception of space inside 
the earth filled with water and of mountains related to rains and agriculture is 
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of great antiquity in Mesoamerica. Besides this continuity in time, the existence 
of similar beliefs in different regions of Mesoamerica points to the configura
tion of a number of common elements that characterized the whole area and 
constituted a coherent system of explaining the cosmos that was strongly based 
upon observational elements derived from the natural environment. 

In different fields of Prehispanic studies evidence has accumulated which 
indicates that the configuration of this view might date back as early as 
Preclassic times. The mountain cult, astronomy and calendrics seem to have 
been closely interrelated in their remote origins. Vincent H. Malstrom (1978), 
combining the approach of archaeoastronomy with geography and archaeol
ogy, has suggested that the practice of orienting ceremonial sites toward the 
sunrise at the summer solstice behind prominent mountains seems to have 
originated in Preclassic times and may have stood at the very beginning of the 
invention of the Mesoamerican calendar. Franz Tichy (1978, 1981, 1983, 
1991a,b), on the other hand, has argued that in Postclassic times there existed 
in the Basin of Mexico a highly sophisticated system of relating the prominent 
mountain peaks by alignments - radial visual lines - with ceremonial sites and 
urban centers. 17 In this ordering system based upon the calendar, the astronomi
cal orientation of sites expressed the unity of time and space in Prehispanic 
cosmovision. 

These studies led Tichy to propose that this system was based on angular 
units of 4S, or the subdivision of the circle into eighty units, corresponding 
to the vigesimal system. Tichy (1991a, 1993) has explored further the geometri
cal properties of Mesoamerican orientation calendars, suggesting that more 
than astronomical data should be taken into account in the study of horizon 
observation and alignments. Indigenous geometry was another important factor 
that, together with architecture and salient topographical and climatic features, 
shaped the cultural landscape of ancient Mesoamerica. 

TIME AND SPACE IN PREHISPANIC COSMOVISION 

Aztec ritual landscapes 

Time and space were coordinated in the landscape by means of the orientation 
of buildings and settlements. The most important dates of the annual course 
of the sun were tracked on the local horizon by means of a horizon reference 
system. These orientations constitute a calendrical principle different from the 
one represented on stelae and in codices. The 'script' used was, in this case, 
architecture itself and its coordination with the natural environment. A system 
of codes was created within the living landscape. Isolated buildings, architec
tural assemblages and settlement patterns show particular alignments; in some 
cases, these alignments were coordinated with specific points of the landscape: 
with mountains or other natural elements like springs and caves, as well as 
with artificial markers in the form of petro glyphs or buildings constructed 
deliberately. Possibly, there even existed a complex structure of relating the 
political hierarchies of towns and villages within such an orientation scheme. 
These points on the horizon, or the orientation of temples to the rising or 
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setting of the sun and certain stars, were also coordinated with cult practice. 
The elaborate cult activities were kept in tune with agricultural cycles due to 
the fact that the basic structure of the festival calendar was the solar year and 
the main function of ritual was to regulate and control social and economic life. 

These references to topics that have been treated in this chapter might be 
taken as a description of what we mean by 'ritual landscape'. In even more 
general terms we may define ritual landscape as the culturally transformed 
natural landscape in which there existed sanctuaries and local shrines where 
certain rites were performed that were meaningful in terms of cosmovision and 
of indigenous observation of nature. I prefer this term to 'sacred geography' 
which in a way implies that cosmological concepts by themselves created the 
cultural landscape and not the rites performed there. These rituals formed an 
integral part of society and state organization. Ritual was the means by which 
society took possession of the symbolic landscape. Ritual established the link 
between the abstract concepts of cosmo vision and the human actors. It was 
the concrete process by which myth was transformed into social reality. 

As an example we will refer to the ritual landscape of the Central Highlands. 
Research over the past decade (Broda, 1991a,b, 1993, 1996a, 1997a,b)18 has 
permitted us to reconstruct a rich and complex picture of the ritual landscape 
of the Basin of Mexico on the eve of the Spanish Conquest; its roots go back 
some two and a half millennia before the Aztecs. The fact that this reconstruc
tion is still possible is all the more astonishing since the Basin of Mexico is 
today occupied by Mexico City, one of the most populous capitals if not the 
largest city in the world (some 21 millions inhabitants!). 

In the Basin of Mexico there existed two types of sanctuaries in Aztec times: 
(a) a hierarchy of temples that formed the centers of urban settlements, and 
(b) sanctuaries or 'sacred places' situated in the landscape. Here we are con
cerned mainly with the second category. Important Aztec sites were built on 
the high mountains (Popocatepetl, Iztaccihuatl, Mt. Tlaloc, etc.). Since the 
lowest altitude of the Valley is 2240m, these mountain sites are located between 
3000-4000m, or even higher. However, numerous hills that occupied a strategic 
position within the Valley and offered a panoramic view were also of ritual 
importance. These hills were selected by the Aztecs for building sanctuaries 
where they celebrated their annual calendrical rites. These places had certain 
qualities which predestined them to become ritually important: they comprised 
caves and springs - some of them with curative waters - as well as cliffs on 
whose surfaces reliefs were carved. These reliefs included cosmological themes, 
generally related to water and the earth. Among them calendrical and astro
nomical themes were also important (Broda, 1996a, 1997b; Paztory, 1983). 

On the slopes of most of these hills there also were large boulders on which 
the Aztecs and their predecessors carved petro glyphs consisting of geometrical 
designs (spirals and concentric circles that were solar symbols, etc.), hands, feet 
or sandals, etc. 

At several sites we also find the so-called maquetas, i.e. sculpted stone models 
carved into boulders (Broda, 1996a, 1997a,b). These miniature models of land
scapes with terraces, stairs, canals and water holes - sometimes also with small 
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temple structures - are particularly enigmatic. I have proposed previously 
(op. cit.) that the maquetas were a manifestation of the Aztec agricultural 
fertility cult linked to mountains and rites for the petition of rain. They were 
typically Aztec; however, they had wider and more ancient roots. They were 
ritual objects which have to be understood in terms of Mesoamerican cosmovi
sion (Figures 17, 18, and 19). 

For some of the maquetas a link to the solar cult has been suggested. The 
places where they were carved into boulders not only show solar alignments 
but the stairs might have symbolized the sun's ascension in the sky. At least 
this is what the Huichol Indians from Nayarit told the German ethnologist 
Konrad Theodor Preuss at the beginning of the 20th century. According to 
these informants, 'the sun needs [these] stairs (imumui) in order to ascend and 
descend in the sky.' (Jauregui and Neurath, 1998: 247; see Krickeberg, 1950) 
(Figure 20). 

Reliefs, petro glyphs and maquetas belonged to a Prehispanic cult of sacred 
stones. Cliffs and boulders were used as scenarios; monolithic stone images 
were placed on mountain tops or at other prominent sites in the landscape. 
This archaic cult of stone images had very ancient roots; it did not lose its 
functionality and can still be observed in certain parts of Mexico (Schultze 
Jena, 1938). It also bears certain similarities to the stone cults of Megalithic 

Figure 17 The Maqueta of Santa Cruz Acalpixca, Basin of Mexico: a miniature model with stairs, 
platforms, terraces and cup-holes sculpted from a large boulder (according to Cook de Leonhard, 
1955; drawing by R. Recendez). 
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Figure 18 Miniature stairways sculpted on a boulder in the mountains to the east of Texcoco, 
Basin of Mexico (according to Cook de Leonhard, 1955; photograph by B. Golden). 

Europe; the latter were shown by archaeoastronomy to be linked to solar 
alignments and horizon calendars (see Ruggles, 1988). 

However, the ritual landscape carved in rock that the Aztecs created during 
the 15th and 16th centuries also included architectural and artistic projects of 
much greater dimensions. They constructed complexes of temples excavated 
from the live rock, surrounded by gardens with exotic plants and animals. 
Besides, on the eve of the Spanish Conquest, they initiated the construction of 
their monumental rock sanctuaries at Malinalco and Tepoztlan. At these tem
ples, situated above impressive cliffs, they had sculptures and beautiful reliefs 
carved into the live rock. These works were the expression of the sophisticated 
Aztec art of their late imperial period. In them a synthesis emerged between 
the ancestral local cults of the earth and of nature and the imposition of the 
solar cult by the Aztec conquerors. As Esther Pasztory (1983: 124) has pointed 
out, 'the Aztecs carved mythical and historical subjects and even entire temples 
into the rock, and converted hills into complex shrines having temples, palaces, 
aqueducts, gardens and reliefs'. Although they were not the first to worship at 
sacred places in the landscape, they combined in a unique way the works of 
man - canals, gardens, temples and reliefs - with the manifestations of nature: 
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Figure 19 The Maqueta of San Miguel Ixtapan, Tejupilco, Estado de Mexico: a complex architec
tural stone model with terraces, stairs, platforms and ball-courts in miniature (according to 
Hernandez Rivero, 1989; drawing by M. Aridjis Reyes). 

Figure 20 Offering of a small wooden stepped pyramid from Te'akata, the sacred shrine of the 
Huichol Indians, Nayarit; on it, the sun 'ascended and descended in the sky' (Ethnographic collec
tion K. T. Preuss; according to Krickeberg, 1950). 
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hills, caves, springs, and rocks. 'In building the mountain shrines they were 
creating paradisical environments, places for ritual and contemplation, repre
senting the harmonious integration of nature and the works of man, where 
nature was allowed to remain prominent.' (Pasztory, 1983: 132, 133) 
(Figure 21). 

Aztec ritual landscape was an expression of these cosmological concepts. 
The mountain shrines, reliefs, petroglyphs and the miniature models constituted 
a visual language, a human creation, by which they structured symbolic space, 
projecting this cosmovision into nature (Broda, 1997b; Brotherston, 1992). This 
symbolic structuring of space was also kept in tune with solar horizon observa
tions and the establishment of alignments that connected settlements and 
shrines with natural phenomena (see Tichy, 1991a,b). 

Mountain worship and solar observations were closely related phenomena. 
In both, precise observation of nature, cosmo vision and ritual blended into a 
whole and can only be separated for analytical purposes. By developing astron
omy and meteorology, Mesoamerican priests sought to control natural phen
omena that seemed unpredictable and awe-inspiring. The natural environment 
was transformed into a ritual landscape according to the canons of cosmovision. 
Temples, sculptures, reliefs, petroglyphs, etc., were intimately associated with 
mountains, cliffs, caves and springs, and thus the artistic and architectural 
creations enhanced and signified the symbolic qualities of the landscape. 
Prehispanic Mesoamerican cultures sought to establish a man-made symbolic 
order to control the threatening forces of nature. 

Figure 21 The Aztec temple complex of Malinalco, Estado de Mexico (photograph by 1. Broda). 
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CALENDARS AS SOCIAL CONSTRUCTS 

Astronomical observation was the condition for the development of the calen
dar. However, calendar and astronomy are not identical, since the calendar, as 
a human creation, constitutes as much a scientific achievement as a social 
system. The calendar is social life, and the effort of its elaboration consists 
precisely of seeking common denominators to be applied to the observation of 
nature as well as to society. Closely linked to the seasonal rhythms, climate 
and agricultural cycles, the calendar imposes a socially defined measure of time, 
regulating economic, political and religious activites (Broda, 1993, 1996b). 
Thus, it played an important role in everyday life. 

On the other hand, its sacralization provided a legitimation for the political 
and religious control exercised by the priest-rulers. By directing the ritual 
calendar, the priests pretended to control the natural phenomena. Thus, calen
drics and astronomy acquired a fundamental ideological function. Since they 
were based on the observation of recurring cycles, they provided those who 
had access to this knowledge with the appearance of controlling those phen
omena and provoking them deliberately. At significant calendrical dates the 
ceremonies had to be executed. These could only be performed by the priest
rulers, since they possessed the monopoly of the State Cult. Although intimately 
related to agriculture and the seasons, these ceremonies took place at the great 
pyramids that formed the center of the urban settlements, and were, at the 
same time, the territorial symbol of political power. Thus, the priest-rulers 
made themselves indispensable to the proper execution of the rites on which 
depended the recurrence of natural phenomena, the growing of maize and 
other food plants, and the successful accomplishment of agricultural cycles. 
Cult as social action produced a transference of associations that reversed 
causal relationships and made natural phenomena appear to be a consequence 
of the proper performance of ritual. From this link derived the extraordinary 
importance of astronomy in the processes that legitimated political power in 
ancient Mesoamerican states (Broda, 1982a). 

However, at the same time natural phenomena again and again escaped the 
control of the priest-rulers who became obsessed with this imminent danger. 
Excessive rains, thunderstorms, and volcanic eruptions were impending threats. 
The recurrence of the cycles of the sun, the moon, Venus, the Pleiades and 
certain other constellations was never completely symmetrical. Yet, the priest
astronomers tried to fit their observations into the perfect harmony of the 
calendrical cycles and to establish these relations in the architecture of their 
ceremonial centers. This endeavor was threatened permanently by eventual 
failure, with its disastrous consequences upon the ideological foundations of 
political power. As an example we may mention that the Aztecs upheld the 
belief that the solar course, the alternation of day and night and the annual 
cycle of the seasons were a consequence of their active collaboration with the 
natural order by means of human sacrifices. On the offering of human blood 
- the 'precious liquid' and conceptual equivalency of water - depended, accord
ing to Aztec cosmovision, the continuation of the cosmos. 



260 JOHANNA BRODA 

* * * 
By applying an archaeoastronomical approach of studying astronomy in cul
ture we have been able to show the cultural and institutional embeddedness 
of astronomical observations in Ancient Mesoamerica. I have further proposed 
to encompass archaeoastronomy within a broader discipline of what might be 
called the 'observation of nature in Prehispanic Mesoamerica'. This conceptual 
framework permitted us to enquire further into the important links that existed 
between astronomy, calendrics, geography, climate, agricultural cycles and 
ritual landscape. Regarding these topics, the interdisciplinary perspective com
bining archaeoastronomy and cultural geography is particularly relevant. 

Precise observation of nature and a long uninterrupted cultural tradition 
that maintained constant exchanges of material goods as well as of ideas 
permitted Mesoamerican priest-astronomers to formalize their astronomical 
observation and create a calendrical system of astonishing precision. Without 
doubt, the Maya of the Classic period (300-900 AD) reached the greatest 
perfection of this knowledge, leaving evidence of their calculations in hiero
glyphic inscriptions and codices. Among these achievements are the invention 
of zero, a system of numeration by position which enabled them to make 
operations into millions of years and to create the Maya Long Count. They 
observed the true length of the tropical year, lunar synodic and sidereal periods, 
lunar and solar eclipses, Venus, Mars, and the Pleiades, and they invented a 
zodiac. The hieroglyphic inscriptions and codices provide evidence of the 
calculations operated by Maya priests. Great advances have been made recently 
in the astronomical interpretation of these ancient texts. Yet, it remains so far 
an open debate to what extent these registries are ephemerides, i.e. historical 
accounts of real astronomical events, or almanacs, based on ever-revolving 
cycles. The impact of these theoretical calculations upon everyday life, agricul
tural activities, and on the celebration of seasonal rituals is not yet clear. 

The evidence of alignment studies is of a different kind. The orientations of 
buildings and sites towards dates of the annual solar cycle that could be 
observed on the local horizon are a testimony to the intentions of its builders. 
They are a kind of text that can be read in the landscape. The huge corpus of 
alignments that has been gathered over the past 25 years shows that these 
alignments depended upon horizon observations and the counting of calendri
cal periods. Alignments towards the solstices, the equinoxes or 'mid-quarter' 
days, zenith observations, as well as the sacred Teotihuacan orientation of 
15.5°, account for the most conspicuous orientations. New evidence from 
subterranean observatories tends to confirm these data on the importance of 
certain calendrical dates. Building orientations and observatories also provide 
evidence for the importance of the observation of the zenith, a characteristic 
phenomenon of tropical astronomy. Because of the tropical latitude, solar and 
climatological phenomena are closely interrelated. 

Alignments, horizon calendars and astronomical observatories confirm that 
time and space were coordinated by means of the calendar system. This calendar 
was kept in tune with seasonal and agricultural cycles. The evidence from the 
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Aztec calendar festivals tends to confirm these correspondences. Basic cel
ebrations of the Aztec festival calendar also coincided with the four annual 
dates corresponding to the sacred Teotihuacan orientation. Moreover, with 
respect to these dates and their seasonal and ritual importance, there exists an 
astonishing continuity up to the present day in traditional Indian agricul
tural rites. 

Ritual landscapes were another expression of the coordination of time and 
space in Aztec cosmovision. Solar horizon observations and the corresponding 
alignments of temples and sites formed part of these ritual landscapes. However, 
other features like prominent mountains, caves and springs also were sacred 
places of the landscape where agricultural and fertility rites were performed. 
Mountain worship was a very important element of these ceremonies. 

Thus, alignment studies and ritual landscapes reveal how ancient 
Mesoamericans created an ordering of space in tune with calendrical periods 
and horizon calendars. Although this ordering was based on the observation 
of nature, and on astronomical and seasonal cycles, nevertheless its imbrication 
with magical elements was very strong. Calendars were social constructs and 
intimately tied to ritual matters. They were also used by the priest-astronomers 
and divine rulers to legitimate their political power by supernatural means, 
evoking the idea that they controlled the natural phenomena and the revolution 
of the heavenly bodies. 

To penetrate into the mysteries of the astronomies of past civilizations, it is 
necessary to study their cultural embeddedness as a historical process. 

NOTES 

1 See the recent book of historical synthesis by Lopez Austin and Lopez Lujan, 1996; for further 
reading see Coe, Snow and Benson, 1986, Pasztory, 1983; Sanders and Price, 1968; and Wolf, 1959. 
There are slight variations with respect to the dates of the main archaeological periods in the 
existing bibliography. I have used here the dates given by Lopez and Lopez, 1996. 
2 Successive archaeoastronomical meetings over the past decade have established an agreement to 
call this interdisciplinary field 'cultural astronomy', or Astronomies in Culture (see Aveni, 1989; 
Ruggles,. 1993; and Ruggles and Saunders, 1993). 
3 We define cosmovision as 'the structured view in which the notions of cosmology were blended 
into a systematic whole' (Broda, 1982a, 1991, 1993). 
4 Yet, since the year of 365 days fell short of one quarter of a day, it remains so far an unresolved 
problem how the calendar was kept in tune with the tropical year. At least in practice these 
observations were made, but we do not know so far how observation, social and ritual actitivites 
based on the tropical year were coordinated with the ever-revolving cycles of 365 and 260 days 
which apparently did not allow for intercalation (see Broda, 1983). It is beyond the scope of this 
chapter to go into more detail of this complicated and yet unresolved issue. 
S These inscriptions register baktun 7 which precedes baktuns 8, 9 and 10 of the Classic Maya 
(Broda, 1969; Marcus, 1976, 1992; Aveni, 1980). 
6 For further reading see the bibliographies in Aveni, 1980; Tichy, 1991a; Broda, 1969; 1996b: 
note 5. 
7 These are the Codex Dresden, Codex Madrid (Tro-Cortesanius), and Codex Paris (Peresianus), 
named after the libraries where these documents are located, and the recently discovered Codex 
GroUer. Its authenticity has been questioned, however. 
8 Lounsbury, 1978; Justeson, 1989; Aveni, 1992; Marcus, 1992; Closs, 1994. We include here only 
references to inscriptions and texts containing astronomical and calendrical information; it is 



262 JOHANNA BRODA 

beyond the scope of this paper to refer to the progress made in the decipherment of hieroglyphic 
writing in general. 
9 Aveni, 1980, 1992, 1993, 1997, 1999: SI and the bibliography quoted in Aveni 1999, note 6; 
Bricker, 1988; Bricker and Bricker, 1986; Sprajc, 1993a,b; Closs, 1994; Tichy, 1999. 
10 These sophisticated new interpretations are reflected in the splendid volume edited by A. F. 
Aveni: The Sky in Mayan Literature, 1992. 
11 See the bibliography quoted in Aveni, 1980; Tichy, 1991a; Broda, 1996b: note 10. 
12 To mention only a small selection of this bibliography, see Aveni, 1991; Aveni, Hartung and 
Buckingham, 1978; Aveni, Hartung and Kelley, 1982; Aveni, Hartung and Calnek, 1988; Closs, 
Aveni and Crowley, 1984. 
13 Aveni, 1975, 1977, 1982, 1988, 1989, 1992; Aveni and Urton, 1982; Aveni and Brotherston, 1983; 
Williamson, 1981; Tichy, 1982; Broda, Iwaniszewski and Maupome, 1991. 
14 Tichy carried out measurements (by compass, or based on aerial photography and topographic 
maps) of 360 sites in the Valley of Puebla-Tlaxcala, and of 270 sites in the Basin of Mexico. He also 
made use offield measurements published by Aveni (see Tichy 1978, 1980, 1981, 1983, 1991a,b, 1993). 
15 For more details on the excavation of these caves in the periods of 1980-82 and 1993-94, see 
Morante 1995 and 1996 and Broda, 1999. Cave 1 was discovered earlier and studied for the first 
time by Enrique Soruco, 1991. 
16 Tichy, 1978, 1980, and 1991a, first pointed out the possibility of correcting the calendar by 
means of this 'zenith tube' at Xochica1co. See also Aveni, 1980: 254-257; Aveni and Hartung, 1981; 
Broda, 1982a. 
17 These alignments, which are documented in recent studies, share a number of elements with the 
ceques of Incaic Cuzco, imaginary lines that departed from the Ushnu, the principal sanctuary of 
the Inca capital. They were signalled by the huacas, natural phenomena and sacred places within 
the landscape (Zuidema, 1981, 1982). The difference between the Inca and the Aztecs is that in the 
Mesoamerican case the chroniclers do not tell specifically about these sacred places and do not 
register the Nahuatl terms for them. Nevertheless, ongoing research points to the existence of a 
greater similarity between the Andean huacas and the ritual landscape of the Aztecs than had been 
recognized so far (Broda, 1997a). It should be mentioned that in an interesting pioneer study, Franz 
Tichy, 1983 and 1991b, first explored these similarities. 
18 A more detailed bibliography may be consulted in Tichy, 1976, 1983, 1991a,b. In Broda, 1997a,b; 
n.d., I cite several monographic studies carried out under my direction in the past decade. See also 
Albores and Broda, 1997; Morante, 1997; Sprajc, 1997; and earlier studies by Heyden, 1981; Ponce 
de Leon, 1982; Iwaniszewski, 1986, 1993; Aveni, Hartung and Calnek, 1988; Aveni, 1991; and 
Carrasco, 1991. 
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NATIVE AMERICAN ASTRONOMY: TRADITIONS, SYMBOLS, 
CEREMONIES, CALENDARS, AND RUINS 

In the house made of dawn, 
In the house made of evening twilight, 
In the house made of dark cloud and rain 
In beauty I walk. 

With beauty before and behind me, 
With beauty below and above, 
With beauty all around me, I walk 

Excerpted from the Navajo Night Chant (Matthews, 1995: 143-145) 

Observation of the beauty in nature lies at the foundation of science. It is also 
a key to cultural identity and survival. Observationally derived knowledge of 
natural cycles - the diurnal movement of astronomical bodies across the sky, 
annual migrations of the sun on the horizon and up and down the celestial 
meridian, phasing of the moon across the sky, migrations of planets, pulsating 
climate and geological activity, and the life cycles of plants, insects, aquatic 
creatures, birds, and animals - is possibly our most valuable possession. The 
ability to notice something that raises a question in the mind, then to formulate 
an answer that can be expressed in the ways we see ourselves within the 
surrounding world, and how we behave within that environment are critical 
hallmarks of being human. Knowledge that allows us to know what to expect 
in the future based upon observation from the past leads to our well being 
and survival. 

Something very basic within us produces the need to interpret what we see 
around us, both on earth and in the sky. These interpretations have been 
expressed in many ways: through language, stories, religion and ritual, arts and 
crafts, our sense and methods of measuring time, and even the ways we orient 
buildings. In this paper we will explore selected examples of Native American 
astronomical knowledge revealed through study of such things as belief systems; 
ceremonial activities; symbolism apparent in material culture, in rock art motifs, 
lore, and mythology; architectural orientations found in ruins; and documented 
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methods of keeping calendars. Our focus will be on human observation reveal
ing the intricate ways that astronomical phenomena have been woven into the 
fabric of Native American practices and traditions. 

As we explore Native American astronomy we should remember that we are 
dealing with a host of independent cultures. Archaeologists and other anthro
pologists have traced Native Americans as a migration of people coming out 
of Siberia, crossing the Bering land bridge, moving into and eventually through
out North and South America. Native Americans have been studied as peoples 
of the Arctic, Subarctic, Northwest Coast, Plateau, Great Basin, Plains, Great 
Lakes and Northeast, Southeast, Southwest, and on into Mexico and still 
farther south. At the time of European contact these people spoke several 
hundred languages that can be grouped into a few linguistic phyla which can 
be further broken down into many language families - Algonquian, 
Athapaskan, Caddoan, Iroquoian, Muskogean, etc. The hundreds of groups 
within these families differ greatly in cultural traits and geographic distribution. 
Athapaskans, for example, include the Navajo and Apache of the Southwest, 
the Hupa of California, and the Kutchin of Alaska. Algonquian speaking people 
range from the Blackfoot in the Rocky Mountains and Great Plains, the 
Penobscot in the Northeast, to the Ojibwa of the Great Lakes region; Iroquoian 
contains the Cherokee, Mohawk, and Seneca. Pueblo people of the Southwest, 
who share numerous cultural traits, speak languages from four distinct linguistic 
families. It is apparent that the people of Native America have experienced 
complex histories since their ancestors migrated into the Americas. Details 
about Native American cultures can be found in many sources (e.g., Kopper, 
1986; Maxwell, 1978; National Geographic Society, 1974). 

Within this super-culture that is commonly known as North American 
Indian, we are learning that there was a great deal of cultural intercourse from 
exploration and commerce among the many groups. For a long time we have 
known that trading went back and forth across the continent and up from 
Mexico into the heart of North America, and the evidence continues to grow 
to indicate considerable cultural influence carried northward (and perhaps 
southward as well) from Mesoamerica. 

Let us focus attention on the elements of these cultures that we now classify 
as astronomy. In this article we can not possibly begin to treat the astronomy 
of all these diverse groups, so we will select two primary examples, the Skidi 
Pawnee and Navajo, with sampling from others. These examples will establish 
the fact that within Native America there has been great interest in and 
observational knowledge about the objects and phenomena of the sky. In this 
context, let us note that there remains a fertile field of investigation to compile 
and understand the clever and ingenious ways Native Americans have known 
their cosmic and terrestrial environments. 
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TRADITIONS: STORIES OF ORIGIN AND CULTURE BROUGHT DOWN 
FROM THE SKY 

We are the stars which sing, 
We sing with our light; 
We are the birds of fire, 
We fly over the sky. 
Our light is a voice; 
We make a road for spirits, 
For the spirits to pass over. 
Among us are three hunters 
Who chase a bear; 
There never was a time 
When they were not hunting. 
We look down on the mountains. 
This is the song of the stars. 
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Algonquin (Leland, 1898) 

In addition to the scientific explanations of the origins and migrations of 
people, there are explanations of origins within the oral traditions of the people 
we are considering. Each group has stories that define how they see themselves 
living in the world - who they are, where they came from, and what they hope 
to become. These stories of origin include information about how the people 
thought of their own relationships to the things around them, both of earth 
and sky. Stories reveal how observational knowledge was remembered and 
passed through the ages so that it could be used and fine tuned. Stories organize 
and express cultural experience and identity while they interpret forces of 
nature. Thus, components of mythology have their foundation in natural 
phenomena. 

SKID! PAWNEE 

As an identified culture, the Pawnee Indians lived in what is now southern 
Nebraska and northern Kansas in the Midwestern United States. Where they 
were before moving into that land is an item of considerable debate and 
speculation. Their language places them in the Caddoan stock, suggesting that 
they had moved into the Plains from the south. Their traditional life, as best 
we know it, was along the Platte and Republican River systems, until the 
pressures of European peoples' spreading across the continent caused them to 
move to Oklahoma Territory in 1874-76. In this paper we will examine concepts 
coming mostly from the Skidi, one of four bands composing the Pawnee Tribe. 
We are fortunate to have at least a sketch of their cosmology, which was 
unusually rich in its reference to relationships between humans, earth, and sky. 

The following story is a composite of information from the best sources 
available (Chamberlain, 1982; Curtis, 1968; Dorsey, 1904; Fletcher, 1903, Murie, 
1981, Weltfish, 1977). It closely follows information obtained mostly in the 
early part of the twentieth century. Readers who wish to go into this in greater 
detail can do so by starting with the author's research (Chamberlain, 1982) 
which includes some of the original texts and cites the others. 
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In the beginning was Tirawahat, 'the universe-and-everything-inside, ' all powerful, 
the One Above, changeless and supreme, creator of everything in earth and sky. 
Tirawahat gathered the star gods together and instructed them. 

'I give each of you a place in the heavens and powers to create people, who 
will be like myself. I will give them your land to live upon, and with your assistance 
they shall thrive.' 

Pointing to Sakuru, the Sun, he directed, 'You shall stand in the east, you shall 
give light and warmth to all the beings and to earth.' 

Turning to Pah, Moon, Tirawahat said 'You shall stand in the west to give 
light when darkness comes upon earth.' 

'Tcuperekata, Bright Star (Evening Star)1 Stand in the west. You shall be 
known as Mother of all things, for through you all life shall be created.' 

'Operikata, Great Star (Morning Star), stand in the east. You shall be a 
warrior. Each time you drive the people towards the west, see that none lag behind.' 

'Karaiwari, Star-that-does-not-Move, (North Star), your place is in the north. 
You shall not move, for you are chief of all the gods that shall be placed in the 
heavens. Watch over them. When people are created and placed upon earth, they 
will appoint a chief among them. He is to resemble you, Star-that-does-not-Move, 
presiding over his people. You, chief of the stars, communicate with the chiefs 
among the people.' 

Pointing to another star, he said, 'You, Spirit Star, stand in the south where 
you will be seen only once in a while, at a certain time of year. You will receive 
the spirits of the dead at the end of their journeys on the Pathway of Departed 
Spirits.' 

Tirawahat pointed to four stars, each in turn. 'You, Black Star, shall stand in 
the northeast, from thence cometh darkness, night.' 'Opiritakata, Yellow Star, 
stand in the northwest, toward the place where Sun sets to make things yellow.' 
To another star, a white one, he said, 'Stand in the southwest, by the Moon,' and 
to a red one, 'Stand in the southeast where the red dawn comes.' To all four he 
directed, 'You four shall be known as the ones who shall uphold the heavens, to 
stand as long as the heavens last. You shall touch the heavens with your hands 
and your feet shall be upon earth. I give you power to create people, and you 
shall give them sacred bundles and ceremonies to order their lives and remind 
them of us.' 

'In the east creation will be planned, in the west it will be fulfilled: for east is 
Man and west is Woman.' 

Turning to Sun, Tirawahat said, 'When you have taken your place in the 
heavens, I give you permission to overtake Moon, to be with her. When you do, 
she shall disappear. In the years to come a boy shall be born to the two of you, 
and you shall call upon the gods to place the child upon earth. 

'Warrior in the east, Great Star, you shall take a journey to the west to find 
Bright Star. Stay with her. I promise you a girl. The gods will assist you to place 
her upon earth.' 

Tirawahat sent Bright Star to the west and gave her a garden where things 
would ever be alive. He sent her Clouds, Winds, Lightnings, and Thunders. 
'Receive these gods, place them between you and the Garden. When they stand 
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by the garden, they shall turn into human beings. They shall have the downy 
feather in their hair. They shall wear moccasins and buffalo robes, and each shall 
have about his waist a lariat of buffalo hair. Each shall have a rattle in his right 
hand. These four gods shall be the ones who will create all things.' 

Tirawahat was pleased. Now ready to make the earth, he told Bright Star to 
instruct the gods to sing. As they shook their rattles and started the song, Clouds 
came up, Winds blew, Lightnings and Thunders entered the Clouds, and Tirawahat 
dropped a pebble into the Clouds. When the storm had passed over, water filled 
the space. 

Tirawahat gave war clubs to the four world quarter stars, instructing them to 
move off to their respective stations. As soon as they touched the waters they 
struck with their clubs, separating the waters, and earth rose up on each side of 
the waters. 

Again, Tirawahat instructed Bright Star to tell the gods to sing the song about 
the formation of the earth: Clouds came up, Winds and Lightnings and Thunders 
struck, to put life in the ground. 

He called for yet another song, about timber, underbrush, and gray land. Winds, 
Clouds, Lightnings, and Thunders passed over. Grasses and trees stood upon the 
ground, still lifeless, but when the Winds blew through them and the Rains fell 
upon them, the Lightnings struck them and the Thunders sounded over them, then 
there was life in the timbers. 

Tirawahat commanded that the Winds, Clouds, Lightnings, and Thunders 
should, once again, pass over the land. Sweet waters filled creeks, rivers, ponds, 
and lakes. 

The Great Red Star went forth from the east toward the west, that creation 
might continue. Bright Star of the west moved to draw him toward her, yet, as 
he came, she placed barriers in his path. Earth opened and waters swept down, 
and in the waters appeared a serpent with open mouth. Morning Star drew from 
his pouch a ball of fire and threw it to drive the serpent from his path. Ten 
obstacles stood before him. Ten times he sang a sacred song, drew out the fireball 
and drove cactus, thorns, thick woods, monsters, and animals away. He sang: 'I 
have overcome my Grandfather; I have overcome my Grandmother; I have over
come my Father; I have overcome my Mother; I have overcome my Brother; I 
have overcome my Sister.' He named ten kinships of the earth that even today 
persist among the People. 

Approaching closer to the radiant White Star of Evening, the Red Star reached 
the four star beasts that protected her: Black Bear, Mountain Lion, Wildcat, and 
Wolf. They were stars, they were the icons of animals, seasons of the world and 
of life, different sacred woods, and the four kinds of corn. Great Star overcame 
them one by one: 'Yellow Star of the northwest, you are the Mountain Lion, 
Willow, Lightning, Spring, Childhood, and Yellow Corn; Red Star of the southeast, 
you are Wolf, Box Elder, Cloud, Summer, Youth, and Red Corn; Black Star, you 
of the northeast whence cometh night, you are Bear, Elm, Thunder, Autumn, 
Adulthood, and Black Corn; White Star, you of the southwest, facing north 
whence cometh the snow, you are Wildcat, Cottonwood, Winter, Old Age, and 
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White Corn.' He energized the earth with all these precious things and the guards 
stood no longer in his way. 

He stood facing the beautiful Evening Star, yet she would not yield until he 
brought the cradleboard for their child that would be born. From the cottonwood 
he made the board; the covering was the skin of the spotted wildcat, emblem of 
the starry heavens. Above the board, over the place where the head of the child 
would lie, was a hoop from the willow tree, to represent the rainstorm and the 
Arch-Above-the-Earth, the rainbow. He placed his own red image upon the top 
of the board to show that the child would be watched over by the powerful 
Morning Star. 

Cradle in hand, he came again to the woman of heaven. 'You must bring a mat 
for the child to lie upon.' From a btiffalo he provided the softest part of the hide. 

Again, she reproached him. 'I must have water to bath the child in.' He brought 
sweet water from the Garden of the Evening Star, fragrant from the grasses and 
flowers growing there. 

Now she yielded, and each gave unto the other his power to be transferred to 
the People who would appear upon Earth. The power of the Morning Star is in 
the bed of flint on which he stands, the same power by which the Sun shines. 
Evening Star gave her powers of the west, the Storms to drive across the land. 
Into the Clouds, Morning Star placed his flints to strike as lightning from the 
rainstorms. The power of flint would also give knives, axes, and weapons to the 
People of Earth. All the Powers of east and west mingled and merged. 

In the wintertime, Evening Star gave birth to a daughter. Tirawahat spoke to 
Bright Star: 'You must place the girl upon the clouds to be taken to Earth.' From 
her garden, she plucked seeds of all kinds and the Mother Corn, giving them to 
the child. Clouds gathered and the old men rattled their gourds and sang about 
the storm traveling downwards to the earth. The maiden dropped to Earth like 
rain, giving rise to the Pawnee name for maiden, Tcuraki, 'Standing Rain'. There 
she stood, alone. 

While all this happened, Sun had overtaken Moon, and they had lain together. 
In summertime a boy was born to them. Tirawahat commanded Bright Star to 
cause the four gods to sing again. The Winds blew and the Lightnings and 
Thunders entered the Clouds that rose up to the Moon. The child was placed 
upon the Clouds which were sung downward to touch the ground. A boy began 
to wander over the land. 

When the boy and girl found each other, Tirawahat called upon Bright Star to 
ask the gods to sing about putting life into the children. Evening Star commanded. 
The four gods rattled their gourds, the Winds came, Clouds arose, Lightnings 
entered the Clouds. Thunder sounded and rain fell upon these first people. 
Lightnings struck around them. Thunders roared, and they awakened and under
stood. They lay together, and after many months a baby was born to them. 

The new family began to build a grass lodge to live in. Tirawahat instructed 
the star gods to give the people what they needed. As each of the stars came over 
the land, the new parents would go to a place where the lightning had struck 
upon the mountain to find precious things to be used for worship and for living: 



NATIVE AMERICAN ASTRONOMY 275 

fire-sticks, pipe-stone, flintstone, moccasins, robes, the war club, the bow and 
arrow, and all the items needed to create the sacred bundle. 

The People increased. They learned to make lodges to live in, given the pattern 
by the star gods: round like the world; four posts in the northeast, southeast, 
southwest, and northwest to represent the intercardinal stars, associated animals, 
trees and other items; floor to represent the earth; ceiling for the sky; entrance 
opening to the east, symbolic of Morning Star and the planning of creation; altar 
at the west side, the sacred place of Evening Star and her garden, the direction 
where creation was accomplished and from which life was renewed each spring; 
fireplace containing the spark from the flint of Morning Star and the fire of Sun; 
and smoke hole over the fire, round like the group of stars called the 'Council of 
Chiefs,' stars that passed directly overhead and set the pattern for making impor
tant decisions by leaders meeting in council. On spring and autumn mornings, the 
first rays of sunlight would come through the entryway, cross the fireplace as if 
to light it, to fall upon Evening Star's altar, nourishing life that was renewed each 
year by the storms that moved in from the west. If one knew the secrets learned 
and treasured by the priests, he could use the lodge as an observatory, watching 
through the east-oriented doorway and the round smoke hole, to know the calendar 
and thus to be able to predict the cycles that were so important to survival and 
well-being. Either in the lodge, or out on the plains, these people were at home, 
for they knew well the luminaries of the sky that breathed life into everything 
that moved. 

As they moved about, they encountered other people, and found that they could 
understand each other. They talked and learned that each group had been created 
by different stars, and that each possessed sacred knowledge and artifacts that 
should be used for the benefit of all. A great council was called, to be attended 
by all the villages descending from the stars. When the groups gathered for the 
council, they set their camps upon the landscape in a pattern that mirrored the 
arrangement of their stellar ancestors in the sky. From that first council emerged 
the confederation of the Skidi People, complete with its ceremony involving all 
the bundles. They derived a way of life that was enjoyed for hundreds of years. 
The gods in the heavens continued to govern the patterns of their lives. 

When the snow began to melt, a pair of stars, the Swimming Ducks, made their 
appearance in the southeast just before the Sun brightened the sky. Then, the 
Priests listened for the sound of thunder, rolling from the west across the Plains. 
When both the calendar-setting stars and the storms were present, the bundle of 
the Evening Star would be brought down from the wall, opened, and the round 
of ceremonies would begin. In proper sequence, all the bundles and associated 
ceremonies would be performed: the Morning Star bundle, the Big Black Meteoric 
Star Bundle, the bundles of the other stars - all of them - were part of the lives 
of the people as they planted their crops and went on the buffalo hunts, twice 
each year. One bundle had a smaller bundle attached to it, and inside this, on a 
finely tanned skin of an animal, was painted a chart of the star deities: Evening 
Star and Morning Star, Moon and the light of Sun, Chief Star and Council of 
Chiefs; the Seven Stars that reiriforced the principle of unity, the Snake, the 
Swimming Ducks, and the Pathway of Departed Spirits. 
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People grew old and died, but children were born and taught the ways of 
harmony and happiness, the ways that had come down to them from the stars. 

* * * 
We see from this wonderful sacred account that the Skidi people patterned 
their lives from observations they had made of earth and sky. Their concepts 
of organization and movement of the heavens defined for them what was male, 
what was female and how the two combined in human, animal, and plant 
fertility. The houses they lived in were used as observatories to make critical 
observations of the movement of celestial bodies. These same dwellings had 
features that manifested their observations of the heavens, representing their 
interpretations of certain stars: four posts symbolized four stars thought to 
hold up the heavens; the many other posts around the walls represented the 
rising and setting directions of the other stars; the smoke hole was symbolic of 
stars in the constellation Corona Borealis (and probably others - see 
Chamberlain, 1992: 233-235) which set the pattern of consensus decision 
making. 

The Council of Chiefs in the heavens was related to the stars commonly 
known as the Pleiades, symbol of unity for Skidi people. Both Chief's Council 
and Pleiades passed nearly through the zenith as seen from the Pawnee home
land, and they are essentially opposite each other in the sky, so that one or 
the other of these could be observed throughout the year, always reminding 
the Skidi of the supreme principle of being united in their efforts. 

One special star in all the heavens, the Chief Star, Polaris, set the example 
of political leadership: just as the pole star remained in its place, always 
available, as if watching over the heavenly band of stars, so should a chief of 
the people be constant in caring for the needs of the community. A pair of 
stars, the Swimming Ducks (the two stars forming the stinger of Scorpius the 
scorpion), together with the observation of changing climate announced by 
the storms that swept from the west to renew life each year, set the beginning 
of a new ceremonial, agricultural, and hunting year. 

Finally, this story strongly suggests careful observation of the complex move
ments of planets, for the journey of Morning Star to court Evening Star can 
nicely be explained as an interpretation of the migration of Mars from early 
morning visibility in the east, growing brighter over a period of months as it 
moves westward in dark sky, undergoing retrograde motion (as if engaged in 
battle) while glowing most brilliantly, then waning in brightness as it continues 
to move westward to finally disappear in the western glow of evening. 
Sometimes when it reaches the west the planet Venus, known to be the Skidi 
Evening Star, is there, and the two can come into close conjunction as if in 
consummation of courtship leading to the birth of the first human female. 
Somewhat similar movements in the sky lead to monthly conjunctions of Sun 
and Moon, mythological parents of the first human male. 

We see that the Skidi based their lives on observations of the heavens. From 
such observations they judged their origins, determined their calendar and 
managed time, and derived principles of leadership and community. Their 



NATIVE AMERICAN ASTRONOMY 277 

celestial orientation helped them feel secure either out on the vast prairie or 
within their homes that were microcosms of the greater world around them 
(Figure 1). 

NAVAJO 

One of the two Athapaskan groups to wander into the American Southwest 
now has much in common with Pueblo people. Both Navajos and Pueblos say 
they came out of Mother Earth remembering previous worlds in which their 
identities were formed. Details of this differ within the various Pueblos and the 
Navajos have variations in the way they tell it (Benally, 1982; Griffin-Pierce, 
1992; Newcomb, 1967; O'Bryan, 1993; Yazzi, 1971; Zolbrod, 1984). Navajo 
philosophy is strongly based on observation of nature. 

The framework for the Navajo worldview came with them into the 'glittering 
world' where they now live. It includes emphasis on the number four, strong 
color-direction orientation, numerous features on a defined landscape, protec
tion through meticulous ritual all related to the principles of harmony, balance, 
happiness, and long life. Their traditional world lies within the boundaries of 
four sacred mountains that define the four directions, times of day, colors and 
gems, seasons, and all the things that are important in Navajo religion and 
philosophy (Figure 3). 

East is associated with the very first light of morning, the white light that 
slowly comes up out of the deep night. This direction, represented by white 
shell, signifies clear thinking and planning. Although there are differing opinions 
as to the identity of the east mountain, many sources indicate that it is Blanco 
Peak, located in the Sangre de Cristo Mountains of southern Colorado. 
Contemporary Navajo philosophy of learning relates the east direction to birth, 
childhood, the arts, and knowledge. All these things are associated with the 
east and with the color known to those arising early enough to observe the 
very first light that creeps into the sky at dawn, usually a couple of hours or 
so before sunrise. 

The south mountain, Turquoise Mountain, is Mount Taylor, located in New 
Mexico, west of Albuquerque. Contemporary philosophy relates south to youth, 
learning technical skills, and ways of making a living by the things one typically 
does during the middle of the day. All these and other important things are 
associated with the south, turquoise, and the color blue, typical of the sky 
during the middle of the day. 

The west boundary of Navajo country is marked by Mount Humphery, one 
of the San Francisco Peaks located near Flagstaff, Arizona. West is associated 
with marriage, family life, and the social sciences. Such things are associated 
with the west, with abalone, and with the yellow light of evening. To the north 
lies Obsidian Mountain, now called Hesperus Peak in the LaPlata Mountains, 
located in southwest Colorado. North relates to old age, the sciences, jet and 
obsidian, and things associated with darkness and night. 

Within the four mountains lie other places of great significance to the Navajo. 
It is said that First Man and First Woman (Holy People, not ordinary people) 
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went to the Center Mountain, now known as Huerfano Mesa, located in New 
Mexico northeast of Chaco Canyon. Here they built a hogan, modeled on the 
sky, with the door facing east. This became the blueprint for hogans to this 
day. A hogan is the traditional Navajo dwelling, usually circular or polygonal 
in shape and generally consisting of a single room. They always have the 
doorway facing the eastern horizon, somewhere between the northern and 
southern solstices where the sun can rise some time during the year. 

According to the Navajo, the sun was formed from a perfect piece of turquoise 
and the moon from a perfect piece of white shell. Each was given spirits for 
movement, feathers for flight and crystals for light. Pieces of crystal remained 
and three of the Holy People - the Fire God, known as Black God, First Man, 
and First Woman - placed these on a buckskin in pleasing patterns to represent 
the principles that would bring long life and happiness. These would be used 
to benefit Earth Surface People, to help them find their way, always maintaining 
balance and direction. They would create the stars to provide seasonal and 
nightly markers for agricultural, hunting, and ceremonial activities. 

The Holy People began putting up the stars. They placed the Fire Star in 
the north. To one side they put Revolving Male, and to the other side Revolving 
Female. Coyote, the trickster, was wandering about as always. He noticed the 
sky start to change, and thought to himself, 'I must find out what is going on.' 
So off he ran to find where the sky changing was taking place. He approached 
as the Fire God was putting up First Slim One. He watched as Black God put 
his own stars, Dilyehe, near First Slim One. He moved in closer as Man With 
Legs Ajar, then First Big One were put up. Now he was right among them. 
He asked to put his own star in the sky. Reluctantly, knowing the usual 
outcome of projects Coyote got involved in, they allowed him to place one 
star in the south. He called it the Coyote Star. It would appear only for a short 
time, low in the south. This was tiring work. As the others rested, Coyote 
thought, This is taking much too long.' He seized one end of the blanket 
containing the rest of the crystal stars, and with one swift motion flung them 
into the sky. He had done it again! Where order was intended, he had succeeded 
in bringing disorder. 

That explains why we find the stars as they are today. A few are in proper 
patterns, symbols of how we should live our lives, while the rest are just 
scattered about, the way Coyote threw them up there. 

Thus, a few constellations that can be clearly identified today fit nicely into 
Navajo tradition. They are grouped into male and female pairs, each represent
ing principles pertaining to harmony and balance and leading to long and 
happy lives. The few Navajo people understanding these relationships also 
know how each of these pairs of stellar icons signal the seasons with their pre
dawn rising every year. 

SYMBOLS: ASTRONOMICAL ICONS OF FATHER SKY ON MOTHER EARTH 

By identification, a symbol that stands for a power is the power. Hence to understand the 
symbol with its various meanings is to comprehend the power and the techniques required to 
invoke it. (Reichard, 1983: 149) 
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We communicate using symbols. Words, whether spoken or written, are 
symbols of things, events and ideas - abstract ways of creating pictures in the 
mind. Simple pictures have been used from earliest times to convey information. 
When first drawn on walls of caves or cliffs, pictographs and petro glyphs, 
ancient to us now, must have transmitted specific ideas to those who knew 
them well. Standing removed by many layers from the people who made these 
figures, we cannot completely know the meanings they originally intended, but 
we can recognize forms indicating that the makers of the glyphs were as 
interested in the things around them as we are today. 

Whole collections of words, and of pictures, are also symbols, often having 
specific meanings known within the ranks of the initiated, sometimes cleverly 
disguised from the understanding of outsiders. We should be extremely cautious 
in drawing conclusions about intended meanings of symbols we find that have 
their origins in other cultures, for only those with the relevant knowledge and 
experience could accurately interpret them. 

When we are able to learn enough, however, we can at least surmise the 
interests represented in culturally inspired symbols and recognize that they are 
based upon substantial thought, experience, and observation. This certainly is 
the case with astronomical symbols imbedded within the stories and material 
culture of Native Americans. Let us examine a few examples, beginning where 
we left off a moment ago, with the Navajo. 

NAVAJO 

As is implied in the quotation from Gladys Reichard that heads this section, 
symbols are of utmost importance in Navajo tradition. These people are known 
for their textiles, silver work, and colorful sandpaintings (dry paintings) con
sisting of composites of symbols of earth and sky: plants, animals, birds, insects, 
mountains, clouds, rain, lightning, rainbows, sundogs, sun, moon, stars, the 
Milky Way, and Holy People (deities). Concerning symbols on sandpaintings, 
Franc Johnson Newcomb (1956: 34) wrote: 

When a sand painter wishes to show who or what lived on a certain mountain, or walked in a 
certain direction, then tracks of that person, animal, or bird will be drawn in the proper position. 
These track symbols are considered as powerful for exorcism as the sketch of the person, animal 
or bird would be. Those most often used are the pollen tracks of the immortals, star crosses of 
the sky forces, rainbow spots, human footprints, the prints of wolf, bear, cougar, eagle, and 
hawk paws and claws. 

Navajo rugs and blankets have patterns that include some of these same 
icons. Navajos also placed such symbols on the walls of canyons where they 
resided. Wherever we see natural symbols we can be sure they are there because 
of the observational knowledge of the people who make them. They are based 
upon perception of natural phenomena in both the terrestrial and astronomi
cal realms. 

Take the stars for example. We find the important stars referred to in the 
mythology outlined above depicted on various Navajo artifacts. They can be 
recognized on sandpaintings representing the sky (Figure 2). Some of them 



NATIVE AMERICAN ASTRONOMY 281 

can be recognized as patterns of tiny drill holes in gourd rattles used in some 
Navajo ceremonies (Chamberlain, 1983: 51). More recently, they have been 
found on a few rock art panels (Figure 3) located in the northern New Mexico 
region called by Navajos Dinetah, considered to be their primal homeland 
(Chamberlain, 1983; Chamberlain and Rogers, in press). Navajos also have 
been known to place star depictions on ceilings in rock shelters (Figure 4) 
(Chamberlain, 1989a, 1989b; Chamberlain and Schaafsma, 1993 and in press). 

Some of the stars important to the Navajo, the ones named in the story 
presented above, can be identified in the sky as icons for living in balance with 
the forces of nature. Their meanings are derived from pairs of constellations 
that follow each other into and across the sky. N:ihookos bika'ii and N:ihookos 
ba':iadi, Revolving Male (Big Dipper) and Revolving Female (Cassiopeia) are 
symbolic of family life within the Navajo home (hogan). Just as these two star 
groups revolve around the Fire Star, Polaris, which represents the central fire 
in the hogan, so people should be at home, moving about the fire, doing the 
things they should do as families. The revolving pair is viewed as parents of 
all the other stars. The fact that they are located near the pole of the turning 
sky, always visible at some time of night throughout the entire year, causes 
them to be seen as leaders, sources of wisdom and knowledge, always available 
to help Earth Surface People. 

Dily6be, the Pleiades, is associated with Black God, and they are shown on 
Black God's face (Figure 5) as a symbol to represent all the stars. Black God 
is the fire god, creator of the stars and source of all fire, including the fiery 
light of stars. Black God is also in charge of the months and seasons. His mask 
has a mouth in the shape of the full moon, and his forehead bears the crescent 
moon. The Pleiades are said to picture seven old men playing a dice game, as 
well as an event after the game: the man who lost is in front leading his wife 
and children home, the way they look in the sky. The season for performance 
of the Nightway (an important nine night ceremony) begins with the appearance 
of Dily6h6, at twilight, at the end of October, and ends with the coming of the 
first thunderstorms that signal spring, when the Pleiades are disappearing in 
the western evening sky. These stars are strongly associated with agriculture, 
as is their mate, Atse'ets'ozi. 

The constellation paired with Dily6h6 is Atse'ets'6zi, First Slim One (Orion), 
keeper of the months. It is said that these stars keep the others in line, making 
sure they appear in the night sky at the proper times during the year. Atse'ets'6zi 
has primary association with agriculture, and is said to have a staff or digging 
stick, a curved line of stars to the right of the rest of the stars (Orion's shield). 
When Atse'ets'ozi sets at twilight in late April or early May, the Navajo begin 
to plant. Hastiin Sik'ai'i, Man with Legs Ajar (Corvus), has qualities of concen
tration, searching, knowledge, wisdom, guidance, and clear thought. His coun
terpart, Atse etsoh, First Big One (front part of Scorpius) is symbolic of old 
age and the continuity of generations. Thus, this pair is strongly symbolic of 
things that lead to universal order, balance, long life, and happiness. Gah 
heet'e'ii, Rabbit Tracks (tail of Scorpius) was placed in the sky to honor the 
rabbit, a very important food source, representing all animal life used as food. 
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Figure 2 Navajo sand painting of Father Sky and Mother Earth. The Sun is the da rker horned 
disk with the lighter horned disk above representing the Moon. The Milky Way is shown as cross
hatching across the arms and shoulders of Father Sky. The 5 small crosses on the left center of 
Father Sky in the shape of a 'w' on its side form the Revolving Female (Cassiopeia), with the Fire 
Star (Polaris) as the single cross below, and Revolving Male (Big Dipper) still lower on the left, 
formed by the 7 crosses in the shape of the Dipper. Dilyehe (Pleiades) is the close group at bottom 
center with First Slim One (Orion) above and to the right. Man With Legs Ajar (Corvus) is the 
group of 5 at center right. First Big One (front of Scorpius) is the linear group at upper right with 
Rabbit Tracks (tail of Scorpius), the tiny group of 4 at the top right. The single cross at the top 
center, above the moon, is probably Venus. The pair of stars below the sun is known as the Pinching 
Stars. Revolving Male and Female and the Fire Star are repeated at the very bottom. Painting by 
Mark Brest Van Kempen. Reproduced with permission of the Hansen Planetarium. 
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Figure 3 Navajo rock art from Dinetah with recognizable star patterns. (a) Star panel in Blanco 
Canyon: First Big One, shown as three dots in the belt and three in the sword of Orion, repeated 
twice, one below the other at the upper right; Dilyehe (Pleiades) as a group of seven dots at lower 
right of center; Rabbit Tracks (tail of Scorpius) as a pair of dots side-by-side with a nearly vertical 
pair below at extreme lower right. (b) A panel in Largo Canyon with crescent and full disk, possibly 
the Moon, at extreme upper left, a star cross at center left and Dilyehe (Pleiades) at upper center 
(inset). (e) A panel with a pair of hands and pits in the pattern of Revolving Male (Big Dipper) to 
the left of the hands. Note that even the double star in the center of the Dipper handle is shown. 
(d) Petroglyph with star cross and Rabbit Tracks (Hunter's Guide) motif, but with each track 
transformed into that of the ultimate hunter, a cat. 
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Figure 3 (Col1tinued.) 
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This is the hunter's guide. When this constellation is in one position, appearing 
vertical in the evening sky, the hunters lay aside their bows and arrows and 
remain at home. But when it tips on an angle in the evening sky, the young of 
the deer and the other animals are no longer dependent on their mothers and 
the hunting season begins. Paired with Gah heet'e'ii is Yikaisdahi, the Milky 
Way, thought of as though it were a constellation. Yikaisdahi is symbolically 
associated with the dawn, the powerful life-giving light, and with the principle 
of awakening before dawn to walk in first light, scattering white corn meal 
across the sky in a motion that is like the Milky Way, contemplating harmony 
and balance with all the universe. 

There has been considerable debate as to the identity of the Coyote Star, 
and throughout the Navajo reservation one will encounter various opinions 
about it. The best information suggests that it is Canopus. The author has 
personally observed Canopus from extreme northern Arizona and New Mexico, 
and it fulfills the descriptions Navajos have given for this star: it is seen only 
for a short time near the meridian, very low in the south, its light is reddened 
by the long path it takes through the atmosphere, and it seems to dance a bit 
and even sometimes flash through the spectrum because of the extreme refrac
tive effects it encounters so low in the sky. 

The fact that we have found the patterns of some of these star groups 
included in rock art panels that were apparently made when the Navajo culture 
was emerging as an identifiable unique culture is convincing evidence that 

Figure 4 The author under a Navajo star ceiling in Canyon de Chelly National Monument, 
Arizona. 
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Figure 5 (a) Drawing of the mask of Black God. Redrawn from Haile, 1947: 3. See also Haile, 
1996: 30 and plate 5. 

Figure 5 (Continued.) Dinetah rock art image of Black God. Note Dilyehe (Pleiades) dot pattern 
on both images. 
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Navajo people were observationally attuned (Figure 3). The fact that we find 
the same patterns in recent and contemporary sandpaintings (Figure 2) and 
on other ceremonial artifacts indicates that astronomical observation persists 
within Navajo culture to this day. 

SKIDI PAWNEE 

We have already noted the rich symbolism contained in the Skidi story of 
origin. These are powerful symbols residing right at the roots of Skidi culture, 
for the Skidi believed the stars had given them life and religion. We find celestial 
symbolism within the structure of the earth lodges these people lived in, and 
patterns of stars in the sky contained primal examples of how they should be 
governed. The rituals they should perform were timed by celestial and terrestrial 
observation and the sacred articles to be used in these rituals were kept wrapped 
up in bundles. Every item within these sacred bundles was a symbol of deep 
natural significance. 

One tiny bundle had stars painted on its inner surface (Figure 6). When we 
learn enough about the Skidi culture we can recognize the celestial icons of 
some of the natural objects and phenomena that were of great importance 
to them. 

On one side of the chart we find two swaths of color, red above yellow. This 
is the east, or male side, showing the colors representing the Great Red Star 

Figure 6 The Skidi Pawnee chart of the heavens painted on an animal skin. See text for identifica
tions. Photograph by the author. The map is at The Field Museum, Chicago. Used with their kind 
permission. 
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of Morning as well as the Sun, the fathers of the first human children. On the 
other side there is a yellow band of evening color. Also on this side we can see 
a faint crescent moon near the Evening Star - the mothers of the original 
children. Left of and above the center of the chart is a large star representing 
the Chief Star, commonly known as Polaris. It is at the end of the 'Small 
Stretcher,' the Little Dipper of Ursa Minor, and above this is the 'Large 
Stretcher,' the Big Dipper of Ursa Major. These two groups illustrate the 
proper method of transporting sick and dead people. 

Below the Chief Star there is a circle of stars, the Council of Chiefs, and 
beneath this toward the bottom center of the chart we find a row of stars 
forming the Snake. This is one of the creatures Morning Star subdued during 
his journey to court Evening Star. Just to the right of the lower end of the 
Snake are the Swimming Ducks, the stars that signaled with their heliacal 
rising the time for beginning the ceremonial year. The Milky Way, called by 
the Skidi the Pathway of Departed Warriors, is formed by the many dots 
vertically dividing the chart. The little bunch of stars beneath the center left of 
the Milky Way are the Pleiades, symbol of unity, and the Deer, marked by 
stars in Orion, are composed by the V-shaped group to the right of the Pleiades. 
The Great Red Star of Morning was said to be the one at the extreme right 
side near the colors representing morning light. Not all of the larger stars 
depicted can be identified with certainty from the information available. This 
chart of stars contains the symbols of origin and life for the Skidi Pawnee 
people. 

OTHER EXAMPLES 

It is not possible in this brief article to represent adequately the many ways 
we find astronomical observation represented in symbolic form on Native 
American artifacts, but it seems fitting to look at a few more examples. 

Plains and Great Basin groups often painted symbols on their tipis, shields, 
clothing and other items. Generally, such symbols were of immense importance 
to the owners of the items they were placed upon, and the symbols frequently 
included sky motifs: individual stars, groups of stars, sun, moon, lightning, and 
rainbows. Each owner knew the full significance of the symbols, but we must 
be content to recognize that they are founded in observation of nature. 

Some Plains tribes were known to keep track of their histories using a system 
known as 'winter counts'. Each year was identified by an important event 
which was given a name and a picture to represent it. One of the valuable 
possessions of these people was the memory of the passage of years painted 
on a robe. Included in the memories are a few dramatic astronomical events 
(Chamberlain, 1984). Most winter counts record the great Leonid meteor 
shower of November 1833. In addition, many of the counts depict a spectacular 
fireball that blazed across the sky sometime during the year 1821-22. There 
are scattered winter count records of a few eclipses of the sun and moon and 
at least one of a comet, the most famous one in history, Halley's Comet. 

Southwest Pueblo rock art contains many astronomical symbols. This is 
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especially true of Pueblo IV vintage rock art made just prior to European 
contact. Four-pointed stars, sometimes shown as faces, are found in abundance, 
and there are many images that seem to represent the sun and a few crescents 
strikingly resemble the moon. 

A current craze in astronomical rock art research is the study of the inter
action of sunlight on rock art images (Carlson, 1983; Preston and Preston, 
1985; Sofaer et at., 1979, 1983; Williamson and Ambruster, 1993). Researchers 
are reporting finding many examples of rock art made so that interesting light 
and shadow phenomena play upon the figures at certain times; these are 
thought to have had special significance to those who put the images on the 
rocks. Although this research needs considerable refinement and greater rigor, 
we can be reasonably certain that Puebloan people did use such methods, for 
they have been noted among recent Pueblo people (Cushing, 1967: 40-41). 
The practice of making symbols so that they interact with the powerful elements 
of nature seems a likely form of human participation in the occurrence of 
natural cycles. Manufacture of symbols so that such interactions take place 
requires considerable observational knowledge, another indication that Native 
American people were well attuned to natural phenomena through critical 
observation. 

One rock art motif of great interest to some researchers is that having an 
image that can be interpreted as a star next to a crescent, assumed to represent 
the moon. In 1955 it was noted that such an arrangement might be a likely 
way of displaying the supernova that was observed in the year 1054 AD (Miller, 
1955). In that year a star in the direction of the constellation Taurus exploded, 
and in that location we now find the Crab Nebula, a remnant of that supernova 
event. Several collections of crescent and star images have been found in Native 
American rock art with the suggestion that they might represent the Crab 
Supernova (Brandt and Williamson, 1979). The most famous of these is located 
at Chaco Canyon in New Mexico (Figure 7). Although it is exciting to imagine 
that these rock art motifs represent such an important and dramatic event, we 
must be aware that they could as well depict something as common as the 
moon and Venus, always spectacular when seen close together in the sky and 
a combination of objects known to be of great importance to Native Americans. 
No matter what was intended when these images were put on the rocks, we 
can be reasonably sure they do represent astronomical realities and that is 
quite enough to make them beautiful as well as interesting. 

CEREMONIES: HUMAN PARTICIPATION IN CELESTIAL CYCLES 

Look as they rise, up rise 
Over the line where sky meets the earth; 
Pleiades! 
Lo! They ascending, come to guide us, 
Leading us safely, keeping us one; 
Pleiades, Us teach to be, like you, united. 

Song of the Pleiades from the Pawnee Hako (Fletcher, 1996: 330) 

Symbols and ceremonies are tightly intertwined. Indeed, to a large extent 
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Figure 7 Pictograph of a crescent, star, and hand on an overhang near one of the Great House 
pueblos in Chaco Culture National Historical Park. Multiple exposures simulate in the sky the 
features painted on the rock. Photograph by the author. 
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religious rituals are enacted for the purpose of empowering people with bless
ings believed to emanate from deities and events portrayed by symbolic ele
ments of particular ceremonies. Thus, we find symbols used in many forms 
during rituals: words in prayers and chants call for influence and intervention 
of special powers; the sounds of music might, by imitation, attract natural 
forces, such as thunder or water; pictures might be used to bring the influence 
of those portrayed; and objects might initiate the perceived magical powers of 
the items they represent. Often the powers called upon are the forces and 
objects of nature, and this indicates not only supernatural beliefs but also that 
those performing the ceremonies have observed important relationships 
between themselves and the elements of nature symbolized. As we have done 
before, let us here acknowledge that the traditional societies of the Americas 
had detailed and intimate observational knowledge of the forces and cycles of 
nature. We can recognize the scope of this knowledge by studying the many 
ways it has been manifested in ceremonial activities. 

PAWNEE 

We have already seen that the Skidi Pawnee used astronomy extensively in 
their ceremonies. Now let us acknowledge another Pawnee ritual that involved 
observational astronomy, this time from the other Pawnee Bands. Known as 
the Hako, the ceremony was intended to keep the culture strong that its people 
might have long, happy and peaceful lives blessed with abundance. Throughout 
the fourth day of the five-day ceremony special attention was paid to the sacred 
light from above. A hymn to the sun developed with each stanza being sung 
at appropriate times of day from dawn to darkness (Fletcher, 1996: 326): 

Now behold; hither comes the ray of our father Sun; 
it cometh over all the land, passeth in the lodge, 
us to touch, and give us strength. 

Now behold; where alights the ray of our father Sun; 
it touches lightly on the rim, the place above the fire, 
whence the smoke ascends on high. 

Now behold; softly creeps the ray of our father Sun; 
now o'er the rim it creeps to us, climbs down within 
the lodge; climbing down, it comes to us. 

Now behold; nearer comes the ray of our father Sun; 
it reaches now the floor and moves within the open 
space, walking there, the lodge about. 

Now behold where has passed the ray of our father Sun; 
around the lodge the ray has passed and left its 
blessing there, touching us, each one of us. 

Now behold; softly climbs the ray of our father Sun; 
it upward climbs, and o'er the rim it passes from the 
place whence the smoke ascends on high. 

Now behold on the hills the ray of our father Sun; 
it lingers there as loath to go, while all the plain 
is dark. Now has gone the ray from us. 
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Now behold; lost to us the ray of our father Sun; 
beyond our sight the ray has gone, returning to 
the place whence it came to bring us strength. 

The first verse was sung as rays of the sun flashed across the landscape and 
through the long east-oriented entryway, passing over the fire pit and alighting 
on a buffalo skull sitting on an altar at the west side of the lodge. The 
passageway into the lodge typified individual life and those first rays flowing 
through it were considered to be particularly powerful, imparting strength to 
whomever it touched. These first rays of day were watched eagerly in recogni
tion of the promise they held. 

The next verses dramatically describe how sunlight entered the lodge from 
above, through the smoke hole directly over the fireplace. Try to visualize the 
light touching the rim of the smoke hole, then slowly making its way down 
into the home, touching and warming the contents, bringing with it all that is 
symbolized in light interacting with objects and people. It moved down, within 
and around, blessing everything it touched, then receded back up and out, 
leaving the house in darkness. These people deeply understood and appreciated 
the significance of the sun, and they obviously paid careful attention to its 
movements in the heavens. 

All of the Pawnee, and especially the Skidi, had elaborate celestially inspired 
ceremonies as suggested in previous sections of this paper. Since these are well 
described in much detail elsewhere (Chamberlain, 1982; Murie, 1981; Weltfish, 
1977), we will only review them here. When the Skidi priests observed the stars 
they called the Swimming Ducks (stinger of Scorpius) appearing in the dawn 
sky, during the month of February, they watched and listened for the lightning 
and thunder announcing the spring storms. As this happened, they took down 
the sacred bundle of the Evening Star, opened it, and began an elaborate round 
of ceremonies that involved, each in turn, the other sacred bundles believed to 
have been given by stellar deities. The ceremonies continued through the 
planting season and the period of caring for corn, beans, and squash. They 
went on through the time of the summer bison hunt and then the harvest. 
Only during the winter were the sacred bundles and accompanying ceremonies 
dormant. This annual cycle has been beautifully described by Gene Weltfish 
( 1977). 

NAVAJO 

Most Navajo ceremonies take place during the colder half of the year. The 
appearance of Dilyehe, the Pleiades, in the eastern evening sky, about the 
beginning of November, marks the start of the major ceremonies, and they are 
discontinued when Dilyehe disappears in the western evening sky, by the 
beginning of May. Sandpaintings, used to bring the powers symbolized in the 
colorful sands artistically placed on the floor of the ceremonial hogan, are filled 
with icons of the sky (Figure 2). Whenever the night sky is portrayed in 
sandpaintings, it is usually possible to recognize at least some of the patterns 
that represent principles for harmonious living. The presence of these same 
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star patterns in the rock art of Dinetah indicates that these aspects of astronomy 
have been present in Navajo ceremony throughout the past five hundred years 
that anthropologists can identify the Navajo culture. 

One of the Navajo ceremonies that is seldom enacted is known as the Great 
Star Chant (Wheelwright, 1988). The sandpaintings used in this ceremony are 
alive with star depictions. The possible relationships between this ceremony 
and the star ceilings referred to earlier have been explored by Chamberlain 
and Schaafsma (1993 and in press). In addition to their depiction in sandpaint
ings, stars are part of ceremonies by their symbolic presence on certain gourd 
rattles and other artifacts. Navajo medicine men also use their extensive knowl
edge of the sky to pace the ceremonies. Important components, such as sweats, 
are held right at sunrise. Others must be discontinued prior to sunrise, and 
some ceremonial events must take place hours before sunrise as the very first 
light of dawn begins to creep up the eastern sky. 

Wherever we might look in the cultures of Native America we would 
undoubtedly find that astronomy has important relationships to sacred direc
tions, appropriate times of year and day for ceremonies to take place, symbolic 
features of the rituals, and the mythological bonds between ceremony and the 
cosmological origins of the universe, the earth and its many creatures includ
ing humans. 

CALENDARS: OBSERVATION OF THE SKY LEADS TO SUCCESS ON EARTH 

Another important business was to keep track of the time or seasons of the year by watching 
the points on the horizon where the sun rose and set each day. The point of sunrise on the 
shortest day of the year was called the sun's winter home and the point of sunrise on the longest 
day its summer home. Old Talasemptewa, who was almost blind, would sit out on the housetop 
of the special Sun Clan house and watch the sun's progress toward its summer home. He untied 
a knot in a string for each day. When the sun arose at certain mesa peaks, he passed the word 
around that it was time to plant sweet corn, ordinary corn, string beans, melons, squash, lima 
beans, and other seeds. On a certain date he would announce that it was too late for any more 
planting. The old people said that there were proper times for planting, harvesting, and hunting, 
for ceremonies, weddings, and many other activities. In order to know these dates it was 
necessary to keep close watch on the sun's movements. 

From an autobiography of a Hopi man (Talayesva, 1942: 58-59) 

Recognition of clues which successfully predict the seasons is fundamental to 
cultural preservation and well-being. We can be certain that one of the keys to 
cultural development and persistence has involved observation of all the 
changes that occur, both on Earth and in the sky, that are keyed to climate 
and seasons. This has been important to people living in groups regardless of 
lifestyle. Those constantly traveling about, following animal herds or harvesting 
from seeds, tubers and fruits needed information to know which foods they 
could rely on at various times. Others planting crops, perhaps as well as 
hunting game, needed to know when they could put seeds into the soil after 
killing frosts, early enough for sufficient moisture for plant growth in order for 
successful harvest before winter. Human cultures learned that it was critical to 
know how to keep calendars that gave them confidence that climate would 
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seem to be predictable. Dynamics of the atmosphere resulting from the flow of 
solar energy into Earth's blanket of gases, causing the transfer of temperature 
as well as the distribution of light energy upon the ground, is a most complex 
physical problem. Thus, one year is not just like another; sometimes frost 
persists well into the springtime and sometimes it remains relatively warm 
throughout the winter. The amount of snow and rainfall can be dramatically 
variable. These complications make it important, especially for those without 
modern monitoring and recording devices and systems, to have calendars that 
involve observations of what we currently refer to as astronomy, meteorology 
and biology. 

When we know enough about Native American practices we find that these 
people watched all three domains: celestial objects moving in predictable annual 
cycles; changes in the weather, and the cycles of living things ranging from 
budding plants, emergence of insects, spawning aquatic life, and the birth of 
animals. Here we will focus on astronomy, but we must not forget that this 
was always observed in tandem with terrestrial annual phenomena. 

PAWNEE 

We have already noted that the annual ceremonial cycle of the Skidi began 
with the heliacal observation of stars known as the Swimming Ducks. Although 
this was the key, the ceremonies were not begun until the priests noted the 
sound of thunder from the spring storms that started sweeping across the 
American Plains from the west. The records we have about the traditional life 
of these people clearly indicate that they made other astronomical observations 
as well. 

From the records, we can piece together a number of the calendric observa
tions used: they carefully watched for the dawn rising of the Swimming Ducks, 
they knew when the Pleiades would be seen near the zenith at evening dusk, 
they noted that the stars they called the Chief's Council could be seen at the 
zenith six months before and after the Pleiades appeared there, they watched 
the light of sunrise through the east-oriented entryway, and they watched the 
play of sunlight into the lodge through the smoke hole. It is apparent that they 
made critical observations of stars in both dusk and morning twilight. The 
earth lodge did, indeed, serve as an astronomical observatory (Chamberlain, 
1982: 163-183; Weltfish, 1977: 79). It is interesting to note, as they must have 
done, that when the Swimming Ducks make their first appearance in the dawn 
the Chief's Council is at the zenith, and at this same time of year the Pleiades 
are near the zenith as darkness comes in the evening. When we combine this 
astronomical knowledge with the ways we know they watched things changing 
on earth, it is apparent why this was the time of awakening for the Skidi 
people. The time we are considering here, the beginning of the ceremony of 
the Evening Star for the Skidi, is early February. In early European societies 
this was the acknowledged time for noting the beginning of spring. It is the 
cross-quarter time between the winter solstice and spring equinox, and it is 
certainly the time when mid-northern latitudes experience the most dramatic 
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evidence of warmer times ahead: the length of day is rapidly changing, the air 
is moving, and everything indicates the renewal of life. This was the time that 
we might think of as the Pawnee new year, announced by the stars and 
changing weather which initiated the Evening Star ceremony, planning for 
cultivation of the fields and leading onward to reaping from Mother Earth, 
with the summer bison hunt followed by the harvesting of crops. 

The Pawnee astronomical-meteorological-ecological calendric system IS a 
masterful example of Native American observational acumen. 

NAVAJO 

Each traditional calendric system flows from the geographic and cultural 
elements where it developed. Navajo culture is identified by a philosophy 
wherein healing and protective ceremonies combine with agriculture, animal 
husbandry, and hunting practices. Each of these must be done in the proper 
manner and at appropriate times, with attention to animals and crops during 
warmer months and performance of ceremonies mostly during the colder part 
of the year. 

'Never let Dilyehe (Pleiades) see you plant,' is a statement known to most 
Navajos. This means that in the American Southwest one should wait until 
the Pleiades have disappeared in evening twilight to plant, but sowing must 
be completed before the Pleiades emerge on the other side of the sun in the 
glow of dawn. Watching the Pleiades is also key for Navajo ceremonies. Most 
of these typically begin after these stars are visible in the east as it grows dark, 
and they are usually discontinued by the time the Pleiades are disappearing in 
the west in evening twilight. Although the details have not been documented 
in print we know that Navajo Medicine Men used the heliacal rise of various 
star groups, along with the lunar cycles, to know the months of the year. We 
also know that Orion, called First Slim One by Navajos, was known as the 
'keeper of the months'. Rabbit Tracks, the tail of Scorpius, is another group of 
stars having calendric importance. When the rabbit tracks in the sky appear 
nearly vertical in the evening hours, as they do through most of the summer, 
Navajos know that it is too early for hunting. Once they are tilted on an angle 
as they are moving toward the southwestern horizon in the evening, hunting 
season for most game has arrived. This tradition results in hunting when the 
young animals are mature enough to survive on their own. 

Thus, it appears that Orion, the Pleiades, and Rabbit Tracks were key 
elements of the Navajo methods of seasonal time management, but we can be 
certain that other astronomical observations were also involved. 

OTHER EXAMPLES 

Any number of additional Native American calendric systems could be exam
ined, but only one more will be mentioned here. Southwest Pueblo groups are 
well known as masters of the calendar. They possessed finely tuned knowledge 
of watching the sun in its annual migrations in the sky. By referring to where 
the sun rose and set as seen from specific observing stations, the Sun Priests 
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memorized the local landscape in order to announce proper times for planting 
various crops, preparing for ceremonies, and doing other things considered to 
be most appropriate at specific times of year (Zeilik, 1985, 1989). The sunrise 
and sunset calendars at Walpi (McCluskey, 1982: 36-42) and Shimopovi (Zeilik, 
1989: 149) Pueblos are among the few that have been well documented in 
literature, but it is generally known that all the various Pueblos have had, and 
many still do have, their specific horizon calendars. In addition to watching 
the sun, Pueblo people were also keen observers of the stars (Ellis, 1975: 85). 
Even without knowing very many details, we can speculate that they combined 
observation of the stars with their intimate knowledge of the apparent move
ments of the sun to have accurate and functional methods of keeping calendars. 

RUINS: COSMOS AS BLUEPRINT FOR SHELTER AND CEREMONY 

Nor may the Sun Priest err in his watch of Time's flight; for many are the houses in Zuni with 
scores on their walls or ancient plates imbedded therein, while opposite, a convenient window 
or small port-hole lets in the light of the rising sun ... 

Cushing, 1967: 41 

The key to having the ability to understand the seasons and all the natural 
responses manifest in climate and living systems is contained within the calen
dar. Thus, wherever we find the remains of human-made structures, there is a 
good possibility that we can recognize architectural elements oriented toward 
important solar directions that are the keys to making observational calendars. 

ANCESTRAL PUEBLO 

The fact that astronomy, especially focused on calendrics, has been critical in 
Pueblo culture is imprinted into their buildings. Many papers have been 
published on Pueblo astronomy (Carlson and Judge, 1983). Some of the most 
convincing elements of Ancestral Pueblo structures will be briefly reviewed here. 

The most important Ancestral Pueblo archaeological center is Chaco 
Canyon, located in northwest New Mexico. Thirteen great house pueblos and 
a large number of unit pueblos are located along and in the vicinity of Chaco 
Wash. This was a most important ceremonial and trade center during the 
fluorescence of ancient Pueblo culture (Lister and Lister, 1987; Noble, 1984). 
The ruins of Chaco Canyon contain a number of features indicating the 
astronomical observational knowledge of the Chocoan people (Zeilik, 1984). 
Pueblo Bonito, the largest of the Chaco Pueblos, for example, was enclosed by 
a wall with a portion oriented directly east-west; one can watch the equinox 
sun rise and set along part of the south wall. It also contains a great kiva 
(ceremonial and communal building, often circular and subterranean or partly 
subterranean) that is nicely north-south oriented (Reyman, 1976; Williamson, 
1984: 144-150). The most interesting portion of the pueblo, as far as astronomy 
is concerned, is the southeast corner. Here we find a second story corner 
doorway oriented directly toward the winter solstice sunrise. In addition, there 
is an unusual small room block outside the pueblo wall. Astronomer Michael 
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Zeilik (1986) has shown that the combination of this room and the corner 
doorway could have been used to keep the calendar for the entire year at 
Pueblo Bonito. 

Casa Rinconada, a superbly constructed great kiva located across the wash 
from Pueblo Bonito, standing apart from all the pueblos, demonstrates a 
number of features that appear to involve astronomy (Williamson, 1983, 1984: 
132-144). The kiva is accurately north-south oriented. A window on the 
northeast side lets early morning summer solstice light pass through from one 
outside corner to the opposite inside corner so that a slit of light is projected 
onto the opposite wall where it migrates down into a niche where sacred 
objects might have been placed to receive the light of the sun at the solstice. 
A row of 28 niches around the wall can be argued to represent the number of 
days in the month. Finally, an antechamber attached to the north end of the 
kiva could have been used to keep the calendar for the entire year by monitoring 
light through east and west facing doors. 

Astronomer Ray Williamson has shown that there are a number of convinc
ing astronomical orientations within the ruins at Hovenweep, located along 
the Utah-Colorado border (Williamson, 1984: 116-132). Indeed, this contains 
a most convincing example of a structure that was likely used for monitoring 
the calendar. Called simply Unit Type House, a cluster of rooms and a small 
kiva stand on the rim of a rincon, an alcove in a cliff. Attached to the kiva is 
a small room with an east-facing wall with four portholes. One port is angled 
through the wall directly to the horizon where the sun rises at summer solstice. 
A second port looks directly toward equinox sunrise, and two others are 
directed out to the winter solstice sunrise. The first light of sunrise passing 
through these holes onto the opposite wall provided a perfect opportunity for 
monitoring the passage of time through the entire year. It is difficult to conceive 
of a better, simpler, or more convenient arrangement, right within the quarters 
where a group of people lived, for accurately marking the progression of 
the year. 

Astronomical alignments have been reported at many additional American 
Southwest sites, such as Mesa Verde, Chimney Rock and Yellow Jacket in 
Colorado, and Wupatki and Cas a Grande in Arizona (Evans and Hillman, 
1981; Malville, 1989; Reyman, 1982). 

OTHER EXAMPLES 

In this paper we have focused on two primary examples of Indian groups 
demonstrating significant and interesting observational astronomy - the Skidi 
Pawnee and the Navajo. According to tradition, the homes of both of these 
were astronomically oriented. The east-oriented entryway, along with the smoke 
hole at the zenith of the Skidi lodge, made it function as an observatory for 
watching the movement of the sun and stars. Traditional Navajo hogans always 
face the eastern horizon, where the light of the rising sun can enter during the 
year (Jett and Spencer, 1981: 17-18). Thus, hogan doorways open to the 
horizon from summer to winter solstice. The Big Horn Medicine Wheel, located 
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high in the mountains of northeastern Wyoming (Eddy, 1974 1977a,b, 1979) 
and Cahokia, a Mound Builder site in Illinois on the east bank of the Mississippi 
River (Krupp, 1983: 29-32; Wittry, 1980) are two well known examples of 
astronomically aligned constructs. The number of reports of astronomical 
orientations at Native American archaeological sites grows every year. This is 
no surprise, for the fundamentals of both directions and calendars are derived 
from the sky. Indeed, we would expect to find such important things written 
in the rubble of houses and sacred structures wherever people have lived. 

* * * 
In beauty I walk. 
With beauty before me, I walk. 
With beauty behind me, I walk. 
With beauty below me, I walk. 
With beauty above me, I walk. 
With beauty all around me, I walk. 
It is finished in beauty_ 

From the Navajo Nightway (Matthews, 1995: 145) 

Astronomy is critical to every Native American culture. To all it has been 
obvious that the Sun was the great benefactor of life. The moon, too, has 
played important roles both in lighting the sky and as a timepiece measuring 
both the month and human fertility. These two dominant objects of heaven 
have relationships between each other that provide a model of human origins 
and relationships: growing away from each other, then coming back together 
in cycles that resemble those found within the world of plants, animals, and 
humans. Stars, with their intriguing patterns and constant, dependable, move
ments, have all sorts of applications to be assigned by intelligent beings. The 
sun, moon and stars all provide the means for being able to predict what to 
expect within the natural world and for making calendars essential for such 
things as hunting and gathering, agriculture, and ceremonial participation in 
natural cycles and celebrations of the abundance they bring. Finally, planets, 
the mavericks of the sky, demand a higher level of attention if they are to be 
integrated into human lives. By inclination and necessity, Native American 
people have been astute observers of nature. Without written records, most of 
their observational knowledge has been lost, and much that we do have is 
submerged inside oral traditions that eventually were written down, suggested 
by symbols painted on material culture, and confirmed by orientations of 
archaeological ruins. 

This article has merely peeked into the topic of Native American astronomy, 
focusing on only a few Indian groups. We are fortunate to have an unusually 
rich record of the astronomical traditions of the Skidi Pawnee. Both the Navajo 
and Pueblo continue to practice many of their older traditions, and both are 
rich in astronomy. If we were to delve into the many other cultures of Native 
America, barely represented here, we would find that they, too, contain intri
guing astronomical knowledge obtained from direct observations made over 
long periods of time. 
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Astronomical observation is the foundation of the relationships we com
monly find in Native America between such things as directions on the land
scape; blueprints for buildings; sacred colors; seasons of the year and of human 
life; times to hunt game or wild seeds, fruits, or roots; times to cultivate, plant, 
and harvest the fields; and times to worship and celebrate. Indeed, patterns of 
human life are, to an important extent, drawn down from the heavens through 
observations of the movements of celestial bodies. 
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SUBHASH KAK 

BIRTH AND EARLY DEVELOPMENT OF 
INDIAN ASTRONOMY 

In the last decade or so our understanding of the origin and development of 
Indian astronomy and its relevance for Indian religion and culture have 
undergone a major shift. This shift has been caused by two factors. The first is 
archaeological discoveries that reveal to us that the Sarasvati river, the great 
river of the ~gvedic times, dried up before 1900 BCE, suggesting that this 
ancient text must be at least as old as that epoch; the second is the discovery 
of an astronomy in the Vedic texts. The assignment of a date to the drying up 
of the Sarasvati river has been a great aid in sorting out the confusion regarding 
the chronology of the Indian texts, but it could not have come before an 
analysis of the excavations of the Harappan towns and settlements of the 3rd 
millennium BCE. On the other hand, the neglect of the astronomy of the Vedic 
texts was caused by the inability of the philologists and Sanskritists who studied 
these texts during the last two centuries to appreciate their scientific references. 

Owing to the importance of the astronomy of the earliest period for under
standing the entire scientific tradition in India, we will, in this essay, focus 
primarily on the pre-Siddhantic period before Aryabha!a. The subsequent 
history of Indian astronomy is well described by the Siddhantas and by the 
many reviews that have appeared in the published literature. 

The fundamental idea pervading Indian thought from the most ancient times 
is that of equivalence or connection (bandhu) amongst the adhidaiva (devas or 
stars), adhibhiita (beings), and adhyatma (spirit). These connections, between 
the astronomical, the terrestrial, the physiological and the psychological, repre
sent the constant theme in the discourse of Indian texts. These connections are 
usually stated in terms of vertical relationships, representing a recursive system; 
but they are also described horizontally across hierarchies where they represent 
metaphoric or structural parallels. Most often, the relationship is defined in 
terms of numbers or other characteristics. An example is the 360 bones of the 
infant - which later fuse into the 206 bones of the adult - and the 360 days of 
the year. Likewise, the tripartite division of the cosmos into earth, space, and 
sky is reflected in the tripartite psychological types.! 

Although the Vedic books speak often about astronomical phenomena, it is 
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only recently that the astronomical substratum of the Vedas has been examined 
(Kak, 1992-1999). One can see a plausible basis behind many connections. 
Research has shown that all life comes with its inner clocks. Living organisms 
have rhythms that are matched to the periods of the sun or the moon. There 
are quite precise biological clocks of 24 hour (according to the day), 24 hour 
50 minutes (according to the lunar day since the moon rises roughly 50 minutes 
later every day) or its half representing the tides, 29.5 days (the period from 
one new moon to the next), and the year. Monthly rhythms, averaging 29.5 
days, are reflected in the reproductive cycles of many marine plants and those 
of animals. The menstrual period is a synodic month and the average duration 
of pregnancy is nine synodic months. There are other biological periodicities 
of longer durations. These connections need not be merely numerical. In its 
most general form it is the Upani~adic equation between the self (iitman) and 
the universe (brahman). 

It is tempting to view jyoti~a, the science of light and astronomy, as the 
fundamental paradigm for the Vedic system of knowledge. Jyoti~a is a term 
that connotes not only the light of the outer world, but also the light of the 
inner landscape. Astronomy is best described as nak~atra-vidyii of the 
Chiindogya Upani~ad, but because of its popularity we will also use jyoti~a in 
its narrow meaning of astronomy. As a way of defining our place in the cosmos 
and as a means to understand the nature of time, astronomy is a most basic 
science. 

The idea that the periods of the heavenly bodies are incommensurate might 
have led to the notion that true knowledge lies beyond empirical knowledge 
(aparii). On the other hand, it is equally likely that it was a deep analysis of 
the nature of perception and the paradox of the relationship of the perceiver 
to the whole that was the basis of Vedic thought, and the incommensurability 
of the motions in the sky was a confirmation of the insight that knowledge is 
recursive. This Vedic view of knowledge seems to have informed the earliest 
hymns so it does not appear to be feasible to answer the question of which 
came first. Neither can we now answer the question whether jyoti~a as pure 
astronomy was a precursor to a jyoti~a that included astrology. 

Analysis of texts reveals that much of Vedic mythology is a symbolic telling 
of astronomical knowledge. Astronomy was the royal science not only because 
it was the basis for the order in nature, but also because the inner space of 
man, viewed as a microcosm mirroring the universe, could be fathomed through 
its insights. 

CEREMONIES, FESTIVALS, AND RITES 

The importance of jyoti~a for agriculture and other secular purposes is clear, 
and so we begin with a brief account of rites and festivals. These ceremonies 
and rituals reveal that there existed several traditions of astronomical lore; 
these variations are marked by the different books of Srautasutra. Such varia
tion is perfectly in accord with an age when astronomy was a living science 
with different scholars providing different explanations. Since our purpose is 
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not to go into the details of the Vedic texts, we will describe ceremonies and 
rites selectively. 

Different points in the turning year were marked by celebrations. The year, 
beginning with the full moon in the month Phalguna (or Caitra), was divided 
into three four-monthly ciiturmiisya (sacrifices). Another way of marking the 
year was by a year-long dilqa. The year was closed with rites to celebrate 
Indra Sunasira (Indra with the plough) to 'obtain the thirteenth month;' this 
thirteenth month was interposed twice in five years to bring the lunar year in 
harmony with the solar year. This closing rite was to mark the first ploughing, 
in preparation for the next year. Symbolically, this closing represented the 
regeneration of the year. 

Year-long ceremonies for the king's priest are described in the Atharvaveda 
PariSi~ia; these include those for the health of horses and the safety of vehicles, 
among others. Other royal rites were riijasiiya, viijapeya and the asvamedha, 
the so-called horse sacrifice, which actually represented the transcendence by 
the king of time in its metaphorical representation as a horse. The primary 
meaning of asva as the sun is attested to in the ~gveda, Nirukta, and Satapatha 
Briihmal}a. 

The Grhyasiitras describe rites that mark the passage of the day such as the 
daily agnihotra. Three soma pressings,2 at sunrise, midday and sunset, were a 
part of the daily ritual of agni~toma. Then there were the full and new moon 
ceremonies. Longer soma rites were done as sattras, sessions of twelve days 
or more. 

ALTARS 

Altar ritual was an important part of Vedic life and we come across fire altars 
in the ~gvedic hymns. Study of Vedic ritual has shown that the altar, adhiyajfia, 
was used to show the connections between the astronomical, the physiological 
and the spiritual, symbolically. That the altars represented astronomical knowl
edge is what interests us in this article. But the astronomy of the altars was 
not systematically spelled out, although there are pointed references in many 
texts including the tenth chapter of the Satapatha Briihmal}a, entitled 
'Agnirahasya'. The ~gveda itself is viewed as an altar of mantras in the 
Sulbasiitras. 

Altars were used in relation to two basic types of Vedic ritual: Srauta and 
Grhya. These rituals marked specific points in the day or the year as in the 
soma rituals of agni~toma and agnicayana. The Satapatha Briihmal}a describes 
the twelve-day agnicayana rite that takes place in a large trapezoidal area, 
called the mahavedi, and in a smaller rectangular area to the west of it, which 
is called the priicfnava'!lsa or priigva'!lsa. The text says clearly that agnicayana 
represents ritual as well as knowledge. 

The mahavedi trapezium measures 30 prakrama on the west, 24 prakrama 
on the east, and 36 prakrama lengthwise. The choice of these numbers is related 
to the sum of these three equaling one quarter of the year or 90 days. The 
nominal year of 360 days is used to reconcile the discrepancies between the 
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lunar and solar calendars, both of which were used. In the mahiivedi a brick 
altar is built to represent time in the form of a falcon about to take wing 
(Figure 1), and in the priicfnava1Jlsa there are three fire altars in specified 
positions, the giirhapatya, iihavanfya, and dak~i!1iigni. The garhapatya, which is 
round, is the householder's fire received from the father and transmitted to the 
descendents. It is a perpetual fire from which the other fires are lighted. The 
dak~i!1iigni is half-moon shaped; it is also called the anviihiiryapacana, where 
cooking is done. The iihavanfya is square. Between the iihavanfya and the 
giirhapatya a space of a rough hourglass is dug out and strewn with grass; this 
is called the vedi, and it is meant for the gods to sit on. 

During the agnicayana ritual the old iihavanfya serves the function of the 
original giirhapatya. This is the reason their areas are identical, although one 
of them is round and the other square. In addition eight dhi~!1ya hearths are 
built on an expanded ritual ground. 

Agnicayana altars are supposed to symbolize the universe. The garhapatya 
represents the earth, the dhi~Q.ya space, and the ahavanlya sky. This last altar 
is made in five layers. The sky represents the universe and includes space and 
earth. The first layer represents the earth, the third space, and the fifth the sky. 
The second layer represents the joining of the earth and space, the fourth layer 
the joining of space and sky. 

Time is represented by the metaphor of a bird. The months of the year were 
ordinarily divided into six seasons unless the metaphor of the bird for the year 
was used, when hemanta and sisira were lumped together. The year as a bird 
had the head as vasanta, the body as hemanta and sisira, the two wings as 
sarada and grf~ma, and the tail as var~ii. 

The Vedic sacrifice is meant to capture the magic of change, of time in 
motion. Put differently, the altar ritual symbolizes the paradoxes of separation 
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and unity, belonging and renunciation, and permanence and death. The yaja
miina, the patron at whose expense the ritual is performed, symbolically repre
sents the universe. The ritual culminates in his ritual rebirth, which signified 
the regeneration of his universe. In other words, the ritual is a play dealing 
with paradoxes of life and death enacted for the yajamana's family and friends. 
In this play, symbolic deaths of animals and humans, including the yajamana 
himself, may be enacted. 

EVOLUTION OF VEDIC THOUGHT 

How did the use of altars for a symbolic representation of knowledge begin? 
This development is described in the Pural).as where it is claimed that the three 
altars were first devised by the king Pururavas. The genealogical lists of the 
Pural).as and the epics provide a framework in which the composition of the 
different hymns can be seen. The ideas can then be checked against social 
processes at work as revealed by textual and archaeological data. 

As we will see later in this article, there was an astronomical basis to the 
organization of the .{{gveda itself; this helps us see Vedic ritual in a new light. 
That astronomy could be used for fixing the chronology of certain events in 
the Vedic books was shown more than a hundred years ago by Tilak and 
Jacobi. This evidence compels the conclusion that the prehistory of the Vedic 
people in India goes back to the fourth millennium and earlier. On the other 
hand, new archaeological discoveries show a continuity in the Indian tradition 
going as far back as 8000 BeE (Shaffer and Lichtenstein, 1995). These are 
some of the elements that support the view that the Vedic texts and archaeologi
cal finds relate to the same reality. One must also note that the rock art 
tradition in India has been traced back to about 40000 Be (Wakankar, 1992). 
Whether this tradition gave birth to the Harappan tradition is not clear at 
this time. 

Recent archaeological discoveries establish that the Sarasvati river dried up 
around 1900 BeE, which led to the collapse of the Harappan civilization that 
was principally located in the Sarasvati region. Francfort (1992) has argued 
that the Dr~advatI was already dry before 2600 BeE. The region of the Sarasvati 
and the Dr~advati rivers, called Brahmavarta, was especially sanctified, and 
Sarasvati was one of the mightiest rivers of the ~gvedic period. On the other 
hand, Paikavi,!,sa BriihmalJa describes the disappearance of Sarasvati in the 
sands at a distance of forty days on horseback from its source. With the 
understanding of the drying up of Sarasvati it follows that the ~gvedic hymns 
are generally before 1900 BeE, but if one accepts Francfort's interpretation of 
the data on the Dr~advati then the ~gvedic period includes the period before 
2600 BeE. 

It is most significant that the Pural).ic king-lists speak of 1924 BeE as the 
epoch of the Mahabharata War that marked the end of the Vedic age. This 
figure of 1924 BeE emerges from the count of 1500 years for the reigns prior 
to the Nandas (424 BeE), quoted at several places in the Pural).as. Since this 
epoch is virtually identical to the rough date of 1900 BeE for the catastrophic 
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drying up of the Sarasvati river, it suggests that the two might have been linked 
if not being the same, and it increases our confidence in the use of the Indian 
texts as sources of historical record. 

Nak~atras 

The 1;{gveda describes the universe as infinite. Of the five planets it mentions 
Brhaspati (Jupiter) and Vena (Venus) by name The moon's path was divided 
into 27 equal parts, although the moon takes about 27~ days to complete it. 
Each of these parts was called a nak~atra. A traditional iconic representation 
of the nak~atras is shown in Figure 2. Specific stars or asterisms were also 
termed nak~atras, and they are mentioned in the 1;{gveda and TaittirTya Sa'!lhitii, 
the latter specifically saying that they are linked to the moon's path. The 
~gvedic reference to 34 lights apparently means the sun, the moon, the five 
planets, and the 27 nak~atras. In later literature the list of nak~atras was 
increased to 28. Constellations other than the nak~atras were also known; these 
include the ~k~as (the Bears), the two divine Dogs (Canis Major and Canis 
Minor), and the Boat (Argo Navis). The Aitareya Briihma~a speaks of Mrga 
(Orion) and Mrgavyadha (Sirius). The moon is called surya rasmi, one that 
shines by sunlight. 

The constellations conjoined monthly with the circuit of the sun were tradi
tionally represented as in the outer circle of Figure 3. The inner circle of this 
figure shows the five planets, the sun, the moon and its ascending and descend
ing nodes. 

The Satapatha Briihmal}a provides an overview of the broad aspects of Vedic 
astronomy. The sixth chapter of the book provides significant clues. Speaking 
of creation under the aegis of the Prajapati (reference either to a star or to 
abstract time) mention is made of the emergence of Asva, Rasabha, Aja and 
Kiirma before the emergence of the earth. It has been argued that these refer 
to stars or constellations. Visvanatha Vidyalailkara (1985) suggests that these 
should be identified as the sun (Asva), Gemini (Rasabha), Aja (Capricorn) and 
Kiirma or Kasyapiya (Cassiopeia). This identification is supported by etymo
logical considerations. RV 1.164.2 and Nirukta 4.4.27 define Asva as the sun. 
Rasabha, which literally means the twin asses, are defined in Nighantu 1.15 as 
Asvinau which later usage suggests are Castor and Pollux in Gemini. In 
Western astronomy the twin asses are found in the next constellation of Cancer 
as Asellus Borealis and Asellus Australis. Aja (goat) is defined by Nighantu 
1.15 as a sun, and owing to the continuity that we see in the Vedic and later 
European names for constellations (as in the case of the Great Bear), it is 
reasonable to identify it as the constellation Capricorn (caper goat + cornu 
horn). 

Vedic ritual was based on the times for the full and the new moons, solstices 
and the equinoxes. The year was known to be somewhat more than 365 days 
and a bit less than 366 days. The solar year was marked variously in the many 
different astronomical traditions that marked the Vedic world. In one tradition, 
an extra eleven days, marked by ekiidasariitra, or eleven-day sacrifice, were 
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Figure 3 The Indian zodiac along with the signs for the sun, five planets, the moon and its 
ascending and descending nodes. 

added to the lunar year of 354 days. According to the Taittirfya Saf!1hitii five 
more days are required over the nominal year of 360 days to complete the 
seasons; it adds that four days are too short and six days are too long. In other 
traditions, gaviim ayana, 'the walk of cows' or intercalary periods, varied from 
36 days of the lunar sidereal year of 12 months of 27 days, to 9 days for the 
lunar sidereal year of 13 months of 27 days to bring the year in line with the 
ideal year of 360 days; additional days were required to be in accord with the 
solar year. 

The year was divided into two halves: uttariiyana, when the sun traveled 
north, and dak~ilJiiyana, when the sun traveled south. According to the 
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Kau~ltaki Briihma~a, the year long sacrifices began with the winter solstice, 
noting the occurrence of the summer solstice, vi~uvant, after six months. 

The twelve tropical months, and the six seasons, are named in the Yajurveda: 

Madhu, Madhava in vasanta (spring); 
Sukra, Suci in grl~ma (summer); 
Nabha, Nabhasya in var~ii (rains); 
I~a, Orja in sarada (autumn); 
Saha, Sahasya in hemanta (winter); 
Tapa, Tapasya in sis ira (freeze). 

The nak~atra names of the months began with Caitra in spring, although 
some lists begin with Phalguna. Since the months shift with respect to the 
twelve nak~atra about 2,000 years per nak~atra, this change in the lists indicates 
a corresponding long period. The lists that begin with Caitra mark the 
months thus: 

Caitra, Vaisakha, 
J yai~!ha, A~a<;lha, 
SravaI).a, Bhadrapada, 
Asvina, Karttika, 
Margasira, Pau~ya, 
Magha, Phalguna. 

The earliest lists of nak~atras in the Vedic books begin with Krttikas, the 
Pleiades; much later lists dating from sixth century CE begin with Asvinl when 
the vernal equinox occurred on the border of RevaH and Asvini Assuming 
that the beginning of the list marked the same astronomical event, as is 
supported by other evidence, the earliest lists should belong to the third 
millennium BCE. The Taittirlya Sarphita 4.4.10 and Satapatha BrahmaI).a 
10.5.4.5 each mention 27 nak~atras. But there was also a tradition of the use 
of 28 nak~atras. The Atharvaveda 19.7 lists these 28 together with their presiding 
deities; the additional nak~atra is Abhijit. The lists begins with Krttika 
(Pleiades), where the spring equinox was situated at that time. 

Nak~atras and chronology 

Motivated by the then-current models ofthe movements of pre-historic peoples, 
it became, by the end of the nineteenth century, fashionable in Indological 
circles to dismiss any early astronomical references in the Vedic literature. But 
since the publication of Hamlet's Mill: An Essay on Myth and the Frame of 
Time by Georgio de Santillana and Hertha von Dechend in 1969, it has come 
to be generally recognized that ancient myths encode a vast and complex body 
of astronomical knowledge. The cross checks provided by the dating of some 
of the Indian myths provide confirmation of the explicit astronomical evidence 
related to the nak~atras that is spelled out below. Other confirmation comes 
from the archaeological evidence summarized in this article. 

Due to the precession of the earth's polar axis the direction of the North 
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Pole with respect to the fixed background stars keeps on changing. The period 
of this precession is roughly 26,000 years. Polaris (ex Ursae Minoris) is the Pole 
star now, but around 3000 BCE it was ex Draconis which was followed later 
by p Ursae Minoris; in CE 14000 it will be Vega. The equinoxes and the 
solstices also shift with respect to the background stars. The equinoxes move 
along the ecliptic in a direction opposite to the yearly course of the sun (Taurus 
to Aries to Pisces rather than Pisces to Aries to Taurus and so on). 

The vernal equinox marked an important day in the year. The sun's position 
among the constellations at the vernal equinox was an indication of the state 
of the precessional cycle. This constellation was noted by its heliacal rising. 
The equinoctial sun occupies each zodiacal constellation for about 2200 years. 
Around 5000 BCE it was in Gemini; it has moved since into Taurus, Aries, and 
is now in Pisces. The sun spends about 13~ days in each nak~atra, and the 
precession of the equinoxes takes them across each nak~atra in about 1000 
years. Thirteen and a half nak~atras ending with Visakha were situated in the 
northern hemispheres; these were called devanak~atras. The remaining nak~atras 
ending with Bharal}.I that were in the southern hemisphere were called yamanak
~atras (yama: twin, dual). This classification in the Taittirfya Brdhmm}a (1.5.2.7) 
corresponds to 2300 BCE. 

As mentioned above, the list beginning with Krttika indicates that it was 
drawn up in the third millennium BCE. The legend of the cutting off of 
Prajapati's head suggests a time when the year began with Mrgaslr~a in the 
fifth millennium BCE. Scholars have also argued that a subsequent list began 
with Rohil}.l. This view is strengthened by the fact that there are two Rohil}.Is, 
separated by fourteen nak~atras, indicating that the two marked the beginning 
of the two half-years. 

The Satapatha BrdhmalJa speaks of a marriage between the Seven Sages, the 
stars of Ursa Major, and the Krttikas; this is elaborated in the Pural}.as where 
it is stated that the r~is remain for a hundred years in each nak~atra. In other 
words, during the earliest times in India there existed a centennial calendar 
with a cycle of 2,700 years. Called the Saptar~i calendar, it is still in use in 
several parts of India. Its current beginning is thought to be 3076 BCE. On 
the other hand, notices by the Greek historians Pliny and Arrian suggest that, 
during the Mauryan times, the calendar used in India began in 6676 BCE. It 
is very likely that this calendar was the Saptar~i calendar with a beginning at 
6676 BCE. 

Around 500 CE, a major review of the Indian calendar was attempted by 
astronomers. Aryabhata, Varahamihira and others used the nak~atra references, 
which said that the Saptar~i were in Magha at the time of the Mahabharata, 
war, to determine its epoch. Aryabhata declared the war to have occurred in 
3137 BCE (the Kaliyuga era begins 35 years after the war), and Varahamihira 
assigned it 2449 BCE. It has been suggested that this discrepancy arose because 
the change in the number of nak~atras from the earlier counts of 27 to the 
later 28 was differently computed by the two astronomers. It is quite likely 
that the fame of the Kaliyuga era with its beginning assigned to 3102 BCE 
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prompted a change in the beginning of the Saptar~i era to about the same 
time, viz. to 3076 BCE. 

The shifting of seasons through the year and the shifting of the northern 
axis allow us to date several other statements in the books. Thus the Satapatha 
Briihma'!a (2.1.2.3) has a statement that points to an earlier epoch where it is 
stated that Krttika never swerve from the east. This corresponds to 2950 BCE. 
The Maitrayiinzya Briihma~1Q Upani~ad (6.14) refers to the winter solstice 
being at the mid-point of the Sravi~tha segment and the summer solstice at the 
beginning of Magha. This indicates 1660 BCE. The Vediinga Jyoti~a (Yajur 
6-8) mentions that the winter solstice was at the beginning of Sravi~tha and 
the summer solstice at the mid-point of Asle~a. This corresponds to about 
1370 BCE (Sastry, 1985). 

It should be noted that these dates can only be considered very approximate. 
Furthermore, these dates do not imply that the texts come from the correspond
ing period; they may recall an old tradition. A chronology of the Vedic period 
by means of astronomical references was attempted by the historian of science 
P. C. Sengupta. Amongst other evidence, Sengupta uses the description of the 
solar eclipse in RV 5.40.5-9 to fix a date for it. Unfortunately, this work has 
not received the attention it deserves. 

The changes in the beginning of the nak~atra lists bring us down to the 
Common Era; at the time of Varahamihira (550 CE) the vernal equinox was 
in Asvini. 

RITUAL. GEOMETRY AND ASTRONOMY 

We have mentioned that the altars used in rituals were based on astronomical 
numbers related to the reconciliation of the lunar and solar years. The fire 
altars symbolized the universe and there were three types of altars representing 
the earth, space and the sky. The altar for the earth was circular whereas the 
sky (or heaven) altar was square. The geometric problems of circulature of a 
square and that of squaring a circle are a result of equating the earth and sky 
altars. As we know these problems are among the earliest considered in ancient 
geometry. 

The fire altars were surrounded by 360 enclosing stones. Of these, 21 were 
around the earth altar, 78 around the space altar and 261 around the sky altar. 
In other words, the earth, space, and sky are symbolically assigned the numbers 
21, 78, and 261. Considering the earth/cosmos dichotomy, the two numbers 
are 21 and 339, since cosmos includes the space and the sky. 

The main altar was built in five layers. The basic square shape was modified 
to several forms, such as a falcon or a turtle. These altars were built in five 
layers, of a thousand bricks of specified shapes. Their construction required 
solving several geometric and algebraic problems. Two different kinds of bricks 
were used: special and ordinary. The total number of the special bricks was 
396, explained as 360 days of the year and the additional 36 days of the 
intercalary month. The first layer had 98, the second 41, the third 71, the fourth 
47 and the fifth 138. The sum of the bricks in the fourth and the fifth layers 
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equaled 186 tithis of the half-year. The number of bricks in the third and fourth 
layers equaled the integer nearest to one third the number of days in the lunar 
year, and the number of bricks in the third layer equaled the integer nearest 
to one fifth of the number of days in the lunar year, and so on. The number 
of ordinary bricks equaled 10,800, which equaled the number of muhiirtas in a 
year (1 day = 30 muhilrtas), or equivalently the number of days in 30 years. 
Of these 21 went into the garhapatya, 78 into the eight dhiglya hearths and 
the rest into the ahavanlya altar. 

The main altar was an area of 71 units. This area was equivalent to the 
nominal year of 360 days. In each subsequent year, the shape was reproduced 
with the area increased by one unit. 

The ancient Indians spoke of two kinds of day counts: the solar day and 
tithi, whose mean value is the lunar year divided into 360 parts. They also 
considered three different years: (1) nak~atra, or a year of 324 days (sometimes 
324 tithis) obtained by considering 12 months of 27 days each, where this 27 
is the ideal number of days in a lunar month; (2) lunar, which is a fraction 
more than 354 days (360 tithis); and (3) solar, which is in excess of 365 days 
(between 371 and 372 tithis). A well-known altar ritual says that altars should 
be constructed in a sequence of 95, with progressively increasing areas. The 
increase in the area, by one unit yearly, in building progressively larger fire 
altars, is 48 tithis, which is about equal to the intercalation required to make 
the nak~atra year in tithis equal to the solar year in tithis. But there is a 
residual excess which in 95 years adds up to 89 tithis; it appears that after this 
period such a correction was made. The 95 year cycle corresponds to the 
tropical year being equal to 365.24675 days. The cycles needed to harmonize 
various motions led to the concept of increasing periods and world ages. 

THE ~GVEDIC ALTAR 

The number of syllables in the Rgveda confirms the textual references that the 
book was to represent a symbolic altar. According to various early texts, the 
number of syllables in the ~gveda is 432,000, which is the number of muhiirtas 
in forty years. In reality the syllable count is somewhat less because certain 
syllables are supposed to be left unspoken. 

The verse count of the ~gveda can be viewed as the number of sky days in 
forty years or 261 x 40 = 10,440, and the verse count of all the Vedas is 
261 x 78 = 20,358. 

The ~gveda is divided into ten books with a total of 1,017 hymns which are 
placed into 216 groups. Are these numbers accidental or is there a deliberate 
plan behind the choice? One would expect that if the ~gveda is considered 
akin to the five-layered altar described in the Brahma1)as then the first two 
books should correspond to the space intermediate to the earth and sky. The 
number that represents space is 78. When used with the multiplier of 3 for the 
three worlds, this yields a total of 234 hymns, which is indeed the number of 
hymns in these two books. One may represent the ~gvedic books as a five
layered altar of books as shown in Table 1. 



Table 1 The altar of books 

Book 10 
Book 7 
Book 5 
Book 3 
Book 2 
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Book 9 
Book 8 
Book 6 
Book 4 
Book 1 

315 

When the hymn numbers are used in this altar of books we obtain Table 2. 
The choice of this arrangement is prompted by the considerable regularity 

in the hymn counts. Thus the hymn count separations diagonally across the 
two columns are 29 each for Book 4 to Book 5 and Book 6 to Book 7 and 
they are 17 each for the second column for Book 4 to Book 6 and Book 6 to 
Book 8. Books 5 and 7 in the first column are also separated by 17; Books 5 
and 7 also add up to the total for either Book 1 or Book 10. Another regularity 
is that the middle three layers are indexed by order from left to right whereas 
the bottom and the top layers are in the opposite sequence. Furthermore, 
Books [4 + 6 + 8 + 9] = 339, and these books may represent the spine of the 
altar. The underside of the altar now consists of the Books [2 + 3 + 5 + 7] = 
296, and the feet and the head of Books [1 + 10] = 382. The numbers 296 and 
382 are each 43 removed from the fundamental ~gvedic number of 339. 

The Briihmal).as and the Sulbasiitra tell us about the altar of chandas and 
meters, so we would expect that the total hymn count of 10 17 and the group 
count of 216 have particular significance. Owing to the pervasive tripartite 
ideology of the Vedic books we choose to view the hymn number as 339 x 3. 
The tripartite ideology refers to the consideration of time in three divisions of 
past, present, and future and the consideration of space in the three divisions 
of the northern celestial hemisphere, the plane that is at a right angle to the 
earth's axis, and the southern celestial hemisphere. 

Consider the two numbers 1017 and 216. One can argue that another parallel 
with the representation of the layered altar was at work in the group total of 
216. Since the ~gvedic altar of hymns was meant symbolically to take one to 
the sky, the abode of gods, it appears that the number 216 represents the basic 
distance separating the earth from the sky. The sun was taken to be halfway 
to the sky. If the number 108 represented symbolically the distance between 
the earth and the sun, the question arises as to why it was done. The answer 
is apparent if one considers the actual distances of the sun and the moon. The 
number 108 is roughly the average distance that the sun is in terms of its own 
diameter from the earth; likewise, it is also the average distance that the moon 

Table 2 Hymns in the altar of books 

191 
104 
87 
62 
43 

114 
92 
75 
58 

191 
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is in terms of its own diameter from the earth. It is owing to this marvellous 
coincidence that the angular size of the sun and the moon, viewed from the 
earth, is about identical. 

It is easy to compute this number. The angular measurement of the sun can 
be obtained quite easily during an eclipse. The angular measurement of the 
moon can be made on any clear full moon night. A easy check on this 
measurement would be to make a person hold a pole at a distance that is 
exactly 108 times its length and confirm that the angular measurement is the 
same. Nevertheless, the computation of this number would require careful 
observations. Note that 108 is an average and due to the ellipticity of the orbits 
of the earth and the moon the distances vary with the seasons. It is likely, 
therefore, that observations did not lead to the precise number 108, but that 
it was chosen as the true value of the distance since it is equal to 27 x 4, 
because of the mapping of the sky into 27 nak~atras. The second number 339 
is simply the number of disks of the sun or the moon to measure the path 
across the sky: TC x 108 ~ 339. 

We return to a further examination of the numbers 296, 339, and 382 in the 
design of the ~gvedic altar. It has been suggested that 339 has an obvious 
significance as the number of sun-steps during the average day or the equinox, 
and the other numbers are likely to have a similar significance. In other words, 
296 is the number of sun-steps during the winter solstice and 382 is the number 
of sun-steps during the summer solstice (Kak, 1994). There also is compelling 
evidence that the periods of the planets had been obtained and used in the 
setting up of the ~gvedic astronomical code. 

THE MOTIONS OF THE SUN AND THE MOON 

The Vedanga Jyoti~a (VJ), attributed to Lagadha, is a text that describes some 
of the astronomical knowledge of the times of altar ritual. It has an internal 
date of ca. 1350 BeE obtained from its assertion that the winter solstice was 
at the asterism Sravi~tha (Delphini). Recent archaeological discoveries support 
such an early date, and so this book assumes great importance in our under
standing of the earliest astronomy. 

VJ describes the mean motions of the sun and the moon. This manual is 
available in two recensions: the earlier ~gvedic VJ (RVJ) and the later 
Yajurvedic VJ (YVJ). RVJ has 36 verses and YVJ has 43 verses. Since it is the 
only extant astronomical text from the Vedic period, we describe its contents 
in some detail. 

The measures of time used in VJ are as follows: 

1 lunar year = 360 tithis 
1 solar year = 366 solar days 
1 day = 30 muhiirtas 
1 muhiirta = 2 nadikas 
1 na~ika = 10 kaliis 
1 day = 124 amsas (parts) 
1 day = 603 kalas 
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Furthermore, five years equaled a yuga. A ordinary yuga consisted of 1,830 
days. An intercalary month was added at half the yuga and another at the end 
of the yuga. 

What are the reasons for the use of a time division of the day into 603 kaIas? 
This is explained by the assertion that the moon travels through 1,809 nak~atras 
in a yuga. Thus the moon travels through one nak~atra in 16~3 sidereal days 

7 
because 1809 x 1603 = 1830. 

The moon travels through one nak~atra in 610 kalas. Also note that 603 has 
67, the number of sidereal months in a yuga, as a factor. The further division 
of a kala into 124 ka~!has was in symmetry with the division of a yuga into 
62 synodic months or 124 fortnights (of 15 tithis), or parvans. A parvan is the 
angular distance travelled by the sun from a full moon to a new moon or 
Vice versa. 

The VJ system is a coordinate system for the sun and the moon in terms of 
the 27 nak~atras. Several rules are given so that a specific tit hi and nak~atra 
can be readily computed. 

The number of risings of the asterism Sravi~!ha in the yuga is the number of days plus five 
(1830 + 5 = 1835). The number ofrisings of the moon is the days minus 62 (1830 - 62 = 1768). 
The total of each of the moon's 27 asterisms coming around 67 times in the yuga equals the 
number of days minus 21 (1830-21 = 1809). The moon is conjoined with each asterism 67 
times during a yuga. The sun stays in each asterism 13~ days. 

The explanations are straightforward. The sidereal risings equal the 1,830 
days together with the five solar cycles. The lunar cycles equal the 62 synodic 
months plus the five solar cycles. The moon's risings equal the risings of 
Sravi~!ha minus the moon's cycles. 

This indicates that the moon rose at a mean rate of 

1830 
1768 = 24 hours and 50.4864 minutes. 

COMPUTATION OF TITHIS, NAK~ATRAS, KALAS 

Although a mean tithi is obtained by considering the lunar year to equal 360 
tithis, the determination of a tithi each day is by a calculation of a shift of the 
moon by 12° with respect to the sun. In other words, in 30 tithis it will cover 
the full circle of 360°. But the shift of 12° is in an irregular manner and the 
duration of the tithi can vary from day to day. As a practical method a mean 
tithi is defined by a formula. VJ takes it as 122 parts of the day divided into 
124 parts. 

Each yuga began with the asterism Sravi~!ha and the synodic month of 
Magha, the solar month Tapas and the bright fortnight (parvan), and the 
northward course of the sun and the moon. The intercalary months were used 
in a yuga. But since the civil year was 366 days, or 372 tithis, it was necessary 
to do further corrections. As shown in the earlier section, a further correction 
was performed at year 95, perhaps at multiples of 19 years. 

The day of the lunar month corresponds to the tithi at sunrise. A tit hi can 



318 SUBHASH KAK 

be lost whenever it begins and ends between one sunrise and the next. Thus 
using such a mean system, the days of the month can vary in length. 

There are other rules of a similar nature which are based on the use of 
congruences. These include rules on the hour angle of nak~atras, time of the 
day at the end of a tithi, time at the beginning of a nak~atra, correction for 
the sidereal day, and so on. But the use of mean motions can lead to discrepan
cies that need to be corrected at the end of the yuga. 

The framework of VJ has approximations built into it such as consideration 
of the civil year as 366 days and the consideration of a tithi as equal to ~~~ of 
a day. The error between the modern value of tithi and its VJ value is: 

354.367 122 

360 124 

which is as small as 5 x 10- 4• This leads to an error of less than a day in a 
yuga of five years. 

The constructions of the geometric altars as well as the Vedic books that 
came centuries before VJ confirm that the Vedic Indians knew that the year 
was more than 365 days and less than 366 days. The five year period of 1,830 
days, rather than the more accurate 1,826 days, was chosen because it is 
divisible by 61. This choice defines a symmetry with the definition of the tithi 
as * of the day. The VJ system was thus very accurate for the motions of the 
moon but it could have only served as an approximation for the motions of 
the sun. It appears that there were other rules of missing days that brought 
the calendar into consonance with the reality of the nak~atras at the end of the 
five year yuga and at the end of the 95 year cycle of altar construction. 

Mean motion astronomy can lead to significant discrepancies between true 
and computed values. The system of intercalary months introduced further 
irregularity into the system. This means that the conjunction between the sun 
and the moon that was assumed at the beginning of each yuga became more 
and more out of joint until such time that the major extra-yuga corrections 
were made. 

THE PLANETS 

Although it is certain that the planets were studied by the ~gvedic people, we 
do not find a single place in the texts where the names are listed together. The 
list below brings together some of the names, together with the ascribed colours, 
used in a variety of places including the later PuraJ;lic literature. 

Mercury: 
Venus: 
Mars: 

Jupiter: 
Saturn: 

Budha, Saumya, RauhiJ;leya, Tunga (yellow) 
Vena, Usanas, Sukra, Kavi, Bhrgu (white) 
Ailgaraka, Bhumija, Lohitailga, Bhauma, Mailgala, Kumara, 
Skanda (red) 
Brhaspati, Guru, Ailgiras (yellow) 
Sanaiscara, Sauri, Manda, Pangu, Patailgi (black) 

Mercury is considered the son of the moon by Tara, the wife of Jupiter, or 
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the nak~atra Rohil)i (Aldebaran). Venus is the son of Bhrgu and the priest of 
the demons; Mars is the son of the earth or Siva. Jupiter is the son of Ailgiras 
and the priest of the gods, and Saturn is born to Revati and Balarama or to 
Chaya and the sun. Saturn is the lord of the planets, lord of seven lights or 
satellites, and the slow goer. Since the Indian calendar was reckoned according 
to the constellation at the vernal equinox, one may assume the name 'son 
of Aldebaran' implies that Mercury was first noted during the era of 
3400-2210 BCE when the vernal equinox was in the Pleiades. 

The Jaiminigrhyasiitra gives the following equation between the planets and 
the Vedic gods: the sun is Siva; the moon is Uma (Siva's wife); Mars is Skanda, 
the son of Siva; Mercury is Vi~l)u; Jupiter is Brahman (symbolizing the entire 
universe); Venus is Indra; and Saturn is Yama, the 'dual' god (death). The 
colors assigned to the planets are from the same source. 

One may speculate that the equation of Saturn and Yama arises out of the 
fact that the synodic period of Saturn is the 'dual' to the lunar year; 378 days 
of Saturn and 354 days of the lunar year with the centre at the 366-day 
solar year. 

Mercury's identification with the god Vi~l)u, an important figure in the 
~gveda, is of particular significance. Vi~l)u is the younger brother of Indra in 
the ~gvedic era; and Indra is sometimes identified with the sun. The most 
essential features of Vi~l)u are the three steps by which he measures out the 
universe (e.g. RV 1.154). Two of these are visible to men, but the third or 
highest step is beyond the flight of birds or mortals (RV 1.155, 7.99). In later 
mythology it is explained that Vi~l)u did this remarkable thing in his incarnation 
as Vamana, the pygmy. This agrees with his identification as the small Mercury. 

What do these steps mean? According to tradition, Vi~l)u is a solar deity, 
and so these three steps represent the sunrise, the highest ascent, and the sunset. 
Another equally ancient interpretation is that the three steps represent the 
course of the sun through the three divisions of the universe: heavens, earth, 
and the netherworld. Both of these interpretations are unsatisfactory. Neither 
squares with the special significance attached to the third step. Nor do they 
explain the putative identity of Mercury and Vi~l)u. 

An explanation becomes obvious when we consider the Vedic altar ritual. 
The three steps of Vi~l)u are nothing but the three revolutions of Mercury in 
a cycle of 261 sky days. With this supposition the period of Mercury will be 
87 days. Furthermore, three synodic periods of Mercury, at 118 days a period, 
equal the 354 lunar days or 360 tithis. This dual relationship led to the great 
importance of the myth of the three steps of Vi~l)u. Of course, the figures for 
the periods are only approximate, but one expects that at the first determination 
of these numbers an attempt was made to connect them to the basic numbers 
of 261 and 354. 

The explicit name of Budha for Mercury appears in Paficavi,!,sa Brahmal)a 
(PB) which is dated definitely after 1900 BCE since it has an account of a 
journey to the source of Sarasvati from the place where it is lost in the desert 
(PB 25.10). PB 24.18 speaks of Budha in connection with a 61 day rite. Three 
such rites imply a total of 183 days which equals the days exclusively devoted 
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to the heavens. This is the analog, in the field of ritual, of the three steps of 
Vi~Qu covering the heavens. 

Understanding the motions of the planets arose at some time during the 
unfolding of the ~gvedic period. For example, Venus is described in early Vedic 
mythology in terms of the twin Asvins, the morning and evening stars, just as 
Homer later describes it as the pair Hesperus and Phosphorus. This commonal
ity indicates early Indo-European basis to this myth. 

The main characters in the planetary myths are Jupiter and Venus, as is to 
be expected for the two brightest planets. Venus, in its earlier incarnation as 
the Asvin twins, was born to the sun. Mercury as Vi~Qu is Upendra, the 
younger brother of the Indra, here a personification of the sun. But once 
Mercury fitted into the planetary scheme, its association with Vi~Qu was forgot
ten. Later accounts describe the planets in relation to each other. Our arguments 
showing that the period of Mercury was obtained in the third millennium BCE 
imply that as the determination of the period of Mercury is the hardest amongst 
the classical planets, the periods of the other planets had been obtained prior 
to this date. 

The literature that followed the ~gvedic age was at first concerned more 
with the ritual related to the earlier astronomy of the Vedic age. Once the 
planetary system fell into place, the gods became supernumeraries. Now the 
focus shifted to their duals that inhabit the inner universe. Thus by the time 
of the Satapatha Briihmana (second millennium BCE), the original stars of the 
Ursa Major were identifi~d with the cognitive centres in the brain as in SB 8.1 
or in more detail in BU 2.2.4. 

The ~gveda and the Satapatha Briihmal}a speak of the five planets as gods. 
There is mention of the thirty-four lights, which appear to be the twenty-seven 
nak~atras, the five planets, the sun and the moon. The moon is the fastest 
moving of the heavenly bodies, and so it is compared to the male who activates 
or fertilizes the other heavenly bodies with which it comes in contact. The 
~gveda speaks of the five bulls of heaven, which appear to be the five planets. 
Being faster than the fixed stars, the planets can, in turn, be compared to bulls. 
The Taittirfya SalJ'lhitii speaks of the 33 daughters of Prajapati, personification 
of time, that are given in marriage to Soma, the moon, viewed as king. These 
are the 27 nak~atras, the five planets, and the sun. The sun as the bride, Siirya, 
is described in the .{{gveda and the Atharvaveda. 

Since the planets move through the nak~atras and Venus and Jupiter are 
brighter than any of the stars, observation of the nak~atras presupposes a 
notice of the planets. The Vedanga Jyoti~a does not mention the planets, but 
that is because its concern is only the motions of the sun and the moon related 
to fixing the calendar. 

The rivalry between the families of Ailgirases and the Bhrgus, mythical 
figures in the ~gveda, represents the motions of Jupiter and Venus. This is clear 
in later accounts where Brhaspati (Jupiter), the priest of the gods because its 
motion is closest to the ecliptic, is an Ailgiras, and Kavi Usanas or Sukra 
(Venus), a Bhargava, is the priest of the Asuras. 

The idea of eclipse was expressed by the notion of Rahu seizing the heavenly 
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body. The fact that graha, 'seize,' is the name used for planets right from the 
time of Atharvaveda suggests that the waxing and waning of the two inferior 
planets, Mercury and Venus, as well as the change in the intensity of the others 
was known. 

Although there is mention of a week of six days, called a ~a~aha, in the early 
books, it does not follow that the tradition of a week of seven days is a later 
one. The seven-day week was in use during the time of Atharva Jyoti~a. 

The sidereal periods suggested by the astronomical code in the organization 
of the ~gveda are (Kak, 1994): 

Mercury: 
Venus: 
Mars: 
Jupiter: 
Saturn: 

87 days 
225 days 
687 days 
4,340 or 4,350 days 
10,816 days. 

Soma, or the moon, is one of the most important deities of the ~gveda. Soma 
is almost always the moon in the ninth book of the ~gveda. That very few 
Western scholars of the nineteenth century recognized this fact can only be 
explained by recalling the incorrect assumptions they labored under. Soma, as 
a drink, was meant to celebrate the creative function of the moon as reflected 
in the tides, the menstrual cycle and the growth of plants. 

THE YUGA CONCEPT 

There are allusions to yugas, meant as an age, in the Vedas. In the Aitareya 
Briihma!la Kali, Dvapara, Treta, and Krta are compared to a man lying down, 
moving, rising, and walking. The $a~vif!1sa Briihma!la mentions the four ages 
Pu~ya, Dvapara, Khiirva, and Krta. In order from Krta to Kali, each yuga 
represents a decline in morality, piety, strength, knowledge, truthfulness, and 
happiness. The notion of a yuga appears to have a historical basis. If we accept 
that a catastrophic tectonic event took place around 1900 BCE, leading eventu
ally to a great shift in the population away from the SarasvatI valleys, then 
Kaliyuga could be a memory of the beginning of that dark age. Support for 
this view comes from the Mahiibharata, according to which all places were 
sacred in the Krtayuga. Pu~kara in the SarasvatI region was the most sacred 
in Tretayuga, Kuruk~etra in Dvapara and Prayaga at the junction of Ganga 
and Yamuna in the Kaliyuga. This clearly marks the shift in focus of the 
Vedic people. 

The five years of the yuga of the Vediinga Jyoti~a are named variously; one 
text calls them saf!1vatsara, parivatsara, idiivatsara, iduvatsara, and vatsara. It 
has been suggested that the 33 gods mentioned at many places refer to a cycle 
of 33 years, but this cannot be accepted until corroborative evidence is found. 
As mentioned before, a cycle of95 years is described in the Satapatha Briihma!la. 
The yuga of 60 years appears to have emerged out of an attempt to harmonize 
the approximate sidereal periods of 12 and 30 years for Jupiter and Saturn, 
respectively. Consideration of more accurate sidereal values requires much 
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larger periods that are seen in the later Siddhantic astronomy of the 
Classical period. 

The Purat:las talk of a kalpa, a day of Brahma which equals 12,000 thousands 
of divine years, each of which equals 360 human years, for a total of 4,320 
million human years. K~ta, Treta, Dvapara, and Kali are supposed to last 
4,000, 3,000, 2,000, and 1,000 divine years respectively. In addition, there are 
sandhyils (twilights) of 800 (two twilights of 400 years), 600, 400, and 200 on 
the yugas, in order to give a total span of 12,000 divine years. Brahma, the 
creator of time, is a personification of the beginning of the sustaining principle, 
taken either as Vi~t:lu or Siva. Each day of Brahma is followed by a night of 
the same duration. A year of Brahma equals 360 such days and nights, and 
the duration of the universe is the span of 100 Brahma years. The largest cycle 
is 311,040,000 million years. We are supposed to be in the 55th year of the 
current Brahma. The large cycle is nested in still larger cycles. Within each 
kalpa are fourteen secondary cycles, called manvantaras, each lasting 
306,720,000 years. In each manvantara, humans begin with a new Manu. We 
are now in the seventh manvantara of the kalpa, started by Manu Vaivasvata. 

A kalpa equals a thousand mahilyugas, each of which has the four yugas 
K~ta, Treta, Dvapara, and Kali. Each manvantara may be divided into 71 
mahayugas. While the yugas, as defined in the Purat:lic literature of the first 
millennium CE, have extremely large periods in multiples of the 'years of the 
gods', it is likely that the four yugas were originally 4,800, 3,600, 2,400, and 
1,200 ordinary years, respectively. 

ASTRONOMY FROM LAGADHA TO THE SIDDHANTAS 

In this section we review the development of astronomy between two dates, 
roughly from 1300 BCE to 500 CE. Although this development is best under
stood by an examination of the Vedic and post-Vedic texts, not all scientific 
knowledge of those early times was committed to writing or, if written down, 
has survived. There are gaps in the sequence of ideas and these were filled 
based on preconceived notions rather than a sound approach. New evidence 
of the past two decades has contradicted the old 19th century model of the 
rise of the Indian civilization and the new, emerging paradigm has significant 
implications for the understanding of the development of astronomy in India. 

Let Rs represent the distance between the earth and the sun, Rm the distance 
between the earth and the moon, ds the diameter of the sun, dm the diameter 
of the moon, and de the diameter of the earth. According to PB, Rs < 1000de, 
and Rs ~ 500de . 

It was further known that the moon and the sun are about 108 times their 
respective diameters from the earth. Or, we can say that Rs ~ 108ds and 
Rm ~ 108dm· Considering a uniform speed of the sun and the moon and noting 
that the sun completes a circuit in 365.24 days and the moon 12 circuits in 
354.37 days, we find that 

354.37 x 500 
Rm ~ 365.24 x 12 de 
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By using the relationship on relative sizes that R. ~ 108d. ~ 500de , we know 
that d. ~ 4.63 x de. 

Assuming that the diameter of the earth was at some time in the pre
Siddhantic period estimated to be about 900 yojanas, the distance to the moon 
was then about 36,000 yojanas and that to the sun about 450,000 yojanas. It 
also follows that the relative dimensions of the sun and the moon were in the 
ratio of 12.5: 1. Knowing that the angular size of the sun and the moon is 
about 31.85 minutes, the size of the sun is then about 4,170 yojanas and that 
of the moon about 334 yojanas. 

A theory on the actual diameters of the sun, the moon, and the earth indicates 
a knowledge of eclipses. The RV 5.40 speaks of a prediction of the duration of 
a solar eclipse, so relative fixing of the diameters of the earth, the moon, and 
the sun should not come as a surprise. 

The long periods of Jupiter and Saturn require that the sun be much closer 
to the earth than the midpoint to the heavens or push the distance of the 
heavens beyond the lOOOde of PB and perhaps also make the distance of the 
sun somewhat less than 500de . We do see these different modifications in the 
models from later periods. 

The idea that the sun is roughly 500 or so earth diameters away from us is 
much more ancient than Ptolemy. This is in accordance with the ideas of 
van der Waerden (1974), who ascribes a primitive epicycle theory to the 
Pythagoreans. But it is more likely that the epicycle theory is itself much older 
than the Pythagoreans, and it is from this earlier source that the later Greek 
and Indian modifications to this theory emerged. This explains why the Greek 
and the Indian models differ in crucial details. 

Did the idea that R. ~ 500de originate at about the time of PB, i.e., from the 
second millennium BCE, or is it older? Since this notion is in conflict with 
the data on the periods of the outer planets, it should predate that knowledge. 
If it is accepted that the planet periods were known by the end of the third 
millennium BCE, then this knowledge must be assigned an even earlier epoch. 
Its appearance in PB, a book dealing primarily with ritual, must be explained 
as a remembrance of an old idea. We do know that PB repeats, almost verbatim, 
the Rgvedic account of a total solar eclipse. 

It is certain that the synodic periods were first computed because the longest 
period, the 780 days of Mars, is not too much larger than twice the sun's 
period. With Mars as the furthest body in a primitive model, the sun's distance 
would have to be reduced to about 0.47 of the furthest point. In order to 
accommodate the stars, the sun would be brought even nearer. When the 
sidereal orbits of the planets were understood, sometime in the Vedic period, 
the space beyond the sun had to be vast enough to accommodate the orbits 
of Jupiter and Saturn. The non-circular motions of the planets would require 
further changes to the sizes of the orbits, and these changes represent the 
continuing development of this phase of Indian astronomy. 

The theory that R. ~ 500de was so strongly entrenched that it became the 
basis from which different Greek and later Indian models emerged. Ptolemy 
considers an R. equal to 600 whereas Aryabhata assumes it to be about 438de . 
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Thus the Greek and the later Indian modifications to the basic idea proceeded 
somewhat differently. 

The ideas regarding the distance of the sun hardly changed until modern 
times. The contradictions in the assumption that the luminaries move with 
uniform mean speed and the requirements imposed by the assumed size of the 
solar system led to a gradual enlargement of the models of the universe from 
about twice that of the distance of the sun in PB to one 4.32 x 106 times the 
distance of the sun by the time of Aryabhata. This inflationary model of the 
universe in AA makes a distinction between the distance of the sky (edge of 
the planetary system) and that of the stars, which is a much smaller sixty times 
the distance of the sun. 'Beyond the visible universe illuminated by the sun and 
limited by the sky is the infinite invisible universe.' This is stated in a commen
tary on AA by Bhaskara I written in 629 CE (Shukla, 1976). The PuraI).ic 
literature, part of which is contemporaneous with Aryabhata, reconciles the 
finite estimates of the visible universe with the old ~gvedic notion of an infinite 
universe by postulating the existence of an infinite number of universes. 

THE SIZES OF THE PLANETS 

Indian ideas about planet sizes evolved from those in the PuraQ.as to the 
Siddhantas. The PuraQ.as confusingly combine two different theories, one 
related to the departure from the ecliptic by the moon and the other on the 
sidereal periods. The planets are listed in the correct sequence, supporting the 
view that the planet periods were known. The order of the angular sizes is 
correctly shown as Venus, Jupiter, Saturn, Mars, and Mercury, although the 
fractions stated are not accurate. Venus and Jupiter are taken to be -&, and -l4 
the size of the moon, whereas the correct fractions are -io and -10. Saturn and 
Mars were taken to be ~ smaller than Jupiter and Mercury still smaller by the 
same fraction (VaP 53.66-67). 

By the time of Aryabhata, the relative sizes of the planets were better 
estimated (Table 3). But the angular sizes of the planets are too large by a 
factor of 4, excepting Mercury which is too large by a factor of 8. Overall, the 
Purana figures are more accurate and it appears that Aryabhata's overestima
tion by a factor of 4 may have been colored by his ideas on optics. 

THE TWO HALVES OF THE YEAR 

The BrahmaQ.as recognized that the speed of the sun varies with the seasons. 
The year long rites of the BrahmaQ.as were organized with the summer solstice 
(vi~uvant) as the middle point. There were two years: the ritual one started with 
the winter solstice (mahiivrata day), and the civil one started with the spring 
equinox (vi~uva). The rites counted the days up to the solstice and in the latter 
half of the year, and there is an asymmetry in the two counts. This is an 
astronomical parameter, which had hitherto escaped notice, that allows us to 
date the rites to no later than the second millennium BCE. 

The Aitareya Briihmal;la 4.18 describes how the sun reaches the highest point 
on the day called vi~uvant and how it stays still for a total of 21 days with the 
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Table 3 The planet angular sizes in fractions of the size of the moon 

Planet Correct size Purii~a Aryabha!a 

Mercury 
120 112 15 

Venus -
12 16 5 

1 
Mars -

100 84 25 

Jupiter 
40 64 10 

1 1 1 
Saturn - - -

80 84 20 

vi~uvant being the middle day of this period. In the PmicaviYflsa BriihmaIJa 
(Chapters 24 and 25), several year-long rites are described where the vi~uvant 
day is preceded and followed by three-day periods. This suggests that the sun 
was now more or less still in the heavens for a total period of 7 days. So it 
was clearly understood that the shifting of the rising and the setting directions 
had an irregular motion. SB 4.6.2 describes the rite of gaviim ayana, the 'sun's 
walk' or the 'cows' walk.' This is a rite which follows the motion of the sun. 

The Yajurveda (38.20) says that the iihavanfya (sky altar) is four-cornered 
since the sun is four-cornered, meaning that the motion of the sun is charac
terized by four cardinal points: the two solstices and the two equinoxes. The 
year long rites list a total of 180 days before the solstice and another 180 days 
following the solstice. Since this is reckoning by solar days, it is not clear how 
the remaining 4 or 5 days of the year were assigned. But this can be easily 
inferred. 

The two basic days in this count are the vi~uvant (summer solstice) and the 
mahiivrata day (winter solstice) which precedes it by 181 days in the above 
counts. Therefore, even though the count of the latter part of the year stops 
with an additional 180 days, it is clear that one needs another 4 or 5 days to 
reach the mahiivrata day in the winter. This establishes that the division of the 
year was in the two halves of 181 and 184 or 185 days. 

Corroboration of this is suggested by evidence related to an altar design 
from the Satapatha BriihmaIJa (SB 8.6) which is shown in Figure 4. This altar 
represents the path of the sun around the earth. The middle point, which 
represents the earth, and the atmosphere is at a slight offset to the centre. This 
fact, and the fact that the number of bricks in the outer ring are not symmetri
cally placed, shows that the four quarters of the year were not symmetrical. 
This inequality would have been easy to discover. The Indians used the reflec
tion of the noon sun in the water of a deep well to determine the solstice days. 
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Figure 4 The asymmetric orbit of the sun around the earth. 

If one assumes that the two halves of the year are directly in proportion to 
the brick counts of 14 and 15 in the two halves of the ring of the sun, this 
corresponds to day counts of 176 and 189. This division appears to have been 
for the two halves of the year with respect to the equinoxes if the solstices 
divide the year into counts of 181 and 184. 

The apparent motion of the sun is the greatest when the earth is at perihelion 
and the least when the earth is at aphelion. Currently, this speed is greatest in 
January. The interval between successive perihelia, the anomalistic year, is 
365.25964 days, which is 0.01845 days longer than the tropical year on which 
our calendar is based. In 2000 calendar years, the date of the perihelion 
advances almost 35 days; in 1000 years, it advances almost a half-year (175 
days). This means that the perihelion movement has a cycle of about 20000 
years. 

In the first millennium BCE, the earth was at perihelion within the interval 
prior to the winter solstice. Thus during this period the half of the year from 
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the summer to the winter solstice would have been shorter than the half from 
the winter to the summer solstice. This is just the opposite of what is described 
in the rites of the Brahmal).as. 

It is interesting that the Greeks discovered the asymmetry in the quarters of 
the year about 400 BeE. Modern calculations show that at this time the four 
quarters of the year starting with the winter solstice were 90.4, 94.1, 92.3, and 
88.6 days long. The period from the winter to the summer solstice was then 
184.5 days, and the perihelion occurred in mid- to late October. The count of 
about 181 days from the winter to the summer solstice would be true when 
the perihelion occurs before the summer solstice. This would require that it 
move earlier than mid- to late June and no earlier than mid- to late December. 
In other words, compared to 400 BeE, the minimum number of months prior 
to October is 4 and the maximum number of months is 10. This defines periods 
from 6850 years to 17150 years prior to 400 BeE. 

These periods appear too early to be considered plausible and this may 
reflect the fact that the measurements in those times were not very accurate. 
Nevertheless, it means that the first millennium BeE for the rites of the 
Brahmal).as is absolutely impossible. 

Since the Satapatha Briihmal}a has lists of teachers that go through more 
than fifty generations, we know that the period of the Brahmal).as was a long 
one, perhaps more than a thousand years. To be as conservative as possible, 
one may consider the period 2000-1000 BeE as reasonable for these texts. The 
Vedic Sal11hitas are then assigned to the earlier fourth and third millennia BeE. 

THE ORIGINS OF THE IDEA OF EPICYCLES 

More than a hundred years ago, Burgess (1860) saw the Indians as the origina
tors of many of the notions that led to the Greek astronomical flowering. This 
view slowly lost support, and then it was believed that Indian astronomy was 
essentially derivative and it owed all its basic ideas to the Babylonians and the 
Greeks. It was even claimed that there was no tradition of reliable observational 
astronomy in India. 

Using statistical analysis of the parameters used in the many Siddhantas, 
Billard (1971) showed that the Siddhantas were based on precise observations 
and so the theory of no observational tradition in India was wrong. This 
conclusion is reinforced by the fact that the Vedic books follow an astronomical 
plan. Earlier, it was believed that the mahayugajkalpa figure of 4,320,000, 
which occurs in the Siddhantas, was borrowed from the astronomy of the 
Babylonian Berossos (ca. 300 BeE). But it is more logical to see it derived 
from the number 432,000 related to the number of syllables in the ~gveda that 
is mentioned in the much earlier Satapatha Briihmal}a (5B 10.4.2). 

Siddhantic astronomy has features which are unique to India and it repre-
sents an independent tradition. In the words of Thurston (1994: 188): 

Not only did Aryabhata believe that the earth rotates, but there are glimmerings in his system 
(and other similar Indian systems) of a possible underlying theory in which the earth (and the 
planets) orbits the sun, rather than the sun orbiting the earth ... The significant evidence comes 
from the inner planets: the period ofthe sIghrocca is the time taken by the planet to orbit the sun. 



328 SUBHASH KAK 

A pure heliocentrism is to be found in the following statement in the Vi~!lu 
Purii!la 2.8: 

The sun is stationed for all time, in the middle of the day ... The rising and the setting of the 
sun being perpetually opposite to each other, people speak of the rising of the sun where they 
see it; and, where the sun disappears, there, to them, is his setting. Of the sun, which is always 
in one and the same place, there is neither setting nor rising. 

It is not certain that Aryabhata was the originator of the idea of the rotation 
of the earth. It appears that the rotation of the earth is inherent in the notion 
that the sun never sets that we find in the Aitareya Briihma!la 2.7: 

The [sun] never really sets or rises. In that they think of him 'He is setting,' having reached the 
end of the day, he inverts himself; thus he makes evening below, day above. Again in that they 
think of him 'He is rising in the morning,' having reached the end of the night he inverts himself; 
thus he makes day below, night above. He never sets; indeed he never sets. 

One way to visualize this is to see the universe as the hollow of a sphere so 
that the inversion of the sun causes the light to shine on the world above ours. 
But this is impossible since the sun does move across the sky during the day, 
and if the sun doesn't set or rise it doesn't move either. Clearly, the idea of 
inversion denotes nothing but a movement of the earth. 

By examining early Vedic sources, the stages of the development of the 
earliest astronomy become apparent. After the ~gvedic stage comes the period 
of the BrahmaI,las in which we place Lagadha's astronomy. The third stage is 
early Siddhantic and early PuraI,lic astronomy. 

These three stages are summarized below: 

1. Rgvedic astronomy (ca. 4000-2000 BCE). These books describe the motion 
of the sun and the moon, nak~atras, and planet periods. The start of this 
stage is a matter of surmise but we have clues such as Vedic myths which 
have been interpreted to indicate astronomical events of the fourth millen
nium BCE. 

2. Astronomy of the BrahmaI,las (2000-1000 BCE). Astronomy is represented 
by means of geometric altars. The texts mention the non-uniform motion 
of the sun and the moon, intercalation for the lunar year, and 'strings of 
wind joined to the sun.' The Vediinga Jyoti~a of Lagadha must be seen as 
belonging to the latter part of this stage. The VJ text that has come down 
to us appears to be of a later era. Being the standard manual for determina
tion of the Vedic rites, Lagadha's work must have served as a 'living' text 
where the language got modified to a later form. 

3. Early Siddhantic and early PuraI,lic (1000 BCE-500 CE). Here our main 
sources are the Sulbasutras, the Mahiibhiirata, the early Purii!las, the Surya 
Siddhiinta and other texts. They include further development of the sIghrocca 
and mandocca cycles, the concepts of kalpa. According to tradition, there 
existed 18 early Siddhantas composed by Silrya, Pitamaha, Vyasa, Vasi~tha, 
Atri, Parasara, Kasyapa, Narada, Garga, Marlci, Manu, Ailgiras, Lomasa 
(Romaka), PauliSa, Cyavana, Yavana, Bhrgu, and Saunaka. Of these, sum
maries of five are now available in the book Pancasiddhiintikii- by 
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Varahamihira, and the Siiryasiddhiinta has come down in a later, modified 
form. 

It is significant that the first two stages and the beginning part of the third 
stage are well prior to the rise of mathematical astronomy in Babylonia and 
in Greece. The concepts of the sIghrocca and mandocca cycles indicate that 
the motion of the planets was fundamentally around the sun, which, in turn, 
went around the earth. 

The mandocca, in the case of the sun and the moon, is the apogee where 
the angular motion is the slowest, and in the case of the other planets it is the 
aphelion point of the orbit. For the superior planets, the sIghrocca coincides 
with the mean place of the sun, and in the case of an inferior planet, it is an 
imaginary point moving around the earth with the same angular velocity as 
the angular velocity of the planet round the sun. Its direction from the earth 
is always parallel to the line joining the sun and the inferior planet. The 
mandocca point serves to slow down the motion from the apogee to the perigee 
and speed up the motion from the perigee to the apogee. It is a representation 
of the non-uniform motion of the body, and so it can be seen as a direct 
development of the idea of the non-uniform motion of the sun and moon. The 
sIghrocca maps the motion of the planet around the sun to the corresponding 
set of points around the earth. The sun, with its winds that hold the solar 
system together, goes around the earth. 

The antecedents of this system can be seen in the earlier texts. SB 4.1.5.16 
describes the sun as pu~karamiidityo, 'the lotus of the sky.' SB 8.7.3.10 says, 
'The sun strings these worlds [the earth, the planets, the atmosphere] to himself 
on a thread. This thread is the same as the wind .. .' This suggests a central 
role of the sun in defining the motions of the planets, and ideas such as these 
must have ultimately led to the theory of the sIghrocca and the mandocca cycles. 

The theory that the sun was the 'lotus' [the central point] of the sky and 
that it kept the worlds together by its 'strings of wind' may have given rise to 
the heliocentric tradition in India. The offset of the sun's orbit evolved into the 
notion of mandocca and the motions of the planets around the sun were 
transferred to the earth's frame through the device of the sIghrocca. 

The BrahmaI).as consider the non-circular motion of the sun and, by implica
tion, of the moon and that the sun is about 500 earth diameters away from 
the earth. Analysis of ~gvedic astronomy has shown that planet periods had 
been determined. Logically, the next step would be to characterize the details 
of the departure from the circular motion for the planets. In YaP 53.71 it is 
stated that the planets move in retrograde (vakra) motion. 

Although the extant Siirya Siddhiinta (88) is a late book, it preserves old 
pre-8iddhantic ideas on the motions of the planets: 

Forms of time, of invisible shape, stationed in the zodiac (bhaga~), called the conjunction 
(srghrocca), apsis (mandocca), and node (p-ata), are causes of the motion of the planets. 

The planets, attached to these beings by cords of air, are drawn away by them, with the right 
and left hand, forward and backward, according to nearness, toward their own place. 
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A wind, called provector (pravaha) impels them toward their own apices (ucea); being drawn 
away forward and backward, they proceed by a varying motion. 

The so-called apex (ucea), when in the half-orbit in front of the planet, draws the planet forward; 
in like manner, when in the half-orbit behind the planet, it draws it backward. 

When the planets, drawn away by their apices, move forward in their orbits, the amount of the 
motion so caused is called their excess (dhana); when they move backward, it is called their 
deficiency (r!la). (SS 2.1-5) 

The idea of the sizes was directly related to the deviation from the ecliptic. 
There were eight different kinds of motion: 

Owing to the greatness of its orb, the sun is drawn away only a very little; the moon, by reason 
of the smallness of its orb, is drawn away much more. 

Mars and the rest, on account of their small size, are, by the points of focus, called conjunction 
and apsis, drawn away very far, being caused to vacillate exceedingly. 

Hence the excess and deficiency of these latter is very great, according to their rate of motion. 
Thus do the planets, attracted by those beings, move in the firmament, carried on by the wind. 

The motion of the planets is of eight kinds: retrograde (vakra), somewhat retrograde (anuvakra), 
transverse (ku!ila), slow (manda), very slow (mandatara), even (sarna), very swift (sfghratara), and 
swift (sfghra). 

Of these, the very swift, the swift, the slow, the very slow, and the even are forms of the motion 
called direct (rju). (SS 2.9-13) 

THE EARLY SIDDHANTAS 

The development of astronomical ideas from the Vediinga Jyoti~a onwards can 
also be studied from the information in the Jaina books, the Mahiibhiirata and 
the astronomical references in the literature. For example, the Arthasiistra uses 
a rule for telling time that is very similar to that in the VJ. 

The Paficasiddhiintikii of Varahamihira summarizes five early schools of 
Siddhantic astronomy, namely Paitamaha, Vasi~!ha, Romaka, Paulisa, and 
Saura mainly with regard to the calculation of eclipses. Owing to the names 
Romaka and Paulisa, it was assumed that the PS mostly represents Babylonian 
and Greek material. But such a supposition has no firm evidence to support 
it. There is also the possibility that an India-inspired astronomy could have 
travelled to the West before the Siddhantic period. 

The use of cycles was current during the time of the Satapatha BriihmaIJa. A 
modular arithmetic, fundamental to Siddhantic astronomy, was in use in 
Vediinga Jyotisa. The 2,850 year luni-solar yuga of the Romaka Siddhiinta (PS 
1.15) is derived from the 95-year Yiijfiavalkya cycle of the Satapatha BriihmaIJa, 
as it is equal to 30 x 95. 

The basic features of Siddhantic astronomy, such as non-circular orbits of 
the sun and the moon and the specific notions of 'ropes of wind' for the 
planetary system, were already present in the BrahmaI).as, and they appear in 
a more developed form in the primitive epicycle theory of the Surya Siddhiinta. 
As the retrograde motions were recognized, the orbit sizes were adjusted and 
made smaller. 
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PRE-SIDDHANTIC COSMOLOGY 

Early texts considered light as a wind. Was any thought given to its speed? 
Given the nature of the analogy, one would expect that this speed was consid
ered finite. The Pural.1as speak of the moving jyotiscakra, 'the circle of light'. 
This analogy, or that of the swift arrow let loose from the bow in these accounts, 
leaves ambiguous whether the circle of light is the sun or its speeding rays. 

We get a specific number that could refer to the speed of light in a late text 
by Sayal.1a (ca. 1315-1387), Prime Minister in the court of Emperor Bukka I 
of the Vijayanagar Empire and Vedic scholar. In his commentary on the fourth 
verse of the hymn 1.50 of the ~gveda on the sun, he says: 

tathii ca smaryate yojaniiniiTJ'l sahasre dve dve sate dve ca yo jane ekena nimi~iirdhena kramamii!Ul 
Thus it is remembered: [0 sun] you who traverse 2,202 yojanas in half a nime~a. 

The same statement occurs in the commentary on the Taittirfya Brahma!1a 
by BhaHa Bhaskara (10th century?), where it is said to be an old Pural.1ic 
tradition. The figure could refer to the actual motion of the sun but, as we will 
see shortly, that is impossible. By examining parallels in the Pural.1ic literature, 
we see it as an old tradition related to the speed of [sun] light. 

The units of yojana and nime~a are well known. The usual meaning of yojana 
is about 9.1 miles as in the Arthasastra where it is defined as being equal to 
8,000 dhanu (bow), where each dhanu is about 6 feet. Aryabhata, Brahmagupta 
and other astronomers used smaller yojanas but such exceptional usage was 
confined to the astronomers; we will see that the Pural.1as also use a non
standard measure of yojana. As a scholar of the Vedas and a non-astronomer, 
Sayal.1a would be expected to use the standard Arthasastra units. 

The measures of time are thus defined in the Pural.1as: 

15 nime~a = 1 ka~thii 
30 ka~!ha = 1 kalii 
30 kala = 1 muhiirta 
30 muhiirta = 1 day-and-night 

A nime~a is therefore equal to ¥s seconds. 
When this statement is converted into modern units, it does come very close 

to the correct figure of 186,000 miles per second. Such an early knowledge of 
this number doesn't sound credible, because the speed of light was determined 
only in 1675. Roemer looked at the difference in the times that light from 10, 
one of the moons of Jupiter, takes to reach the earth based on whether it is 
on the near side of Jupiter or the far side. Until then light was thought to 
travel with infinite velocity. There is no record of any optical experiments that 
could have been performed in India before the modern period to measure the 
speed of light. 

Maybe Sayal.1a's figure refers to the speed of the sun in its supposed orbit 
around the earth. But that places the orbit of the sun at a distance of over 
2,550 million miles. The correct value is only 93 million miles and until the 
time of Roemer the distance to the sun used to be considered less than 4 million 
miles. The Indian astronomical texts place the sun only about half a million 
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yojanas from the earth. We show that this figure is connected to PuriiI,lic 
cosmology and, therefore, it belongs logically to the period of pre-Siddhiintic 
astronomy. 

PHYSICAL IDEAS IN EARLY LITERATURE 

The philosophical schools of Siirp.khya and Vaise~ika tell us about some old 
ideas on light. According to Siirp.khya, light is one of the five fundamental 
'subtle' elements (tanmiitra) out of which emerge the gross elements. The relation 
of these elements to atoms is not specifically mentioned and it appears that 
they were actually continuous. 

On the other hand, Vaise~ika is an atomic theory of the physical world on 
the nonatomic ground of ether, space and time. The basic atoms are those of 
earth (prthivr), water (iipas) , fire (tejas), and air (viiyu). These should not be 
confused with the ordinary meaning of these terms. They form binary molecules 
that combine further to form larger molecules. Motion is defined in terms of 
the movement of the physical atoms and it appears that it is non-instantaneous. 
Light rays are a stream of high velocity of tejas atoms. The particles of light 
exhibit different characteristics depending on the speed and the arrangements 
of the tejas atoms. 

Although there were several traditions of astronomy in India, only the 
mathematical astronomy of the Siddhiintas has been properly examined. Some 
of the information of the non-Siddhiintic astronomical systems is preserved in 
the PuriiI,las. 

PuriiI,lic astronomy is cryptic, and since the PuriiI,las are encyclopedic texts, 
with several layers of writing, presumably by different authors, there are incon
sistencies in the material. Sometimes, speculative and empirical ideas are so 
intertwined that without care the material can appear meaningless. PuriiI,lic 
geography is quite fanciful and this finds parallels in its astronomy as well. 

We can begin the process of understanding PuriiI,lic astronomy by considering 
its main features, such as the size of the solar system and the motion of the 
sun. But before we do so, we will speak briefly of the notions in the Siddhantas. 

Aryabhata in his Aryabha!fya (AA) deals with the question of the size of the 
universe. He defines a yojana to be 8,000 nr, where a nr is the height of a man; 
this makes his yojana (Ya) approximately 7.5 miles. Or Ys ~ ha, where Ys is the 
standard Arthasiistra yojana. AA 1.6 states that the orbit of the sun is 
2,887,666.8 yojanas and that of the sky is 12,474,720,576,000 yojanas. 

There is no mention by Aryabhata of a speed of light. But the range of light 
particles is finite, so it must have been assumed that the particles in the 
'observational universe' do not penetrate to the regions beyond the 'orbit of 
the sky.' This must have been seen in the analogy of the gravitational pull of 
the matter, just as other particles fall back on the earth after reaching a 
certain height. 

The orbit of the sky is 4.32 x 106 greater than the orbit of the sun. It is clear 
that this enlargement was inspired by cosmological ideas. The diameters of 
the earth, sun, and moon are 1,050, 4,410 and 315 yojanas, respectively. 
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Furthermore, AA 1.6 implies that the distance to the sun, R., is 459,585 yojanas, 
and to the moon, Rm , is 34,377 yojanas. These distances are in the correct 
proportion relative to their assumed sizes given that the distances are approxi
mately 108 times the corresponding diameters. Converted to the standard 
Arthasiistra units, the diameters of the earth and the sun are about 875 and 
3,675 yojanas, and the distance to the sun is around 0.383 million yojanas. 

PURANIC COSMOLOGY 

The Pural).ic material is closer to the knowledge of the Vedic times. Here we 
specifically consider the Viiyu Puriil}a (VaP), Vi~l}u Puriil}a (ViP), and Matsya 
Puriil}a (MP). VaP and ViP are generally believed to be amongst the earliest 
Pural).as and at least 1,500 years old. Their astronomy is prior to the Siddhantic 
astronomy of Aryabhata and his successors. 

The Pural).as instruct through myths, and this mythmaking can be seen in 
their approach to astronomy. For example, they speak of seven underground 
worlds below the orbital plane of the planets and of seven 'continents' encircling 
the earth. One has to take care to separate this imagery, that parallels the 
conception of the seven centres of the human's psychosomatic body, from the 
underlying cosmology of the Pural).as that is their primary concern in their 
jyoti~a chapters. The idea of seven regions of the universe is present in the 
~gveda 1.22.16-21, where the sun's stride is described as saptadhiiman, or taking 
place in seven regions. The different Pural).as appear to reproduce the same 
cosmological material. There are some minor differences in figures that may 
be a result of wrong copying by scribes who did not understand the material. 
Here we mainly follow ViP. 

ViP 2.8 describes the sun as 9,000 yojanas in length and connected by an 
axle that is 15.7 x 106 yojanas long to the Manasa mountain and another axle 
45,500 yojanas long connected to the pole star. The distance of 15.7 million 
yojanas between the earth and the sun is much greater than the distance of 
0.38 or 0.4375 million yojanas that we find in the Siddhantas and other early 
books. This greater distance is stated without a corresponding change in the 
diameter of the sun. 

Elsewhere, in VaP 50, it is stated that the sun covers 3.15 million yojanas in 
a muhurta. This means that the distance covered in a day is 94.5 million 
yojanas. MP 124 gives the same figure. This is in agreement with the view that 
the sun is 15.7 million yojanas away from the earth. The specific speed given 
here translates to 116.67 yojanas per half-nime~a. 

The size of the universe is described in two different ways, through the 
'island-continents' and through heavenly bodies. The geography of the Pural).as 
describes a central continent, Jambu, surrounded by alternating bands of ocean 
and land. The seven island-continents of Jambu, Plak~a, Salmala, Kusa, 
Kraunca, Saka, and Pu~kara are encompassed, successively, by seven oceans. 
Each ocean and continent is, respectively, twice the extent of that which 
precedes it. The universe is seen as a sphere of 500 million yojanas. The 
continents are imaginary regions and they should not be confused with the 
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continents on the earth. Only certain parts of the innermost planet, lambu, 
that deal with India, have parallels with real geography. The inner continent 
is 16,000 yojanas, the base of the world axis. In opposition to the interpretation 
by earlier commentators, who thought the increase in dimension by a factor 
of two was only across the seven 'continents,' we think it applies to the 'oceans' 
as well. At the end of the seven island-continents is a region that is twice the 
preceding region. Further on is the Lokaloka mountain, 10,000 yojanas in 
breadth, that marks the end of our universe. 

is: 
Assume that the size of the lambu is J yojana, then the size of the universe 

U = J( 1 + 2 + 22 + 23 + 24 + 25 + 26 + 27 + 28 + 29 + 210 + 211 + 212 + 213 

+ 214) + 10,000 

or, 

U = 32,767J + 10,000 yojanas 

If U is 500 million miles, then J should be about 15,260 yojanas. The round 
figure of 16,000 is mentioned as the width of the base of the Meru, the world 
axis, at the surface of the earth. This supports our interpretation. PuriiI).ic 
cosmology had been thought to be inconsistent because an erroneous inter
pretation of the increase in the sizes of the 'continents' had been used. When 
considered in juxtaposition with the preceding numbers, the geography of 
concentric continents is a representation of the plane of the earth's rotation, 
with each new continent as the orbit of the next 'planet'. 

The planetary model in the PuriiI).as is different from that in the Siddhiintas. 
Here the moon and the planets are in orbits higher than the sun. Originally, 
this supposition for the moon may have represented the fact that it goes higher 
than the sun in its orbit. Given that the moon's inclination is 5° to the ecliptic, 
its declination can be 28S compared to the sun's maximum declination of 
±23S. This 'higher' position must have been, at some stage, represented 
literally by a higher orbit. To be reconciled with observational reality, the 
moon had to be twice as large as the sun. That this is a jumbling up of two 
different theories is clear from the fact that the planets are listed in the correct 
sequence determined by their sidereal periods. 

The distances of the planetary orbits beyond the sun are as shown in Table 4. 
Further spheres are postulated beyond the pole star. These are the 

Maharloka, the lanaloka, the Tapoloka, and the Satyaloka. Their distances 
are given in Table 5. 

Since the last figure is the distance from the earth, the total diameter of the 
universe is 414.2 million yojanas, not including the dimensions of the various 
heavenly bodies and lokas. The inclusion of these may be expected to bring 
this calculation in line with the figure of 500 million yojanas mentioned earlier. 

Beyond the universe lies the limitless pradhiina that has within it countless 
other universes. PudiI).ic cosmology views the universe as going through cycles 
of creation and destruction of 8.64 billion years. Considering a universe of 
enormous size must have been inspired by supposing an enormous age. 
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Table 4 From the earth to the Pole star 

Interval I 

Earth to Sun 
Sun to Moon 
Moon to Asterisms 
Asterisms to Mercury 
Mercury to Venus 
Venus to Mars 
Mars to Jupiter 
Jupiter to Saturn 
Saturn to Ursa Major 
Ursa Major to Pole Star 
Sub-total 

Table S From Pole-star to Satyaloka 

Interval II 

Pole-star to Maharloka 
Maharloka to lanaloka 
lanaloka to Tapoloka 
Tapoloka to Satyaloka 
Grand Total 

yojanas 

15,700,000 
100,000 
100,000 
200,000 
200,000 
200,000 
200,000 
200,000 
100,000 
100,000 

17,100,000 

yojanas 

10,000,000 
20,000,000 
40,000,000 

120,000,000 
207,100,000 
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The Pural).ic yojana (Yp) is different from the Arthasiistra yojana (Ys). To 
find the conversion factor, we equate the distances to the sun. 

0.4375 x 106ys = 15.7 X 1Q6yp 

In other words 

lys:::::: 36yp 

The diameter of the earth should now be about 875 x 36:::::: 31,500yp' Perhaps 
this was 32,OOOyp, twice the size of Meru. This understanding is confirmed by 
the statements in the Pural).as. For example, MP 126 says that the size of 
Bharatavaqa (India) is 9,OOOyp, which is roughly correct. 

The kernel of the Pural).ic system is consistent with the Siddhantas. 
Misunderstanding arose because attention was not paid to their different units 
of distance. 

SPEED OF THE SUN 

Now that we have a Pural).ic context, the statement that the sun has the speed 
of 4,404 yojanas per nime~a can be examined. 

We cannot be absolutely certain what yojanas Sayal).a had in mind: standard, 
or Pural).ic. But either way it is clear from the summary of Pural).ic cosmology 
that this speed could not be the speed of the sun. At the distance of 15.7 million 
yojanas, the sun's speed is only 121.78 yojanas (Yp) per half-nime~a. Or if we 
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use the figure from YaP, it is 116.67. Converted into standard yojanas, this 
number is only 3.24ys per half-nime~a. 

Sayat:J.a's speed is about 18 times greater than the supposed speed of the sun 
in yp and 2 x 182 greater than the speed in Ys. So either way, a larger number 
with a definite relationship to the actual speed of the sun was chosen for the 
speed of light. 

The Purat:J.ic size of the universe is 13 to 16 times greater than the orbit of 
the sun, not counting the actual sizes of the various heavenly bodies. Perhaps 
the size was 18 times greater than the sun's orbit. It seems reasonable to 
assume, then, that if the radius of the universe was about 282 million yojanas, 
a speed was postulated for light so that it could circle the farthest path in the 
universe within one day. This was the physical principle at the basis of Purat:J.ic 
cosmology. 

We have seen that the astronomical numbers in the Purat:J.as are much more 
consistent amongst themselves, and with the generally accepted sizes of the 
solar orbit, than has been hitherto assumed. Purat:J.ic geography must not be 
taken literally. We have also shown that Sayat:J.a's figure of 2,202 yojanas per 
half-nime~a is consistent with Purat:J.ic cosmology where the size of 'our universe' 
is a function of the speed of light. This size represents the space that can be 
spanned by light in one day. 

It is quite certain that the figure for speed was obtained either by this 
argument or by taking the postulated speed of the sun in the Purat:J.as and 
multiplying that by 18, or by multiplying the speed in standard yojanas by 
2 x 182 . We do know that 18 is a sacred number in the PuraI).as, and the fact 
that multiplication with this special number gave a figure that was in accord 
with the spanning of light in the universe in one day must have given it a 
special significance. 

Is it possible that the number 2,202 arose because of a mistake of multiplica
tion by 18 rather than a corresponding division (by 36) to reduce the sun speed 
to standard yojanas? We think not, because such a mistake is too egregious. 
Furthermore, Sayat:J.a's own brother Madhava was a distinguished astronomer, 
and the incorrectness of this figure for the accepted speed of the sun would 
have been obvious to him. If Sayat:J.a's figure was derived from a postulated 
size of the universe, how was that huge size, so central to all Indian thought, 
arrived at? A possible explanation is that the physical size of the universe was 
taken to parallel the estimates of its age. These age estimates were made larger 
and larger to postulate a time when the periods of all the heavenly bodies were 
synchronized. The great numbers in the Purat:J.as suggest that the concepts of 
mahayuga and kalpa must have had an old pedigree and they can be viewed 
as generalizations of the notion of yuga. 

The speed of light was 2 x 182 greater than the speed of the sun in standard 
yojanas so that light could travel the entire postulated size of the universe in 
one day. It is a lucky chance that the final number turned out to be exactly 
equal to the true speed. This speed of light must be considered the most 
astonishing 'blind hit' in the history of science! But it is consistent with a 
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PuraQic model of the cosmos and it is, in most likelihood, a pre-Aryabhata 
figure. 

THE LATER SIDDHANTIC PERIOD 

This period begins with Aryabha!a (born 476 CE) who established two systems 
in his works Aryabha{fya and Aryabhatasiddhiinta. Of these, the first has exer
cised great influence, especially in South India. The second is lost, but elements 
of it are known through quotations in other texts and in criticism. These two 
constitute the Aryapak~a and the Ardhariitrikapak~a. The Siiryasiddhiinta, which 
has come down to us in a later recension, is based primarily on the 
Ardhariitrikapak~a. The Briihmasphutasiddhiinta of Brahmagupta (born 598 CE) 
has been extremely influential in north and west India and in the Arabic world, 
through its translation called Sindhind. A rival to the Aryabhata systems, this 
is also called the Brahmapak~a. The later improvements to these Siddhantas 
required biJa-corrections. A later text by Lalla (8th-9th century) is based on 
the Ardhariitrikapak~a, but it also incorporates ideas from the Brahmapak~a. 

The Siddhiinta-Siromal}i of Bhaskara II (ca. 1150) is the most comprehensive 
of the Indian Siddhantas. It is based on the Brahmapak~a. The epicyclic
eccentric theories are further developed to account for the motions of the 
planets. Nilakantha Somayaji (1444-1550) corrects the Aryapak~a constants 
in his Siddhiintadarpal}a and Tantrasa'!lgraha. In a recent review, Rama
subramanian et al. (1994), argued that Nilakantha's revision of the planetary 
model for the interior planets Mercury and Venus led to a better equation of 
the center for 'these planets than was available either in the earlier Indian 
works or in the Islamic or European traditions of astronomy till the work of 
Kepler, which was to come more than a hundred years later.' 

* * * 
This essay summarized the essential points of an emerging new understanding 
of the rise and development of Indian astronomy. We traced the gradual 
development of many ideas of astronomy in the pre-Siddhantic period, but we 
are not in a position to discount all outside influences completely, especially 
because considerable interaction existed in the ancient world and ideas must 
have travelled in several directions. 

Further evidence in support of the flow of ideas from India to the West has 
recently become clear. Recent studies of Celtic material indicate that a calendar 
similar to the 5-year yuga of VJ with two intercalary months was current 
amongst the Druids (Ellis, 1994: 230-231). The connections between the Vedic 
and the Druidic material must predate the rise of astronomy in Mesopotamia, 
because otherwise the more direct Mesopotamian theories would have won 
out against the complex Vedic system. The Druids also appear to have counted 
in months of 27 days similar to the conjoining of the moon with the nak~atras 
of Vedic astronomy. This supports the idea of transmission from India into 
Europe. This idea is further supported by a new analysis of a Rgvedic hymn 
on Vena (Kak, 1998c) which suggests that the seed ideas of the Venus mytholo-
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gies of the Mesopotamians, the Greeks, and the later PuriiI}.ic period are all 
present in the Vedic texts. 

A figure from the neolithic/chalcolithic period of Indian art (5000 BeE?) 
(Kak, 1998a) seems to be the prototype of the Gilgamesh or hero motif, with 
a god or goddess holding back two beasts on either side. The beasts are without 
their front ends, so clearly the depiction is symbolic. David Napier (1986) has 
argued for a transmission ofIndian motifs into Greece in the second millennium 
BeE. As another example, consider the Gundestrup cauldron, found in 
Denmark a hundred years ago. This silver bowl has been dated to around the 
middle of the 2nd century BeE. The iconography is strikingly Indic, as is clear 
from the elephant (totally out of context in Europe) with the goddess and the 
yogic figure (Taylor, 1992). The unicorn figure of European mythology is based 
on the Indian conception of the unicorn seen in the many fine representations 
of it in Harappan art and also its celebration in the Vedic and PuriiI}.ic texts 
as ekasrnga. 

According to Seidenberg's analysis (1962 and 1978) Indian geometry and 
mathematics predate Babylonian and Greek mathematics. It is likely that the 
cultural processes that were responsible for the spread of Indian mathematics 
and art were also responsible for the spread of Indian astronomy during the 
pre-Siddhiintic period. Doubtless, Western (Babylonian and Greek) ideas were 
transmitted to India as well. 

The most important conclusion of the new findings is that there existed a 
much greater traffic of ideas in all directions in the ancient world than has 
hitherto been supposed. 
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MP 
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VaP 

ViP 
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Aitareya Briihma!la 
Aryabhatfya of Aryabhata 
Apastamba Sulbasutra 

Atharvaveda 
Baudhiiyana Sulbasutra 

Brhadiira!lyaka Upani~ad 
Chiindogya Upani~ad 
Kau~ftaki Briihma!la 
Matsya Purii!la 
Pancavi"!lsa Briihma!la 
Pancasiddhiintikii 
~gveda 
Satapatha Briihma!la 
Surya Siddhiinta 
Svetiisvatara Upani~ad 
Taittirfya Briihma!la 
Taittiriya Sa"!lhitii 
Viiyu Purii!la 

Vi~!lu Purii!la 
Vediiriga Jyoti~a 
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I These are sattva, rajas, and tamas in Indian psychology. 
2 Soma was a drink whose preparation was part of the Vedic ritual. 
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REMARKS ON THE ORIGIN OF INDO-TIBETAN 
ASTRONOMY 

In studying the history of science, we may divide all natural sciences into two 
groups, modern science and traditional sciences. Modern science should not 
be called 'Western', because it incorporated several traditional sciences from 
other parts of the world, directly or indirectly, and has grown up to become a 
global science. There are three main lines of traditional sciences in the Old 
World, East Asian (predominantly Chinese), South Asian (predominantly 
Indian), and Ancient Mediterranean-Islamic-European science. Of course, there 
are also several small lines and branch lines of traditional sciences. 

Tibetan traditional science may be considered one small line of traditional 
science which was influenced by both Indian and Chinese science, although it 
is closer to Indian. Two major branches of Tibetan traditional science are 
astronomy and medicine. 

There are four branches of Tibetan astronomy: 

1. sKar-rtsis (star calculation) - mathematical astronomy based on the 
Kalacakra astronomy of India, 

2. dByans-'char (appearance of voice) - divination based on Indian divination 
called svarodaya, 

3. Nag-rtsis (black calculation) - astrology based on Chinese astrology and 
natural philosophy, and 

4. rGya-rtsis (Chinese calculation) - mathematical astronomy based on the 
Shixian calendar of China. 

Among these branches, the sKar-rtsis is the basis of traditional calendars 
in Tibet, Mongolia, and Bhutan. In this essay, I will discuss its origin. The 
sKar-rtsis is based on the astronomical section of the Kiilacakratantra, origi
nally written in Sanskrit and translated into Tibetan and Mongolian, which is 
the fundamental text of the last stage of Indian Esoteric Buddhism. We will 
call the system of astronomy in the Kiilacakratantra 'Kalacakra astronomy'. 
As it was originally written in Sanskrit, it is clear that it is closely connected 
with Indian astronomy. 

Before discussing the origin of Kalacakra astronomy, let us briefly review 
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the history of Indian astronomy. The origin of Indian astronomy itself is 
controversial, and what I am going to present below is my own view.1 [Editor's 
note: Subhash Kak presents another view in his article on the development of 
Indian astronomy in this volume.] 

The Indus valley civilization (ca. 2500 Be-ca. 1700 BC) is famous for its 
excellent town planning and agriculture, so we can easily suppose that it had 
some astronomical knowledge. However, we do not have enough material to 
estimate its development. 

The Indo-Aryans were originally pastoral people, and entered northwest 
India in about 1600 Be or a little earlier. There they composed the ~gveda, 
one of the basic books of Indian thought. After entering India, they gradually 
developed agricultural activity and acquired astronomical knowledge. At this 
stage, they were already using a luni-solar calendar and knew some asterisms. 
We call this period, from ca. 1500 Be-ca. 1000 Be, the ~gvedic period. 

In the Later Vedic period (ca. 1000 Be-ca. 500 BC), Indo-Aryans moved to 
the basin of the River Ganga and became essentially agricultural people. At 
the same time, their astronomical knowledge developed, because it was neces
sary to determine seasons for agricultural activity. One year was divided into 
six seasons, the complete system of nak~atras (lunar mansions) was already 
known, and one day was divided into 30 parts called muhiirtas. (At this time, 
day and night were divided into 15 muhUrtas each. Later, from the Vedilnga 
astronomy period onwards, one whole day was divided into 30 equal muhUrtas.) 
The sun's seasonal northward and southward movement was noticed. In this 
period, the regular calendar and agricultural activities were symbolized in 
Brahmanic rituals such as new and full moon offerings and seasonal (four 
monthly) offerings. 

The period sometime between the 6th and the 4th centuries Be marks the 
formation of Vedanga astronomy. The Vedanga (limb of the Veda) is a class 
of works which is regarded as auxiliary to the Veda. It consists of six divisions, 
one of which is astronomy (jyoti~a), which was necessary to determine the 
schedule of rituals. 

The fundamental Sanskrit text of Vedanga astronomy is the Vediingajyoti~a, 
of which two recensions, ~gvedic and Yajurvedic, are extant.2 

The main structure of Vedanga astronomy is as follows. 

1 yuga = 5 years, 
= 60 solar months (one solar month is 1/12 of a year), 
= 61 silvana months (one silvana month is 30 civil days), 
= 1830 silvana days (civil days), 
= 62 synodic months, 
= 1860 tithis (one tithi is 1/30 of a synodic month), 
= 67 sidereal months, 
= 1835 sidereal days. 

The Vedilnga calendar is a luni-solar calendar, and there are two intercalary 
months in a yuga (five years). One silvana day (civil day) is from sunrise 
to sunrise. 
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David Pingree (1973) argued that Vediinga astronomy was formed under 
Mesopotamian influence during the Achaemenid occupation of the Indus valley. 
However, Pingree's argument is refuted by my own research. I shall show that 
Vedanga astronomy is based on actual astronomical observations in North 
India (Ohashi, 1993). As this is very important for the history of Indian 
astronomy and necessary for the later discussion, I shall explain it in detail. 

First, let us examine the length of a year. The Yajurvedic recension of the 
Vediiligajyoti~a states that one yuga consists of 61 savana months (= 1830 
savana days) and that the number of sidereal days in a yuga is the number of 
savana days plus five. This means that one year consists of 366 civil days or 
367 sidereal days. The Rgvedic recension does not mention this explicitly. 
Pingree argued that one year in the Rgvedic recension was 366 sidereal days 
and not 366 civil days, and that the statement in the Yajurvedic recension was 
wrong because of the misunderstanding of its compiler. He concluded that one 
year of the original Vedanga astronomy was 365 civil days (one day less than 
the number of sidereal days), and that it was introduced into India through 
Persia, because the Egyptian-Persian year was also 365 days. Pingree's argu
ment is, however, not borne out by the evidence. I shall show that one year of 
the Vedanga astronomy was definitely 366 civil days. According to the 
Vediiligajyoti~a itself, the purpose of Vedanga astronomy was to determine the 
proper time for sacrifices. As mentioned above, there were some Brahmanic 
rituals which symbolized the division of time. Actual observations at the time 
of the new and full moon offerings fairly accurately determined the dates 
of the new and full moons. This is clear from the fact that the 
Siilikhiiyanasrautasutra (1.3.5), which is one of the ritualistic works of Vedanga 
literature, states that the two days of the full moon are the day on which the 
moon appears full about the setting of the sun and its succeeding day (Caland, 
1953: 5). By this method, the day of the full moon can be determined quite 
accurately, because the time of moonrise changes by about 49 minutes on the 
average per day and this difference can easily be observed by naked eye 
observations. However, the change of season cannot be determined so accu
rately. Therefore we can suppose that Vedanga astronomy could predict the 
date of the new and full moons for at least five years accurately, even if it could 
not predict the seasons with the same accuracy. Now, the modern exact value 
of 62 synodic months is 1830.90 days, and that of 67 sidereal months is 1830.55 
days. Then, one yuga of Vedanga astronomy could not be different from 1830 
days or so. If Pingree's argument is true, one yuga becomes 1825 days, and it 
produces nearly 6 days' error of the new and full moon days, which would 
cause a panic at the time of the new and full moon offerings. One year in 
Vedanga astronomy was 366 civil days. Since there is no similar calendar 
anywhere in ancient West Asia, Vediinga astronomy must be the original Indian 
astronomy. 

Second, let us examine the seasonal change of the length of day and night. 
The Vediiligajyoti~a states that the length of day is given by the following zigzag 
function. 

The length of day = (12 + izn) muhiirtas, where n is the number of days after 
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or before the winter solstice. One muhurta is -io of a day. According to this 
formula, the period of one solar month produces one muhurta's difference of 
daytime, and the proportion of day to night at the solstice becomes 2: 3. This 
proportion is observed at the latitude 35°N or so, which is around Kashmir 
and far north of the basin of the River Ganga, which was the central area in 
the Vedanga period. This proportion is very famous among historians of Indian 
science, and some people conjectured that Vedanga astronomy was produced 
around Kashmir. Pingree also regarded this proportion as important, and 
argued that this value was borrowed from Mesopotamia, where the central 
area is at the same latitude. I believe this argument also has flaws. I shall show 
that the formula above is based on actual observations in North India. 

The seasonal movement of the sun was well observed by Vedic people. For 
example, the Kau~ftakibriihmaIJa (XIX.3), one of the later books of Vedic 
literature, states that the sun goes north for six months and stands still, being 
about to turn southwards, and then goes south for six months and stands still, 
being about to turn northwards (Keith, 1920: 242). This statement probably 
refers to the change of the position of sunrise or sunset. They change much 
around the equinox but not around the solstice. So, the sun looks as if it is 
standing still around the solstice. This must have produced the idea that the 
seasonal change of certain phenomena should be obtained from observations 
around the equinox and not from around the solstice. So, formula must have 
been obtained by extrapolation from the observation of the change of the 
length of daytime around the equinox and not by interpolation from the 
observation around the solstice. Practically, there are two possibilities for the 
extrapolation. If we assume that the formula was extrapolated from one muhur
ta's difference of the length of day during one solar month after the equinox, 
the most suitable latitude for this observation becomes 27°N. If we assume 
that the formula was extrapolated from two muhurtas' difference during two 
solar months after the equinox, the most suitable latitude becomes 29°N. In 
any case, it is clear that the formula is based on observations in North India. 
The actual length of daytime at 35°N, 29°N, and 27°N, and the formula above 
are graphed together in Figure 1. 

The five-year cycle of Vedanga astronomy was used in the Arthasiistra, a 
political work attributed to Kautilya, a minister of Candragupta Maurya, 
enthroned in 321 BC, although the actual date of composition is controversial 
(Kangle, 1965-72). It was also used in the SiirdiilakarlJiivadiina, a Buddhist 
work (Vaidya, 1959: 314-425); and the Siiriyapannatti, a Jaina work (Kohl, 
1937). The Paitiimahasiddhiinta (quoted in chapter XII of the Paiicasiddhiintikii 
of Varahamihira (6th century AD)) is also a text of Vedanga astronomy. 
(Thibaut and DvivedI, 1889; Neugebauer and Pingree, 1970-71; Sastry, 1993). 

The epoch of the Paitiimahasiddhiinta is AD 80. This demonstrates that 
Vedanga astronomy must have been in use in the 1st century AD. The 
Siirdiilakarniivadiina was translated into Chinese as the Madengqie jing in the 
3rd century AD. The Siiriyapannatti is included in the canon of the Svetambara 
sect of Jainism which is said to have been edited in the 5th century AD. It may 
be that Vediinga astronomy was still used in their time. The SiirdiilakarlJiivadiina 
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was also translated into Tibetan, and is included in the bKa'-'gyur, the Tibetan 
translation of the Buddhist canon.3 What is interesting is that the annual 
variation and diurnal variation of the gnomon shadow are mentioned in some 
of those texts, and they show that they are also based on observations in 
North India. 

The Arthasiistra (II.20.41-42) gives the annual variation of the gnomon 
shadow. It is graphed in Figure 2, together with the actual variation at 27°N 
and 21°N. From this figure, it is clear that the data in the Arthasiistra is based 
on observation in North India. Similar data are found in the 
Siirdiilakar'!iivadiina, the Siiriyapannatti, and other works. 

The Arthasiistra (II.20.39-40) gives the diurnal variation of the gnomon 
shadow. As George Abraham (1981) has pointed out, it follows the following 
formula: 

d s 
-=-+ 1 2t g , 

where d/t is the fraction of daytime which has elapsed since sunrise or is 
remaining until sunset, and s is the length of the gnomon of length g. It is 
graphed in Figure 3, along with the actual variation at the summer solstice at 
the Tropic of Cancer (23.7°N in ca. 300 BC). This again shows that this formula 
was based on observation in North India. The Siiriyapannatti provides sim
ilar data. 

The above discussion shows clearly that Vediinga astronomy was produced 
in North India without explicit foreign influence. 

Indian knowledge of natural phenomena and astrology, probably system
atized in this period, was later developed into the samhitii branch of Hindu 
astronomical science, jyoti~siistra. This kind of knowledge is found in the 
Siirdiilakar'!iivadiina. There are several recensions of the Gargasamhitii, which 
is another group of astrological works of this kind. A Tibetan translation of 
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Figure 2 Arthasiistra's annual variation of the midday shadow 
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Figure 3 Arthasastra's diurnal variation of the gnomon-shadow 

one is included in the bsTan-'gyur, a collection of the Tibetan translation of 
the Buddhist treatises.4 

Indian traditional cosmology, in which the earth is flat, with Mt. Meru 
(Sumeru) at its centre, must also have developed in this period. 

The earliest extant Sanskrit text on Greek horoscopy is the Yavanajiitaka 
(AD 269/270) of Sphujidhvaja (Pingree, 1978a). It is based on a work written 
in the 2nd century AD, which shows that Greek horoscopy must have been 
introduced into India at this time. During this period, Greek horoscopy, which 
later developed into the horii branch of the Hindu astronomical sciences, spread 
widely in India. In this system, the zodiacal signs and the positions of the 
planets are used for astrological purposes. However, Greek mathematical 
astronomy was not fully introduced at this stage, and the Vedanga calendar 
seems to have been used for some time. Vedanga astronomy incorporating 
Greek influence is found in some Sanskrit texts such as the 
Viisi~!hasamiisasiddhiinta (quoted in the Paficasiddhiintikii II. 8-13) and a 
Chinese Buddhist text Dafangdeng-dajijing, Ricangfen. 

There is no direct source material illustrating the process of the introduction 
of Greek mathematical astronomy into India, and the process can only be 
indirectly surmised from quotations in Varahamihira's Paficasiddhiintikii. In 
this period, ca. 4th century AD, a Greek geometrical model of geocentric 
mathematical astronomy was introduced into India. This kind of model was 
well accepted and became one of the foundations of Hindu classical astronomy. 
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At the end of the 5th century AD, Hindu classical astronomy was established.5 

The whole system of Hindu classical astronomical sciences in a wide sense is 
called jyoti~siistra and consists of three branches: 

1. Siddhiinta (or Ga!lita), mathematical astronomy, 
2. Horii (or Jiitaka), horoscopic astrology which is of Greek origin, and 
3. Samhitii, Indian knowledge of natural phenomena and astrology. 

Among them, the siddhiinta section is considered Hindu classical astronomy 
in a narrow sense. The Sanskrit texts of Hindu classical mathematical astron
omy are divided into three types: siddhiinta, tantra, and karal}a. A siddhanta is 
a fundamental treatise, while a karaI).a is a handy practical work. The main 
texts from this period are shown in Table 1. 

A siddhanta usually consists of two parts, the grahaga!litiidhyiiya (calculation 
of the position of planets) and the goliidhyiiya (spherics). The grahagal}itiidhyiiya 
further consists of several chapters on such topics as mean motion, true motion, 
three problems (direction, place, and time), and lunar and solar eclipses, lunar 
phases, heliacal rising and setting, conjunction of the planets and stars, and 
planetary nodes. In the calculation of the true planets, the eccentric model and 
epicyclic model are used. 

There were four main schools of Hindu classical astronomy in this period: 

1. Ardharatrika school, whose texts are the Suryasiddhiinta (now lost) quoted 
in the Paiicasiddhiintikii and the Khal}4akhiidyaka; 

2. Arya school, whose fundamental text is the Aryabharzya; 
3. Brahma school, whose fundamental text is the Briihmasphutasiddhiinta; and 
4. Saura school, whose fundamental text is the Suryasiddhiinta (this extant 

work is sometimes called 'modern Suryasiddhiinta', and is different from the 
lost Suryasiddhiinta of the Ardharatrika school). 

Table 1 Main texts of Hindu classical astronomy 

Title Author Date Type 

Aryabhatasiddhiinta (fragment) Aryabhata 5th-6th century AD 
Aryabha!fya Aryabhata AD 499 unique type 
Paflcasiddhiintikii Varahamihira 6th century compilation 
Mahiibhiiskarfya Bhaskara I 7th century tantra 
Laghubhiiskarrya Bhiiskara I 7th century tantra 
Briihmasphu!asiddhiinta Brahmagupta AD 628 siddhiinta 
Kha~~akhiidyaka Brahmagupta AD 665 karaI~a 

Si~yadhrvrddhidatantra Lalla ca. 8th century tantra 
Vatesvarasiddhiinta Vatesvara AD 904 siddhanta 
Laghumiinasa Maiijula AD 932 karal.la 
Suryasiddhiinta anonymous ca. 10th-11th century siddhanta 
Siddhiintasekhara Srlpati 11th century siddhanta 
Kara~aprakiisa Brahmadeva AD 1092 karal.la 
Bhiisvatf Satananda AD 1099 karal.la 
Siddhiintasiroma~i Bhiiskara II AD 1150 siddhanta 
Kara~akutUhala Bhaskara II AD 1183 karal.la 
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These schools use more or less similar astronomical systems, but their 
astronomical constants are slightly different. 

Kalacakra astronomy, which was introduced into Tibet, is based on Hindu 
classical astronomy. I shall later show that it is close to the Ardharatrika school. 

From the 13/14th century AD to the 18/19th century AD, Hindu astronomy 
and Islamic astronomy coexisted. Information about the Hijra is found in the 
Kalacakratantra (11th century AD), which we shall discuss below, but Islamic 
mathematical astronomy is not found there. Therefore, it should be considered 
to be in the scope of Hindu classical astronomy and not in the coexistent 
period of Hindu and Islamic astronomy. 

After the establishment of the Delhi Sultanate dynasties in North India, 
Islamic astronomy was introduced into India systematically. In AD 1370, 
Mahendra Suri composed the Yantrariija. This is the first Sanskrit work on 
the astrolabe and the first Sanskrit work based on Islamic astronomy.6 At this 
time, some Sanskrit works on the Hindu astronomical sciences were also 
translated into Persian by the order of the Sultan of the Tughluq dynasty FIruz 
Shah (r. AD 1351-1388). These events mark the real beginning of the coexistent 
period of Hindu and Islamic astronomy_ 

From the 18th and 19th centuries to the present, modern astronomy has of 
course been studied in India. At the same time, traditional astronomy is also 
used for the compilation of the traditional calendar and other uses. The modern 
period can be said to be the coexistent period of modern and traditional 
astronomy. 

KALACAKRA ASTRONOMY 

The history of Indian Buddhism is divided into several stages, and Esoteric 
Buddhism is its last stage. The history of Esoteric Buddhism is further divided 
into several stages, and the Kiilacakratantra belongs to its last stage. The 
Kiilacakratantra is an Esoteric Buddhist work originally written in Sanskrit 7 

and translated into Tibetan and included in the bKa'-'gyur.8 It was also 
translated into Mongolian, but was not introduced into East Asia (China, 
Korea, and Japan) in the pre-modern period_ 

The Kalacakratantra consists of five chapters, and the first chapter, 
'Lokadhatupatala' (chapter of the parts of the world) contains a detailed 
description of mathematical astronomy. This description has become the basis 
of Tibetan traditional astronomy. There is an authentic commentary, 
Vimalaprabha, on the Kiilacakratantra. It was also originally written in 
Sanskrit9 and translated into Tibetan and included in the bsTan-'gyur. lO This 
is also a very important source for Kalacakra astronomy. According to this 
text, there was the 'root text' (Miilatantra), where the siddhanta system of 
astronomy was explained, and the 'abridged text' (Laghutantra), in which the 
karaI).a system of astronomy was explained. The extant Kiilacakratantra is the 
abridged text. The root text is not extant, and we only know it from some of 
its fragments quoted in the Vimalaprabhii and other works. It is difficult to say 
whether the root text really existed as a whole or not. At any rate, both the 
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siddhanta system (grub-rtsis in Tibetan) and the karaI).a system (byed-rtsis in 
Tibetan) were transmitted to Tibet. They are basically similar, and only the 
length of a year and a month are different. 

There are some other related Sanskrit texts on Kalacakra astronomy by 
Indian ~uthors, such as the Kiilacakriivatiira of Abhayakara Gupta (II-12th 
century AD). Its Tibetan translation is included in the bsTan-'gyur.H 

The origin of Kalacakra astronomy is controversial, and it is the main theme 
of this essay. 

The Kiilacakratantra (1.27) reads: 

The year elapsed from the year prabhava added to 403 is the 'mleccha's year'. The 'mleccha's 
lord's year' is diminished by 182, multiplied by 12, and added to the months elapsed from the 
month Caitra. [This amount is put down at two places,] the value written below is multiplied 
by 4 and divided by 130, and the result is added to the value written above. This is, oh king, 
the exact sum of the months. (Translated from the Sanskrit text in Banerjee, 1985: 7). 

This calculation can be expressed: 

y = years elapsed from prabhava (AD 1027) 
m = months elapsed from Caitra 
M = sum of the months (counted from Caitra, AD 806) 
M = [(Y + 403 - 182) x 12 + m] x (1 + 1:0) 

The prabhava is the first year of the Indian 60-year cycle. In Tibet, the 
prabhava in this text is considered to be the first year of the first 6O-year cycle 
of the Tibetan calendar, AD 1027. If so, the initial 'mleccha's year' becomes 
AD 624 (AD 1027-403). This must have been meant to be the Hijra (AD 622), 
the first year of the Islamic calendar, because the Sanskrit word 'mleccha' (kla
klo in Tibetan, which literally means 'barbarian') in this context meant Muslim. 
However, there was an error oftwo years in this text. We shall discuss this later. 

There is a Tibetan legend that the Kiilacakratantra was introduced into 
Tibet in AD 1027, and had been introduced into India (from a legendary land 
called Sambhala) 60 years before that, i.e., AD 967. This legend was already 
mentioned by Csoma de Karas, the pioneer of Tibetology, and is well known 
(Csoma de Karas, 1834: 183-84, 192). (However, Csoma de Karas wrote in 
one place that the first prabhava was AD 1025 and in another that it was 
1026.) There are some differing speculations by Tibetologists regarding the year 
of the initial prabhava and the 'mleccha's year'. The traditional Tibetan inter
pretation is that the initial prabhava was 1027 and the initial 'mleccha's 
year' AD 624. 

Csoma de Karas's determination was that the initial prabhava was 1025 or 
1026, and the initial 'mleccha's year' was 622. According to Zuiho Yamaguchi, 
the 'mleccha's year 403' is 1024, and the initial 'mleccha's year' is 622. In this 
interpretation, the 'mleccha's year 403' is the 403rd year since the initial 
'mleccha's year' and not 403 years after that. AD 1024 coincides with the first 
year 'jiazi' of the Chinese 60-year cycle (Yamaguchi, 1992: 882). John Newman 
suggests that the 'mleccha's year 403' was originally meant to be 403 A.H. 
which corresponds to AD 1012-1013 (Newman, 1987a: 100). Giacomella 
Orofino stated that the time from the end of 622 to the beginning of 1026 (the 



REMARKS ON THE ORIGIN OF INDO-TIBETAN ASTRONOMY 351 

last year of the 60-year cycle which precedes 1027) is a span of 403 years 
(Orofino, 1994: 15-16). 

These are some interpretations from Tibetologists, but we should note that 
they only considered the chronological aspect and did not take into account 
other astronomical aspects, such as the motion of planets. 

Let us find out the year of the real initial prabhava from an astronomical 
point of view. By comparing the position of planets in Kalacakra astronomy 
and modern astronomy, we can prove that the initial prabhava is definitely 
AD 1027. Figure 4 shows the mean position of the sun, Mars, Jupiter, and 
Saturn according to Kalacakra astronomy, and Figures 5 and 6 show their 
positions according to modern astronomy. (This is their mean position, not 
the true position. As regards their position according to modern astronomy, I 
connected the position of opposition by straight lines.)12 

It is clear just by looking that the initial prabhava must be AD 1027. There 
is no other year which agrees with Kalacakra astronomy's position of the 
planets. And other astronomical aspects are also harmonious with this identifi
cation. Therefore we can conclude definitely that the original author of the 
Kiilacakratantra meant that the initial prabhava was 1027. 

According to the Kiilacakratantra (1.27), 403 is 'added (vimisra)' to the years 
elapsed since the initial prabhava. So there is mathematically no room to doubt 
that the initial 'mleccha's year' was (AD 1027-403) = AD 624, two years later 
than the Hijra. According to the calculation of intercalary months in this verse, 
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Figure 5 Modern astronomy's mean longitude of the planets (i) 

it is clear that 403 years are counted by a luni-solar year, and not by the 
Islamic lunar year. 

The year 806 (= 1027 - 403 + 182), which is mentioned in the 
Kalacakratantra (1.27), may be the epoch of the original astronomical work 
which was used by the compiler of the Kalacakratantra. As far as I know, there 
is no extant Sanskrit work whose epoch is 806. It may be noted here that a 
Chinese Buddhist astronomical work, Qiyaorangzaijue,13 compiled by a West 
Indian Brahman Jinjuzha, uses 806 as the epoch for the calculation of the 
position of Rahu (lunar ascending node) and Ketu. According to Michio Yano 
(1986: 31), Ketu in this text is the lunar apogee. This is a peculiar definition, 
which is not found in Indian texts. Usually, Ketu is considered to be the lunar 
descending node in some texts and to be comets in some others. Now, let us 
compare the orbital period of Rahu in the Kalacakratantra and the 
Qiyaorangzaijue. According to the Kalacakratantra, it is 230 synodic months 
(= 6792.02 days). In the Qiyaorangzaijue, Rahu revolves 5 times in 93 years, 
which means that its orbital period is about 6793.65 days. (The Qiyaorangzaijue 
also describes Rahu's motion in some other ways which show that its orbital 
period is 6791.43 days, 6900.39 days, 6939.75 days, etc.) As these two texts do 
not agree exactly, we cannot say that Kalacakra astronomy is related to the 
Qiyaorangzaijue. 
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Figure 6 Modern astronomy's mean longitude of the planets (ii) 

We already have seen that the initial 'mleccha's year' in the Kiilacakratantra 
is 624, two years later than the Hijra. Let us discuss the reason for this two 
years' error. Let us start from the examination of the 60-year cycle, because 
the prabhava is the first year of the Indian 60-year cycle. There are two different 
origins of the 60-year cycle in the East, one Chinese and the other Indian. The 
Chinese cycle is counted successively regardless of the actual motion of the 
planet Jupiter, while there are two major systems of the Indian 60-year cycle. 
One is the North Indian reckoning, where the omission of every 86th year has 
been maintained in order to keep pace with the motion of Jupiter, whose 
orbital period is not exactly 12 years but about 11.86 years. The other is the 
South Indian reckoning, where years are counted successively regardless of the 
actual motion of Jupiter. 14 The beginnings of the cycle around 1027 according 
to these systems are: 

Chinese: 
North Indian: 
South Indian: 

AD 1024. 
AD 1025. 
AD 1027. 

It is clear that Kalacakra astronomy follows the South Indian reckoning, 
because the initial prabhava in Kalacakra astronomy is 1027 and the cycle is 
counted successively there. However, we should also note that 1025, the year 
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prabhava according to North Indian reckoning, is exactly 403 years after 622, 
i.e. the year of the Hijra. From these facts, I suspect that Kalacakra astronomy 
itself is based on South Indian reckoning, but the information for the year of 
the Hijra is based on North Indian reckoning and was mistakenly incorporated 
into Kalacakra astronomy. I shall show in the next section that Kalacakra 
astronomy is similar to the Ardharatrika school of Hindu classical astronomy 
which was popular in East India. It is not strange that certain North Indian 
elements are found there. 

From the above considerations, we can suppose that Kalacakra astronomy 
is a mixture of South and North Indian astronomy. It may be noted here that 
Kalacakra astronomy originally had nothing to do with the Chinese 60-year 
cycle system. 

The traditional story of the origin of the Kiilacakratantra is that the 
Kiilacakra-miila-tantra (the Kalacakra root text, which is not extant, but whose 
fragments are quoted in some texts) was taught by Buddha to Sucandra at 
Dhanyakataka and was brought to Sambhala (which is said to be in the north 
of the SIta river) by Sucandra. It was abridged by Yasas (the first Kalkin of 
Sambhala) as the Kiilacakra-laghutantra (Kalacakra 'abridged' text, which is 
now extant, and usually simply called Kiilacakratantra), and its commentary 
Vimalaprabhii (also extant) was composed by PUI;19arIka (YaSas's son, and the 
second Kalkin of Sambhala). 

This story, which basically originated in the Vimalaprabhii itself and was 
repeated in Tibetan works, is a kind of religious legend and cannot be accepted 
as historical fact. Here, we should note that Buddha is considered to be the 
9th incarnation ofVi~1).u in Vaishnavism, Kalkin is the 10th and last incarnation 
of Vi~1).u, and Sambhala is a fabulous place where Kalkin is supposed to appear, 
according to Vaishnavism. The Kiilacakratantra itself is a Buddhist text, but 
we should keep in mind that there is a certain influence of Vaishnavism. 

We shall not go into the religious aspect here, but instead we will discuss 
the original place of Kalacakra from an astronomical point of view. Before 
starting our discussion, let us look at some previous interpretations of the 
origin of the Kiilacakratantra. 

1. Csoma de Koros says: 'The Kala Chakra doctrine of Adibuddha was deliv
ered by SMkya, in his 80th year, at Shri Dhanya kataka, (Cuttak in 
Orissa, ... )' (1834: 192). 'The peculiar religious system entitled the Kala 
Chakra is stated, generally, to have been delivered from Shambhala - a 
fabulous country in the north - situated between about 45° and 50° north 
latitude, beyond the Sita or Jaxartes, where the increase of the days from 
the vernal equinox till the summer solstice amounted to 12 Indian hours, 
or 4 hours, 48 minutes, European reckoning.' (1833: 57) 

2. Alexander Cunningham located Dhanakataka, mentioned by the famous 
Chinese traveller Xuanzang, in Dharanikotta, or Amaravati in Andhra in 
South India (1871: 447-459). Referring to this identification, Shoun Togano 
wrote that the Sarvatathiigata-tattvasamgraha, a famous Esoteric Buddhist 
text, was actually preserved in Amaravati, and that this fact developed into 
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the legend that Kalacakra was taught in Dhanyakataka, or Amaravati 
(1925). 

3. Benoytosh Bhattacharyya wrote that UQQiyana, which is the place where 
Tantric Buddhism first developed, and is divided into two kingdoms, 
Sambhala and Latikapuri, would have to be located in Assam, probably in 
the western part (1932: 45). Referring to this identification, ShOun Togano 
wrote in his pioneering study of Kalacakra Buddhism that Kalacakra 
Buddhism arose in Sambhala in East India.1s 

4. Hakuyu Hadano wrote that Kalacakra is a product of Indian Tantric 
Buddhism, and that the story of Sambhala is just a fiction borrowed from 
Vaishnavism. 

It is now generally accepted that Dhanyaka!aka is Amaravati,16 but the 
location of Sambhala is still controversial. 

If certain astronomical data, such as the length of the midday shadow on a 
certain day of the year, or the annual variation of the length of daytime, are 
given, it is possible to estimate the latitude of the place where these data were 
observed. Csoma de Koros' estimation, which we already have seen, is of this 
kind. We should keep in mind here that we should not rely too much on this 
kind of estimation, because the original data may not be so exact. 

Now, let us examine the original text of the Kiilacakratantra, and check 
Csoma de Koros' estimation. 

The Kiilacakratantra (1.38 b-d) reads: 

According to the movement of the sun, there are decreases and increases of day and night 
during six months. There are increases and decreases of 3 liptas and 4 pral,las every day during 
a half year. There is an increase of nighttime in the southern course [of the sun], and of daytime 
in the northern course at Himagiri [mountain]. (Translated from the Sanskrit text in Banerjee, 
1985: 10) 

The units of time used here are: 

One day = 60 nii4fs (or nii4fkiis, ghatfs, gha{rkiis, etc.) 
1 nii4f = 60 liptiis (or vinii4ls, etc.) 
1 liptii = 6 priilJas 

According to the above text, the length of daytime changes by 
«3 +~) x 182.6) = 669.5 liptas or 11.16 naQIs during a half year. Therefore, it 
changes by about 5.6 naQIs during a quarter year (from the equinox to the 
solstice). This text does not agree with the statement by Csoma de Koros. Let 
us see some other verses of the Kiilacakratantra. Verse 1.54 dreads: 

For a day and night of 60 naQls, there are decreases and increases by one sixth [of 60 naQls 
during a half year] on account of the sun and moon. (Translated from the Sanskrit text in 
Banerjee, 1985: 14) 

One sixth of 60 naQIs is 10 naQIs. That this is for a half year and not for a 
quarter year is attested by the subsequent verse (1.62 c-d) which reads: 

[When the sun is at] the middle of the celestial sphere (i.e. equinox), the day and night are 
30 naQls [respectively]. [When the sun is at] the southern and northern hemispheres, there are 
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decreases and increases of 5 [naQIs during a quarter year], and they are 3 Iiptas and 2 sviisas 
(= pral)as) per day. (Translated from the Sanskrit text in Banerjee, 1985: 16) 

From the fact that «3 + 2/6) x 91.3) = 304.3 liptas or about 5 na<;ils, it is clear 
that 5 na<;ils in this verse are for a quarter year, and that 10 na<;ils in the above 
verse are for a half year. 

There is an interesting commentary in the Vimalaprabhii on the above verses. 
It comments of the Kiilacakratantra (1.54 d) . 

... Here is the rule of shadow (i.e. solar motion) in the area of Kailasa, which is not in the 
country of Arya (India). In the country of Arya, there are decreases and increases of one tenth 
[of a day] from the winter solstice to the summer solstice and from the summer solstice to the 
winter solstice, on account of the rule of shadow. Similarly, it should be shown that in such an 
area as Bhota (Tibet), LIca, and CIna (China), there are decrease[s] and increase[s] by one 
ninth, one eighth, and one seventh, on account of the rule of shadow, as far as the country of 
Sambhala. (Translated from the Sanskrit text in Upadhyaya, 1986: 101) 

The Vimalaprabhii also comments on the Kiilacakratantra (162 c-d). This is 
in agreement with the above commentary. ' ... This measure is for the area of 
KaiIasa, and not for the country of Arya. It should be known that in the 
country of Arya, there are increases and decreases of 2 liptiis per day' (p. 107). 

As regards the relationship between KaiIasa and Sambhala, the 
Kiilacakratantra (Ll51) tells that Sambhala is in the southern half of KaiUisa. 
The statement in the Vimalaprabhii can be tabulated as in Table 2. 

This statement from the Vimalaprabhii is very strange. The value given in 
the Kiilacakratantra (1.54 d and 62 c-d) already fits the Indian latitude but 
does not fit the northern latitude. On the contrary, the value for the 'country 
of Arya' given in the Vimalaprabhii is too small for an Indian latitude. In order 
to make this more intelligible, I have graphed the value of the Kiilacakratantra 
(1.54d), that of the Kiilacakratantra (1.62 c-d), and the value for the 'country 
of Arya' given in the Vimalaprabhii together with the actual seasonal variation 
of the length of daytime at the latitude 27°N in Figure 7. It is clear just by 
looking that the value given in the Kiilacakratantra is more or less similar to 
the ancient Indian zig-zag function shown in Figure 1. Therefore, it is most 
probable that Kalacakra astronomy originated in India, and the statement in 
the Vimalaprabhii is just a fiction in order to make it somewhat mysterious. In 
any case, the conjecture of Csoma de Karas that the Sambhala is actually 
situated between 45°N and 500 N is not supported by the original text. 

Now, let us discuss the place of the formation of Kalacakra astronomy from 

Table 2 The change of the length of daytime according to the Vimalaprabhii 

Kailasa 

CIna (China) 

LIca 

Bho~a (Tibet) 

Country of Arya (India) 

Change in a half year 

~ of a day (10 na~Is) 
~ of a day (8.57 na~Is) 
~ of a day (7.5 na~Is) 

~ of a day (6.67 na~Is) 
To of a day (6 na~Is) 

Change in a quarter year 

5 na~Is 

4.29 na~Is 

3.75 na~Is 

3.33 na~Is 

3 na~Is 
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Figure 7 Kiilacakratantra and Vimalaprabhifs seasonal variation of the length of daytime 

another point of view, which will also suggest that it is in India. Kalacakra 
astronomy is based on the eccentric and epicyclic model. Therefore, it is clear 
that it is not based on Chinese mathematical astronomy which did not use a 
geometrical model but a kind of arithmetical method which was probably 
empirical. We have also seen that the original Kalacakra astronomy has nothing 
to do with the Chinese 60-year cycle, which is now used in Tibet and some 
other countries. From these facts, we can say that there is no influence of 
Chinese mathematical astronomy upon Kalacakra astronomy. 

As for the possibility of the influence of Islamic mathematical astronomy, 
we have seen that information about the Hijra is included in Kalacakra astron
omy, although there is an error of two years. However, this cannot be adequate 
proof of the influence of Islamic astronomy or its calendar, because information 
about the Hijra can be communicated without exact knowledge of astronomy 
or the calendar. In order to discuss the possibility, we have to compare these 
astronomical systems. The Kalacakra, Islamic, and Hindu classical astronomies 
use the eccentric and epicyclic model, but astronomical constants are slightly 
different among them. Let us compare the orbital period of five planets. 
Although there are some differing schools of Hindu classical astronomy, the 
difference of the orbital periods of five planets is very small, and we can consider 
for this purpose that they are approximately the same. The orbital periods of 
five planets in terms of days, according to Ptolemaic-Islamic, Hindu Classical, 
Kalacakra, and modern astronomies are shown in Table 3. 

We cannot rely too much on the comparison of astronomical constants, 
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Table 3 The orbital periods of five planets in terms of days 

Ptolemaic-Islamic Hindu Classical Kalacakra Modern 

Mercury 87.97 87.97 87.97 87.97 
Venus 224.7 224.7 224.7 224.7 
Mars 686.9 687.0 687 687.0 
Jupiter 4331.0 4332.3 4332 4332.6 
Saturn 10750 10766 10766 10759 

because people are looking at the same celestial phenomena, and it is possible 
that the same constants are obtained independently. However, if the same 
inexact value is used at different places, it suggests a kind of relationship. In 
the above comparison, the orbital period of Saturn strongly suggests that 
Kalacakra astronomy is only based on Hindu Classical astronomy, and that 
there is no explicit influence of Islamic mathematical astronomy. Kalacakra 
astronomy's relationship with Hindu Classical astronomy will become clearer 
by comparing other astronomical constants. 

There are four main schools of Hindu Classical astronomy. Their astronomi
cal systems are more or less similar, but they use slightly different astronomical 
constants. Let us compare the astronomical constants of Kalacakra astronomy 
with those of the schools of Hindu Classical astronomy and also with 
Ptolemaic-Islamic astronomy. Table 4 compares of the maximum equation of 
centre of five planets, Table 5 the longitude of their apogee, and Table 6 their 
maximum epicyclic correction. 

Table 4 Comparison of the maximum equation of centre 

Hindu Classical astronomy 

Ptolemaic Ardharatrika Arya Brahma Saura Kalacakra 

Mercury 3° 2' 4° 28' 3° 55' 6° 3' 33" 4° 28' 4°26'40" 
Venus 2°24' 2° 14' 1° 26' 10 45' 3" 1°45' 2° 13'20" 
Mars 11 ° 25' 11° 13' 13° 7' W 12'41" W32' 11° 6' 40" 
Jupiter 5° 15' 5° 6' 5°43' 5° 15' 35" 5° 6' 5°6'40" 
Saturn 6° 31' 9° 36' 55" 9° 32' 4° 46' 47" 7° 40' 9° 33'20" 

TableS Comparison of the longitude of apogee 

Hindu Classical astronomy 

Ptolemaic Ardharatrika Arya Brahma Saura Kalacakra 

Mercury 190° 220° 2WO 224° 54' 220°27' 220° 
Venus 55° 80° 90° 81 ° 15' 79° 50' 80° 
Mars lW30' 110° 118° 128° 24' 130° 2' 126° 40' 
Jupiter 161° 1600 180° 172° 32' 171° 18' 160° 
Saturn 233° 240° 236° 260° 55' 236° 37' 240° 
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Table 6 Comparison of the maximum epicyclic correction 

Hindu Classical astronomy 

Ptolemaic Ardharatrika Arya Brahma Saura Kalacakra 

Mercury 21° 2' 21 ° 30' 21 ° 57' 21° 31'30" 21 ° 31' 21° 33'20" 
Venus 45° 57' 46° 15' 53° 37' 46° 22'54" 46° 24' 46° 13'20" 
Mars 41°9' 40° 30' 44° 53' 42° 37'39" 40° 16' 40°26'40" 
Jupiter llo 3' W30' 10° 53' 10° 53' 19" W31' W33'20" 
Saturn 6° 13' 6° 20' 5°44' 5° 34' 46" 6° 22' 6° 13'20" 

There are some variations in Islamic astronomy, but I only quote Ptolemy's 
original value which is enough for this purposeP The original sources of the 
schools of Hindu Classical astronomy are the Siiryasiddhiinta, quoted in the 
Paiicasiddhiintikii, for the Ardharatrika school, the Aryabha!"fya for the Arya 
school, the Briihmasphutasiddhiinta for the Brahma school, and the modern 
Siiryasiddhiinta for the Saura schooU8 

From the above comparison, it is clear that the astronomical constants of 
Kalacakra astronomy are very close to those of the Ardharatrika school of 
Hindu Classical astronomy. Especially, the longitude of the apogee of five 
planets is exactly the same except for that of Mars. It is also clear that these 
astronomical constants of Kalacakra astronomy are different from those of 
Ptolemaic-Islamic astronomy. Therefore, we again can conclude that Kalacakra 
astronomy was not influenced by Islamic mathematical astronomy. 

As regards the relationship between the Ardharatrika school and Buddhist 
astronomy, we have some other examples. In the 17th century, an astronomical 
work was procured from Siam (now Thailand) by a French ambassador, Simon 
de la Loubere, and was studied by 1. D. Cassini (de la Loubere, 1693: 186-227). 
s. B. Dikshit (1981: 378) pointed out that the length of the year in this work 
was the same as that of the original Siiryasiddhiinta (quoted in the Paiica
siddhiintikii) and the Kha1J~a-khiidyaka, and that the work may have followed 
either the original Siiryasiddhiinta or some karaJ}.a work by Aryabhata I, based 
on the Siiryasiddhiinta, which is now lost. Also, in the Tang dynasty of China, 
an unofficial calendar, liuzhi-/i (AD 718) was composed by Qutan Xida (proba
bly a Chinese transliteration of Gotama-siddha) and was included in his 
Kaiyuanzhanjing. Kiyosi Yabuuti pointed out that this calendar is related to 
the Ardharatrika school (Yabuuti, 1979; Yano, 1979). From these facts, we can 
suppose that the astronomical system of the Ardharatrika school was quite 
popular among Indian Buddhists for a certain period. 

The main Sanskrit texts of the Ardharatrika school are the Aryabhata
siddhiinta (only fragments are extant) of Aryabhata, the Siiryasiddhiinta quoted 
in the Paiicasiddhiintikii of Varahamihira, the Khandakhiidyaka (AD 665) of 
Brahmagupta, and the Bhiisvatl (AD 1099) of S~tananda, among others. 
Brahmagupta was a resident of Bhillamala in the southern border of Rajasthan. 
According to an eminent historian of Indian astronomy, S. B. Dikshit 
(1853-1898), the Kha1J~akhiidyaka was still in use in Kashmir (1981: 89). David 
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Pingree, who is surveying Sanskrit manuscripts of astronomical works, says 
the Khafl~akhiidyaka remained the standard kara~la in Kashmir, Nepal, and 
Assam till modern times, but in the medieval period it was popular throughout 
North and West India (1981: 33). Satananda is said to have been a resident of 
PurusottamapurI (Puri in Orissa). According to Dikshit, the Bhiisvatfwas well 
known in North India (1981: 112); according to Pingree, it was popular. in 
North and Northeast India and in Nepal (1981: 35). We can therefore conclude 
that the astronomical system of the Ardharatrika school was well known in 
North India. 

Kalacakra Buddhism was also popular in East India at one time. The History 
of Buddhism in India (AD 1608), written by a famous Tibetan scholar, 
Taranatha, reads: 'Pito acarya brought the Kalacakra Tantra during the latter 
half of the life of Mahlpala, but he spread it during the period of this king 
(Mahapala).' (Translated by Lama Chimpa and Alaka Chattopadhyaya, 
1980: 289) 

MahlpaIa and Mahapala were the kings of the Pala dynasty of East India. 
As the astronomical system of the Ardharatrika school, which must be the 
basis of Kalacakra astronomy, was popular in East India also, the most 
probable place of the formation of Kalacakra astronomy must be East India. 

In sum, Kalacakra astronomy must have been based on the Ardharatrika 
school of Hindu Classical astronomy without the influence of Islamic and 
Chinese mathematical astronomy. It must have been formed in India, most 
probably in East India, where both the Ardharatrika school and Kalacakra 
Buddhism are known to have been popular. We should also recall that the 
South Indian reckoning of the 60-year cycle is used in Kalacakra astronomy 
along with the North Indian reckoning of the 60-year cycle. Therefore, 
Kalacakra astronomy must be a mixture of East and South Indian astronomy. 
It must have been formed in the 11th century AD, because it used 1027 as the 
initial year of the 60-year cycle. 

A BRIEF HISTORY OF THE DEVELOPMENT OF THE KALACAKRA ASTRONOMY 
IN TIBET 

There are several Tibetan texts on sKar-rtsis or Tibetan astronomy based on 
Kalacakra astronomy, and we hope future scholars will investigate these texts 
fully. I will only give a brief history of its development.19 

The Kalacakra calendar has been used in Tibet from about the 12th century 
AD. In the early years, Tibetan astronomical works were written by two 
scholars of the Sa-skya sect of Tibetan Buddhism, Grags-pa-rgyal-mtshan 
(1147-1216) and 'Phags-pa (1235-1280).20 

In the 14th century, Bu-ston Rin-chen-grub (1290-1364) composed a compre
hensive treatise on Kalacakra astronomy entitled mKhas-pa-dga'-byed (1326) 
(Ohashi, 1984, 1986 and 1997c). Also in the 14th century, Rail-byuil-rdo-rje 
(1284-1339) composed the rTsis kyi bstan-bcos kun las btus-pa'i rtogs-pa (1318) 
(Schuh, 1973: 34-36). I regret that I have not seen this text. 

In the 15th century, lHun-grub-rgya-mtsho composed the Pad-dkar-ial-lun 
(1447),21 and his system was developed as the Phug school. The most famous 
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work of the Phug school is the Vai4iirya-dkar-po (1683) of Sans-rgyas-rgya
mtsho, who was the regent of the fifth Dalai Lama. Another famous work of 
this school is the Nin-byed-snan-ba (1714) of DharmasrI (= Chos-dpal). In 
1827, Phyag-mdzod-gsun-rab wrote the Rigs-ldan-sfiin-thig, which is based on 
the Vai4iirya-dkar-po and the Nin-byed-snan-ba. In 1916, mKhyen-rab-nor-bu 
built a college called sMan-rtsis-khan (House of Medicine and Astronomy) in 
Lhasa under the thirteenth Dalai Lama (Rechung, 1973: 22-25). mKhyen-rab
nor-bu reedited the Rigs-ldan-sfiin-thig in 1927, and it is the basis of the calendar 
edited in the sMan-rtsis-khan.22 In 1987, a Chinese Tibetologist, Huang 
Mingxin and a Chinese historian of astronomy, Chen Jiujin, published the 
original Tibetan text of the Rigs-ldan-sfiin-thig with a Chinese translation and 
detailed astronomical commentary. This is a very good introduction to Tibetan 
astronomy. 

There is another school called mTshur-phu, whose most influential text is 
the IV er-mkho-bum-bzan (1732) of Karma Nes-legs-bstan-'dzin. It is said that 
the astronomical system of the mTshur-phu school originated in the work of 
Ran-byun-rdo-rje. The Phug school and the mTshur-phu school are the main 
schools of Tibetan astronomy in modern Tibet. 

Kalacakra astronomy is also followed in Mongolia. Traditional Mongolian 
astronomy basically follows the dGe-ldan-rtsis-gsar (1747) of Sum-pa
mkhan-po (1702-1774), a famous Tibetan Buddhist scholar. At present, the 
Mongolian traditional almanac is edited by Dr. Terbish Lhasran of Mongolian 
State University and published yearly.23 

Kalacakra astronomy is also followed in Bhutan. According to Yo shiro 
Imaeda, the calendrical system on which the official calendar of Bhutan is 
based was established by Padma-dkar-po (1527-1592) of the 'Brug-pa sect of 
Tibetan Buddhism and followed by his disciple, IHa-dban-blo-gros 
(1549/50-1632). It was introduced into Bhutan by Zabs-drun Nag-dban-rnam
rgyal (1594-1651) (Imaeda, 1984). I have not seen the work of Padma
dkar-po,24 but have seen the works of IHa-dban-blo-gros (Suresamati) and 
Lo-chen Nag-dban-dpal-Idan-bzan-po published by the National Library of 
Bhutan. It appears that the most fundamental text of this system is the gDan
dus-thun-mon gi rtsis-gzi oflHa-dban-blo-gros. At present, the Bhutanese tradi
tional almanac is published yearly by the Council for Ecclesiastical Affairs, 
Punakha and Thimphu, Bhutan.25 

Lastly, mention may be made of the rGya-rtsis, which is not based on 
Kalacakra astronomy but on the Chinese Shixian calendar. The Shixian calen
dar is the last luni-solar calendar in China, and was officially used from 1645. 
This is a luni-solar calendar in Chinese traditional style, but certain elements 
of European astronomy based on the system of Tycho Brahe, introduced by 
Jesuits such as Adam Schall, have been adopted. The Chinese treatise on this 
astronomical system Xiyang xinfa suanshu (1669) was first translated into 
Mongolian and published in 1711, and then translated into Tibetan from the 
Mongolian version and published in 1715. After this, some more practical 
works on this system were written in Tibetan, and the method to predict solar 
and lunar eclipses according to this system is now used in the Tibetan tradi-
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tional almanac of sMan-rtsis-khail, although the almanac of sMan-rtsis-khail 
basically follows Kalacakra astronomy. This rGya-rtsis was studied by Huang 
Mingxin and Chen Jiujin in detail in 1987. 

Tibetan traditional astronomers are still active. A comprehensive treatise on 
Tibetan astronomy in five large volumes was recently edited by Byams-pa
'phrin-las (1998). 

AN OUTLINE OF TIBETAN KALACAKRA ASTRONOMY 

I would like to present a rough outline of Tibetan Kalacakra astronomy and 
the astronomical meaning of Tibetan astronomical terms. 

The Tibetan Kalacakra calendar is a luni-solar calendar, with two intercalary 
months for 65 ordinary months. One year is a sidereal year just like in the 
Hindu traditional luni-solar calendar. One month is a synodic month which 
ends with the new moon. 

There are three kinds of days. A fiin-iag is a civil day measured from sunrise 
to sunrise. A tshes-iag, which corresponds to the Sanskrit tithi, is a 30th part 
of a synodic month, during which the longitudinal distance between the sun 
and moon changes by 12°. A khyim-iag is a 360th part of a sidereal year. One 
day is divided into 60 chu-tshod, one chu-tshod is divided into 60 chu-srali, and 
one chu-srali is divided into 6 dbugs. 

The ecliptic is divided into 12 khyim or zodiacal signs, and also into 27 rgyu
skar or lunar mansions. One rgyu-skar is divided into 60 chu-tshod, one chu
tshod into 60 chu-srali, and one chu-srali into 6 dbugs. As Kalacakra astronomy 
is based on Hindu Classical astronomy, the ecliptical coordinates are fixed at 
their position on the celestial sphere in the 6th century AD or so and do not 
shift by precession. Therefore, one revolution of the sun on these coordinates 
is the same as one sidereal year. This method is the same as that of the Hindu 
traditional calendar. 

The orbital period of a heavenly body is called dkyil-'khor, and its mean 
daily motion is called rtag-pa'i-lons-spyod. 

As regards the position of planets, their mean motion is calculated first, then 
the dal-ba'i-las or operation of the equation of centre and the myur-ba'i-las or 
operation of the epicyclic correction are applied. In the case of the sun, only 
the dal-ba'i-las is applied; in the case of the moon, only the myur-ba'i-las. It 
may be that as the movement of the lunar apogee is rapid, the correction of 
the lunar inequality was considered to be the epicyclic correction rather than 
the equation of centre or the eccentric correction. An anomalistic month is 
roughly considered to be 28 tshes-iag first, and a correction is applied to the 
length of each tshes-iag. Then a special correction is applied so as to diminish 
the period of the anomalistic month, because the period of 28 tshes-iag is a 
little longer than the actual anomalistic month. 

In the case of the dal-ba'i-las, the amount of the correction is given by dal
rkan (slow step) for each khyim. The dal-rkali is the difference between the mean 
motion and true motion of the sun or planet during one khyim's movement of 
the mean sun or planet in terms of chu-tshod. The ecliptic is divided into two 
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parts: the rim-pa, from the apogee to the perigee, and the rim-min, from the 
perigee to the apogee. Each half is subdivided into the sna-rkan and the 
phyi-rkan. 

In the case of five planets, the myur-ba'i-las is further applied. The five planets 
are divided into two groups: the ii-ba'i-gza', which correspond to the inner 
planets, and the drag-gza', which correspond to the outer planets. The ii-ba'i
gza' includes lhag-pa (Mercury) and pa-sans (Venus). The drag-gza includes 
mig-dmar (Mars), phur-bu (Jupiter), and spen-pa (Saturn). The epicyclic model 
of planets is shown in Figure 8. In the figure, A is the earth, B the centre of 
the epicycle which is on the deferent, C the planet on the epicycle, and Y the 
direction of the first point of Aries. 

In the case of the inner planets, B in Figure 8 is the mean sun corrected by 
the planet's equation of centre, and D the direction of the true sun. The motion 
of the planet on the epicycle is called myur-rkan-'dzin (parameter of fast step), 
and the amount of its motion corresponds to L CBY in the figure. The daily 
motion of the myur-rkan-'dzin minus the true daily motion of the sun is the 
daily motion of the rkan-'dzin (parameter of step), and the amount of its motion 
corresponds to L CBD in the figure. The rkan-'dzin is used to count the steps 
of epicyclic correction. The period of 60 chu-tshod's change of the rkan-'dzin is 
considered to be one step, and there are 27 steps (or more exactly two sets of 
13 steps and a half step) in one cycle. The amount of the epicyclic correction 

, , , , , 
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A -------- --------~~ 
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Figure 8 Epicyclic model of the planets 
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is given by the myur-rkan (fast step) for each step. The myur-rkan is the amount 
of the epicyclic correction during one step in terms of chu-tshod. This correction 
is applied to the movement of the mean planet (= mean sun) corrected by the 
planet's equation of centre (point B in the figure), and the movement of the 
true planet (C in the figure) is obtained. 

In the case of the outer planets, B in Figure 8 is the mean planet corrected 
by its equation of centre, and D is the same direction. The angle CBY corres
ponds to the amount of the mean motion of the sun. Here, the mean daily 
motion of the sun minus the daily motion of the mean planet corrected by its 
equation of centre is the daily motion of the rkan-'dzin, and the amount of its 
motion corresponds to L CBD in the figure. For each step, the myur-rkan is 
given, and the epicyclic correction is calculated. This correction is applied to 
the movement of the mean planet corrected by its equation of centre (B in the 
figure), and the movement of the true planet (C in the figure) is obtained. 

As regards the solar and lunar eclipses, which are called gza'-'dzin, the sgra
gcan, which corresponds to riihu in Sanskrit, and the dus-me are used. The 
sgra-gcan and dus-me are the ascending and descending nodes of the lunar 
orbit respectively. When the new or full moon occurs around them, the eclipse 
is predicted. I illustrated this in Figure 9. (It should be noted that Figures 8 
and 9 are my teaching drawings and are not necessarily the same as images 
used by Tibetan people.) 

* * * 
To conclude, Kalacakra astronomy began in the 11th century AD in India, 
most probably in East India. It must have been based on the Ardharatrika 
school of Hindu Classical astronomy which was popular in East India at that 
time, and the epoch of the original work on which it is based might have been 
AD 806. The sixty-year cycle used in Kalacakra astronomy is a South Indian 
reckoning, and AD 1027 is used as the initial year. However, the information 
about the Hijra, based on North Indian reckoning, must have wrongly been 
incorporated there, and produced a two years' error for the year of the Hijra. 
Kalacakra astronomy can be said to be a mixture of East and South Indian 
astronomy. Kalacakra astronomy was introduced into Tibet, and followed in 
Tibet, Mongolia, Bhutan, etc. up to the present. There are some different 
schools of Kalacakra astronomy in these places. 

NOTES 

1 For a brief history of Indian astronomy, see Ohashi, 1997b and 1998. For more detailed discussion, 
see Ohashi, 1993, 1994 and 1997a. 
20ne of the best publications on Vediirigajyotisa is Sastry, 1984. 
3 Peking edition, no. 1027. 
4 Peking edition, no. 5815. 
5For some information on this period, see Ohashi, 1994. 
6For the introduction of the astrolabe into India see Ohashi, 1997a. 
7The Sanskrit text of the Kiicakratantra was published by Raghu Vira and Lokesh Chandra (1966) 
and Banerjee (1985). The first includes Tibetan and Mongolian translations. For the Kiicakratantra, 
also see Newman (1987 b), and Hoffmann (1964) and (1969). 
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8 Tibetan Tripitaka, Peking ed., vol. I, no.4. 
9The Sanskrit text of the Vimalaprabhii was published by Upadhyaya, 1986 and Samdhong 
Rinpoche, 1994. 
IOTibetan Tripitaka, Peking ed., vol.46, nO.2064. 
11 Tibetan Tripitaka, Peking ed., vo1.47, no.2098. 
121 have used the data in Tuckerman, 1964. 
13Taisho ed., vo1.21, no.1308. Also see Yano, 1986. 
14For the Indian 6O-year cycle, see Cunningham, 1883:18-25; Kielhorn, 1889; and Sewell and 
Dikshit, 1896:32-37. 
1STogano, 1989: 696. This is a posthumous publication, and the original manuscript was written in 
ca. 1944. 
16See Hoffmann, 1973, and Newman, 1987 a: 93. 
17For the details ofIslamic astronomy, see Kennedy, 1956. 
18 For a summary of the schools of Hindu astronomy, see Pingree, 1978 band 1981. 
19For information on the Tibetan calendar and astronomy, see Pelliot, 1913; Laufer, 1913 and1914; 
von Stat!I-Holstein, 1935-36; Sakai, 1938; Vogel, 1964; Petri, 1968; Yamaguchi, 1973; Schuh, 1973; 
Tshul-khrims-chos-sbyor, 1983; Ohashi, 1984, 1986, and 1997c; Huang and Chen, 1987; Huang, 
1994; and Dagthon, 1995. 
2°The work of Grags-pa-rgyal-mtshan is in the Sa-skya-pa'i-bka'-'bum (1968), vol. 4, no. 130, and 
the works of'Phags-pa are in ibid. vol. 7, nos. 284-294. 
21 I have never come across a modern publication. I have seen microfilm preserved in the collection 
of Tibetan works in the Department of Letters, Tokyo University. 
22The original sMan- rtsis-khail is in Lhasa. Another sMan- rtsis-khail (Tibetan Medical and 
Astrological Institute) was built by Tibetan refugees in Dharamsala, India, under the fourteenth 
Dalai Lama. 
231 am grateful to Dr. Terbish Lhasran who kindly sent his almanac to me. 
24For the astronomical work of Padma-dkar-po, see Schuh, 1973: 36-37. 
2sI am grateful to Mr. Masahito Nishiwaki, who provided me with a partial copy of a Bhutanese 
traditional almanac for the year 1992. 
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INDO-MALAY ASTRONOMY 

The southern sky over the Indonesian archipelagos first received attention by 
a European through the publication of a star catalogue in 1605 by the Dutch 
explorer Frederick de Houtman. He was the brother of Cornelis de Houtman, 
who later became a high official in the Dutch East Indies Company and the 
Governor of the islands of Maluku (Moluccas). The voyage of de Houtman 
was known as the eerste schipvaart (the first voyage). 

In fact when de Houtman and his armada arrived on the shore of Aceh in 
the late 16th century, the northern-most part of present-day Indonesia, seafarers 
and farmers since time immemorial already had knowledge of the stars in the 
Indonesian archipelago. The main purpose of the practice of stargazing was to 
construct a calendar system with which agricultural activities could be orga
nized and religious ceremonies conducted. Inter-insular voyages also required 
knowledge of the sky which served as a celestial compass (Ammarell, 1998). 
Gomperts (1998,1999) wrote an interesting account of the Sanskrit mathemati
cal and astral sciences in ancient Java. He convincingly showed that traditional 
Indian mathematical astronomy found its way to the island of Java in the 
period of 700-1100 AD. It flourished there and was brought to Bali during the 
last era of the Hindu kingdom Majapahit in east Java during the 14th century. 
In Bali it survived and formed the basic means of calendrical reckoning of that 
predominantly Hindu society (Sukarsa, 1998). 

Maass ( 1924) compiled accounts of such astronomical practices amongst the 
natives of the Indonesian archipelago. He showed that knowledge of the starry 
sky and its constellations was common in many ethnic groups. Almost invaria
bly the constellation of Orion, which was called waluku, the plough, was used 
to determine the mongso (season). When it was invisible, work in the paddy 
field ceased, and its morning rise indicated the beginning of the agricultural 
year (Pannekoek, 1961: 20). The Plough was not only symbolic for agricultural 
communities in the region, but also because of its distinct, easily recognizable 
grouping of bright stars whose diurnal motion passes the zenith for all people 
in the area. This was the basic geometry of the sky within the Indo-Malay 
regions. On the island of Java the use of the constellation resulted in the 
so-called Orion-year. 
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Toward the middle of the last century the ruler of the Kingdom of Surakarta, 
in Central Java, realized the importance of empirical procedures in devising a 
calendar and instituted a study of the heavenly phenomena related to the 
agricultural year. In 1855, because of the efforts of Sri Susuhunan Paku Buwono 
VII and his court astronomers, the pranotomongso (season keeper) was created 
and published. Daldjoeni (1971) and later Thiel (1974) agreed that this effort 
by the Susuhunan was the first systematic account of the calendrical system 
based on empirical observations of the celestial and climatological cycles. 
Daldjoeni and Hidayat (1986) showed that the system of pranotomongso 
functioned well as a practical guide for agricultural activities for rural peasants 
in Central Java. It fitted nicely with the bioclimatological conditions in the 
southern part of central Java and served a sociocultural need. The root of the 
system can be traced back to the Mataram Kingdom which flourished in 9th 
century Java. Unfortunately, because of changes in the physical environment 
related to urbanization and other problems of modernization, the climate and 
the quality of the solar radiation received on the surface of the soil have 
changed. Thus, for example, the cycles of planting of the main crops (corn and 
rice) can not be predicted only on the basis of the sun's position. In the 19th 
century the formation of dews on certain plants could be used as an indication 
of the change of water content in the atmosphere. It signified the arrival of the 
rainy season. 

In the eleventh month of the pranotomongso, Desta, which was due to begin 
on April 19 in the solar calendar, Sotya sinorawadi appeared. Translated literally 
it means 'jewels reveal themselves', which corresponds to the appearance of 
water droplets on leaves in the dawn because of the change of humidity and 
temperature. The night sky was characterised by the banyak angrem, the hatch
ing swan. This is the dark patch, the Coal Sack in astronomical nomenclature, 
to the east of the constellation Crux (Southern Cross); it is very distinct against 
the continuum of starlight of the Milky Way. It is known in astronomy as the 
site of dense, almost opaque interstellar matter. While one can still see the 
Coal Sack in April, the formation of dew at dawn in large cities has disappeared 
due to environmental changes. The glare of city lights may also make the 
feature pale beyond recognition. Therefore, in present-day Java, it is next to 
impossible to correlate natural earthly and celestial phenomena to use the 
cyclic rhythm of nature for an agricultural guide. This lack of correlation holds 
true, for example, for the first month of pranotomongso, Kasa. Kasa, also 
called Kartika, which was due to begin on June 22 in the tropical calendar 
reckoning. While the night sky was usually clear, adorned with the banyak 
angrem (the Southern Coal Sack), and the gubug penceng (Crux), the particular 
display was hujan bintang (falling stars). The falling stars may be associated 
with the meteor showers Eta and Delta Aquarid. The warmth of the month 
stimulated the flowering of the kapok (kind of cotton) trees. Those phenomena 
told farmers to begin to plant dry crops such as corn, cassava, and cotton. 
With the advent of modern technology which includes weather forecasting, 
new types of rice seeds, the use of fertilizer, and the disappearance of many 
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biotic species, traditional practices such as those described above are becoming 
redundant. 

Other sophisticated time-reckoning devices and direction finders using the 
stars were in full operation in other ethnic groups in the country. These were 
originally developed and driven by the needs of inter-insular voyages, as in the 
case of the Buginese (Ammarell, 1997), by the Hindu worldview and by Islamic 
teaching. The teaching requires knowing the exact direction of the Holy City 
(Mecca, in Saudi Arabia) and the qibla, which Muslims face during their 
prayers. It also required exact determination and knowledge of the daily 
positions of the sun and the moon for religious purposes. Ilyas (1994) explained 
the importance of the lunar calendar in human civilization not only for the 
Indo-Malay regions, but also in many other part of the world. The appearance 
of the new moon is critical for determining the beginning and the end of the 
holy month of Ramadan, during which Muslims are required to abstain from 
taking food during the day and can only have their first meal after the sun has 
set. The determination of the rising and setting of the sun and moon is therefore 
very crucial. 

For a country whose area is not extended in the east-west direction, the 
problem of observing the new moon after sunset is rather simple, but it poses 
occasionally serious situations for a country covering several time zones, as in 
the case of Indonesia. The people at the west end of Indonesia, 3 hours away 
from their compatriots living at the east end, might be able to see the new 
moon - very thin and pale and big as the korma (dates) - leave, while those at 
the east could not see it. In the past this kind of situation did not cause 
disputes, as local religious authorities judged when the Ramadan began or 
ended. Now, if the central government serves as the authoritative decision 
maker the situation becomes very different. Unity of the Ummat (the followers) 
should be preserved in such a way that there should be no controversial issues 
decreed by the central government. Ilyas stressed the need of modern astronomy 
for sighting the new moon. Various methods to predict the positions and times 
of the new moon had in the past been refined in the Indo-Malay regions. The 
main difficulty has been, and still is, relying on observation, because of the 
prevalent cloud cover in the maritime continent. The situation becomes less 
difficult when Ramadan, being based on the synodic phases of the moon, 
coincides with the dry season, during which time the observation of the new 
moon poses no serious problem. On the other hand, serious difficulty might 
arise if Ramadan shifts into the rainy season as clouds may prevent people 
from sighting the thin, faint new moon. 

Based on experiences accumulated through the ages, the Indo-Malay cosmo
logical view was born. The pranotomongso can be cited as an example, fitted 
within the traditional Indo-Malay cosmology, which was dominated by the 
view of a fundamental unity of the cosmos. While the essence of pranotomongso 
is a tropical year of 365 days, its division into 12 mongso (months) of unequal 
lengths reflects the view that the undisturbed cosmos must have a bearing on 
one's existence. Cosmic unity creates an interdependence of the inner self with 
all that is external. The division of seasons is in harmony with the bio-
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climatological and sociocultural aspects of agriculture in Central Java, and it 
has been practiced to serve local needs. 

Daldjoeni (l984) believed that the pranotomongso, which encompassed the 
cosmological, meteorological and bioclimatological aspects of the cyclic season, 
influenced the life of the peasant farmers and linked them to their environment. 
Danasasmitha and Djatisunda (1986) explained the use ofpranotomongso for 
the Kenekes society in West Java. Here they recognized 10 regular agricultural 
months and 2 additional months to match with the tropical cycles. The 2 
additional months were inserted because some asterisms (i.e. the Plough) disap
pear from sight during their conjunction and near conjunction with the sun. 
In Kenekes society, the rice planting began with the appearance of the Kidang 
(deer), which in other areas is called Waluku or the Plough, at night. The 
reason Orion was named 'deer' was explained by the fact during these months 
(around September) the deer roamed around the Kenekes woods. At present 
the deer population is, unfortunately, approaching zero, so that the farmers 
rely for their timekeeping on the solar calendar and weather forecasting. 
Radiman (l986) argued that in West Java there were actually three versions 
of pranotomongso practiced in the old kingdom of Galuh (West Java, ca. 8th 
century AD). While the first two versions consisted of 12 unequal lengths of 
seasons they were tied to local climatological conditions. The third, and the 
latest, was prepared apparently to tie the agricultural season with astronomical 
phenomena such as the appearances of stars at dawn and at dusk. As every
where else, the concept of heliacal rising and setting of groups of stars, in 
particular Orion's Belt, was widely used for time reckoning. Radiman stated 
that the third version contained more astronomical elements. 

Despite the changes in the natural phenomena which could be used to keep 
the time, it is gratifying to learn that Iragashi (1987) noted that in the upland 
Sundanese villages the farmers still tie their day-to-day life to the celestial 
cycles. Here in the upland fields (usually over 700 meters above sea level) they 
observed natural indicators to know when to plant their non-wet crops such 
as tobacco, maize, and beans. Climatological parameters such as rainfall fre
quency, moisture and wind direction are correlated with phenological changes 
in wild flora and other biota. These are tied into the celestial procession of 
heliacal rising and culmination of the bentang kereti (Pleaides); Waluku, the 
plough, Orion and bentang langlayangan (the Kites, Crux or Southern Cross). 
Further he observed that by identifying all these as their guides they would 
achieve the best timing for crucial agricultural operations such as sowing and 
planting. His study demonstrates the persistence of traditional pranotomongso. 
By comparing the use of stars or star clusters in the Nusantara (another part 
of the Indo-Malay region) for time reckoning, Iragashi (1987) showed that 
beside the three asterisms already mentioned other ethnic groups also employed 
Antares (Alpha Scorpio) for a time marker. In Aceh, Antares' heliacal rising 
and setting played very important roles in the dating of seasons. 

However, one has to remember that unadjusted timing of a star's heliacal 
rising or setting may give rise to errors in predicting the beginnings of seasons. 
An adjustment for geographic latitudes would only produce minor corrections 
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in the time of the annual rising or setting of a particular object, due to the 
relatively confined geographic latitudes of the Indo-Malay regions. But 
the gradual shift of the solar year owing to planetary precession has to be 
taken into account to achieve the best prediction. Ammarell (1988) showed 
that the culmination of the Pleiades and Orion was used for different epochs. 
The Pleaides culminated on 10 January, 20 January, and 26 January respectively 
in the year AD 700, 1400 and 1850. Orion reached the culmination on the 
same dates for the same epochs. By using similar parallels, one could actually 
retrace when an astronomical event coincided with the designated season. It 
shows that the pranotomongso was developed at the latest in the year 700 AD. 

To evaluate the scientific attainment of the people in the Indo-Malay regions 
one has to decide whether there was real scientific curiosity by attempting to 
determine their scientific methodology. Was there any attempt to correlate the 
natural phenomena with any physical outlook? Physical explanations of the 
phenomena were neglected, as they were considered redundant in the traditional 
scheme of thinking. This kind of attitude has deprived the people of the driving 
force to understand the meteorological paradigms fully in a Western scientific 
way. Hence the theoretical foundation of the sciences of meteorology and 
climatology in the region was not pursued, and the heavenly phenomena were 
regarded instead as news bearers for mankind. 

Despite the body of accumulated knowledge, Aveni (1981) noted that there 
existed a significant gap in the archeo- and ethno-astronomical records between 
the Indian mainland and Oceania. As early as 1922, van Hien had already 
compiled data on various ethnic activities in the field of astronomy. Later, van 
den Bosch (1980) and Ammarell (1985, 1986) through their diligent literature 
searches, interviews, and field studies, tried to fill in the gaps. Using archeoastro
nomical evidence, Ammarell defined certain common denominators with 
respect to cosmology that appeared among the many cultures which fall into 
the Indo-Malay sphere. The revelation of richer and more diverse astronomical 
traditions proved to be an interesting area of study which still has to be 
systematically investigated. Ammarell showed that astronomical techniques 
were uniquely suited to both the socio-political and ecological environments 
within which members of a society lived their lives. One solid piece of evidence 
for this is the fact that indigenous astronomical systems in tropical cultures 
were centered on a reference system consisting of the zenith and nadir as poles 
and the horizon as a fundamental plane. Use of the heliacal culmination of 
stars or groups of stars as time markers was another aspect which was part of 
the reference system. Soebardi (1960) and later Iragashi (1996) described the 
astronomical knowledge needed for establishing calendrical systems. According 
to Iragashi, there are 4 cases in which a star or a star cluster is used to mark 
the calendrical reckoning. During their heliacal or acronychal risings, Antares 
and the Pleiades are invariably employed for that purpose. On almost all 
occasions, there was no strict choice with regard to the cases, as it was more 
convenient to employ combinations of them. Antares, the brightest star in Kala 
(Scorpio), due to its red color, was usually adopted as the 'eye of a young man' 
suffering from trachoma. The Pleiades were called the seven sisters, as there 
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are seven bright stars visible in the cluster. Both objects can easily be recognized 
from the Indo-Malay regions as they are practically overhead during their 
culmination. Krittika is the name for the Pleaides in Bali (Indonesia) and in 
other Hindu-influenced societies. The transliteration of Krittika in present 
Indonesia is Kartika, and it is widely used to denote noble acts or adopted for 
a girl's name. 

MYTH AND COSMOLOGICAL VIEWS 

In 1981 Aveni cautioned, 'Often in our age we tend to view and judge the 
cosmology of other civilizations through our own eyes. The comparative studies 
of astronomical systems demonstrated that ancient man's view of the universe 
is best considered in the context of his cultural values and environmental 
background.' The Indo-Malay cosmology serves as an example of this notion, 
as it was a workable set of rules and regulations for the people in a particular 
cultural setting. Gomperts (1998) indicated that the Sanskrit astronomy text 
(jyoti~a) brought over from the present Southeast Asian region received only 
very slight modifications. This shows that more than adoption was actually 
needed to develop science in the new environment. To adapt the paradigm of 
science one needed not only acceptance, but also a very critical look at mathe
matical elaboration and the physical background. 

The absence of symbols related to the sun as the source of life is rather 
striking. There were also no festivals dedicated to sun worship. This can be 
partly explained by the fact that, as seen from all over the archipelagos, the 
sun is present at practically the same position all the year round. However, 
eclipses of the sun and moon have been the subjects of religious interests. In 
Islamic teachings the eclipses were, and still are, regarded as evidence of the 
greatness of God's ability to regulate and govern the path of the heavenly 
bodies; therefore eclipses were regarded as indications of divine guidance. The 
two heavenly bodies were not regarded as deities. Curiously enough, eclipses 
had never been interpreted as bad omens for mankind. In fact they were only 
viewed as competition between good and bad characters, with the good as the 
ultimate winner as signified by the reappearance of the eclipsed body. In almost 
all regional traditions the art of eclipse prediction had reached sufficient sophis
tication and was reliably accurate. The art was derived from both the Hindu 
mathematical tradition and Islamic numerical calculation. Gomperts (1998) 
showed an example of this. One of the chiefs in the Lingga and Riau islands, 
Teuku Haji Ahmad, was able to predict not only the time of the solar eclipse 
on July 8, 1861 but also the percentage of the obscuration of sun's disk. 
Ojambek (1979) explained that the Ulama (wise men in Islamic traditions) in 
West Sumatra were experts on such calculation. During the total solar eclipse 
in 1983 when the path of totality passed most of Java, the Muhammadiyah 
group in Yogyakarta predicted the timing of the eclipse with great accuracy 
with the help of the old manuscript left to them by earlier generations. 

In old Javanese and Balinese mythology the eclipses were explained in terms 
of the action of the demon Kala Rahu who wanted to take revenge on Wisnu. 
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The unfortunate character, Rahu, stole the toya amarta, the holy water that 
gives immortality. Wisnu, the wisdom keeper, who saw the ungallant deed, 
punished Rahu by cutting off his head. In revenge, Kala Rahu has kept trying 
to swallow the sun or the moon. In so doing, eclipses occur. The terrified 
people, not knowing what had happened, beat drums and gongs to frighten 
the bodiless head of Kala Rahu, resulting in the reappearance of the eclipsed 
body. 

On the contrary, the appearance of lintang kemukus (comet, literally: hairy 
stars) and lintang tiban (meteors = falling stars), were always thought of as bad 
omens from heaven. In 1970 the present author received many inquiries about 
the appearance of Comet West simply because the traditional people wanted 
to know whether the appearance of the comet signified the passing away of 
the first President of the Republic of Indonesia, Soekarno. They also believed 
that bloodshed caused by the coup d'etat in September 1965 was forewarned 
by the magnificent red-looking Comet Ikeya-Seki. 

Searching the literature for any information regarding the people's perception 
of short-lived phenomena in the sky has, unfortunately, failed to uncover a 
complete picture. The ancient Javanese, who undoubtedly were aware of the 
night-sky phenomena, must have recognized any spectacular temporary change 
in their sky or constellations. In an agricultural society, the keeping of time 
using stars should have been an essential element in their day-to-day affairs. 
The fact that a calendrical system existed and flourished at that time testifies 
to this assertion. However the nova of 1006 (Clark and Stephenson, 1984: 114), 
in the constellation Centaurus, which shone in the firmament for many days 
and possibly for months, seemed to have escaped their attention. These extraor
dinary phenomena should have appeared in the sky above the Indo-Malay 
regions and could have been seen by anyone. Unlike the Jewish and Chinese 
chronicles which recorded the phenomena, there is no mention of them in 
Javanese chronicles. Natural processes such as high humidity might have 
accidentally destroyed the record. However, it is not impossible that the reports 
were hidden somewhere by the court astronomers, because the phenomena 
were regarded as forewarnings of the fate of the ruler. It would have been more 
logical to expect that such a record existed. 

To search for coincidence of events it is tempting to relate an important 
social movement that took place around the time of the supernova appearance. 
The Hindu kingdom of Mataram, in Central Java, moved to East Java around 
the year of the supernova .. It then flourished there until about 200 years later. 
Why the ruler of Mataram moved and established a new capital some 300 km 
away has never been fully explained. Geologists expounded a view that the 
eruption of the sacred Mount Merapi, several tens of kilometers away north 
of the capitol, was prime cause of the movement. There was no indication that 
any natural disaster occurred in that period. Famine could be easily dismissed 
as the prime cause of the movement in view of the fertile soil of the region. 
Could it be that court astronomers of that time interpreted the appearance of 
the nova as a bad sign for the welfare of the kingdom and made the great 
decision to leave the site in Central Java? 
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Leaders of the community were expected to serve also as spiritual leaders 
who should know in advance what was going to happen through divine wisdom 
or messages sent from God. Therefore it is reasonable if they were expected 
also to be aware of the sky phenomena, as this would equip them with advance 
information which in turn would create a better and wiser image for the rulers 
in the eyes of their subjects. On the other hand there is still a question of 
whether the absence of any chronicle relating to the nova or other transient 
phenomena can be interpreted as a signature of disinterest in the night sky. In 
view of the fact that the people in the archipelagos had always paid attention 
to heavenly phenomena for navigation and timekeeping, this explanation seems 
implausible. Empirically-based agricultural and religious rites, which responded 
to the sociocultural needs of that time, show that the ancient Indo-Malays 
were aware of natural phenomena. Perhaps, as a conjecture, the absence of 
any chronicle about transient phenomena might lie in the absence of curiosity 
for observational science. 

THE FIRST VOYAGE 

It is beyond the scope of this account to describe in detail the practice of 
calendrical astronomy in the ancient Indo-Malay region. The short passage 
above shows that an awareness of the interrelationship between the cyclic 
phenomena in the sky and day-to-day events existed in Indonesia a long time 
ago. If the treatises on pranotomongso are primarily provincial, the catalogue 
of stars published earlier by Frederick de Houtman in 1603 formed the basis 
for naming many constellations in the southern sky. De Houtman listed 303 
stars and provided names for the major constellations. The names can be 
distinguished from ancient names of constellations as they are mainly derived 
from navigational tools such as the telescope. The southern sky was thus 
brought to the attention of European astronomers. At the same time the 
indigenous population retained the names derived from their mythology, such 
as Bima Sakti for the Sagittarius Cloud. Bimasakti is the heroic figure in the 
epic of Ramayana, and the Gubug Penceng (leaning hut) as a name for Crux 
are still widely used nowadays. Crux or the Southern Cross is recognized by 
sailors and travellers as its long main axis points directly to the south celestial 
pole. The position of the long axis with respect to the horizon also serves as 
the hour indicator from night to night. To the east of the Southern Cross there 
are two conspicuous bright stars, Alpha and Beta Centaurus. These two stars 
represented the sparking eyes of a maid who caters meals to her lover in the 
'leaning hut'. The two stars are called wulanjar ngirim (the catering maid). 

The power of imagination for fitting the world picture onto the sky, by using 
pattern recognition, must have been the basic scheme for the classification. 
This is common everywhere as can be seen from the fact that almost all western 
star groupings have exact counterparts in the Indo-Malay scheme. Naturally, 
one could not expect the same boundaries for every constellation as their 
imagination was dictated by their respective mythologies. In the old Jaina 
(Indian) calendar, Jain (1983) explained the graduation of heaven according 
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to an elaborate scheme. The calendar divides the whole stretch of heaven into 
54900 gagana khandas (celestial parts) which is equivalent to 360° of the modern 
celestial sphere. A measure for a sign of the zodiac is 30°, equivalent to 4575 
gagana khandas. The Indian division of the sky was correlated with the length 
of time in which the moon and the sun remain in certain parts of the zodiac. 
Although early Indian astronomy was transmitted to the Indo-Malay regions, 
the notation of star groupings in the region seemed to differ from the general 
rule. The Indo-Malay nomenclatures are confined to a smaller number of stars 
in smaller areas. 

There are abundant disputes about which Dutch man was the first to name 
the modern southern constellations. Knobel (1917) thought 'the whole cata
logue and the formation of the twelve new constellations must be attributed 
to Pieter Dirksz Keyzer, and not in any way to Frederick de Houtman.' Keyzer 
was a member ofthe expedition in the first voyage of 1596. Could this allegation 
be correct? If it were correct then one would have to wonder who had named 
the southern sky. Was it during the first voyage or during the second voyage 
of the Dutch East India Company? Although there were many ocean voyages 
carried out by the Spanish, Portuguese, Italians and others, Ellie Dekker (1984) 
proved convincingly that Frederick de Houtman deserves the credit for produc
ing the catalogue and the sky atlas. Not only was he responsible for the 
catalogue but it appears that his work was also in line with the scientific 
attitude of Dutch cartographers of that century. This, Dekker emphasized, was 
'instrumental in bringing about the general revival of scientific interest in the 
low countries of the 16th century onwards.' 

Looking back one comprehends that the act of reaching a far-away territory 
required competence in navigation. With it, new ethics and values flourished. 
The feeling of confidence and success became a great incentive for the develop
ment of science in the Netherlands. Even so, serious astronomy in the Dutch 
East Indies had to wait for Pastor Johan Mauritz Mohr, who studied theology 
at the University of Groningen and led the congregation of the Portuguese 
Church in the outskirts of Batavia (now Jakarta, the capitol of Indonesia) from 
1737 to 1775. He made many astronomical observations, the results of which 
were communicated to the Dutch Society for Sciences in Haarlem. His observa
tions included the two transits of Venus across the sun in the 1760s. Pastor 
Mohr also published his results in the Philosophical Transactions of the Royal 
Society, London. Unfortunately, after his death, scientific astronomy in 
Indonesia had to wait three generations before being taken up again in the 
second half of the 19th century. The street where an observatory was founded 
could still be located in Jakarta until the 1920s. The name was Gang Torong, 
a modification of the Dutch word toren, meaning 'tower' (Voiite, 1934). To 
digress, for the sake of comparison with a neighbouring country which was 
under more or less the same conditions, it may be interesting to compare the 
development of astronomy in India and in Indonesia. These two countries were 
dominated by the West in the age of western expansion from the 17th cen
tury onward. 

Ansari (1985: 20) indicated that first European telescope was available in 
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India as early as the 18th century, at the founding the Madras Observatory in 
1792. The East India Company asserted that, '... Astronomy has ever been 
acknowledged as the parent and nurse of navigation and it is doubtless from 
considerations of this nature that the honourable court have come to the 
resolution of thus affording their support to a science to which they are indebted 
for a rich and extensive empire,' The Jesuit contributions to observational 
astronomy in India had no parallel from other denominations in the Indo
Malay area. The observatory in Jakarta was founded by individuals in their 
leisure time rather than by an organization. 

The early and the middle parts of the last century witnessed many scientific 
activities in the then East Indies by the founding of scientific research centres 
or institutions. Notably close to scientific astronomy was the founding of the 
first magnetic and meteorological observatory at Batavia. By 1821 astronomical 
activities related to triangulation problems began. However it was not until 
the 1850s when astronomy really became a necessity. A new economic and 
social order demanded the exact location of sites on various parts of the 
archipelago. Although the scientific aspects oftriangulation cannot be separated 
from observational astronomy, there were difficulties in developing pure astro
nomical science in the second half of the 19th century. Astronomy persisted 
only through its application in geodetic astronomy. Dutch astronomers in the 
colony during that era found that practical knowledge and pure learning were 
striving to find a state of equilibrium. But it was also during this period that 
the basic improvements of the sea charts of the archipelago, based on astronom
ical observations, were made (Haasbroek, 1977). 

A STEP TOWARD MODERN ASTRONOMY 

The founding of the East Indies Physical Society in Jakarta around the turn 
of the century provided early publications about astronomy. Quite a number 
of contributions were reports of astronomical activities, written mainly by 
engineers in the Geographic Institute or by naval officers in charge of geographi
cal surveys. Only in 1919 did the idea of developing astronomy as part of the 
natural sciences find its ground in Indonesia. 

Western European countries had become the home of modern science during 
the 17th century. The Netherlands was one of the countries which took part 
in the scientific revolution, doing experiments and founding institutions of 
learning. All of these are considered attributes of what we now identify as the 
modern scientific enterprise. This country also enjoyed great economic progress 
due to the exploitation of her colony during the 18th century. Historians might 
argue against the simple correspondence between scientific ascendancy and 
economic prosperity, but many would agree that scientific institutions enjoyed 
material abundance to fuel their progress. What actually counted was the spirit 
and ethic of scientific thought as agents to propel academic life to attain a high 
level of competence. 

The episode outlined above was not unique to the Indonesian case or to 
astronomy. It portrayed the so-called Phase One and Phase Two in the Basalla 
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(1967) model of scientific diffusion. In this model Basalla treated science as a 
specific culture and the spread of science as the transmission of that culture 
through a process which moves from cultural dependence to independence. 
Phase One coincides with the era when the 'nonscientific' society or nation 
provides a source for European science. Here the word 'nonscientific' refers to 
the absence of modern western science as was shown in the early epoch of 
exploration in Indonesia. With varying speed, depending on the countries and 
the importance attached to a particular field of science, Phase One was soon 
followed by Phase Two, which is marked by a period of colonial science. A 
science like biology or zoology would understandably not only enter Phase 
One earlier than astronomy but would necessarily reach the second phase 
sooner. The Baconian principle was clearly heard by the Dutch colonists in 
Indonesia as well as British explorers in India and Australia (Kumar, 1995). 
Bacon counselled, ' ... look about (for) what kind of victual the country yields 
of itself' and then, 'consider ... what commodities the soil ... doth naturally 
yield, that they may in some way help to defray the charge of the plantation.' 
That explained part of the phenomena which were just described, namely the 
growth, the speed of progression and the execution of astronomy in the Dutch 
East Indies theater. 

Basalla categorized the third phase of his diffusions model as the phase 
where the process of transplantation takes place within a struggle to achieve 
an independent scientific tradition. Based on a different starting point, MacLeod 
( 1982) expounded the view of an 'imperialist model' in which he treats scientific 
culture as an aspect of political hegemony. In his model, science transmission 
is regarded as an implementation of imperial policy. The transplantation of 
astronomy to the tropical Dutch territory fitted the third phase of Basalla's 
concept, except during the interregnum period of the Japanese occupational 
force in 1942-1945. 

According to Hins (1950) three main events blended to give the impetus to 
found a powerful observatory in the southern hemisphere. The first was the 
need to open up the southern sky for astronomical research. This had been 
stimulated by the research of J.e. Kapteyn at Groningen in the mother country. 
During the first two decades of the 20th century Kapteyn had convincingly 
shown the importance of statistical astronomy in order to study the structure 
of the universe. His 1922 paper, 'First attempt at a theory of the arrangement 
and motion of the sidereal system,' reflected the culmination of his work. Here 
it was shown that the lack of understanding of the structure of our universe 
was partly hindered by the relatively small amount of information that could 
be gathered from the southern hemisphere. Up to that time a large number of 
observatories had been founded in the northern hemisphere; it was thus consid
ered necessary to have more southern stations with which modern astronomical 
observations could be pursued. 

The second reason was the enthusiasm of Voute, an Indonesian-born Dutch 
civil engineer-turned-astronomer. He was assistant at Capetown before his 
appointment to the Meteorological Office in Jakarta in charge of timekeeping. 
His interest in double-star astronomy was aroused when he became associated 
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with the Commission of Latitude Determination and when he was appointed 
observer at the Leiden Observatory. His stay of 6 years (1913-1919) at 
Capetown not only allowed him to get more insight into observational astron
omy, but also determined his outlook on the future. Upon his return to 
Indonesia he decided to follow a course which eventually led him to institute 
an astronomical observatory. 

Last but not least is Mr. K. A. R. Bosscha, then the administrator of a 
flourishing tea estate in Java. His was the most influential non-astronomical 
factor that helped to shape the idea of an astronomical observatory in the 
tropics and bring it to fruition. Bosscha had become a legendary figure in the 
scientific community in the colony (Hidayat, 1984) when VOllte approached 
him for help. Van der Hucht and T. H. Kerkhoven (1982) have given a complete 
account of K. A. R. Bosscha. Up to that time there was no contribution from 
the natives and the old traditional practices were left to the few who pursued 
their knowledge, either spirited by religious needs as in Bali (Sukarsa, 1998; 
Chatterjee, 1997), or simply because of isolation in remote areas untouched by 
modern communication. Astronomy in particular and the exact sciences in 
general were not part of the development program until the end of World War 
II. In the words of Gomperts (1998) the views ofthe colonial scientific establish
ment discouraged any serious interest in traditional mathematical astronomy. 
Nowadays we welcome the growth of many scientific institutions in the Indo
Malay regions. 

The development of astronomical science in Malaysia was described by 
Othman (1998,1999); Rieu (1998) told of the development of astronomy in 
Vietnam. Hidayat (1998) revealed the renaissance of the scientific attitude in 
the Indo-Malay regions. Astrophysics in Asia in general, and in the Indo
Malay regions in particular, has found its place in modern institutions. The 
descriptions by Hearnshaw (1987) provided a measure of the involvement of 
the natives in the region toward the development of scientific astronomy. At 
the same time the efforts by Nha and Stephenson (1997) and by Ansari and 
Dick (1998) to compile the past achievements and perceptions of the natives 
on astronomical phenomena are a welcome undertaking. 
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STEVEN L. RENSHAW AND SAORI IHARA 

A CULTURAL HISTORY OF ASTRONOMY IN JAPAN 

Japan's astronomical heritage, like so much of its history, is one of enigma. 
Navigationally remote in ancient times and perhaps somewhat still socially 
remote amidst modern urbanization, it is easy to perceive that there is some
thing unique and mysterious about what is 'Japanese'. Yet this island country 
is a mixture of eastern and western imports, and the social, political, and 
pragmatic processes related to such importation have origins dating back at 
least two millennia. One who actually visits the country may be somewhat 
overwhelmed by a large number of temples, shrines, and other architectural 
landmarks, some dating back many centuries, all reflecting an interaction of 
native socio-cultural systems with those derived from the Asian continent. Such 
a visitor may also be somewhat disappointed to find much of the nation's 
heritage engulfed by high rise buildings and the accompanying elements of 
industrialization, a factor which is also very much a part of modern Japan. 
Illumination from such industrialization is a thorn to every lover of the stars, 
from amateur to professional. Perhaps it is indeed the mixture of foreign 
imports with indigenous belief systems, a mixture more subtle than that of 
cultures such as the United States whose multi-ethnicity is so pronounced, that 
proves to be the most unique aspect of Japan. In order to understand the 
deeper significance of Japan's heritage with the sky, one must look beneath 
what appears on the surface. 

For many in the West, astronomy in Japan is generally connected to Japanese 
names attached to comets, asteroids and supernova discovered by one of her 
many amateur astronomers, to astronauts accompanying NASA missions, to 
space probes launched from Tanegashima island, or to the building of a huge 
telescope on Mauna Kea sporting the name of one of the most prominent 
asterisms of Japanese star lore, Subaru. Since this volume concerns the history 
of astronomies across cultures, our primary focus will be on what can be 
termed ethnoastronomical aspects of Japan's heritage with the sky. A complete 
review of issues related to this heritage is far beyond the bounds of a single 
article. We will concentrate primarily on the cultural relations with the stars 
that have developed over the centuries in Japan. To provide an overview as 
well as a basis for understanding what astronomy means to this land, we will 
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concern ourselves with: (1) the development (or perhaps non-development) of 
astronomy as a science in Japan, and (2) the significance of history, society, 
and politics and their relation to star lore, mythology, and other aspects of 
cultural astronomy. 

ASTRONOMY AS SCIENCE IN JAPAN: CHINESE AND WESTERN INFLUENCES 

Many professional and amateur astronomers in Japan have asked if the ancient 
Japanese were not interested in the stars. (e.g., see Yokoo, 1997). Such a 
question reflects the fact that compared with Western traditions, it is quite 
difficult to find early star mythology and records of scientific or pre-scientific 
development that compare with many other ancient cultures. Though the exact 
date is uncertain, writing was introduced relatively late to the Japanese islands 
(the system was based on Chinese characters), and thus there is very little 
written record of ancient views of astronomy earlier than the 7th or 8th century. 

In looking at the development of astronomy in Japan, Aveni's (1989) allusion 
to a kind of ethnocentrism inherent in viewing the history of astronomy only 
through the eyes of the modern West and its evolved science is echoed in 
reverse. The Meiji Reformation (1867-1868) with a de-emphasis on Buddhist 
traditions, followed by the post World War II rejection of the most meaningful 
aspects of indigenous Japanese mythology, left many in Japan with a sense 
that there is and always has been little which could be considered original in 
its own. On the other hand, the reader need only pick up any professional 
journal of astronomy to quickly find Japanese authors who are conducting 
research in astronomy using Western methodologies. Thus, to look at modern 
astronomy in Japan is not to look at any real cultural difference but instead 
to find an industrial country which is producing an increasing number of 
eminent Western trained scientists. The importance of understanding cultural 
context relative to astronomical knowledge has only recently been revived and 
is still not a subject for serious study in Japan. 

In his History of Japanese Astronomy, Shigeru Nakayama (1969) gives a very 
thorough account of the ways in which Chinese and later Western influences 
were imported into Japan throughout its history. In essence, it can be seen 
that Japanese astronomy was greatly conditioned and restricted by geographi
cal, historical, and cultural barriers, and its early phases were dominated by 
Chinese influence and later by the assimilation of Western ideas. It is doubtful 
that any scientific expansion of Japanese astronomy occurred prior to close 
contact with China or with China via Korea. Further, while the primary 
purpose of calendrical study in both the West and in China was to develop 
precise means of time reckoning, calendar development in Japan generally 
focused on divination and securing the position of rulers rather than trying to 
develop precise theoretical, cosmological, or observational methods designed 
to explain the workings of the universe. 

Nakayama's work is written in English and parallels the two-volume work 
on the history of astronomy in Japan written in Japanese by the esteemed 
scientist and historian Toshio Watanabe (1986, 1987). A view of most Western 
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discussions of the subject will lead the reader to conclude that little has changed 
in perception relative to Nakayama's assessment (See for example Sugimoto 
and Swain, 1989; Pannekoek, 1961; North, 1995; Ronan, 1996; Hashimoto, 
1997). While Aveni (1993) does emphasize more ethnographic and fewer ethno
centric viewpoints, he also tends to place Japan within the broader context of 
the 'rich Chinese heritage', and does not really deal with Japan's own astronomi
cal heritage. 

When the English scholar Basil Chamberlain was assessing the general state 
of affairs in Japan in his now classic Japanese Things (Tuttle edition, 1971), he 
indicated that even apart from any scientific originality, one would never find 
much creative lore composed in Japan relative to the stars. Viewing astronomy 
in Japan from only these perspectives, it is easy to get the impression that early 
and perhaps even later inhabitants of Japan never looked up, were never 
inspired by much in the sky, and patiently and/or eagerly waited for (or perhaps 
at times were even antagonistic toward) enlightenment from the Asian continent 
or later from the West, but nevertheless developed keen observational skills 
once such imports were implanted. 

It is certainly true that almost everything which can be viewed as scientific 
astronomy was imported from the Asian continent or from the West in more 
modern times, and if only that side is viewed, discussion of the history of 
astronomy in Japan could basically stop here. However, to discard the culture's 
relations with the sky by judging it only by its development of scientific concepts 
dismisses what is perhaps one of the most unique case studies in how indigenous 
native beliefs and accompanying views of the heavens were integrated with 
belief systems of other cultures. Such a pattern of coexistence has been paradoxi
cal if not down right baffling to most Western eyes. By neglecting the socio
cultural side of Japanese history, one misses the complexity of the manner in 
which the ancient Japanese (not only rulers, astrologers, and calendar scholars, 
but average farmers, fishermen, and other common citizens) incorporated 
astronomy into an extant system of belief. 

Though we will discuss many other examples of Japanese adaptation and 
development in the next section, it is worth noting particular historical events 
that we have explicated elsewhere (Renshaw and Ihara, 1999). Consider the 
large influx of Chinese learning in the Asuka (late 6th to early 8th centuries AD) 
and Nara (710-784 AD) periods. 1 Certainly, palaces and Buddhist temples 
were being laid out using Chinese derived geomantic principles, and Chinese 
methods of calendar reckoning were adopted (Nakayama, 1969). However, 
each aspect of Chinese learning that was incorporated had to find juxtaposition 
with a set of beliefs that sometimes stood in direct contradiction. Juxtaposing 
the lineage of the emperor as a child of the sun goddess Amaterasu with the 
Chinese perception of imperial rule centered on the north celestial pole required 
some compromise. Buddhist temples aligned in North-South directions had to 
fit within a terrain that had Shinto shrines aligned in less celestial fashion but 
more along the flow of natural sites such as prominent sacred mountains, 
forests, waterfalls, or distinguished outcroppings of rocks. Besides blessing a 
particular Buddhist temple, a Shinto deity often had a shrine built directly 
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within the precincts of the temple grounds and was even given a form of 
Buddhahood. Compromises also included such practices as substituting Shinto 
ritual objects for bones of the Buddha in the treasures buried beneath pagodas 
(See Matsumae, 1993; Sonoda, 1993; Brown, 1993c). 

The picture we see from reading Krupp's (1983, 1989) substantive accounts 
of temple layout and practice of seasonally based ritual in ancient Chinese 
capitals were only partially incorporated within the layouts and attendant 
rituals of ancient Japanese palaces and their imperial owners. Certainly, as will 
be seen in the review of social consciousness in the next section, rituals such 
as human sacrifice found no place in a belief system based on ritual purification 
and abhorrence of death. It is also significant to note that while China 
underwent several dynastic changes, some accompanied with revisions in cos
mology and astronomical perception, Japan retained virtually one dynastic 
lineage reaching well into the twentieth century, thus often seeing no need for 
'advances' taking place on the continent (Brown, 1993a, 1993c). 

When cultural perspectives are included, it seems clear that the history of 
Japanese astronomy is not simply the history of Chinese astronomy or even, 
for better or worse, a direct mirror of such. While it may be impossible to 
distinguish anything as having been uniquely Japanese, cultural practices from 
earliest to modern times bear distinct marks of a social consciousness inherent 
in Japan's cultural development. Also, while Chinese astronomy may not have 
been given its due in modern scholarship, it is also evident that all Asian 
cultures cannot be lumped together with China in order to gain a full under
standing of the relation between astronomy and culture in any particular one. 

SOCIETY AND POLITICS AND THEIR IMPACT ON DEVELOPMENT 
AND ADAPTATION OF STAR LORE AND MYTHOLOGY 

Ruggles and Saunders (1993) asked, 'What do people see when they look at 
the sky?' and responded that 'the answer is as much a cultural as an astronomi
cal one'. Their perception is especially relevant to unraveling the enigma of 
Japan's heritage with the sky. A growing database of archaeological evidence, 
renewed post-war scholarship using historical texts, and the development of 
interdisciplinary approaches reveal Japan as a culture that has always been 
guided by an indigenous social consciousness and for most of its history a 
rather consistent set of social and political goals (Brown, 1993a). That was 
certainly a factor in how the Japanese developed myth, legend, and lore related 
to the stars, and it is in this area that we can find the rich sources of cultural 
astronomy in Japan.2 

The ancient sense of social consciousness may best be understood by using 
the analogy of a lake fed by two springs; the lake stands for the historical and 
modern socio-cultural milieu of Japan, and the springs feeding it are the sources 
from which that milieu has been formed. The first and nearest spring is com
posed of a specific set of socio-political aims that we detail later. The second 
spring (better viewed as many secondary springs) consists of the infusion of 
ideas, concepts, technologies, philosophies, and religions including a virtually 
continuous input from the Asian continent and in later centuries large contribu-
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tions from the West. The primary spring has always been fed by the second. 
The flow may have been slow or even imperceptible at times, but it has always 
been there (Oguma, 1995). On the other hand, this primary spring (regardless 
of its diverse historic origins) has always been deep and has formed an arche
typal base through which everything must be filtered to become Japanese. At 
least within the last 1600 to 1800 years, the secondary spring has probably 
never had a direct route to Japan's archetypal lake; the flow has almost always 
passed through the primary spring. 

Brown (1993c), Kidder (1993), and Matsumae (1993) have provided a cogent 
paradigm through which Japanese and attendant Shinto beliefs and practices 
may be understood as well as the socio-political directions that guided the 
early formation of Japan as an unified country. From this paradigm, three 
primary aspects emerge: linealism, vitalism, and optimism. Linealism empha
sizes ancestral lineage with filial duty to parents, siblings, friends, nation, etc. 
Vitalism emphasizes life along with the abhorrence of anything that has to do 
with death and stresses ritualistic (not moralistic) purity. Optimism places 
emphasis on being concerned, not so much with the distant past or future, but 
rather with moving forward through seasons and cycles of life, regardless of 
circumstances. The socio-political goals which played a role in Japan's early 
development as a nation may perhaps be best paraphrased as follows: (1) 
unification of often warring petty kingdoms (along with their local myth, legend 
and lore) through (2) cooperative efforts of common people in various ways 
such as cultivating rice (using celestial signs and allegories for seasonal determi
nation of planting and harvesting as well as agriculturally based festivals) in 
order to (3) establish a singular lineal order of imperial rule (resulting in 
perhaps one of the greatest national Japanese myths, that of the sun goddess 
Amaterasu and her place as ancestral head of the imperialline).3 It can easily 
be argued, given political developments of the 20th century, that while some 
commodities have changed and political power has not always been imperial, 
these fundamental aspects still form a prime keystone of the culture's psyche.4 

One of the few writers in English to deal with Japan's cultural star lore and 
myth is E. C. Krupp (1991, 1997). Readers may be familiar with the several 
accounts he provides of the fundamental Japanese myth of Amaterasu and its 
relation to the Japanese political history. However, while this myth, itself closely 
tied with the political purpose of unification, is a prime example of lore that 
reflects the Japanese consciousness, there are many other Japanese traditions 
and bodies of star lore which show the complex relation between indigenous 
native belief, society, and astronomy. Little of this material has found its way 
into English sources, and in the remainder of this article we will discuss some 
of the many examples of relations between Japanese values and society and 
the stars. Specifically, we will look at (1) values applied to particular star 
groupings such as Oyaninai Boshi, (2) cooperative efforts such as planting, 
harvesting and fishing reflected in star lore closely tied to such asterisms as 
Subaru and the belt stars of Orion, (3) ancient Japanese society as reflected in 
star paintings of archaeological sites such as the tombs of Takamatsu Zuka 
and Kitora Kofun, (4) mixtures of Shinto beliefs and values seen in adaptations 
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of continental legends and rituals such as that of the legend of Orihime and 
Kengyuu and its relation to the festival of Tanabata, and (5) the pre-eminent 
holiday of the year for Japanese, New Year's Day, in which the values of 
linealism, vitalism, and optimism come together in a celestial greeting of new 
beginnings. 

OYANINAI BOSH I: LINEALISM, VITALISM, AND OPTIMISM IN THE STARS 

There are a number of celestial symbols which concern various groupings of 
three stars: Oyaninai Boshi including Orion's belt stars (Nojiri, 1973); three 
stars of the 5th moon station of the Azure Dragon of Spring, which includes 
Alpha Scorpio flanked by Sigma and Tau; and three stars discerned in the 
constellation Aquila, including Alpha flanked by Beta and Gamma Aquila 
(Uchida, 1973).5 All have to do with seeing the image of two parents standing 
or being supported on either side by their child in the middle. Such symbols 
of filial duty are numerous in Japanese star lore and reflect the strong sense of 
lineage later reinforced by Confucian ethics. Further, particular attention is 
placed on this value relative not only to parents but to friends as well. An 
example of a sense of Japanese identity is seen in Kenji Miyazawa's more 
modern lore, The Milky Way Railroad (Sigrist and Stroud, trans., 1995).6 

Another legend includes the belt stars and M42 region of Orion. According 
to Uchida (1973), two sisters were walking down the road, the younger dutifully 
following her older sister and shouldering a tub of water. Being chased by an 
ogre, they found a rope leading to the heavens and began to climb. Though 
the sisters escaped the ogre, the younger sister sadly had her foot bitten off. 
These days, we see the bamboo pole (the three belt stars called Take no Fushi 
in this story) with which she continues to carry water as she follows her sister 
(the moon) around the sky. Her remaining foot (M42 region) peeks from the 
folds of her kimono. Western readers may find the end of this legend disturbing 
or even somewhat cruel. However, all the fundamental values of Japanese 
consciousness are found in this story: linealism in the form of filial duty, vitalism 
in strength and courage, and optimism in a will to go on to an immediate 
brighter future. 

COOPERATIVE ACTIVITY: PRAGMATIC SIGNS IN THE STARS 

The three belt stars of Orion (called Mitsu Boshi), the Hyades (Arne Furi Boshi 
or Rain Stars), and the Pleiades (Subaru) played a prime role as symbols of 
fertility and time pieces relative to seasonal change, specifically planting and 
harvesting during the rice cultivation period (Hirose 1972; Uchida 1973; Nojiri 
1973, 1982). Their earlier and later heliacal setting in spring as well as heliacal 
and later rising in autumn encapsulate that season and in more ancient times 
provided symbols related to festivals such as spring Higan and Ura Bon. Spring 
Higan is celebrated within a period of seven days surrounding the spring 
equinox. At this time, the Pleiades, Hyades, and Orion begin to set earlier and 
earlier each evening. For the early Japanese, this setting was allegorical to the 
planting of rice seedlings (Subaru or the Pleiades appearing as united seedlings), 
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the rainy season (Hyades or Arne Furi Doshi seen as rain stars), and cultivation 
(one of the earliest symbols seen in the three belt stars of Orion was that of 
Karasuki or the plow). Ura Don is celebrated in the autumn when ancestral 
kami (deities) visit and are sent on their way in thanks for bountiful harvests. 
In more ancient times, when this festival was celebrated on the lunar calendar 
based 14-16th days of the 7th month (late August or early September in the 
Gregorian calendar), these three prominent star patterns were seen to transit 
the zenith as the full moon set and dawn arrived, a signal that ancestral spirits 
had departed for yet another season (Miyata, 1996). The appearance of Subaru 
rising in the evening at this time of year seems to have had significance not 
only in its relation to the end of the rice harvest but to the coming of winter. 

The mythology found in the Kojiki (Records of Ancient Matters; see 
Chamberlain, trans., 1981 or Philippi, trans., 1968) and the Nihongi (Chronicles 
of Japan; see Aston, trans., 1972) places much importance on the deity (sun 
goddess) Amaterasu, who conquered lesser deities (local states) and was consid
ered the progenitor of the imperial line. Interestingly, one of the earliest and 
most significant aspects of Subaru was related to the myth of Amaterasu. 
Apparently taken from the phrase mi Sumaru no Tama, the name Sumaru was 
used to describe this asterism referring to the string of jewels hung on the 
sakaki tree while deities danced to lure Amaterasu from the cave (Nojiri, 1973). 
Allegorically, just as the sun (Amaterasu) departed for the winter,jewels (Subaru 
or Sumaru) appeared in the sky which could be seen throughout the winter 
months and served as a reminder for the early Japanese that the sun would 
indeed return with her spring warmth and another planting season could begin. 

Lore related to Subaru is extensive, but its prime importance is that it not 
only played a role in what would become a central myth for unification of the 
country, but was also a time piece for the pragmatic needs of farmers and 
fishermen who were part of the unification efforts. For common people, the 
struggle for unification was of secondary importance. What was of prime 
concern was that they knew good and bad times for planting, harvesting, or 
setting lines for fishing. While the three star patterns we have mentioned were 
of significance because of their heliacal rising and setting, the three belt stars 
of Orion, due to their prominence, apparent equal spacing, and perceived 
change in position as they traced their way across the winter sky, were particu
larly useful. 

The perceived angle of the three belt stars seen rising in the East, moving 
across the sky, and setting in the West at different times of the year, provided 
the base for farmers to use Orion as an agricultural symbol (Uchida, 1973; 
Hara, 1975; Nojiri, 1988). The three belt stars are variously called Awainya 
Doshi (Millet Stars), Komeinya Doshi (Rice Stars), or Awaine Doshi (Millet 
and Rice Stars). All of these names relate to seeing Mitsu Doshi as a fulcrum, 
balancing the yield of rice or millet crops as they move across the heavens. 
The star Alnilam (Epsilon Ori) is the center of this fulcrum. Mintaka (Delta 
Ori), being higher or lower than the center, indicates the yield of millet; Almitak 
(Zeta Ori) represents the yield of rice. In latitudes of Japan, Mitsu Doshi rises 
in an apparent vertical position. As the three stars move across the sky in the 
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fall, they appear at an angle that gives rice a strong weight on the balance; this 
is the time to harvest rice and plant millet. As this constellation is seen setting 
in the West in late spring, Zeta Ori begins to dip lower and lower; this is the 
time to harvest millet and plant rice. 

Several symbols of agriculture, especially regarding the cultivation of rice, 
have been seen in the relation of the three belt stars to the M42 region. One 
of the oldest object references associated with this configuration uses the term 
Karasuki to describe the three belt stars as prongs of a plow with the M42 
region being the handle used to pull it in the field. As mentioned earlier, this 
symbol is especially meaningful at the evening appearance of the three stars in 
the time of early spring. 

As a further example of adaptation of imports to suit Japanese needs, it is 
interesting to look at some of the Chinese interpretations of star groupings 
such as Subaru or the three stars of Orion's belt and the differences in names 
applied by each culture. By the 7th century (and perhaps earlier), the Chinese 
cosmology which gave rise to the concepts of 28 sei shuku or lunar lodges 
encircling the celestial globe had found its place in Japan (Nakayama, 1969; 
Watanabe, 1987). The constellation of Orion contains two such sei shuku: the 
20th which includes the small Meissa (Lamda, Phi Ori) and the 21st which 
embodies a much larger section of Orion and is most distinguished by the belt 
stars (Mitsu Boshi). Chinese characters were used by later Japanese writers to 
represent these configurations, however, the original Chinese term for the 21st 
sei shuku was simply shin (three) while earliest records of Japanese nomencla
ture use Karasuki or plow (Ozaki, 1993; Shinmura, 1994). The early Japanese 
gave little significance to the 20th station. Although continental influence can 
certainly not be dismissed as a major factor in Japan's agricultural development 
especially with regard to tools, it would appear that agricultural symbol in 
Orion may indeed have been in use before the introduction of writing and 
other imports of Chinese culture into Japan. 

Following massive infusions of culture from China and Korea, Japanese 
emperors practiced the custom of plowing the first furrow around the lunar 
New Year. However, Japanese lore associating the three stars with a plow 
seems to have preceded this Chinese-based ritual.? Astronomy as practiced in 
China during Japan's early formation as a nation had depended for some time 
on somewhat more precise estimates of a lunar calendar for fixing dates 
(Nakayama, 1969; Ro, 1985). Because of its use as an agricultural sign, especi
ally its prominent evening setting at what later was called spring Doyou (the 
period of 18 days prior to the sectional term Summer Begins, the official time 
for preparation to begin planting rice), Karasuki may have originated with 
early Japanese farmers. Regardless, its setting has certainly survived as a symbol 
of planting in most rice producing parts of Japan. 

Another symbol for planting indeed reflects Chinese influence, and this is 
clearly seen in the incorporation of kanji or Chinese characters. This symbol, 
again related to the setting of Orion in the west during the beginning of the 
rice cultivation season, was yet another reinforcement for use of the belt stars 
and the M42 region as a sign for planting. Uchida (1973) indicates that the 
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Japanese in some agricultural areas see the kanji for entry in the configuration 
and call it Hoshi no Iri (Entry of Stars). As fishermen saw stars set into the 
sea, Japanese farmers saw stars set into the western landscape. This symbol of 
Iri was merely another sign that it was time to plant (enter) rice seeds into 
the earth. 

Agricultural associations discussed so far have generally been related to the 
setting of Mitsu Boshi during the early stages of annual rice cultivation. As 
mentioned, the rising of the three belt stars in the East was also an agricultural 
symbol and was allied with the end of the period of rice cultivation. Hara 
(1975) records that in many rice farming areas, the stars were called Haza no 
Ma, a term that refers to a three pole stand that is used in the field to dry rice. 
In the early phases of autumn, when Orion is no longer seen at sunset but 
rather rising earlier and earlier each night, farmers looked to the belt stars and 
saw them as a symbol that 'only Hasa are left in the field', the harvest of rice 
being over. 

While the combination of a lunar calendar and later adoption of a Gregorian 
calendar in post-Meiji era Japan led to more precise methods for determining 
times for planting and harvesting, many old farmers in rural agrarian areas 
still use methods that are centuries if not millennia old. According to Uchida 
( 1973), the following timepiece is still recited in such areas: 'When Mitsu Boshi 
are one fathom high; it's time to go to bed, when Mitsu Boshi are in the middle, 
it's the middle of winter; and when Mitsu Boshi lie, it's time to wake up.' This 
refers to the vertical alignment of the three belt stars as they rise in early 
autumn, their angular position in the middle of the Southern sky in winter, 
and their horizontal visual alignment in the West in spring. These metaphors 
are related to (respectively) autumn harvest, winter rest, and spring planting. 

Star lore related to fishing is somewhat more rare than that related to crop 

Figure I The kanji for [ri or Entry superimposed on the belt stars and M42 region of Orion. 
(Computer graphic by Steven L. Renshaw) 
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cultivation. It was primarily through the cooperation of local farmers along 
with their local ancestral kami or deities in the production of rice that early 
Japanese rulers were able to unify the country under one ruler. Still, incorporat
ing the legends of families of fishermen was an important part of this unification, 
and a mix of agrarian and fishing lore is found (See Nojiri, 1982, 1987). In 
some fishing areas, the three belt stars are called Kanatsuki, which is a name 
given to a spear with three prongs used in fishing (Nojiri, 1973; Uchida, 1973). 
We can note some similarity in pronunciation of Karasuki (plow) and 
Kanatsuki. As a sign, Kanatsuki was used as a timepiece for favorable catches. 
When prospects seemed to be particularly good in the autumn, old fishermen 
were often heard to say, 'Let's wait for Kanatsuki' before going out for the 
evening's catch. 

Perhaps one of the most significant relations to fishing found with Mitsu 
Boshi relates to their designation by some fishermen as Sumiyoshi Boshi. 
Sumiyoshi were the three deities mentioned in the Kojiki as being created from 
the ocean and being particularly favorable to seafarers (Nojiri, 1988). 
Incorporation of these deities in the Kojiki and Nihongi was no doubt designed 
to find favorable reaction from the be or local families of fishermen. However, 
their use in legends which also included allusions to agricultural symbols make 
them a significant part of the way in which Japanese developed celestial 
allegories. 

The ancient Japanese were not blankly staring at their rice fields while the 
heavens revolved overhead. Creative and pragmatic use of star patterns played 
a central role in the day to day life of common citizens. Using the example of 
the belt stars of Orion, we have briefly discussed some of the more significant 
associations used in cooperative activity. 

ADAPTATION OF ASIAN COSMOLOGY FOR POWER AND CENTRALITY: 
TAKAMATSU ZUKA AND KITORA KOFUN 

Some archaeological sites may provide cogent information about the early 
interaction of Japanese values with imported cosmology. One of the major 
archaeological discoveries was made in the early 1970s (Hirose, 1972) in Asuka 
village, Nara prefecture. From an Edo Era painting showing this mound with 
a tall pine tree atop, this tomb was called Takamatsu Zuka Kofun (Tall Pine 
Burial Tomb). 

Dating indicates that the tomb was built in the latter part of the 7th or early 
part of the 8th century. As was and is the case with most burials in China, 
Korea, and Japan, the tomb was aligned with celestial north. Paintings of 
animals related to the four cardinal directions were found on the walls, and 
careful inspection of the ceiling revealed a chart including the 28 sei shuku. 
Only a few scholars knew of the tomb's existence in the Edo era (1603-1867) 
and most believed it was that of the emperor Monmu (r. 697 to 707). Modern 
excavation revealed no inscription, and Monmu's tomb was later determined 
to be to the East. Similar tombs have been found in both China and Korea, 
and the construction period was also one in which scholars from Korea had 
been invited to the imperial court. 
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Figure 2 Takamatsu Zuka Kofun is aligned with celestial north. This view from due south shows 
the bamboo covered mound of the tomb. The doors are to chambers of relatively recent origin; 
inside are housed temperature maintenance and dehumidifying equipment used to protect the small 
tomb's delicate paintings. The tomb is not opened to the public. (Photo by Steven L. Renshaw) 

What is significant about Takamatsu Zuka Kofun is that it clearly shows 
the influence of Chinese and Korean cosmology on Japan in the Asuka Era 
(late 6th to early 8th centuries). In 1998, another such tomb, located about 
1 km to the south ofTakamatsu Zuka Kofun on Mount Abe and named Kitora 
Kofun (after the Kitaura area of Asuka village), was explored. The tomb was 
not actually entered but probed with a sub-miniature camera. It was dated 
within the same Asuka period as Takamatsu Zuka Kofun. While there are 
some remarkable similarities, there are also some anomalous differences in the 
paintings of the two tombs. (See Inokuma, Izumimori, Kawakami, Sawada, 
et aI, 1999). In Kitora Kofun, the paintings of the animals of cardinal directions 
are in somewhat better condition than those of Takamatsu Zuka Kofun, in 
which some paintings appear to have been defaced in ancient times. The 
animals were painted in a freer style than those found in the tomb to the north. 
There also are more stars in the Kitora tomb paintings of the sei shuku as well 
as many other constellations not found in the Takamatsu Zuka tomb. Unlike 
Takamatsu Zuka Kofun, circles representing circumpolar stars, the celestial 
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Figure 3 Viewed from South to North, Kitora Kofun (Kitora Tomb) as it appears today in 
Kaitaura Village, Asuka, Japan. The coffin, which was explored using a sub-miniature camera, is 
located in the lower mound and is aligned with due north. (Photo by Steven Renshaw) 
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equator, the ecliptic, and the observer's horizon are distinct. Like Takamatsu 
Zuka Kofun, the tomb seems to have been plundered of any treasure it may 
have held. The south wall of Takamatsu Zuka Kofun was obliterated by an 
entryway in ancient times, thus eliminating the painting of the Red Bird of 
Summer. Because of limitations in the flexibility of the sub-miniature camera, 
the existence of this symbol on the south wall of Kitora Kofun is not yet 
confirmed. 

With regard to astronomical content, there are several significant findings 
(Miyajima, 1999a; 1999b). First, the paintings of sei shuku and other constell
ations in Kitora Kofun are based on different Chinese/Korean charts from 
those of Takamatsu Zuka Kofun. They use a circular configuration rather than 
the square one found in the latter tomb. Second, the point of the crossing of 
the ecliptic with the celestial equator can be seen in Kitora Kofun and is near 
a point in Aries closer to Taurus and corresponding with a position several 
centuries earlier than the Asuka era or the tomb's construction (the vernal 
equinox was shifting into Pisces by the end of the 7th century). Third, since 
the ratio of the northern inner circle depicting stars which were seen not to set 
can be proportionally matched with the angular measure of the chart observer's 
latitude and the celestial equator, a relatively good estimate of observer latitude 
can be made. Fourth, the painting of the White Tiger of the West is reversed 
from that of Takamatsu Zuka Kofun and tombs with similar paintings found 
in China. In Kitora Kofun, the tiger is painted facing north. When looking at 
the west wall of Takamatsu Zuka Kofun,8 the tiger is seen to face south, and 
this indeed corresponds with the placement of the figure of this animal among 
the stars. 

Miyajima's research indicates that the chart was based on observer data 
gathered most probably around 65 Be. It was adapted by an astronomer who 
lived in a more northern portion of East Asia such as the ancient Korean 
kingdom of Kokuryo (around present day Pyong Yang), and then was brought 
into the Asuka area much later. It appears that the chart's painter in Japan 
lacked full understanding of the underlying astronomical principles used in the 
chart's original observational data and construction. 

These tombs provide us with a view of how Chinese/Korean astronomical 
thought found its way to Japan, and how such thought was incorporated into 
the social programs of Japan's rulers. It is not the accuracy of the cosmology 
reflected in the tombs' paintings but rather the almost wholesale adoption of 
Chinese/Korean ideas to further strengthen the centrality of imperial rule that 
was most important, especially in the case of Kitora Kofun. Japanese rulers 
wished to give themselves the same legitimacy that Chinese rulers had; incorpo
ration of symbols and astronomical methods in order to accomplish this did 
not necessitate complete awareness of the underlying principles, but only their 
mere presence. As mentioned earlier, such was the case with the introduction 
of Buddhism as well as other aspects of Chinese thinking. One can still see this 
use of foreign imports without substantive understanding in the almost playful 
use of foreign languages in what sometimes seems to be gibberish in slogans 
and advertising in modern Japan. Use of foreign icons brings esteem, regardless 
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of whether or not they are understood. Again, Japanese beliefs and rituals have 
remained somewhat constant regardless of foreign influences. 

ADAPTING CHINESE LORE TO NATIVE BELIEFS: ORIHIME, KENGYUU, 
AND TANABATA 

When we look at the adaptation of myth and legend imported from other 
cultures, we also find the sense of indigenous Japanese values. Perhaps one of 
the best examples of this is the legend of Orihime and Kengyuu (Nojiri, 1973). 
This story and its associated festival were probably imported from China in 
the Heian Era (794-1185). The story involves the stars of Vega and Altair, and 
the reader should consult Krupp (1991) for an explanation of the story in its 
Chinese form. Essentially the same in character, there are some noticeable 
adaptations made. In Japan, the star Vega is often called Orihime Boshi 
(Weaving Princess Star), and Altair is often called Kengyuu Boshi or Hiko 
Boshi (Puller of Cows Star). To give the reader one Japanese version of the 
legend, we will paraphrase Hara (1975): 

One day, the emperor's daughter, Orihime, was sitting beside the Milky Way. She had been 
weaving because her father wished it, since he loved the beautiful clothes that she made. On 
this day, she was very sad because she realized that she had been so busy that she didn't have 
time to fall in love. Her father, Tentei, the ruler of the heavens, felt sorry for her and arranged 
a marriage with Kengyuu, who lived across the river, the Milky Way. Their marriage was one 
of sweetness and happiness from the start, and everyday thereafter they grew happier and 
happier. But Tentei became very angry, because in spending so much time in her happy marriage, 
Orihime was neglecting her weaving. Tentei decided to separate the couple, so he placed them 
back in their original places, separated by the Milky Way. On only one night of the year would 
he allow them to meet, the 7th day of the 7th month. Every year on that day, from the mouth 
of the river (the Milky Way), the boatman of the moon comes to ferry Orihime over to her 
beloved Kengyuu. But if Orihime has not done her weaving to the best of her skills and ability, 
Tentei may make it rain. When it rains, the boatman will not come, because the river is flooded. 
However, in such a case, Kasasagi (a group of magpies) may still fly to the Milky Way to make 
a bridge for Orihime to cross. 

Related to this legend, the ancient Japanese celebrated the festival of 
Tanabata on the 7th day of the 7th month each year (lunar calendar). The 7th 
day of the 7th month generally falls in August or September in the Gregorian 
calendar. At this time of year, the constellations of Lyra and Aquila are 
prominent in the evening sky with their major stars, Vega and Altair, separated 
by the Milky Way. The 7th day of the 7th month also finds a waxing crescent 
moon (boat) reaching its first quarter. If it is not raining, both Orihime Boshi 
(Vega) and Kengyuu (Altair) are quite conspicuous at the time of the 
Tanabata festival. 

Tanabata may be translated as 'weaving with the loom (bata) placed on the 
shelf (tana)', and the festival celebrates the improvement of technical skills. As 
in China, the ancient Japanese added specific values to their wishes that 
Orihime hone her skills and work hard so that she could meet Kengyuu. In 
modern celebrations of Tanabata, people throughout Japan write wishes (gen
erally for themselves or relatives) to the kami (deity) Orihime on colorful strips 
of paper. On the evening of Tanabata, they tie these paper wishes to freshly 
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cut bamboo. Wishes may be for increased skills in work or school, but may 
also be for anything that reflects a person's dreams and hopes for the future. 
Summer vegetables such as eggplant and cucumbers are prepared, and horse 
or cow figures made out of straw and water oats are decorated. While the 
myth probably held seasonal significance in its Chinese origins, specifically the 
celebration of the end of the rainy season (reflected in a desire that it not rain), 
it found a variety of interpretations related to seasonality in its Japanese form. 
Particularly in relation to agricultural development in Japan, wishes related to 
celebrations of Tanabata ranged from desire for dry weather to desire for wet 
weather depending on the particular geographic region and whether a crop 
was to be planted or harvested at this time. 

Following Shinto practice, the concept of purification (generally including 
the use of water) before the Bon festival (centered on the 15th day of the 7th 
month) was also added to the Tanabata festival. Before the legend was brought 
from China, a festival had been held to welcome the water kami at this time 
of year; infusion of the legend of Orihime and Kengyuu added a motif of the 
marriage of a weaving lady and the water god (Okada and Akune, 1993). In 
eastern parts of Japan, an associated ritual called Nebuta was celebrated. On 
the early morning of Tanabata, bamboo would be set afloat in the river, and 
people would brush their bodies with leaves from silk trees. By doing so, they 
were said to take their sleepiness (nebuta) away, another form of purification 
and preparation for Bon (Yoshinari, 1996). The close relation of Tanabata to 
the indigenous Bon festival has led to a number of adaptations of Chinese 
mythology. In short, one makes the coming of the Bon festival sacred by 
excluding impure spirits from the body at the first quarter moon, thus insuring 
purity for the coming of Bon at full moon. It is interesting that in some regions 
of Japan, Tanabata is accompanied by a taboo forbidding swimming or bathing 
in a river. Noting the relation with the celestial river or Milky Way, the taboo 
is based on the idea that a Kappa or water deity resides in the river, and one 
should not make the water dirty by entering the water deity's home. 

When it was first imported, Tanabata was celebrated only by imperial court 
officials. It was considered a graceful event, full of the simple elegance associated 
with the Heian era. Lanterns were lit and poems were written on mulberry 
leaves still holding their dew (Nojiri, 1973). As the custom spread to local 
areas, towns became covered with bamboo at Tanabata, and the festival took 
on more of the Japanese values. 

The process of adapting an imported legend and developing indigenous 
practices evolved in complex ways over the centuries, and we have touched on 
but a bit of this complexity. In modern times, the festival is generally celebrated 
on a solar July 7th, a date that is generally still within the rainy season. Sadly, 
the festival has lost much of its seasonal significance with modern industrializa
tion. Of course, the ethic of improved work and skill is still valued, regardless 
of whether or not the day of celebration is attuned astronomically. 

PREVALENCE OF THE SUN: AKEMASHITE OMEDETOU GOZAIMASU 

No discussion of Japan's connection with the sky can avoid the significance of 
the sun. Symbolism related to the sun is heavily incorporated in Japanese myth 
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Figure 4 Decorated Strip of Tanabata Bamboo from the Tot\ori Region of Japan. Note the 
representation of Hiko Boshi (Altair and two flanked stars in Aquila) at the top and Orihime Boshi 
(Vega flanked by two stars in Lyra) near the middle. From Nojiri. Houei. Nihol1 Seimei )ire" 
(Dictionary of Star Names in Japan), 1973. p. 60. Used with the kind permission of the publisher. 

and is still seen in its flag. Being the most eastern of East Asian nations and 
indeed being seen as the land which the sun first greets in the morning, the 
phrase 'land of the rising sun' developed special meaning for the Japanese from 
ancient times. Along with the significance of Amaterasu as sun goddess, there 
are other ways in which the sun has become a central part of Japanese 
consciousness. The celebration of the New Year represents yet another way in 
which indigenous values are mixed with Chinese imports to provide a kind of 
unique cultural perspective on the significance of vitalism and optimism. 

While Christmas is celebrated in Japan to some degree, it is not considered 
a national holiday, and the attendant Western religious aspects of that day are 
certainly missing. New Year's Day is by far the more significant holiday. Before 
the Meiji Restoration, the New Year was celebrated according to the Chinese 
lunar calendar. In modern times, although the lunar calendar still has influence 
on scheduling festivals and celebrations, the Gregorian calendar change is 
celebrated by most people as the official New Year. In the days before the New 
Year begins, people busily prepare by cleaning house and cooking food to 
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welcome the kami of new life. Rail and air terminals are jammed with people 
trying to get back to their home towns to spend the New Year's night and 
daybreak with family members. 

Japanese express wishes for the New Year by saying 'Akemashite Omedetou 
Gozaimasu'. Only one kanji is found in this phrase, within the first word. This 
is a combination of the characters for sun and moon, and among other 
meanings, entails the sun and the moon getting together and becoming bright. 
It represents changing and opening- in a sense, dawning. 

In ancient lore, under the lunar calendar, the New Year was seen in relation 
to change in both the sun and moon as well as in the symbolism of their 
luminance. The meaning of the phrase 'Akemashite Omedetou Gozaimasu' 
reflects central Japanese values. Perhaps it is expressed in English most appro
priately as follows: The year is changing; darkness gives way to light; new life 
begins; Congratulations!' Following tradition, many Japanese on New Year's 
morning brave the cold to find places with unobstructed views of the eastern 
horizon and await the rising sun. Incorporating the ideas of much ancient 
mythology, the sun is seen to be making its journey back to the North, and 
the Vernal equinox is eagerly awaited. 

As in other aspects of Japanese astronomy, Chinese imports and traditions 
were incorporated from early times. The New Year of 1996 was special in that 
it began another 12 year cycle of the Chinese calendar, based on the positions 
of Jupiter with its 12 year orbit and its consequent position about the ecliptic 
(Uchida, 1981). The tradition of using Chinese based animal names for the 12 
directions and associated years is popularly maintained in Japan. In 1996, 
things turned around once more to the direction of ne (mouse), the North, to 
the direction of the star Polaris, sometimes called Ne no Hoshi (mouse star) 

Figure 5 The kanji for Ake. Symbols for the sun and moon are placed together in this character 
to represent 'bright' or 'beginning'. (Computer Graphic by Steven L. Renshaw) 
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but also called Shin Boshi, the Heart star, the soul of the Heavens. 1996 began 
the clockwise cycle again which from ancient Chinese geomancy means moving 
from N to NNE (1997, ushi or cow), to ENE (1998, tora or tiger), to E (1999, 
u or rabbit) and so forth. 

The mixture of Chinese geomancy and symbolism with indigenous values is 
clearly seen in the Japanese celebration of the New Year. Yet the quiet tolling 
of temple bells on New Year's Eve brings a certain calm and solitude unseen 
in many other cultures. It is in this very symbolic act that centuries of Japanese 
history and tradition can be seen and truly appreciated. 

HOPES FOR THE FUTURE BUILT ON A RICH BUT HIDDEN PAST 

Most of Japan's recorded history reflects a culture continually influenced by 
imports, even when on the surface the country appeared to be isolated. At the 
same time, a cultural consciousness combined with quite distinct social and 
political structures has always been a source through which most ideas, foreign 
or domestic, had to be filtered. 

We can still see much of the ancient heritage of Japanese astronomy in 
layouts, structures, mythology, and ethnographic lore. As their culture has 
adopted almost every modern concept that East or West has to offer, many 
Japanese themselves are unaware of the richness of their ethnoastronomic 
heritage. As in the West, many young Japanese are more likely to know the 
name of Pleiades rather than Subaru and associate the latter with an automobile 
company rather than the celestial symbol which meant so much to their 
ancestors. While Tanabata is still observed, and the legend of Orihime and 
Kengyuu still finds it way into modern songs and prose, few people are 
concerned about the festival's shift away from its seasonal association. In many 
ways, however, Japan's embracing of the West and virtual denigration of its 
past reflects a process which has been a part of the culture's way of handling 
infusion from its earliest times. 

Aveni (1989) alludes to the modern inclination to disassociate science from 
the social and historical context in which it was developed. He points out how 
such isolation lacks the notion of process or change and says that in a sense, 
we 'seek ourselves in the tattered walls of others cultures'. Aveni further men
tions the danger of relying solely on written records and emphasizes using 
additional evidence in the form of archaeology and architectural icons to 
understand a nation's cultural astronomy. In taking a narrow view of astron
omy as it developed into modern science, he contends that we pursue what is 
interesting to us instead of what was important to the people we study. 

The specific irony of Aveni's observations relative to the study of astronomy 
in Japan may rest in the view taken by many Japanese. In a sense, the view is 
that we (Japanese) seek others' selves (Western science in particular) within the 
tattered walls of our own culture and come up sadly lacking. To further 
paraphrase, we (Japanese) tend to pursue what is of modern interest (to the 
West in particular) instead of what was actually important to our own ancestors 
throughout history. These perhaps enigmatic Japanese views are the result of 
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a long and complex history involving interaction of native belief and conscious
ness with a perception that while unique, the native culture is somehow inferior 
to those imports it filters. Such lack of cultural self-esteem has led to a number 
of enigmatic events in Japanese history, not merely the denigration of its own 
astronomic heritage. 

Modern astronomical practice, while totally within the rubric of Western 
science, reflects a long heritage of curiosity combined with concern for future 
generations. A good example of this may be found in the diary of a young 
Kochi resident which was rediscovered in the 1980s. In 1664, while astronomers 
in Europe were trying to learn more about the motion and nature of comets, 
Matasaburou, a 12 year old boy, began to observe what would later be known 
as Comet Cj1664 Wi. Encouraged by his teacher, Jian, he diligently observed 
the comet for over four months, wrote his impressions, and drew the changing 
shape of the comet in his diary. Despite the lack of astronomical knowledge, 
Matasaburou showed remarkable curiosity about the true nature of the houki 
boshi (brush star) and an abundant skepticism of the prevailing view among 
townspeople that the comet signaled doom. While his drawings do not have 
the flamboyance of those of Hevelius and others observing the comet in Europe, 
his diary shows every attempt to plot the location and shape of the comet 
precisely as it crossed the celestial sphere nightly. Matasaburou passed on to 
his own pupils the joy of discovery, and it is no doubt due to this that copies 
of his diary have survived the centuries. Such diligence is still seen in the work 
of amateur and professional astronomers alike. 

Future astronomers, archaeoastronomers and ethnoastronomers in Japan 
will no doubt come from an increasing number of young Japanese who have 
grown up in the intellectually free environment of modern Japan. Those not 
raised within the culture may find the door to Japan's astronomical past 
opening wider if there is a will to engage in an exploration of consciousness 
still so evident beneath the surface of Japan's modern society. However, much 
work lies ahead in uncovering the vast richness of Japanese astronomy in 
history, and the future is probably most optimistic for those young Japanese 
scholars who find the riches of their heritage and culture inspiration and 
justification enough to seek knowledge about their nation's long interaction 
with the sky. 

NOTES 

1 An exhaustive account of these periods and the influence of continental imports is far beyond 
the scope of this article. The reader may find articles from Volume I of The Cambridge History of 
Japan series including Brown (1993a, 1993b, 1993c), Kidder (1993), Inoue (1993), Naoki, (1993), 
Matsumae, (1993), and Sonoda (1993) particularly relevant to a deeper understanding of these 
processes. 
2 A good chronology in English of Japan's general history may be found in Torao and Brown's 
(1991) Chronology of Japan. The most exhaustive history of Japan in English is the recently released 
Cambridge series (Hall, Jansen, Kanai, and Twitchett et al. eds., 1993 and following). For shorter 
and perhaps more approachable views of Japanese history written in English, the following may be 
of value: Sansom's (Tuttle Edition, 1974) pre-war but still useful 3-volume A History of Japan and 
his (Tuttle Edition, 1973) Japan: A Short Cultural History; Hall (Tuttle edition, 1971) Japan From 
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Prehistory to Modern Times; Mason and Caiger (Tuttle Edition, 1973) A History of Japan; and 
Morton (1994) Japan: Its History and Culture. 
3 From our earlier discussion, the reader should have a good idea of the kinds of conflicts many 
imported ideas created for early Japanese. Other brief examples will further clarify the point: while 
the infusion of Confucianism reinforced many aspects of 'lineality', especially with regard to the 
development of bureaucratic governmental practices, the Confucian idea of a cyclical rise and fall of 
dynasties was never really accepted in Japan and stood directly against the idea of a singular 
imperial line. The 4th and 5th century infusions of Buddhism, with beliefs which emphasized a better 
life in death than in the present, directly contradicted the concept of 'vitalism' and 'optimism'. Also, 
the Buddhist idea of eventual decay as well as the Confucian idea of a 'glorious past' were incongru
ent with virtually all of Japanese beliefs. 
4 It is easy for the reader to get full insight into the significance of these ideas by reading the many 
excerpts of manuscripts from periods throughout Japan's history which are accompanied by com
mentary in the excellent Sources of Japanese Tradition compiled by Tsunoda, deBary, and Keene 
(1964). Shinto beliefs and their pervasiveness in modern Japanese life are also discussed by 
Shigemitsu (1996). 
5 Here and in later sections we discuss the Chinese derived Sei Shuku or 'moon stations' along with 
the animals of cardinal directions. Though used extensively in Japan from earliest Chinese infusions, 
a discussion of their complexity is more appropriate in a work on Chinese astronomy. The reader is 
urged to look at sources such as Needham (1959), Ho (1985), or Nivison (1989). (Editor's note: 
please see the Chapter by Sun Xiaochun in this volume.) 
6 Douwa Shu; Ginga Tetsudou no Yoru. (A Collection of Tales; Night of the Milky Way Railroad) 
was originally started in 1924, adapted for some years, and finally published posthumously in 1951. 
It remains one of the most popular stories in Japan, loved by children and adults. 
7 See Krupp (1983, 1989) for a description in English of this and other cultivation related ceremo
nies that were practiced by the emperor in China. As they were recognized in Japan, some became 
part of the imperial ceremony, but many never found a place either because they did not fit within 
the imperial goals mentioned earlier or because they were in direct conflict with native Shinto belief 
(ritual sacrifice, for example). 
8 Note the photograph of the White Tiger in the Chinese tomb of similar dating in E. C. Krupp's 
Echoes of the Ancient Skies, 1983, p.112. 
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PARK, SEONG-RAE 

HISTORY OF ASTRONOMY IN KOREA 

The history of astronomy in Korea can be characterized by three things. First, 
Korea in its more than two thousand year history was heavily under the 
influence of Chinese civilization, so that Korean astronomical developments 
are somewhat similar to those in China. Second, traditional Korean astronomy 
is very interrelated with the portentology of natural phenomena in general. All 
the heavenly phenomena, including most of the astronomical ones, were inter
preted as politically meaningful events throughout the traditional period of 
Korean history.! The third characteristic is that astronomy is totally mixed 
with meteorology. Traditional knowledge of the heavens included meteorologi
cal phenomena such as drought, heavy rain, or unusually hot or cold weather. 
The history of Korean astronomy must be seen in the context of these aspects. 

Korean history can easily be demarcated by three dynastic periods - the 
Three Kingdoms period from the beginning of the Christian age to the early 
tenth century, the Koryo Dynasty between the early 10th century and the end 
of the 14th, and the Choson Dynasty between 1392 and 1910. We shall cover 
the flow of astronomical developments in traditional Korea generally according 
to the major dynastic changes. 

W. Carl Rufus, writing on the ancient astronomy of Korea in 1936, gave a 
somewhat detailed description of the astronomical developments in the legend
ary period of Korean history before the Christian age. Some astronomers in 
Korea today have also been writing papers and reports about the astronomical 
records in this ancient period. But any records about pre-Christian Korea are 
dubious at best, and historians must be very careful in dealing with the data 
because of problems with the authenticity and credibility of the historical 
sources. I will not deal with these dubious records in this paper. 

THREE KINGDOMS PERIOD, 56 Be-AD 916 

Recorded history perhaps began in the Korean peninsula with the rise of the 
Three Kingdoms at the turn of the Christian century two thousand years ago. 
For the pre-Christian period we do not have many actual records; we do have 
some mythological and legendary elements and some apocryphal material. To 
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supplement these shortages, however, there are a few Chinese records, although 
they are also very skimpy on details for the Koreans. We do have some royal 
and aristocratic tombs containing drawings of the stellar firmament. They 
usually have a few dozen stars depicted and were never meant to be a realistic 
representation of the sky. A much later source - the stone slab star map of 
1395 - writes about the existence of a star map on stone in Koguryo times, 
which was reportedly lost in the Taedong River in a war, possibly in the seventh 
century. The nature of the star chart is totally unknown. 

Written sources about the ancient period of Korean history start with the 
Three Kingdoms period, when records began to appear about astronomical 
observations, including solar eclipses and comets. The 12th century Chronicles 
of the Three Kingdoms (Samguk sagi) contain hundreds of records about heav
enly and other astronomical phenomena. The most remarkable of the astro
nomical records perhaps is the one of the solar eclipses. We have 67 records 
of solar eclipses chronicled for the period from the beginning of the Christian 
era to the beginning of the tenth century - almost one thousand years from 
56 BC to AD 936, when the Unified Silla was overthrown by the Koryo dynasty. 
We also have other astronomical records of comets, lunar occultations of 
planets, aggregations of planets, and daytime Venus. 

Early in 1925, a Japanese historian, Iijima Tadao, raised doubts about the 
authenticity of the records of solar eclipses in the Three Kingdoms period. 
They were based upon the fact that the Korean records were identical to the 
Chinese ones. He therefore concluded that the compilers of the Chronicles of 
the Three Kingdoms must have copied them from the Chinese records, in order 
to supplement the poor Korean data for the period. About half a century after 
the paper, some revisionist interpretations were proposed at least partially to 
support their possible authenticity. Korean historians in the 12th century must 
have tried to verify the vague information handed down to them both about 
the nature of the portents as well as about the exact dates of the occurrences 
in light of the Chinese written documents. This process could have made the 
records of the solar eclipses very similar to the Chinese ones. 

In 682 Monk Tojung returned from Tang China, presenting a Chinese 
celestial planisphere to Silla. Again we have a record of another star map. Here 
we can add another important discovery in 1998 of a star map with hundreds 
of stars from an ancient tomb in Kitora, Japan. We have at least three star 
maps from the roughly similar period - one for Koguryo, another for Silla, 
and still another for Japan. The star chart in the Kitora Tomb was photo
graphed with a sub-miniature camera without actually opening the tomb itself. 
(Editor's note: Please see the chapter, A Cultural History of Astronomy in 
Japan, by Steven L. Renshaw and Saori Ihara, for a detailed description and 
illustrations of Kitora Kofun.) 

It is not clear at all what kinds of astronomical instruments were made and 
used during this early period of Korean history. There were professional 
astronomers for the three countries, even if they were mostly diviners or fortune
tellers at the same time. Regarding formal astronomical institutions for the 
period, there is one record about the Office of Clepsydra (water clock) in 718 
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in the Unified Silla. But if the Office was formally inaugurated in that late 
year, the water clock itself must have been in use from a much earlier time. 
And there must have been other instruments for observation of the sky, includ
ing a gnomon and a sundial. 

The most celebrated structure of the period is the Star-Gazing Tower 
(Chomsongdae), still standing in the middle of the city of Kyongju, Korea. The 
almost to-meter high bottle-shaped edifice is very famous for Koreans today. 
Despite the fame of the tower, little is known about its real function. There 
was a series of academic discussions about the role of the tower in the 1970s 
and later, during which many scholars proposed a variety of ideas about the 
edifice. The traditional historiography of Korea has very little to say about it. 

One important suggestion about the shape of the tower was that it was 
modelled after Mount Sumer, the holy mountain of Buddhism. Indeed the 
bottle-shaped structure of the tower reminds us today of the Buddhist holy 
mountain depicted in Buddhist scriptures. I believe that the tower was built in 
imitation of the holy mountain and that the place was originally the site of the 
Altar for Spirit Star (yongsong), the contemporary star god in charge of 
agriculture. 

According to the Chronicles of the Three Kingdoms, the Sillan people wor
shipped the spirit star in the autumn, at the altar of the star (supposedly located 
in the present tower), to thank the heavens for a good harvest. Furthermore 
we do know from contemporaneous records that the Sillans were at the height 
of their worshipping of Buddhism in the period of Queen Sondok, who built 
the tower in 633 or in 647. I think we can safely say that the tower is the only 
remaining memento of the astronomical organization of the Silla period, with 
the rest of the other structures nearby all lost in the harsh winds of history. 

It is not yet clear when Koreans made their first calendar. For the Three 
Kingdoms period, however, it is believed that their calendars were introduced 
from China. For example, according to the records on the Stele of King 
Kwanggaeto in Northeast China, it is believed that Koguryo must have intro
duced one of the Chinese Northern Wei calendars. Also it is recorded that the 
Koguryo government tried to import the Tang calendar in 624. 

The Paekche people introduced and used the Sung Chinese calendar by He 
Sheng-tien known as Yuan-zhia Ii. We find good evidence of the calendar from 
the dates on the tombstone of King Muryong of Paekche, which was uncovered 
in Kongju in 1971. The Silla used the Lin-de calendar of Li Shunfeng of China. 
It says in the Chronicles of the Three Kingdoms that a Taenama-titled Sillan 
official, Tokbok, had returned to Korea after getting training in calendar 
making in Tang China in 674 (Munmu 14). Perhaps the Koreans had begun 
to train themselves in calendrical techniques around the mid-seventh century 
to cope with the needs of their country. 

More important in the history of the calendar in this period is that a Korean 
specialist in calendrical sciences went to Japan to teach the Japanese to make 
their first calendar. According to Japanese sources, a professor of calendar in 
Paekche, Kodokwangson, taught the Japanese the techniques of calendar-
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making in 545, and another Paekche specialist, Kwalluk, a Buddhist monk, 
delivered some calendar and astronomy books to Japan in 602. 

It was from about this period that the three kingdoms in Korea began to 
use their own reign titles to name the years. A very interesting part of this 
history describes the Korean influences on ancient Japanese astronomical 
developments, which are partly told by Nakayama Shigeru in his A History of 
Japanese Astronomy, based on the original records in the Chronicles of Japan 
(Nihon shoki). 

KORYO PERIOD 

The next major dynasty began with the rise of General Wang Kon as the 
founder of the dynasty of Koryo in 918, with the new capital at Songak (now 
Kaesong) in the middle part of the peninsula. Astronomy was a major intellec
tual field for the early period of the dynasty. For example an astrologer, Ch'oe 
Chimong, was a successful high official of the period, thanks to his well
recognized talent for astrological predictions. 

There were two astronomical institutions for the state in the earlier period 
of the dynasty - one for astrology and the other for fortune telling. They were 
closely interrelated with the relevant enterprises of the time - geomancy and 
timekeeping (water clocks and sundials, as well as calendars). These two organ
izations, Sach'on-dae and T'aebokkam, were alternately unified into one or 
separated into two throughout the Koryo period. When they were unified, they 
were called K wansanggam or Soun-gwan. They were, though much smaller in 
size, borrowed from China. 

A few stone pieces used for the site of the national astronomical observatory 
for the period are still preserved in Manwoltae today in the one-time capital 
of the dynasty - in Kaesong in North Korea. Unfortunately, however, we do 
not have any remaining concrete record about, or instruments from, their 
astronomical activities. There are records of several titles indicating the exis
tence of officials in charge of the water clock. But no information about the 
water clock itself is recorded in any page of the History of Koryo, compiled in 
the fifteenth century. However there are many records about a variety of 
heavenly phenomena, including solar and lunar eclipses, comets, and meteors. 
These records show that they were mostly interpreted as portents throughout 
the dynastic period. For example, there are 134 solar eclipses, 221 lunar eclipses, 
84 comets or novae, 543 meteors, and about 1,000 planetary occultations and 
irregularities observed and recorded. This indicates strongly that astronomical 
observations were very diligently carried out from the early eleventh century 
at the latest. 

It is very unfortunate that there are no surviving records about the actual 
instruments and methods the Koryo astronomers might have used. Also we 
do not have any information about their astronomical atlas. But there is at 
least one record of a star map of the Koryo period, which was made by the 
astronomer 0 Yunbu (?-1304). We do not have the star map today, and there 
is no detailed information either about it or about the author. 
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In the earlier period of the dynasty, there was a very interesting record in 
the History of Koryo of five strange-sounding calendars made by Korean 
scholars in 1052 (Munjong 6). These five calendars are: Sipchongnyok, by Kim 
Songt'aek; Calendar of the Seven Luminaries, by Yi Inhyon; Kyonhaengnyok, 
by Han Wihaeng; Tun'gapnyok, by Yang Wonho; and T'aeillyok, by Kim 
Chong. These were not ordinary calendars, but some kind of subordinate 
frames of calendars based upon the different techniques of divination for 
the period. 

From the mid-thirteenth century Koryo was put under half-colonial control 
under the strong Mongol government of the Yuan Dynasty in mainland China. 
It was a period when Koreans were politically oppressed but culturally very 
open to imports from China. During this time Korean astronomers ·were 
dispatched freely to Beijing to learn about the newly developed calendar 
sciences there. It was a period of great borrowings from China in every academic 
and cultural field. 

Here it is worth pointing out that the sexagesimal designations of the dates 
in the Chinese and the Korean calendars began to show differences from the 
early Koryo period - more exactly from 1022. The occurrences of these con
tinuous discrepancies in the date-designations between China and Korea elo
quently demonstrate that the two countries had been using different calendar 
systems from the early eleventh century. In other words, it means that the 
Koryo people had been using their independently calculated calendar for 
themselves, even though Koryo, as a vassal state of China, had to import the 
Chinese calendar every year. The formal annual importation of the Chinese 
calendar was a gesture of diplomatic subservience shown to the Chinese during 
the period. But the Koreans did not actually stick with the imported calendar. 

When the Chinese switched from one to another calendar system, the 
Koreans had difficulties adapting to the new system. When that kind of switch 
happened at the end of the Koryo dynasty, the Korean government tried their 
best to introduce the new system from Yuan China. It took decades and many 
Korean astronomers' efforts to make it possible for the Koreans to utilize the 
new system; complete absorption of the system occurred only in the early years 
of the Choson dynasty, which began in 1392. 

The Chinese in the Yuan period had developed greatly in astronomy and 
calendar making. Particularly praised are the brilliant achievements by astrono
mers like Guo Shoujing (1231-1316). Many new instruments were invented, 
and Arab astronomy was, for the first time, imported into China. Unlike the 
other periods of Chinese history, furthermore, the Chinese and the Mongols in 
Beijing were very magnanimous in their attitudes towards Korean visitors. 
Some of the new astronomical tools must have been successfully imported into 
Korea during this period, but we do not have any concrete evidence. The new 
calendar system adopted by the Chinese was the Shu-shih-li completed in 1280, 
and it was sent to Korea immediately. Koreans were advised to adopt it 
starting from the next year. 

Korea sent astronomers on several occasions to learn about the new tech
niques of making the calendar acceptably accurate for their country. Despite 
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Choe Songji's and Kang Po's efforts in their visits to China, Korea seemed to 
have difficulties in satisfactorily absorbing the new system until the next dynasty 
in the fifteenth century. Through their efforts, however, Korean astronomy did 
improve, and at least a set of astronomical tables was calculated and published 
in 1343 by astronomer Kang Po, in his A Ready Reckoner for Shou-shih 
Calendar Calculations. After the Ming dynasty emerged in China to replace 
the Yuan, Korea adopted the calendar of the new dynasty after 1370. But the 
change was only nominal from the Shou-shih to Ta-tung, without much real 
change in the scientific structures between the two calendars. 

EARLIER CHOSON PERIOD 

The new dynasty of Choson was started in 1395 with the making of a great 
stone star map, called Chonsang yolch'a punyajido. 1464 stars are engraved in 
this stone slab, which is almost identical to the number of stars shown in a 
similar stone star map of China, made in 1247 and preserved in the Suchow 
Museum in China today as the oldest treasure of its kind in the world. Whereas 
the Korean one was titled with eight somewhat complicated characters, the 
Chinese one is named simply in three characters, Tien-wen-tu. According to 
the preface for the stone star map, preserved today in the collected writings of 
the author, Kwon Kun, as well as on the remaining stone piece itself, star map 
making in Korea has a long history. This map was also based on the Koguryo 
prototype of some hundreds of years ago. It seems to be a typically Korean 
star map, and many later Korean versions, usually drawn on paper, were 
copied from this prototype, in shape if not in name. According to the informa
tion engraved on the star map itself, it was made in 1395 with freshly gained 
data observed from the sky. The two stone star maps of China and Korea 
show some differences, but the degree of originality of the stellar data of the 
Korean stone slab needs more scholarly scrutiny. 

With the change of the dynasty, astronomical data through actual observa
tions increased greatly in many areas. The enormous amount of data is partly 
indebted to the much more detailed historical sources from this period of 
Korean history - notably the Veritable Records of the successive reign periods. 
The Veritable Records for the entire Choson Dynasty period have been pre
served and translated into modern Korean. The document was made into three 
CD-ROMs a few years ago, thus making the historical sources easily accessible 
to anybody. 

Many years ago, when it was not so convenient as it is today, I read every 
page of the document in order to copy the information necessary to compile 
a list of the various kinds of natural phenomena (not only astronomical, but 
other unusual things on earth and strange animals, etc.) recorded in the Veritable 
Records. My result was a list of more than 80 thousand unusual natural 
phenomena, which I called 'portents' for the first 100 years of the dynasty. 
More than half of the portents were astronomical data, which included 1,281 
entries of the star-in-daylight (usually Venus), 1,191 solar haloes, 206 comets, 
173 falling stars, 137 lunar occultations of the planets, ... 68 lunar eclipses, 55 
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solar eclipses, etc. They were not necessarily true reflections of the actual 
happenings and actual observations of those phenomena. We need many more 
painstaking efforts concerning the nature and the meaning of the records. My 
preliminary analyses of the portents and their meaning are reviewed in my 
book, Portents and Politics in Korean History. 

King Sejong, who reigned over the new kingdom - Choson Dynasty - for 
32 years from 1418 to 1450, showed the best efforts for the period not only in 
Korea but also compared with the astronomical achievements of other peoples 
of the contemporaneous world. These included a variety of astronomical instru
ments, meticulously made and established in two major places of the capital -
one set in the inner palace astronomical observatory around Kyonghoeru Lake 
in the Kyongbok Palace and another set in the observatory nearby in the 
hillside of Unhyon Palace, near the main royal palace. 

Joseph Needham tried to recreate scenes of Korean astronomy in his book, 
The Hall of Heavenly Records: Korean Astronomical Instruments and Clocks, 
1380-1780. Needham and his colleagues described many astronomical instru
ments so that it will be possible to construct replicas in the future. They 
believed that the royal astronomical observatory under King Sejong was 'one 
of the finest astronomical observatories in the world.' (p. 14) 

The best known of all the products of the period is the self-striking water 
clock made by Chang Yongsil (ca. 1390-1450) in 1434. Although we do not 
know much about the clock itself, we do know that the water clock told time 
automatically in the palace, and it was immediately relayed to the time bell 
downtown. In the evening, after sunset, curfew was announced by tolling the 
bell twenty-eight times, while a new day would begin with the bell being tolled 
thirty-three times at daybreak. The original water clock of 1434, however, failed 
to survive much longer than its makers. So a similar device was fabricated in 
1536 under the direction of King Chungjong. Only the major bowls for the 
clock survived; they are displayed in the Toksu Palace in downtown Seoul. 

King Sejong was so impressed with the original automatic clepsydra that 
Chang went further to build a more complicated automatic device called the 
'jade clepsydra', a water clock decorated with many kinds of astronomical 
movements in actual demonstrations. However, a man of humble origin, Chang 
Yongsil was so summarily punished later in 1442, when a royal chariot made 
under his direction was broken, that we do not have any record of him 
thereafter. 

No less impressive were the other astronomical instruments, including a 
huge simplified device for better observations of stars and a 40-feet high giant 
gnomon to measure the altitude of the sun, as well as other armillary spheres 
for measuring and for demonstrations. Also devised were 4 kinds of sundials 
including the 'scaphe' sundial, solar-stellar timepieces, and portable water 
clocks. With these instruments, five astronomers were ordered to watch the 
sky every night and to report their findings according to a prescribed schedule. 
Some of the ominous heavenly signs such as comets were supposed to be 
reported immediately to the throne even in the middle of the night. 

Some meteorological tools like the rain gauge and the water mark were also 
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invented in the Sejong period. The rain gauge was invented in 1441, if not 
earlier. The water mark was also invented about the same time to measure the 
level of flowing water in the Han River and a downtown stream in the capital 
city of Seoul. Immediately after their invention the rain gauges were distributed 
to different provincial capitals nationwide to measure the rainfall and to report 
their results to the capital. Unlike the rain gauge, only two water marks were 
made to be erected in the middle of the streams of the Han River and the 
Chonggyechon Stream in Seoul. 

But the most important achievement was the final compilation of the 
Calculations of the Seven Luminaries (chilchongsan) in 1442. This was the first 
successful achievement of Korean astronomers in fabricating a calendar based 
upon their own calculations. A Korean scholar, Pak An-gi later delivered this 
knowledge of compiling the local calendar based upon a Chinese prototype to 
Japan in 1643, when he was a member of the Korean Mission to Japan. The 
celebrated first Japanese calendar made by a Japanese astronomer in 1682 was 
greatly indebted to Pak An-gi, according to the memoirs of the Japanese 
astronomer Shibukawa Harumi (1639-1715). Shibukawa was well aware of 
the Korean astronomical map of 1395, it turns out, and he had even produced 
a couple of star maps himself, partly based upon the Korean planisphere. 
(Park, 1997b) 

The Shibukawa Calendar was formally named the Jokyo Calendar, because 
it was the beginning of a new reign period in Japanese history. The main 
contribution to the compilation of the calendar came from astronomers like 
Yi Sunji (1406-1465), Kim Tam 1416-1464), and others of the Sejong period. 
Yi Sunji was the most celebrated astronomer of his time. Many astronomical 
tables, as well as his main books on astronomy, including the Outline of 
Astronomy and the Collection of Astronomers, are still available today. 

LATER CHOSON PERIOD 

The beginning of the seventeenth century marks a natural half point for the 
five hundred year history of the Choson dynasty. Korea had experienced 
tumultuous decades in the early seventeenth century, the seven years' wars 
against the invading Japanese (1592-98), and wars against several invasions 
of the Manchus in the thirties. This was an important transitional period for 
the East Asian countries, mainly because of the influence of the advancing 
Western powers under the banner of Christianity. 

From the later Choson Veritable Records and other supplementary (and 
sometimes more detailed in the later period) historical sources, we have data 
on many natural phenomena including many astronomical records. For the 
latter part of the dynasty, I have not yet compiled the statistics of the individual 
portents for the period. There is a Korean historian, Yi Tae-jin, who tried to 
utilize the data to prove the worldwide existence of the small ice-age in the 
seventeenth century. I believe, however, that these numerous data of unusual 
astronomical phenomena were not exactly a reflection of actual observations 
but rather a reflection of the psychology of portents. 
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We do have some very important astronomical data from these records, 
including, for example, the Kepler supernova, SN1604, which was observed 
and recorded every day except possibly for rainy or cloudy days. Usually these 
astronomical phenomena were monitored and reported to the throne with 
pictures drawn by royal painters. There are only a few samples of those pictures 
in Korean museums. 

There was a renaissance period in Korean traditional astronomy in the later 
period of the dynasty, when King Sukchong and other later kings, from the 
late seventeenth century, tried to reconstruct the royal observatory to its former 
greatness in the period of King Sejong. The worn-out star map on a stone 
slab, which was engraved in the earliest years of the new dynasty. was remade 
in 1687 (the 13th year of King Sukchong); it is preserved in good shape at a 
museum in Seoul today. Many astronomical clocks and other instruments were 
also rebuilt under royal orders. 

One of the best known is the armillary clock, probably made by Song 
Yi-yong in 1669, which is preserved in the museum of Korea University in 
Seoul. Housed in a wooden case about 120 cm x 98 cm x 52.3 cm, it is made 
of two main parts - the clock mechanism and the armillary sphere. The clock 
is activated by the movements of two lead weights, while the armillary sphere 
is attached to the clock. Several astronomers tried to make similar devices 
from the mid-seventeenth century; this was to continue for a full century. For 
example, an armillary clock in the Chejong Pavillion was repaired in 1777 (the 
first year of King Chongjo), and an armillary clock driven by weights was 
made by two provincial engineers at the request of a famous scholar, Hong 
Tae-yong (1731-1783). In fact, Hong Tae-yong had many other astronomical 
instruments made for him to use in the private pavilion in his garden; he did 
not use them in actual observation of the sky. Some of these were imitations 
of western models. In this period it was somewhat fashionable among the 
scholars and literati to have some astronomical tools, such as an armillary 
sphere, for demonstration purposes on their desks or in the reception quarters 
of their houses. 

One possible reason for the rekindled astronomical interests in this period 
is the newly introduced Western astronomical knowledge. In 1631, Chong 
Tu-won, Korean ambassador to Ming China, brought a telescope from China 
for the first time in Korean history. After that several other people also brought 
telescopes to Korea, but it is still uncertain whether or not they used them to 
observe the heavenly bodies. The answer seems to be negative at this moment, 
although it has not yet been studied seriously by any scholars. Ambassador 
Chong had some other Western objects, including a world map and a few 
books on western science including astronomy. 

Also imported for the first time was a new astronomical chart that showed 
the stars around the South Pole. The star map of the earlier Choson period 
was drawn in one big circle, to show the numerous stars in the Northern 
Hemisphere and some of the ecliptic stars from the Southern Hemisphere which 
could be observed from Korea. Equipped with new knowledge of the Southern 
Hemisphere, Koreans began to draw stellar pictures including the southern 
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stars. Some of the star charts in two circles - one for the Northern Hemisphere 
and the other for the Southern - are preserved today. Better known among 
them are one in the Popchusa Temple in Korea and one in the Science Museum 
of Cambridge University, U.K. The Korean Office of Astronomy produced 
both in the eighteenth century. 

In 1644 the Chinese adopted a western-style calendar which was produced 
by the Western astronomer/missionaries, under the leadership of Adam Schall 
von Bell. Its influence upon the Korean calendar was immediate and strong, 
first of all because the hostaged Korean Crown Prince Sohyon, who had close 
personal connections with the Jesuit missionary while he was in China, returned 
to Korea immediately after the Ching Dynasty's take over of Beijing in 1644. 
Again at this time, as they did several hundred years before the end of the 
Koryo dynasty, several Korean astronomers were dispatched to China to learn 
various parts of the new calendar system from the Chinese, and Koreans finally 
adopted the new Shi-shien Calendar after 1653. But they continued to learn 
some of the details even after its formal adoption. Some later records show 
Korean scholars' visits to China for additional learning, and about the same 
time Koreans made fresh efforts to build astronomical instruments, as we have 
seen above. 

Probably this activity was a reflection of the newly imported knowledge 
about the cosmos from the West. Yi Ik (1681-1763), for instance, admitted 
that the traditional astronomy of the Chinese was inferior to Western astron
omy. And he went further to say that Confucius, if he were reborn, would 
surely follow Western astronomy instead of traditional Chinese cosmology. He 
realized that the earth was round, and he concluded that Koreans could claim 
their country as the center of the world, because any country could be the 
center of the world if it is spherical. 

Hong Tae-yong (1730-1783) is a Sirhak (practical learning) scholar who 
maintained that the earth rotated to make day and night, instead of the sun's 
turning around the globe. His belief in the rotational theory of the earth was 
not yet combined with the notion that it also revolved around the sun at the 
same time. He also believed that the universe was filled with other kinds of 
intelligent beings and that it was infinite. Hong's ideas seem to have originated 
from newly introduced western sources. The Western missionaries in China 
denounced many of these ideas, but Hong had no ethical problems sticking 
with ideas denounced by the Catholic priests. 

The first part of the nineteenth century in Korea was a period of intellectual 
restrictions, after the first round of anti-Catholic persecution at the turn of the 
century. We cannot find any sign of intellectual freedom in the early years of 
the nineteenth century. For instance, a representative intellectual of the period, 
Chong Yag-yong (1762-1836) was under a forced political purge in the south
ernmost part of Korea during the period of 1801-1818. Chong is remembered 
today for his writing on a variety of topics, ranging from the Chinese classics 
to Jenner's method of modern inoculation. He once spoke about the intellectual 
vogue of reading western books imported from China in his young days. And 
he himself was highly receptive to the trend. One of his brothers, while taking 
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a government recruiting exam, answered in terms of the western four elements 
theory rather than describing the traditional Asian five elements. Another of 
his brothers was executed for his belief in Christianity during the persecution 
in 1801. Chong must have been too careful or too timid to write about his 
knowledge of the new western sciences, including astronomy. So even though 
there is an abundance of writings about many traditional topics, Chong did 
not write much about western science. Such prudence was normal behavior 
for intellectuals in the first half of nineteenth century Korea. 

Yi Kyu-gyong's (1788-?) great encyclopedic book demonstrates the level of 
astronomical knowledge of advanced Korean scholars in the early nineteenth 
century. This book does not necessarily reflect their astronomical knowledge, 
but it shows their interests in and knowledge of many topics. The book has 
short entries about the telescope, western cosmology, and other astronomical 
topics widely known among the Korean literati. But again his entries demon
strate a cautious attitude. 

This picture of the Koreans' efforts to be careful about absorbing Western 
astronomical knowledge, as well as general scientific knowledge, present a 
surprising contrast to Chinese and Japanese endeavors. When we think of 
scientific developments in the East Asian countries, it is only too natural that 
Korea was much later than China and Japan. For one thing, Korea is located 
away from the main route of the Westerners' navigation to and from the East. 
And when western knowledge arrived through its Chinese version, Koreans 
were shocked about the possibility of its potential destruction of Korean 
traditions. 

In the early nineteenth century several important new books were written 
about traditional Korean astronomy. Astronomer Song Chudok (1759-?) wrote 
two important astronomical books, History and Records of the National Office 
of Astronomy and History of Astronomy in Korea. From the mid-Choson 
dynasty, Korean social structure was more or less settled in the form of four 
classes of people - the ruling yangban class, the professional supplementary 
class (middle people), the commoners such as farmers and merchants, and the 
lowest class of slaves and untouchables. Song Chudok was not one of the 
yang ban people; he was a professional astronomer from a middle people family. 

Many of the highest yangban class scholars were also interested in astronomy, 
as we can see from the cases of the Nam brothers - Nam Pyonggil (1820-1869) 
and Nam Pyongch'ol (1817-1863). The two brothers served at the highest 
positions in government and also left a number of astronomical books. They 
wrote many books on astronomy, astronomical instruments, measuring instru
ments, calendars, and mathematics, as well as a star catalogue, Songgyong, with 
explanations of 1,319 stars with their magnitudes and names, as well as the 
130 south-pole area stars under their western names. 

MODERN ASTRONOMY IN KOREA 

Korea finally opened its doors to foreigners in 1876. With the long delayed 
opening of the Hermit Kingdom, there was an influx of western things and 
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ideas. But it was not very influential, and the reactionary responses on the part 
of the tradition-minded Koreans were exceedingly strong toward the last years 
of the last century. 

Choe Han-gi (1803-1877) started a new age in Korean astronomy with his 
book about western astronomy in 1867, some years earlier than the actual 
opening of the country. This book, the Songgi unhwa, is actually a revised 
version ofa western astronomy text by John Herschel (1791-1871) taken from 
its Chinese translation, Tan-tien, which was translated by Li Shan Ian and 
Alexander Wylie and published in Shanghai in 1859. He showed, in one of his 
earlier books, that the earth was rotating not only every day to make day and 
night but also around the sun every year to make the seasonal changes. Though 
Hong Tae-yong first knew of the daily rotation of the earth in the mid
eighteenth century, it took almost one more century for the Koreans to under
stand the heliocentric revolution of the solar system with this book in 1836. 

In the Western countries science and technology were progressing steadily, 
and Japan and China were already starting to catch up. But in Korea there 
was a notable lack of political leadership, which was combined with the lack 
of mobilized capital to invest for the rapid modernization efforts necessary for 
the nation. Astronomy and other branches of science and technology were very 
slow in finding their way into Korean minds. Journalistic coverage of western 
science and technology was the best source for introducing western science. 
The Hansong sunbo, a weekly newspaper - the first of its kind in Korea - was 
started in 1883. The newspaper covered many stories of western science and 
technology, particularly in the early months of its publication. The newspaper 
was a sort of science textbook for the Korean people in the 1880s. The first 
modern astronomy book, a revised version of a Japanese title, was published 
in 1908 by Chong Yong-t'aek. 

Japan annexed Korea in 1910, and Korea became a Japanese colony for the 
next 35 years until its liberation in 1945. Almost no developments were made 
in terms of astronomy. But there are some interesting episodes relevant to the 
future development of astronomy in this country. 

An American astronomer, W. Carl Rufus (1876-1946) came to Korea in 
1907 to teach in Sungsil School, Pyongyang. Then he moved to Chosen 
Christian College (Yonhui) in Seoul for two years from 1915 to 1917 before 
going back to America. Rufus had received his Ph.D. from the University of 
Michigan, and stayed there as a professor of astronomy. He wrote several 
important papers in English about the history of astronomy in Korea. His 
main paper is 'Astronomy in Korea' published in 1936. 

Because of Rufus' continued concern for Korean students, Yi Wonchol 
(1896-1963) earned his doctorate from the University of Michigan in 1926. He 
was the first Korean astronomer with a doctorate degree; in fact he was the 
first Ph.D. holder in Korean history. He wrote his dissertation on pulsating 
stars. After he obtained his degree, he came back to Korea to become a 
professor of astronomy at Yonhee College (presently Yonsei University). 
Unfortunately, because of severe political suppression by the Japanese govern-
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ment, he had to give up his teaching position. After the liberation in 1945, he 
was one of the most important and active astronomers in Korea. 

Percival Lowell (1855-1916) was the founder of the renowned Lowell 
Observatory in Flagstaff, Arizona, USA, and a persistent chaser of the planet 
Pluto, which he unfortunately failed to discover for himself before his death. 
He was better known for his beliefs on the possible existence of life on the 
planet Mars. Before he became an established amateur astronomer in his 
country, he was employed by the Korean monarchy as an interpreter for the 
first Korean mission to America in 1883. Though he seems to have had little 
influence on the development of astronomy in Korea, it is amusing that the 
first interpreter hired by the Korean government was this famous future 
astronomer. 

Because there were almost no astronomers and no astronomical institutions 
in Korea at the time of liberation, astronomy had to start afresh after the 
Korean War (1950-53). The first college department was the Department of 
Astronomy at Seoul National University in 1958. Only a handful of astrono
mers and scientists, ill-trained as they were at the time, gathered together on 
the day of the vernal equinox in 1965 to start the Korean Astronomical Society 
(KAS). In 1973 the Korean society joined the IAU as a regular member. 

In 1974 Korea began to build a National Astronomical Observatory, and a 
telescope was constructed on top of Sobaek Mountain in 1978. Dr. Min Yonggi 
was selected as the first Chief of the observatory. Today Korea has a half dozen 
college departments of astronomy, as well as the National Astronomical 
Institute in the Taeduk Research Complex. The Korea Astronomical Society 
has a membership of hundreds of astronomers. 

NOTE 

1 This feature, also similar in Chinese astronomy, is well covered in my book, Portents and Politics 
in Korean History (Seoul: limoondang, 1998). 
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CROSSING THE BOUNDARIES BETWEEN HEAVEN AND 
MAN: ASTRONOMY IN ANCIENT CHINA 

Ancient Chinese astronomy has been the subject of intensive and often brilliant 
studies in both the East and West throughout the 20th century (Needham, 
1959; Anon., 1981). Most studies have focused on scientific aspects, extracting 
from historical sources the precursory knowledge of modern astronomy, evalu
ating the ancient knowledge and practice of the art with modern standards of 
objectivity and rationality, and discussing astronomical inventions and discov
eries in a global context. Indeed, ancient Chinese astronomy was in many ways 
similar to the western tradition. Both had the same sky as the common object 
of study, both made observations and measurements ofthe heavens and formed 
certain models or theories to understand or explain celestial phenomena, and 
both used sophisticated mathematical techniques for prediction and retrodic
tion. Therefore, such studies are not only meaningful but also necessary, for 
they provide us with facts and useful insights to create a clear picture of ancient 
Chinese astronomy. 

Chinese astronomy is one of the most ancient sciences in the world. Its 
antiquity can be dated safely to the 24th century BC, when some stars were 
observed to determine the four seasons, as recorded in the Shu jing (Book of 
Documents) (Sun and Kistemaker, 1997: 15-18). In the oracle bone inscriptions 
we can find records of eclipses, lunar dates and names of stars. These records 
indicate that Yin people between the 14th and 12th centuries BC were already 
using a luni-solar calendar, where one year consisted of twelve lunar months 
of either twenty-nine or thirty days each, with an extra month known as the 
intercalary month inserted about every three years (Anon., 1981: 12-19). No 
later than the middle Zhou (5th century BC), Chinese astronomers introduced 
a system of twenty-eight lunar mansions along the ecliptic, so that the positions 
of the sun, the moon and five planets could be indicated. The twenty-eight 
lunar mansions served as the coordinate system in Chinese astronomy, which 
led to precise indication of the sun and the moon and therefore to great 
developments in calendar making. From the Warring States (481-221 BC) 
period on, about one hundred calendars were devised, and more than fifty of 
them were issued officially (Anon., 1981: 253-255). Each calendar was always 
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an improvement over the previous ones. The measurements became more 
precise, and the cycles of the heavenly motions were determined more accu
rately, so that there could be more accurate predictions of heavenly events 
such as eclipses. The calendars are marks on the long continuous progress of 
ancient Chinese astronomy. 

Chinese astronomy has had many remarkable achievements. Linking the 
celestial north pole and the twenty-eight lunar mansions, astronomers estab
lished a polar and equatorial coordinate system different from the western 
ecliptic system, but equally logical (Needham, 1959). They probably started to 
measure the coordinates of stars as early as the 3rd or 4th century BC and 
had the first star catalogue as far back as the 1st century Be. This work is 
extant and is comparable to the works of Hipparchus and Ptolemy in ancient 
Greece (Sun and Kistemaker, 1997). There was a continuous elaboration of 
astronomical instruments, ever since the Han astronomers invented armillary 
spheres. In the 11th century, Song astronomers constructed a towered astro
nomical observatory combining instruments for measuring celestial motions, 
for demonstrating celestial movements, and for time-announcing. The whole 
system was powered by water flow from the clepsydra, and mechanical devices 
were used to keep the instruments running simultaneously with the heavens. 
The equatorial mounting of astronomical instruments, which is natural for the 
equatorial system, was faithfully adhered to by Chinese astronomers. This way 
of mounting was clearly demonstrated in the instrument called jian yi (simplified 
armillary sphere) invented by the Yuan astronomer Guo Shoujing in the late 
13th century, which was mounted very much the same way as a modern 
telescope (Needham, 1959). The Chinese also made some very interesting 
speculations about the universe. For example, a certain Han cosmo graphical 
theory called xuan ye conceived the universe as infinite, with the stars as bodies 
floating in empty space. The Song philosopher Zhu Xi proposed an evolution
ary theory of the origin of the universe. He said the universe began as permeat
ing qi (ether), which separates into yin (cold, negative) and yang (warm, positive) 
qi. When the yin and yang qi grind against each other, they produce some 
dross, and the qi begins to condense around the cores of dross to form celestial 
bodies (Anon., 1981: 170). This theory is quite similar to Kant's nebulae 
hypothesis of the origin of universe, but it was formulated seven centuries 
earlier. 

Chinese astronomy is highly regarded by modern astronomers especially for 
maintaining, for longer continuous periods than any other civilization, accurate 
records of celestial phenomena such as eclipses, novae, comets, meteors, sun
spots, etc. These records have found many applications in modern astronomy 
(Ho, 1997). One is in the study of novae and supernovae (Hsi, 1955). The 
Chinese had many records of 'guest stars', which means sudden appearances 
of unknown illuminating objects in the normal sky background. The guest star 
could refer to a supernova or nova, but it could also mean a comet or even a 
meteor, depending on the context. As radio astronomy developed and the first 
pulsar was discovered in 1967, astronomers used Chinese records of guest stars 
to identify radio sources with past supernovae. One well-known example is 



CROSSING THE BOUNDARIES BETWEEN HEAVEN AND MAN 425 

that the Crab Nebula has been identified with the supernova observed in China 
in the year 1054. There are other applications of Chinese records. Records of 
comets have been used for calculations of the period of Halley's comet; records 
of sunspots have been used to determine sunspot cycles; and records of eclipses 
have been used in the study of the secular variation of earth's period of rotation. 
(Needham, 1959: 423-436). As modern astronomy develops, Chinese records 
may find even more applications. 

As we look at the above achievements, we might have the impression that 
ancient Chinese astronomy was virtually the same as modern astronomy as a 
branch of natural science, except for being earlier and using less advanced 
techniques. We might believe that Chinese astronomy was a precursor of 
modern astronomy. This is not the case, as some scholars have already demon
strated (Sivin, 1967; Cullen, 1993). Ancient Chinese astronomy was not an 
isolated and objective discipline, but was conceived and elaborated in combina
tion with the cultural complexity of ancient China. It is misleading to analyze 
Chinese astronomy out of its social and cosmological context. Several case 
studies have been carried out taking into account the social, political and other 
aspects of culture, but so far there is no systematic study in this view. 

To have a more precise picture of ancient Chinese astronomy, one must also 
ask what the purpose of astronomy was. What were the motivations, the 
methods, the systems, the cosmologies, the connections with philosophy, poli
tics, religion, etc.? To answer these questions, we quote the words of the famous 
Han historian and astronomer Sima Qian: 'to explore the boundaries between 
Heaven and Man, to comprehend changes old and new, and finally to form a 
total perspective (of the cosmos).' The main purpose of Chinese astronomy was 
to study the correlation between man and universe. The universe was conceived 
not as an object independent of man, but as a counterpart and mirror of 
human society. There is a certain harmony and proportion between the heavens 
and man, the order and pattern of the universe prevails in the world, and 
changes in the heavens are correlated with changes in the world. This cosmolog
ical view made Chinese astronomy the most highly regarded science by the 
state rulers. Astronomy in ancient China thus had a heavy political component. 

In this paper I do not claim to make a thorough study of Chinese astronomy 
in its political, social and cosmological context. I will try to view some major 
aspects of Chinese astronomy from the perspective of its cosmology. 

CORRELATIVE COSMOLOGY AND ASTRONOMY 

In ancient China, astronomy was closely related with a cosmology that per
ceived the world as an organic entity with correspondence and consonance 
among aspects of various orders of reality or realms of the cosmos, such as the 
human body, the body politic, and the heavenly bodies (Henderson, 1984). 
Ancient astronomers often attributed the origin of astronomy to the legendary 
sage Fu Xi. It was said that he observed the signs of the heavenly bodies and 
studied them as models of regularity in order to appreciate the virtue of the 
spiritual and to account for the behavior of the heavens and the earth. Thus 
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he could unfold the future, explain the nature of things and enable undertakings 
to be accomplished successfully (Ho, 1966). This attribution is utterly ground
less, but it does indicate how ancient astronomers viewed the purpose and 
meaning of astronomy. Astronomy has been treated as a means to reveal 
cosmological relations between man and universe, to observe the regularity 
and irregularity of the heavens, and to interpret their implications in regard to 
human society. As the Yi jing (Book of Changes) puts it, 'Heaven displays its 
symbols from above, which show good or bad fortune, and the sage makes his 
interpretations accordingly.' In making his interpretations, he formulates a 
systematic correlation between heaven and man, and based on this correlation 
he explains and predicts changes in the world. 

Chinese cosmology is characterized by its correlative thinking (Graham, 
1986). Cosmic systems of correspondence, varying widely in complexity and 
coherence as well as in type, were drawn, aiming at comprehending the key 
aspects of every major order of reality, encompassing heaven, earth, and man. 
Based on correlative thinking the Chinese invented the connections between 
the cosmos, the body, and the state. As a result, macrocosm and microcosms 
became a single manifold, a set of mutually resonant systems of which the 
emperor was the indispensable mediator (Sivin, 1995). An example of the 
macrocosm-microcosm relation is shown in the Huangdi neijing (Inner Canon 
of Medicine): 

In the year there are 365 days; human beings have 365 joints. On the earth there are high 
mountains; human beings have shoulders and knees. On the earth there are deep valleys; human 
beings have armpits and hollows in the back of their knees. On the earth there are twelve 
cardinal watercourses; human beings have twelve cardinal circulation tracts. In the earth there 
are veins of water; human beings have defensive qi. On the earth there are wild grasses; human 
beings have body hair. On the earth there are daylight and darkness; human beings have their 
[times for] lying down and getting up. In heaven are stars set out in constellations; human 
beings have their teeth .... These are the correspondences between human beings and heaven 
and earth (Huangdi neijing: ling shu, ch. 71. Translation cited from Sivin, 1995: 18-19). 

In making correlative relations between man, state and heaven, some basic 
modes or formats were used. They acted as the operating systems in modern 
computers to construct schemata in which corresponding items could be filled 
in to form an all-encompassing cosmological picture. The most important 
modes were based upon the yin-yang and wu-xing (Five Phases) philosophy 
and the gua system of the Yi jingo (Henderson, 1984). 

In Chinese thinking, yin and yang are the most basic concepts. Originally 
they were certainly connected with darkness and light, but gradually their 
meanings were greatly extended. Yin came to represent things or natures that 
are cold, dark, female, negative, passive and so on; while yang represented 
things or natures that are warm, light, male, positive, active, and so on. 
According to the Yin-yang school, which is believed to have been initiated by 
Zhou Yan in the 3rd century BC, the universe was balanced with the yin and 
yang forces, and all phenomena are the result of the interplay of these two 
opposite yet reciprocal forces. Wu-xing - earth, wood, metal, fire and water -
at the very beginning apparently referred to material substances. They were 
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later conceived in terms of their functional attributes: 'Water is said to soak 
and descend; fire is said to blaze and ascend; wood is said to curve and stretch; 
metal is said to obey and change; earth is said to seed and crop.' The Five 
Phases conception was developed, again by the Yin-yang school of Zhou Yan, 
to be the basis of a comprehensive theory for explaining change in the cosmos. 
The Five Phases were arranged in particular sequences of succession, either by 
'mutual conquest' or by 'mutual production'. Thus by mutual production wood 
produces fire, fire produces earth, earth produces metal, metal produces water, 
and water produces wood. By mutual conquest wood is conquered by metal, 
metal reduced by fire, fire extinguished by water, water blocked up by earth, 
and earth manipulated by implements made of wood (Feng, 1953). 

Cosmologists of the late Zhou and Han eras used these sequences of the 
Five Phases to explain cosmic and historical evolution, as well as various 
seasonal, diurnal, and medical changes and rhythms. A good example is the 
explanation for the change of the seasons. Spring corresponds to wood, summer 
to fire, the third month of the summer to earth, autumn to metal, and winter 
to water. Thus the seasons change in the sequences of mutual production. The 
philosophy also applied to history; the lushi chunqiu accounts for the rise of a 
number of the rulers of high antiquity, including the Yellow Emperor, Yu the 
Great, and Wen Wang, by a theory of the succession of the Five Phases, the 
reign of the Yellow Emperor corresponding with the earth phase, that of Yu 
corresponding with the wood phase, and so forth. 

During the Han, the yin-yang and Five Phases theories were developed 
further. Dong Zhongshu of the Former Han incorporated the theory into the 
exposition of Confucian classics, thus extended the yin-yang and Five Phases 
mode of thinking into the realm of politics and social relations (Henderson, 
1984). By that time Han cosmologists could use this theory to build a compli
cated framework of correspondences between man, the state and the universe. 
They worked up a long list of things grouped by five and associated them with 
the wu-xing, including five planets, five seasons, five directions, five colors, five 
musical tones, five wise emperors, five viscera, five orifices, five animals, five 
conducts, five punishments, and still others. And all these were balanced with 
yin and yang. This is quite an ambitious and complicated cosmological 
schemata. 

In addition to the yin-yang and Five Phases mode there is the mode of 
correlative cosmology based on the gua system of the Yi jingo The classic itself, 
generally considered to be compiled during the early Zhou, is a collection of 
divination judgements based on the 'drawing of lots' by means of dried yarrow 
stalks. These judgements are, however, matched with a set of sixty-four gua 
(hexagrams) each consisting of a set of six parallel lines which may be either 
broken or unbroken, representing all possible combinations of two signs in six 
places. The sixty-four hexagrams are produced by combining two of the eight 
trigrams (half of a hexagram, also called gua). Han cosmologists used the 
hexagrams and trigrams to make similar correspondences as they did with the 
five phases. But with the gua system, they worked out some patterns of change 
by manipulating the yin yao (represented by a broken line) and the yang yao 
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(represented by an unbroken line) in the gua. These patterns of change were 
correlated to changes in nature and the state, which were basically due to the 
rise and fall of the yin and yang forces. The changing philosophy related to 
the Yi jing was an extremely important supplement to the more or less static 
cosmology based on the mode of yin-yang and Five Phases. With all these 
modes combined, Chinese thinkers were able to construct an all-encompassing 
correlative cosmology, uniting man and heaven, explaining and predicting 
changes in the universe. 

Correlative cosmology exercised a pervasive influence throughout pre
modern Chinese thought and culture. Their impact is manifest in most of the 
arts and sciences, most conspicuously in medicine, alchemy, astrology and 
astronomy. So great was the significance and so wide the influence that it 
might well be regarded as a sort of perennial philosophy in the history of 
Chinese civilization (Henderson, 1984: xv). Astronomy, as we have said, did 
serve as one of the important means of revealing the correlation between 
heaven and man. On the other hand, as astronomy grew with cosmology, it 
was modified in the mode of cosmology. Cosmology to a certain degree deter
mined what kind of astronomical problems received most serious attention, 
what kind of heavenly phenomena were mostly observed, and how astronomical 
theories were presented. 

CALENDRICAL ASTRONOMY 

Cosmos and calendar 

In a sense, the history of astronomy in ancient China has been the history of 
calendar making. From earliest times, issuing a calendar was regarded as a 
symbol of a ruler's authority. Thus it became a privilege, as well as an inexorable 
duty, of the ruling authority. In the Shu jing (Book of Documents), the earliest 
canonical account of the past in the Confucian tradition, it says that the 
legendary Emperor Yao in remote antiquity ordered that a calendar be made. 
'He ordered Xi and He to accord reverently with august Heaven, and its 
successive phenomena, with the sun, the moon and stellar markers, and thus 
respectfully to bestow the seasons on the people.' The calendar made was of 
'a period of three hundreds of days, and six tens of days, and six days, using 
intercalary months to fix the four seasons correctly and to complete the year.' 
This document has sometimes been called the foundation charter of Chinese 
astronomy (Cullen, 1996: 3-4). Whatever its historical value, it certainly does 
give an indication of the importance attached to calendrical astronomy by the 
pre-modern Chinese state. Every imperial government in Chinese history main
tained a staff of astronomical specialists and officials. They spent endless effort 
on making and improving the calendar. 

Why was the calendar so important? What was its use? What was its 
function? Why did it absorb so much energy of so many Chinese astronomers? 

The basic need is obvious enough. Any well-organized society needs some 
means of unambiguously designating dates for social activities. The calendar 
produces civil almanacs, which are needed in the daily lives of the people. 
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China was an agrarian civilization. In order to have good harvests, farmers 
had to do their work in the field at the proper times of the year and to follow 
the seasons. Therefore it was essential for the Chinese government to provide 
the peasantry with an accurate calendar. But one should not go so far as to 
assert, as some scholars did, that the development of the calendar was for 
agricultural purpose only (Anon., 1981). In practice, a successful farmer would 
trust to observation and experience rather than to the fixed dates indicated on 
a civil calendar. A few days' error in the calendar would not have disastrous 
effects on farming. 

Nevertheless, there is one important point implicit in this explanation: it was 
the belief of the early modern Chinese, at least of the Chinese scholars, that 
farming activities should be carried out at times which were determined by 
observing the heavens. Timely farming was just one example of the applications 
of Chinese cosmology. Heaven and man, universe and state, were correlated 
to each other and formed a consonant organic cosmological system. Things in 
all spheres were changing, and the changing was rhythmic. Everything passed 
through a cycle of birth, growth, maturity, decay, and death. All the cycles of 
change were harmonized in nature. Nature was conceived of as a great organism 
with a total life rhythm generated out of the harmony of all its parts, including 
man. The key to this overall rhythm lay in the sky. The cycle of the seasons 
was tied directly to the periodic motions of the sun, the moon, and other 
celestial bodies. Thus calendar making was essential to explain the heavenly 
cycles and to integrate them into universal rhythms. This function of the 
calendar can be clearly illustrated by a text in the Yue ling. For the first month 
of the spring, it says: 

For the first month of spring, the sun is at the asterism yin shi, the culminating star at evening 
is shen, and the culminating star at morning is wei. The correlated heavenly stems [for counting 
the days] are jia and yi. The divine ruler is tai hao, its god gou mang, its creatures are scaly, its 
musical note jiao, its pitch pipe tai zhu, its number eight, its taste is sour, its smell goatish, 
its sacrifice is at the inner door for which one first offers the spleen of the victim. The ice is 
beginning to thaw in the wind from east, and the hibernating creatures begin to be active. 
Otters shall offer sacrifices of fish (i.e. eat fish). Wild swans shall return [from the south]. The 
son of heaven shall live in the apartment to the left of the green Bright Hall. He shall ride in a 
belled chariot driven by a dark green dragon [horses], and bearing green flags. He shall wear 
green cloths with green jade [pendants]. He shall eat wheat and mutton. His vessels shall be 
open [in order to represent a] coming forth .... If in the first month of the spring, [the ruler] 
carries out the summer ordinances, then wind or rain will not come in season, trees and grass 
will soon dry up, and the country will thus be in fear. ... (Lushi chunjiu, ch. 1) 

What is presented in the text is an overall schemata of cosmology. Everything 
- the god, ruler, number, sound, taste, smell, creature, pitch pipe, sacrifice, type 
of apparel, and imperial observances and prohibitions - is associated with the 
right time of year. If things are performed at the wrong time, natural disaster 
will ensue. Thus a good and accurate calendar is crucial for maintaining the 
harmony in the universe. That is why one of the Emperor's main functions 
was providing a calendar. If it was the Emperor's responsibility to see that 
social activity did not break the balance of nature, it was naturally a matter 
of state security to understand the times of the universe. This was not a trifling 
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matter. It was done by professional astronomers who were very decent mathe
maticians and respectable bureaucrats at the same time. Furthermore, because 
of its important political implication, and because of its crucial role in under
standing the general rhythms of nature, calendar making became a skill which 
would be the life's work of generation after generation of astronomers. Was 
there any cause so sublime as to comprehend the total universe, including man, 
state, and nature? This ambition itself, just the same as curiosity after 'truth' 
in modern scientific research, stimulated ancient Chinese astronomers to study 
more about the heavens and to make more accurate calendars. They were 
seeking their 'truth'. This was one of the driving forces for the development of 
astronomy in ancient China. As Nathan Sivin has pointed out, the Chinese 
theory of the natural order and the political order as resonating systems, with 
the ruler as a sort of vibrating dipole between them, imposed on the history 
of astronomy an insatiable demand for increased precision - far exceeding, in 
the area of the calendar, any conceivable agricultural, bureaucratic, or economic 
necessity (Sivin, 1969: 7). 

Cosmos and computation in mathematical calendar 

Now we come to the question of how Chinese astronomers constructed the 
calendar. To readers familiar only with the Gregorian calendar now used in 
most modern countries, the preparation of a calendar may seem such an easy 
job that it was not worth the energies of a group of astronomers. In fact, the 
problems encountered in making a Chinese calendar were highly complex and 
demanded ingenuity and techniques of a high order for their solution 
(Cullen, 1996). 

A Chinese style calendar was a system which gave not only the days, months 
and years in numbered sequences, but also a complete set of mathematical 
techniques for calculating an ephemeris which provides both positions and 
dates of characteristic phenomena for the sun, moon, and planets. To accom
plish this, astronomers would first determine all the possible cycles of celestial 
motions; then, by a process that amounts to finding the lowest common 
multiples, larger cycles were constructed to contain and subsume a series of 
smaller ones. This process ended up with the largest cycle which contained all 
the smaller cycles representing as many as were considered necessary or impor
tant periodic astronomical phenomena (Sivin, 1969). The calendrical calcula
tion operates like a complex cogwheel system. At the beginning the largest 
wheel, and all smaller ones, are set at the zero point. As time passes, all the 
wheels revolve with their own periods as represented by the number of cogs. 
Then the state of any revolving wheel could very simply be determined by a 
counting process, which amounts to finding the quotient of the passed time on 
its module of periodicity. 

Like calendars in any civilization, the Chinese calendar had basic cycles of 
day, month, and year. From the earliest times, the Chinese used luni-solar 
calendars (Anon., 1981). This makes the arrangement of the sequences of days 
and months much more difficult than with, say, the Gregorian calendar, which 
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is a pure solar calendar. In the Chinese luni-solar calendar, months were lunar 
months that followed lunation very closely, and the number and order of 
months were kept in step with the cycle of seasons (the tropical year). No later 
than the Warring States era, the Chinese had established a type of luni-solar 
calendar called a 'quarter-day' calendar, with its length of the tropical year 
being determined as 365~ days. A sequence of civil months alternated between 
29 and 30 days, with occasional successive pairs of 30-day months designed to 
keep the months in step with the mean lunation. The civil year normally had 
twelve months, but at intervals a thirteenth 'intercalary month' would be added 
to keep the civil year in step with the seasons. It was found that 19 tropical 
years are exactly equivalent to 235 mean lunations. That means in 19 years 
there should be 235 - (19 x 12) = 7 intercalary months. This was established 
as another cycle called the Rule Cycle (zhang) in which the scheme of placing 
the intercalary months was fixed. After each zhang the scheme of the intercalary 
months would repeat. But as the Rule Cycle was not a whole number of days 
(6939.25 days), it could not contain an exact number of civil months or civil 
years. Thus the figure was quadrupled to produce a larger cycle of 76 years, 
called the Obscuration Cycle (bu). Now there was a further requirement. From 
as early as the Yin dynasty (15th century BC), the Chinese had counted days 
with a sexagenary system called gan-zhi, without a break. In order to start a 
cycle with the same sexagenary day, the bu was multiplied by 20 to produce a 
still larger cycle of 1520 years called Era Cycle (ji). One ji has 555180 = 
9253 x 60 days, so the sexagenary days will repeat after each Era Cycle. 

This was still not the end of the process of developing larger cycles. The 
Chinese calendar also provided the method of predicting eclipses and the 
positions of the five planets. Thus the eclipse cycle of 135lunations, the synodic 
cycles of the five planets, and still others, were all incorporated into the 
calendrical computation to produce a huge Grand Superior Epoch cycle. At 
the beginning of the cycle, the sun, moon, and five planets are in conjunction 
at the winter solstice, and on the first hour, first day, and first year in the 
sexagenary counting system. This is the moment the universe starts all over 
again. The Han dynasty astronomers constructed the first calendar of this kind, 
the Three Concordance san tong calendar. Its Grand Superior Epoch cycle was 
23,639,040 years! 

Calendar, history and calendar reform 

Once the great cycle of the universe was established in the calendar, the 
astronomer was in a position to review the past and look forward to the future. 
The calendar was used not only to predict celestial events in the future, but 
also to prove or explain celestial events in the past. Indeed, only when a 
calendar was good at computing back was it good at predicting. Chinese 
calendar makers had a very strong sense of history. To them calendar making 
was an art based on the understanding of the past; it was the reshaping of the 
past into cosmic cycles, which were expanded to predict the future. Or, to put 
it in another way, a calendrical system should be verified by astronomical 
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events in the past. It was also used to reconstruct the chronicle of the past, 
which was an obligatory task of calendrical science. The Three Concordance 
calendar of the Han, for instance, gave an account of all recorded solar eclipses 
in the past (Han shu). 

It seems that this connection with the past was only a technical requisite of 
calendar making. But it had far deeper implications. It was a way to make the 
connection between human history and cosmic time. As Sima Qian said, it was 
'to explore the boundaries between Heaven and Man, and to comprehend 
changes old and new'. This should be understood in the full dimensions of the 
universe - space and time. To comprehend changes old and new is to establish 
the correlation between heaven and man in the dimension of time. Human 
history was thus brought into the whole scheme of the correlative cosmology. 
Human society was changing. The past was constantly used to comprehend 
the present and shape the future. Historical changes were vested in the cosmic 
cycles as represented in the calendar. The Three Concordance calendar made 
the first attempt to build such relations between human history and cosmic 
rhythms. It constructed the first astronomical chronology that went back to 
remote legendary rulers. It established a theory of dynastic changes by combin
ing astronomical repetition of cosmic cycles with the succession based on the 
Five Phases theory of dynastic changes. According to the historical chronology 
based on the Three Concordance calendar, history began with the reign of the 
tribe of Pao Xi, called Emperor Tai Hao, invested with the virtue of wood. It 
was followed by the reign of Emperor Yan Di, attributed with the virtue of 
fire, then followed by the Yellow Emperor corresponding with the earth phase, 
then by Emperor Shao Hao corresponding with the metal phase, and so on. 
The ruling Han dynasty thus corresponded with the fire phase which succeeded 
the Zhou (wood phase). This historical view had vital political importance. It 
solved the problem of why the Han rulers were authorized with power; the 
mandate was from the heaven, and it was determined by the cosmic order. The 
calendar was a symbol of the mandate of heaven; it was a part of the ritual 
paraphernalia of the ruling dynasty. 

This sequence of historical evolution of dynasties was not a thing that, once 
settled, was settled forever. Complications were caused by politics, history, 
application of the five phases theory, and astronomy itself. There were enthusi
astic debates on the question of which of the five phases corresponded with 
the Han dynasty. At the beginning of the Han dynasty, the state was recovering 
from the disarray after the overthrow of the Qin. The state had no energy to 
think about establishing the panoply of a new cosmic mandate. It simply 
adopted the calendar used during the Qin, the Zhuan Xu li. When it came to 
the middle of the Han, the ambitious Emperor Wu decided to repair the 
omission by a comprehensive revision of state ritual and symbolism. It was 
ordered that a new calendar be constructed to take the place of the old Zhuan 
Xu calendar. The result was the Grand Inception Tai Chu calendar of 104 BC 
(Cullen, 1993). At that time, it was decided that the dynasty ruled with the 
power of Earth, having conquered the watery power of the Qin. This was 
taking the view that the Five Powers succeed one another by 'mutual conquest' 
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in the sequence Earth, Wood, Metal, Fire and Water. The Qin had corresponded 
with Water, so the Han should correspond with Earth: Earth conquers Water. 

But Liu Xin, who revised the Grand Inception calendar to construct the 
Three Concordance calendar, held that the dynastic succession of the Five 
Powers was not by conquest but by production, in the order Wood, Fire, 
Earth, Metal, Water. In this sequence it was believed that the Han ruled in 
virtue of Fire which was given birth by the virtue of Wood of the Zhou dynasty. 
Liu Xin's Three Concordance system and its related theory of dynastic succes
sion was adopted by Wang Mang who usurped the Han power to found his 
own new dynasty, Xin. Since the last emperor of the Han had abdicated 
peacefully to Wang Mang, he must rule by virtue of the power which succeeded 
naturally to Fire, which is Earth. At his accession, therefore, Wang adopted 
yellow vestments and gave precedence to yellow in all ritual business. 

One may note that in Liu Xin's theory of dynastic succession the Qin was 
not even considered a normal dynasty that deserved a virtue, probably because 
it had been very short-lived. This is an example showing that the historical 
account of dynastic successions could also be modified by Five Phases cosmol
ogy. There had been many reigns in the past, and historians had to judge 
where each sovereign was put in the sequence of succession of the Five Phases 
theory, or whether it was put in at all. History was not independent; it was 
reshaped and remolded to fit into the general cosmological system of man and 
the universe. The calendar was one way to establish the correlation between 
human history and cosmic cycles, and at the same time it was the result of 
this practice. 

Human history shows that no dynasty lasts forever; there have always been 
revolutions that overthrow the old one and build a new. The calendar, which 
is not only a symbol of authority or mandate of heaven, but also an indication 
that cosmic orders were rightly followed, was changed or modified to corre
spond to the new dynasty. It is believed, 'when the mandate of heaven shifts 
to a different family (i.e. the dynasty changes), the ruler must be careful about 
the beginning of [his corresponding cosmic cycles]. The calendar must be 
changed so that the first month of year and the first days of the months are 
re-arranged. And the color of the ritual paraphernalia must be changed. This 
is to determine the state of the cosmic [changes], and to indicate that the Will 
of Heaven is followed.' (Shi ji: Ii shu) Technically speaking, a calendar, when 
used for some period, would always go out of step with the sky. Eclipses would 
not be correctly predicted; the new moon and full moon would fall on the 
wrong dates. These discrepancies constituted the technical reasons for calendar 
reforms, and were intensely discussed by ancient astronomers. For instance, 
the prediction of the solar eclipse was a problem never solved satisfactorily in 
the Chinese calendar. More often than not, solar eclipses were wrongly pre
dicted. To reduce the discrepancy, some Han astronomers even suggested that 
the calendar must be revised regularly: The 'calendar should be changed every 
three hundred years.' (Hou han shu: la Ii zhi) Nevertheless, this technical 
consideration was never the decisive factor that facilitated calendar reform. It 
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was a political event that happened at the replacement of dynasties, or at the 
ushering in of a new period. 

Let us take the Grand Inception calendar reform of the Han dynasty for 
example (Cullen, 1993). At the beginning of the Han dynasty, the state had 
hardly recovered from the ruins of the war. There was neither interest in nor 
energy for matters of constructing a new state cosmic apparatus. The new 
rulers, thinking of themselves as continuing the cosmic claims of the Qin, which 
was symbolized by water in the Five Powers theory, continued to use the ritual 
forms of the Qin, including their astronomical system. The Zhuan Xu calendar 
was adopted in spite of its apparent discrepancies, such as that solar eclipses 
were observed to happen one or even two days before the shuo (the conjunction 
of the sun and the moon, assigned on the first day of the month). As the 
dynasty became more firmly established, it began to be recognized that Han 
had in fact replaced Qin and ruled in its own right; thus it should have its own 
cosmic symbolism. A proposal for calendar reform, along with the general 
reform of the state cosmic system, had already been made by scholars in the 
thirteenth regnal year of Emperor Wen, 166-167 BC. But the matter was 
dropped again and again because of disputes among scholars, power struggles 
in the court, or a change in preference of the emperor. It was not until Emperor 
Wu that this matter was acted upon. During Emperor Wu's reign, the country 
was prosperous after many years of peace and security. There was a general 
feeling in the court that it was the time for the Han to make a new beginning. 
Emperor Wu inherited the throne very young and the influence of the Empress 
Dowager Dou on politics was very strong. After the death of the Empress, the 
authority of the emperor was finally established. The emperor was such a 
vigorous and ambitious man that he set out to establish a solid ideological 
ground for the Han. After many years of theological preparations, he finally 
performed the great feng and chan ceremony of sacrifice to Heaven at Mountain 
Tai, which was observed only by really great and virtuous rulers. It was said 
that only the wisest emperors like the Yellow Emperor had performed the feng 
and chan ceremony. The last performance of the ceremony had been by the 
First Emperor of the Qin, but he had been caught in a great storm while 
climbing Mount Tai, an inauspicious omen of cosmic disapproval. Emperor 
Wu's ceremony, however, was a great success. In the meantime, Gongshu Qing, 
Hu Shui, Sima Qian and others proposed calendar reform. This was just the 
time a new calendar was necessitated by the construction of the new cosmic 
system. The project was immediately carried out, and in no time the new 
calendar was made. 'The Han dynasty changed the system of mathematical 
astronomy, so that the regnal year began in the first month. The dominant 
color was yellow .... This year (104 BC) was made the first of the Grand 
Inception period.' (Shi ji: feng chan shu) The calendar was called the Grand 
Inception calendar, symbolizing that everything was at a new beginning. 
Calendar reform was only a part of the general ritual reform, and was by no 
means an independent process of calendrical improvement. Such astronomical 
change came from concerns that were largely related to the political and 
religious cosmology of the time. 
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Harmonics, numerology, and the calendar 

In ancient China, the calendar was closely related to harmonics. In fact, in 
most official dynastic histories, the calendar and harmonics are put together 
in one chapter called Treatise on Harmonics and Calendar. Music tones were 
considered reflections of cosmic rhythms. This was again based on the general 
ideas of Chinese cosmology: the cosmos is an organic system in which all 
realms of existence are not only correspondingly connected, but also are reso
nating with each other in accord with the cosmic rhythms. The medium of the 
resonance is qi, the cosmic ether. The cosmic qi is considered the primordial 
essence from which the universe originated. But it is also a kind of universal 
force that determines the state of the universe. The musical tones resonate with 
the cosmic qi, thus serving as a measure of the state of the qi. The qi is dynamic; 
it changes and undulates. When the qi reaches a certain state, a certain musical 
pitch is measured. The cosmic qi changes with, or determines the seasons, so 
the musical tones are determined by seasons. Based on this cosmological 
thinking, the Chinese devised twelve standard pitch pipes and correlated them 
to the twelve months of the year. Ancient Chinese cosmologists even designed 
a sort of experiment to determine the state of the cosmic qi by means of musical 
pitch pipes (Jin shu: lu Ii zhi). The musical tone corresponding to the time of 
the winter solstice is called huang zhong, the Yellow Bell, calibrated by a tube 
of 9 cun in length and 3 fen (1 fen is -!o cun.) in aperture. When the winter 
solstice approaches, the experimenter puts some ashes of a special reed inside 
the tube. When the exact moment of the solstice comes, the ashes in the tube 
will dance and fly, caused by resonance between the tone of the pitch pipe and 
the cosmic tone. This experiment is frequently mentioned in the chapters on 
Harmonics and Calendar of the dynastic histories, but there is no certain record 
whether this resonating phenomenon has ever been observed. It may rightly 
be viewed as a kind of thought experiment, designed to illustrate the cosmologi
cal theory that music notes are indications of the cosmic rhythms. Just like 
celestial phenomena, they can be used to test whether the universe is in a 
harmonious state. 

The calendrical system, therefore, must be in accord with harmonics. 
Calendrical cycles can even be derived from the music tones; the link is the 
seasons. The cosmic qi changes with the seasons; each season has its correspond
ing state of cosmic qi. In the Historical Records, Sima Qian described cosmic 
qi as the cosmic wind coming from different directions at different seasons 
(Shi ji: Iii shu). This cosmic wind, composed of different intensities of the yin 
and yang forces rising and falling to the rhythm of nature, comes as a dynamic 
force to influence everything in the universe. In order to cope with the cosmic 
wind, the Chinese calendar must determine the seasons correctly. In the calen
dar, the year is divided into 24 solar periods. These solar periods were also 
called qi, indicating the philosophy behind them: the season comes only at the 
moment when the corresponding cosmic qi comes! Thus in calendar making 
it is extremely important to determine the exact moments of the 24 qi precisely, 
especially the first one, the winter solstice. 
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The musical tones, the calendrical cycles, and their relations, are obedient 
to a sacred mathematics. In Chinese cosmology, numbers reveal the cosmic 
cycles and display the cosmological patterns. The universe originates and 
evolves according to the rule of numbers. This numerological thought is very 
similar to the Pythagorean doctrine of the ancient Greeks. The twelve pitch 
pipes of the Chinese harmonics were produced in a mathematical process 
starting from the first tone, which is Yellow Bell determined by the 9 inch long 
pipe. The second one, called tai zhu, generates from the first one by reducing 
one third of the length of the first pipe; the third. one, called gu xi, can be 
obtained by increasing one third of the length of its previous one. The reducing 
and increasing operation are alternatively performed to produce all musical 
tones (Shi ji: lu shu). The process of determining the length of the pitch pipes 
demonstrated that numbers playa divine role in the formation of cosmic cycles, 
patterns, and even the universe itself. 

This numerology was made sophisticated by incorporating several numero
logical traditions based upon the yin-yang, the Five Phases, and the gua of the 
Book of Changes (Sivin, 1969). Then it was applied to the deduction of basic 
constants in the calendar. Let us take the Three Concordance calendar for 
example. The numerical values of the fundamental cycles are derived from the 
yin-yang duality and Five Phases. The natural numbers from 1 to 10 are 
divided into two groups: the celestial (yang) numbers are odd numbers 1, 3, 5, 
7, and 9; the earthly (yin) numbers are even numbers 2, 4, 6, 8, and 10. Adding 
the final celestial number (9) to the final earthly number (10) gives 19, which 
is the Rule Cycle for placing the intercalary months. Triple the celestial 9, 
double the earthly 10; this is the Coincidence number [47]. Triple the celestial 
25 (i.e. the sum of the five celestial numbers), double the earthly number 30 
(i.e. the sum of the five earthly numbers); this is the Phase Coincidence cycle 
[135 lunations], the cycle for the repeat of eclipses. Multiply it by the 
Coincidence number; this is the cyclic return of the solstice and new moon, the 
Coincidence month [513 years]. After nine Coincidence months the Epoch 
cycle (4617 years) begins again, when the solstice and conjunction of the sun 
and moon coincide at midnight, and the day then beginning is once more 
number 1 of the sixty-day cycle. In this way, all fundamental cycles of the 
calendar are produced by a natural process of deduction from basic celestial 
and earthly numbers. In the Three Concordance calendar the day is divided 
into 81 units, called the Day Rule (ri fa). This Day Rule number is derived 
from the celestial number 9 multiplied by itself (squared). The number nine is 
also the length of the first pitch pipe of the musical tones, the Yellow Bell; thus 
the calendrical cycles are fundamentally related to the musical tones. The 
calendrical cycles produced by this numerological manipulation thus acquire 
a divine property, they evolve naturally from the universe, and they are in 
accord with the inherent rhythms of the universe. 

One must be aware, however, that numerological deduction could not be 
the real process of determining the values of the fundamental calendar cycles. 
They were actually based on practical astronomical measurements or previous 
knowledge. Take the value of the length of the synodic month for example. 
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The Three Concordance calendar gives the value 29 * days. This is an ideal 
number because it has the Yellow Bell number 9 times 9 (81) as the number 
of divisions of the day. But how was this value obtained? Very probably the 
process was like this: In the old Quarter Day the synodic month was 29 :~~ 
days. The fraction of the day, :~~, can be approximated by a mathematical 
process of the continued fraction expansion (Lii, 1983). It can be noted like this: 

or 
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499 
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940 1 + 1 + 7 + 1 + 1 + 1 + ... 

The fractions obtained by stopping with the first, second, third and nth 
quotient are called the first, second, third, and nth convergent or approximation. 
The first ones will be: 1/2, 8/15, 9/17, 17/32, 26/49, 43/81, ... It is the sixth 
approximated fraction that was adopted in the Three Concordance calendar, 
simply because it fit the Yellow Bell number. The new value of the synodic 
month was actually obtained through some mathematical process from the 
previous value, not through the claimed numerological process at all. The 
numerological deduction was only the after-the-fact work of the calendar 
maker. In doing this, they gave the calendar the apparent rigidity of a deductive 
system. But, in fact, the Chinese calendrical system has never been deductive. 
It has been gradually improved by the process of practical observations and 
empirical analysis. Indeed, the numerology in the Han calendar hardly appeared 
in calendars of later times. If it did, it was occasional antiquarian exercises of 
the deductive element embodied in the cosmological numerology (Sivin, 1969). 

COSMOLOGY, INSTRUMENTATION AND ASTRONOMICAL MEASUREMENT 

The calendar must be based on astronomical measurements and calculations. 
In ancient China, what kind of measurements were made, what were the 
methods, and what were the instruments? These questions are finally connected 
to one question: what were the cosmo graphical theories of ancient China? By 
the term cosmography I mean the physical structure of the universe - the shape 
and size of the heavens and earth and the disposition and motions of the 
heavenly bodies. Astronomical measurements are basically determined by cos
mography. An instrument is designed to 'follow' the celestial motions, and by 
doing this the data of celestial motions are read from the instrument. 
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Looking back on the history of cosmography in the Western world, from 
Newton through Kepler, through Copernicus to Ptolemy, it is clear that cos
mography developed from the Greek tradition, also called the Ptolemaic tradi
tion. During the last two thousand years, Western astronomers have used 
homocentric spheres, eccentrics, epicycles, deferents, and finally ellipses. They 
have placed the earth, the central fire, or the sun at the center of universe. And 
they have considered such conceptions the perfect uniform motion of celestial 
spheres (before Kepler), the sizes and speeds of heavenly spheres relating to 
the musical scale (Kepler), and the universal gravitational force which governs 
the motions of celestial bodies (Newton). All are aimed at providing a tempo
spatial model of the universe to account for the apparent motions of the sun, 
moon and planets as seen from the earth. Astronomical computations are 
based on the geometrical models of cosmography. Positions of celestial bodies 
can be predicted by means of geometry based on the model. 

Chinese astronomical computational procedures, however, were very 
different: predictions were generated by arithmetical procedures rather than by 
kinematic geometry (Cullen, 1996: 39). The Chinese have produced some 
theories about the physical structure of the universe. These theories were also 
used to explain some basic celestial phenomena such as the alternation of day 
and night and the diurnal motion of the sky. But these cosmographic theories 
have never been successfully developed into a mathematics for astronomical 
computations. This does not, of course, mean that Chinese astronomical com
putations were not affected by cosmographic theories. 

In the history of cosmography in China, the Han era stands out as the most 
important period for the invention and development of cosmographic theories. 
Three major theories of cosmography were proposed during that period (Jinshu: 
Tianwen zhi; Ho, 1966). The first is called gai tian, the second is xuan ye, and 
the third is hun tian. Of the three theories, the gai tian and hun tian have 
models of the structure of the universe and therefore have an impact on 
astronomical computations. The xuan ye theory, however, is composed of some 
speculations about the infinity of the universe. The earth and celestial bodies 
are thought to float in empty space, moving or standing still. They are not 
rooted or tied together, so their movements can vary very much according to 
their individual natures (Needham, 1959: 219). The theory sounds philosophi
cally brilliant, but the very concept of the uncertainty of celestial motions 
restricts its being developed into a useful mathematical system for astronomical 
computations. So the xuan ye tradition was almost forgotten, had it not been 
for a librarian of the Later Han, Xi Meng, who remembered something about 
it (Jin shu: tian wen zhi). 

The gai tian tradition is generally believed to be the oldest of the three. Its 
basic tenet is that the sky is like a round canopy covering the square earth. 
The theory was elaborated in a book called Zhou bi, which was written by an 
anonymous author in about the 1st century BC (Qian, 1981: 29-30) and still 
exists today. In the Zhou bi the sky is thought to be a round disc which domes 
up in the central area. The earth is like an inverted plate which also rises up 
in the center. The sky-disc and the earth-plate are parallel to each other with 
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a fixed distance between them. The sky-disc is pivoted about its center, near 
which is the pole star. It rotates once daily above the stationary earth, carrying 
the pole star, the sun, and by implication the other heavenly bodies, with it. 
Since the sun can only light within a certain distance, it will illuminate a 
circular area on the earth, just as a torch light on the stage. When the rotation 
of heaven carries the sun over a particular region of the earth beneath, it is 
daytime there. When it moves away from that region, night falls. The seasons 
are explained by the distance of the sun from the axis of heaven. On the 
heaven-disc seven homocentric circles are placed around the axis, with an equal 
distance between any two neighboring circles. This is called the qi heng liu jian 
diagram in the Zhou bi (Figure 1). At the winter solstice the sun is on the 
outermost circle or at the furthest distance from the axis of heaven, and hence 
will be furthest away from the central regions of the earth. Therefore daytime 
is the shortest. And it is the opposite situation at the summer solstice. During 
the year the sun moves from the outermost circle to the innermost circle then 
back to the outermost one; this results in the seasons. 

In this way the Zhou bi made an attempt to construct a geometrical model 
of heaven and earth. The model was very much like a deductive system. It was 
derived from a few observational facts or presumptions by applying the basic 
geometrical theorem about the relationship of the sides of the right-angled 
triangle. The Chinese at that time might not have had the general form of the 
Pythagorean theorem, but they already knew one special case of the theorem. 
This is the case of the triangle with sides of 3,4, 5 or 6, 8, 10 length units. The 
model is observationally based on the measurement of the length of the noon 
solar shadow of the gnomon of eight chi high. The shadow length is at its 
longest at winter solstice because the sun is furthest away from the observer. 
It is claimed as a verified fact, and therefore as a theorem, that the shadow 
length will increase or decrease one cun (one tenth of chi) for everyone 
thousand Ii north or south that the gnomon is moved. The noon shadow length 
at some times of the year are measured, and based on them, using the basic 
principles, the size dimensions of the model are derived. Then astronomical 
computations can be established by carrying on the process of geometrical 
deduction. 

This model of the Zhou bi appears to be a neatly devised system indeed. But 
unfortunately its basic observational presumption is wrong: the shadow length 
does not change one cun for every thousand Ii. Because of this wrong presump
tion, this model cannot provide computations in accordance with actual obser
vations. To reach this goal it has to change or modify the parameters of its 
model and even fabricate observational values (Bo, 1989). For example, the 
shadow lengths at the 24 solar periods given in the Zhou hi, probably with the 
exception of those at winter and summer solstice, are fabricated as the system 
demands. The qi heng liu jian diagram of the sun's distance from the axis of 
heaven, and the 'theorem' of 'one cun for one thousand Ii' demand that the 
shadow length change proportionally between two lengths at winter and 
summer solstice. In this way the Zhou hi acquired the values for the other solar 
periods; they are not measured at all. The model will inevitably come to the 
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Figure 1 The qi heng lui jian (Seven Orbits and Six Belts) diagram of the gai tian cosmography. 
On the heaven-disc seven circles are placed around the pole, forming six circular belts. In the 
course of the year the sun moves between the seven orbits, producing the seasons. The sky makes 
its daily motion around the pole. The sun can only light an area with a radius of 16700 Ii, so the 
daily motion of the sun carried by heaven produces day and night on the earth. The figure shows 
noon on the day of the winter solstice, when the sun is at the innermost orbit and on the south 
meridian. 

dead end of self-contradiction; it therefore has no value in practical astronomi
cal computation (Bo, 1989). It is really a tragedy for such a neat and sophisti
cated deduction system of mathematical astronomy to prove to be a false and 
useless model, which is actually the only one in the history of Chinese 
astronomy. 

As an opposing theory to the gai tian, the hun tian theory of cosmography 
was developed between the Grand Inception calendar reform around 100 BC 
and Zhang Heng's work on the hun tian theory around 100 AD. During this 
period there was a significant change in astronomical observation. Formerly 
the primary instrument was the gnomon, shadow length was measured to 
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determine the seasons, and the time difference between meridian transitions of 
stars was measured with a water clock to determine the widths of the lunar 
lodges for calendrical calculation. Now new instruments were adopted, con
sisting of combinations of graduated rings with adjustable sights, making up 
what are now called armillary spheres. Astronomers came to perceive the 
heavens as a vast rotating sphere with themselves at the center. The armillary 
sphere can was a miniature duplication of the heavenly sphere. Measurements 
were calculated by keeping the macro-spheres and the micro-spheres in align
ment with the sight and then reading off the graduated rings. This observational 
revolution brought forth the theory of hun tian. 

The hun tian theory was precisely described in Zhang Heng's Hun yi zhu 
(Notes on the Armillary Spheres). It says, 

the heavens are like a hen's egg; the earth is like the yolk of the egg, and lies alone in the center. 
Heaven is large and earth small. Inside the lower part of the heavens there is water. The heavens 
are supported by qi, the earth floats on the waters. 

Then it proceeds to present the heavens just like the celestial globe used by 
astronomers nowadays. The circumference of the heavens is divided into 365~ 
degrees; hence half of it, 182~ degrees, is above the earth, and the other half is 
below. The two extremities of the heavens are the North and South Poles, the 
North Pole is exactly 36 degrees above the earth, and consequently a circle 
with a diameter of 72 degrees encloses all the stars which are perpetually visible. 
A similar circle around the South Pole encloses stars which are never seen. 
The heavens rotate around the axis through the North and South Poles. The 
hun tian theory is somewhat ambiguous about the shape of earth and its 
disposition, but its description of the heavens is precisely what an observer will 
see at the latitude of 36 degrees. The hun tian theory also introduced the 
ecliptic into its system; it intersects the equator with an obliquity of about 24 
degrees. The seasons could easily be explained by the annual movement of the 
sun along the ecliptic, with no complication of shadow lengths of the gnomon. 

Unlike the gai tian theory, the hun tian theory based its model on real 
observations, and did not make assumptions and then deductions to produce 
a mathematical system for astronomical computation. The hun tian astrono
mers were satisfied with this simple model which set the right track for observa
tional improvement. They did not bother to construct a deductive system to 
predict the positions of the celestial bodies. The gai tian model in the Zhou bi 
defies observational facts, but the hun tian model does not. It was the astrono
mers' task to make good and accurate measurements in order to make good 
and accurate calendars. 

From what has been discussed so far we can see that both the gai tian and 
hun tian theories were in effect disconnected from the astronomical computa
tions for calendar making. The former produced the false deductive model and 
the latter made no attempt at deductive calculating at all. Furthermore, both 
theories did not propose models for the motions of the five planets, so cosmo
graphic models in Chinese astronomy in no way played the same role as in 
Greek astronomy, where physical models of the universe were developed and 
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modified to account for real observations. Chinese astronomy remained obser
vational and arithmetical. Little energy was spent on constructing a coherent 
model of a physical universe that would account for observations and 
computations. 

In spite of this general disconnection of cosmography from calendrical astron
omy, cosmographic theory has had an important and sometimes crucial impact 
on the progress of astronomical computations. The acceptance of the hun tian 
model caused more accurate observations using the armillary spheres; this 
certainly contributed to the improvement of calendrical calculations. Most 
importantly, the hun tian model introduced the ecliptic coordinates into the 
measurement of the motions of the sun and moon (Hou han shu: Iii Ii zhi). This 
greatly improved the accuracy of the measurements of lunation and solar 
motion, and eventually led to the discovery of their inequalities. Formerly 
measurements had been made along the equator, and deviations from the mean 
motion had been explained by the effect of projection from the ecliptic to the 
equator. Now measurements were made directly along the ecliptic, and the 
observed deviation could only be explained by the proper inequalities. These 
discoveries were essential for the accurate prediction of eclipses. The inequality 
of lunation was discovered earlier than that of solar motion; it was discussed 
by Jia Kui (30-101) before Zhang Heng (78-139). Liu Hong was the first to 
consider the inequality of lunation in his Qian xiang calendar (184); he com
puted more exact tables of lunar motion, thus improving the prediction of 
eclipses and the calculation of the time of the new moon (Chen, 1986). Later 
Zhang Zixin (ca. 570) discovered the inequality of solar motion. These two 
discoveries were among the factors essential to improving calendar making 
during the Sui and Tang dynasties (Anon., 1981). 

Here we may say something about mathematical techniques in Chinese 
calendar making. Calendrical calculations were mainly devoted to handling 
the inequality of celestial motions. The Chinese, without any significant scheme 
of cosmography to underpin their complex arithmetical computations, empiri
cally devised numerical models to present the real celestial motions. Let us 
take lunation for example. The apparent lunar positions were obtained by 
adding corrections to the mean lunar positions. The mean lunation was divided 
into four sections (quadrants), in each section the mean position and the 
correction for each day was given, and the speed of lunar motion was decided 
either increasing or decreasing. In this way lunar position at any moment could 
be determined by interpolation between any given two points. The numerical 
model was continually improved by giving more precise values of corrections 
and speeds of accelerations and decelerations, all based on more and more 
accurate observations. In order to give accurate astronomical tables, the inter
polation method was made more advanced. The linear interpolation was 
replaced by non-linear interpolation of second and third powers, and the 
interpolation with equal intervals was developed into that with non-equal 
intervals. By the time of the 6th century, Liu Zhuo (642-603 AD) produced 
the interpolation formula of the second power, and by the 13th century Guo 
Shoujing (1231-1316 AD) produced the interpolation formula of third power. 



CROSSING THE BOUNDARIES BETWEEN HEAVEN AND MAN 443 

Both were equivalent to the Gregory-Newtonian formula but were devised 
much earlier (Qian, 1981: 107). 

The reason Chinese astronomers developed their astronomy along the line 
of arithmetic or algebra rather than geometry is not easy to determine. But 
one of the reasons was obvious. The most important task of astronomy was 
to produce accurate calendrical tables. An algebraic system was more efficient 
than a geometrical one for this practical purpose - this is true at least for pre
modern times. 

ASTROLOGY 

Astrology and astronomy 

Ancient Chinese astronomy, or, to put it more pertinently, learning about the 
heavens, should not be regarded as a pure scientific undertaking in the sense 
of modern astronomy. Astronomy was indistinguishable from astrology; they 
were but different aspects of the same activity - the study of the heavens and 
their interrelations with man. Nevertheless, ancient Chinese astronomers (or 
astrologers) made a certain distinction: Ii (calendars) and tian wen (sky patterns). 
Li referred to the 'astronomical' or 'scientific' aspect. It included astronomical 
knowledge of observations, time-reckoning, and mathematical calculations for 
calendar making, and of calendrical systems themselves - hence its being 
referred to as calendrical science. Tian wen, in spite ofthe fact that the expression 
is nowadays adopted to mean astronomy in the modern sense, referred to the 
astrological or non-scientific aspect. It studied patterns in the sky - constell
ations and all kinds of celestial phenomena - and interpreted them in connec
tion with human society. In official dynastic histories, the content of calendrics 
usually appeared in chapters of lu Ii zhi, the Treatise on Harmonics and 
Calendrical Astronomy, while the content of astrology appeared in chapters of 
tian wen zhi, the Annals or the Treatise on Astrology. 

It is not the purpose of this article to trace the origin of astrology and to 
deal with its full historical development in ancient China. What interests us 
are its main features and basic modes. Chinese astrology was essentially portent 
astrology (Nakayama, 1969). Celestial phenomena (and some meteorological 
phenomena which ancient people could not distinguish) were taken as portents 
or omens to reveal the will of Heaven and to foretell the welfare of the state. 
Chinese astrology was mainly concerned with extraordinary or abnormal celes
tial events that could not be predicted or explained with established systems 
and accepted knowledge. Calendrics revealed the order, regularity, and cyclic 
rhythms of the universe, with the ultimate goal that all celestial phenomena 
could be computed and predicted. This was of course impossible, thus what 
could not be predicted was naturally left to the realm of astrology. But abnormal 
phenomena can only be said to be so with regard to normal phenomena. So 
the development of astrology could never be independent of the development 
of calendrical astronomy. Every solution to a problem of astronomical predic
tion meant removal of one or more sources of portents. For instance, the 
retrograde motions of planets had been regarded as abnormal and thus had 
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astrological implications before the Han. But in the Han time, astronomers 
came to realize that these retrograde motions were normal movements of the 
planets after all, and they could be predicted with astronomical ephemerides, 
so Sima Qian suggested in his Tianguan shu that this phenomenon be removed 
from astrological considerations (Shi ji: Tianguan shu). 

In portent astrology, celestial events were regarded as having mutual influ
ence with human affairs, especially state affairs and politics. Abnormal celestial 
phenomena, such as solar eclipses, comets, supernovae, etc., could be interpreted 
either as the result of bad administration of the state or as the timely anticipa
tion of disasters for the monarch or the nation. The astrological interpretations, 
however, were not as arbitrary as they seemed to be. There was a certain 
framework of correlation between celestial events and different aspects of 
human and state affairs. Astrological interpretations were based on the corre
spondences between the cosmic and political realms, or natural and human 
worlds, or between macrocosm and microcosm. The crucial concept is xiang 
(Schafer, 1977: 55). The Chinese expression for 'celestial event' or 'celestial 
phenomena' is tian (heavenly or celestial) xiang (image or symbol). Here xiang 
is not an objective entity, but a counterpart or analogue to a certain aspect or 
circumstance in human society. That means that the celestial event is considered 
to symbolize or correspond to a certain entity in the earthly world. It is 
therefore essential for astrologers to construct a correspondences or xiang 
system. This is again based on the correlative thinking of Chinese cosmology. 
The heavens and the state were correlated to each other in a total system of 
cosmology, and astrological correspondence systems constituted one important 
aspect of the general picture of cosmology. Let us look further into specific 
aspects of astrology and see how astrological correspondence systems were 
developed on the basis of general principles of correlative cosmology and how 
they operated. 

Stars and constellations 

In the practice of portent astrology, the first thing to do was to spot portents 
in the form of celestial events. Then these heavenly portents were correlated to 
events in terrestrial society. Since celestial events happened against the back
ground of the starry firmament, and stars and constellations were reference 
marks for celestial motions and happenings, Chinese astrologers simply 
designed the sky as a counterpart of the terrestrial society: stars were named 
and constellations constructed in the image of the earthly world. The sky was 
like the setting of a stage on which all kinds of events were happening. The 
astrological interpretations of celestial events were therefore determined by the 
settings of stars and constellations; stars and constellations became a basic 
correspondence system for Chinese portent astrology. 

The Chinese were among the earliest stargazers in the ancient world. In the 
earliest times, stars were observed to determine seasons. Some star names can 
be found in such pre-Qin documents as the Shangshu yaodian (Canon of Yao 
in the Book of Documents). They were names of the four cardinal asterisms 
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which had been observed to determine the middle of the four seasons, namely, 
using star niao (Bird, Hya) to determine mid-spring; using star huo (Fire, Sco) 
to determine mid-summer; using star xii (Void, Aqr) to determine mid-autumn; 
and star mao (Hair, Pleiades) to determine mid-winter. These observations 
were dated roughly to the 24th century Be. In about the early Zhou, the 
Chinese developed a star system called the twenty eight xiu (lunar mansions). 
They were constellations (or asterisms) marked along t4e ecliptic belt of the 
celestial sphere to serve as reference points for the position of the sun and 
moon. This star system was indispensable to the determination of solar and 
lunar positions for the purpose of calendar making. 

As far as calendar making is concerned, it seems that there was no need or 
interest in observing or registering constellations beyond the ecliptic belt, for 
they would be of no use in locating the sun or the moon. Star names mentioned 
in pre-Qin literature mostly indicate stars along the ecliptic or·equatorial belt. 
To go beyond this there must be some other purp'ose or interest. The construc
tion and naming of constellations in the whole sky might have begun during 
the Zhanguo (Warring States) period (480-222 BC), but specialized description 
of constellations in the whole sky did not appear until the Han time. And the 
purpose was highly astrological: to correlate stars in the heaven to human 
society on earth. 

The earliest extant book that systematically described constellations in the 
whole sky is the Tianguan shu (Treatise on Celestial Officials) by Sima Qian 
(145-87 BC). About 90 constellations were mentioned, including the 28 xiu. 
The sky was divided into five Palaces (gong). The Central Palace indicated the 
area surrounding the celestial North Pole (Beiji). The North Pole held the 
most dignified position in Chinese cosmology simply because of the fact that 
all other stars in the sky moved around it in daily motion. This symbolized 
the Chinese imperial central court governing the provinces and states. Indeed, 
the circumpolar area was established as the central imperial palace with star 
names like emperor, queen, princes, concubines, eunuchs, and all kinds of court 
officials. The other four palaces were built up around the four cardinal stars 
along the ecliptic. They were called the East, South, West and North Palaces, 
with each of them representing one of the four seasons of the year, and 
representing a temporary imperial palace corresponding to the season. The 
28 xiu were divided into four groups of seven, with each group representing 
a palace. 

The extent of the imperial power was demonstrated by the movement of 
Beidou: 

Beidou (Northern Dipper, Ursa Major) is the wagon of Di, the emperor. It lays control over 
the four quarters of the world by moving around the center; it separates the yin and the yang 
and regulates the four seasons; it maintains equilibrium between the Five Elements; it regulates 
the moving of the celestial objects; it determines the epochs of all periodic evolutions and the 
calendar. All these are connected with Beidou. 

Translation from Tianguan shu cited and slightly modified, Sun and Kistemaker, 1997. 

In this way, the sky was constructed as a celestial empire exactly functioning 
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as the worldly imperial state. The constellations were therefore called Celestial 
Officials (Tianguan), hence the book title Tianguan shu. 

The astrological motivation also caused different astrological schools to 
develop or enlarge the star systems. There were three major schools during the 
Han. They were called three Jia (families) or three Shi (families): Shi Shi, Gan 
Shi, and Wuxian Shi. The traditional Chinese sky was fixed by Chen Zhuo, an 
astronomer of the Sanguo (Three Kingdoms) period (AD 220-280), who integ
rated constellations of the three astronomical schools to form a complete 
system of the Chinese sky. Of all his conflated constellations Chen Zhuo 
identified 92 as belonging to Shi Shi, 118 to Gan Shi and 44 to Wuxian Shi. 
With the 28 xiu and another star (Sco) in the Xin xiu, called shenggong, 
it amounted to 283 constellations comprised of 1464 stars (Sun and 
Kistemaker, 1997). 

If we look at the star names in the Chinese sky, we see an entire culture. 
The star names include royal court and clan, imperial officialdom and admin
istration, palaces and temples, tombs and shrines, shops and markets, farmers 
and fields, armies and weapons, hunting and harvesting, traffic and transporta
tion, ritual and ceremonies, philosophical and religious concepts, myths and 
legends, states and provinces. Almost all aspects of the imperial society were 
reflected in the sky. All these things are projected with order and harmony. 
The royal family and imperial officials are put in the north polar area, which 
is the most dignified place in the sky, while peasants and garrison troops are 
put in the far southern area, very low above the horizon. Constellations are 
organized into groups representing pictures of daily and social life, associated 
with each other in the sequence of the seasons. For instance, in the autumn 
sky you see harvesting; and in the winter sky you see hunting. 

The Chinese sky was a counterpart to the Chinese imperial society. This 
system of correspondence became a basic mode of astrological predictions. A 
star or constellation, with its name, shape and location, presented a certain 
xiang (correspondence, symbol or counterpart) in the sky. The astrological 
meaning of the star or constellation was determined by that xiang. For instance, 
when the Tianguan shu says, 'Beidou is the chariot of the emperor', it means 
that the constellation Beidou symbolizes the chariot of the emperor, and its 
moving around the center symbolizes the control of the empire by the emperor. 
Thus in astrology Beidou is always connected to the ruling of the emperor and 
to the central court and government; any abnormal happenings in the Beidou 
- change of brightness or color of its stars, comets or meteors entering into it, 
supernovae appearing inside it, etc. - will definitely have astrological applica
tions related to the emperor or the central court and government. Astrological 
predictions were made easy and straightforward using the xiang system of 
stars. This mode of stellar astrology lay at the foundation of Chinese astrology. 
And the Chinese sky was itself an astrological system. 

Field division theory of astrology 

Chinese portent astrology concerned itself mainly with state affairs: events that 
had political significance in the whole empire. In practicing this type of 
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astrology, astrologers would inevitably face the problem of how to correlate 
different parts of the sky to different parts of the empire or to different states 
or provinces of the country. The stars and constellations, with their naming 
and astrological xiang, did provide a correspondence system between heaven 
and the state, but this system was mainly concerned with the social strata or 
political infrastructure of the state. It by definition could be applied to the 
whole empire or any state, as the state was an empire in a smaller scale. The 
geographical correspondence was not established in this system based on star 
nomenclature. To solve this problem, astrologers developed a correspondence 
system called fen ye (literally field division) that allocated different parts of the 
sky to different parts of the world (China). This system is simply another mode 
of sky-earth correspondences. The map of the starry sky is projected onto the 
map ofthe world. The overlay instantly reveals the connection between constell
ations with states or provinces in China, so with the appearance of a prodigy 
or dislocation in one of the regions of heaven, one can immediately locate the 
place on earth where danger is imminent (Li, 1992). 

The idea offield division might have been related to the gai tian cosmography, 
for according to the gai tian theory, the sky and earth are two overlapping 
parallel discs. The field division theory might have originated from the Warring 
States period, because that was a time when the philosophical school of Zhou 
Yan was developing theories about the demarcation of heaven and earth, and 
because place names used in the field division correspondence system were 
state names of the time. This theory was developed and refined during the Han 
to meet the need of portent astrology. 

There were several forms of the field division system, and the form was 
determined by the way the sky was divided. There were three major schemes 
of dividing the sky: one of nine, one of twelve, and one of twenty-eight (Schafer, 
1977: 75). The scheme of nine divided the sky into nine domains, the central 
one plus eight ones in eight directions, and correlated them to the same number 
of fields on earth. This scheme is probably the oldest one because it fit the 
ancient plan whereby the legendary Emperor Yu of the Xia dynasty divided 
the land into nine precincts. But it seems that this system did not gain much 
application in practical astrology. 

The most popular and fully developed field division was the one that com
bined the sky division schemes of twelve and twenty-eight. The sky was divided 
into twelve equal segments with each of them containing two or three smaller 
unequal segments as designated by the twenty-eight xiu (lunar mansions). 
These twelve sections of the sky were allotted to the twelve geographical regions 
corresponding roughly to twelve major kingdoms of the Warring States period. 
Although these kingdoms had been assimilated into a centrally governed empire 
since the Qin and Han dynasties, their territorial boundary kept being recog
nized in the organization of provincial states. This system of field division 
acquired much application in practical astrology during the Han, and it was 
refined throughout the succeeding dynasties. The boundaries of the twelve 
segments in the sky have been continuously re-determined according to new 
astronomical measurements of the width of the twenty eight xiu, and cities in 
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the country have even been linked to exact positions in the sky by giving their 
coordinates in terms of how many degrees they go into the segments of the 
xiu. By this system the whole empire was projected in the sky. This had 
enormous political significance, for by looking at the sky the central ruler could 
oversee what was happening in all quarters of the empire, no matter how 
remote they were in distance. The emperor might be far away, but his intelli
gence was near, and so was his deterrent power against any possible rebellion! 

In sum, the field division theory of astrology was a geographically oriented 
mode of sky-earth correspondence, which constituted one important aspect of 
the general correspondence system between heaven and earth and human 
society. 

Astrology and the observation of celestial phenomena 

As the sky-earth correspondence system was established, the operation of 
Chinese portent astrology became very simple. The task of astrologers was to 
observe celestial phenomena in the sky and then to make astrological inter
pretations or predictions of them according to the established correspondence 
between heaven and earth. Any change in the sky, any celestial happening, was 
regarded as an event that had astrological meaning. The astrological signifi
cance was determined by two factors: the location where it happened in the 
sky and the type of celestial event. In the opera, the setting is ready, the 
characters appear on the stage and do their performance, and then the drama 
can be understood. By analogy, the sky background is the setting, the celestial 
events are the characters and their performance. Astrology became practically 
observational, as all celestial phenomena were observed and treated as astrolog
ical portents in heaven. What follows is a brief outline of the types of celestial 
phenomena that have astrological meaning. 

Phenomena of stars and constellations 

Although the Chinese called stars heng xing, the 'fixed stars', they noted many 
changes concerning them. The starry sky was taken as the setting for astrology; 
the changes of the setting itself, however, also had astrological implications. 
Changes of color and brightness (consequently the number of stars visible to 
the naked eye) were common stellar phenomena, but the trembling, glittering, 
and deformation of shapes of constellations due to atmospheric or other reasons 
did not escape the careful observation of Chinese astrologers. The astrological 
interpretation was duly made according to the sky-earth correspondence based 
on the constellations. For example, in astrological manuals you will find such 
statements as, 'if Di the Emperor star is not as bright as usual, that means the 
emperor is meager in his ruling'. In another example, the Greek constellation 
Corona Borealis was called guansuo in the Chinese sky, a chain or a loop 
representing a jail for common prisoners. The number of stars in that loop 
varies according to the change of brightness of stars in that loop. The astrologer 
would say, 'the constellation guansuo is the jail for criminals from lower classes. 
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If stars inside increase in number, that means many people will be put in jail 
and the society is not stable.' 

Novae and supernovae 

We now know that from time to time stars rise into visibility while others 
disappear due to the change of brightness. Stars which before were not visible 
may undergo a sudden increase in brightness of a million-fold and become 
spectacularly visible. Such stellar explosions give rise to what are called 'novae', 
or, if the cataclysm is exceptionally great, 'supernovae'. These stars were called 
xin xing (new stars) or ke xing (guest stars) by Chinese astronomers. The 
appearance of a nova was thought to stimulate or signify unpleasant activity 
in the constellation it visited: loss, war, defeat, sorrow, death, flood, famine, 
drought, plague, and other disasters. The Chinese sometimes took comets as 
'new stars' or 'guest stars', especially for those comets without obvious tails. 

Comets and meteors 

In Chinese astrology, there was one general category of ominous stars or 
phenomena called 'uncanny stars' or 'weird stars'. They could mean comets, 
meteors, new stars or even other strange atmospheric phenomena. 

The appearance of comets signifies 'doing away with the old [order of things] 
and bringing about the new [order of things]'. This astrological meaning can 
be explained by the simple fact that a comet, with its tail, looks like a broom 
that sweeps. The Chinese were early observers of comets. The earliest reliable 
record is that of 613 BC, and that is believed to be the earliest record of Halley's 
comet (Anon., 1981: 143). The Chinese were also careful observers of comets; 
they described them in such detail that the descriptions are quite equal to 
modern scientific observations. As demonstrated in silk books, the Han astrono
mers distinguished different types of comets according to their tails; all had 
specific names and particular astrological implications (Hsi, 1978). The Chinese 
also observed that the tails of comets always point away from the sun. In the 
lin shu tianwen zhi written by the Tang astronomer Li Chunfeng (602-670), 
we read: 

The body of a comet does not emit light, it illumines due to the influence of the sun; so when 
a comet appears in the morning, its tail points towards the west, and when it appears in the 
evening, its tail points towards east. Whether it is to the south or the north of the sun, its tail 
always points away from the sun, and its tail varies in length as well as in luminosity (lin shu: 
Tianwen zhi). 

Meteors were called 'running stars' or 'fleeting stars' because their appear
ances are transient as if they were flying away. They were subdivided according 
to brightness, apparent size, accompanying sound if any, and the nature of 
their movements. Meteors often signified the passing away of human persons, 
as the stars vanquished. Faint meteors symbolized common people, and brilliant 
ones represented the gentry; random showers stood for the dispersion of people; 
undulant or sinuous motion showed plots and conspiracies, and so on. 
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Planetary phenomena 

Five naked-eye planets were known to the Chinese. They were called the 'Five 
Stars' or the 'Five Wefts' (the fixed stars were called 'Warp Stars'); and they 
were correlated to the Five Phases. Their standard names in Chinese -
Chronographic Star (chen xing) for Mercury, Grand White (tai bai) for Venus, 
Sparkling Deluder (ying huo) for Mars, Year Star (sui xing) for Jupiter, and 
Quelling Star (zhen xing) for Saturn - indicate either appearance, their supposed 
astrological character, or their role in the calendrical arts (Schafer, 1977: 212). 
Although their movements could be calculated and predicted in the calendar, 
this did not exclude them from the domain of astrology. The Chinese calendar 
after all did not produce absolutely precise ephemerides for planetary motions, 
so their dislocations from their 'normal' motions produced ominous appari
tions. Their appearance in different constellations, their conjunctions with each 
other, their approaching, staying, or leaving certain constellations when in 
direct, retrograde or stationary motions, all conspired to produce innumerable 
portents for astrologers to interpret. Some situations were particularly signifi
cant. For example, the conjunction of all five planets usually means the great 
virtue of the sovereign (Huang, 1990); the daytime visibility of Venus, and 
Mars' remaining stationary at the lunar mansion xin (Antares) are very bad 
omens (Tang Kaiyuan zhanjing). 

Solar and lunar phenomena 

The sun and the moon are the two most luminary celestial objects. For the 
astrologers the sun represented the yang aspect of nature, the supreme life
giving power, the ruling by means of Award and Encouraging, and therefore 
also the person and actions of the Son of Heaven himself. By contrast, the 
moon was usually associated with the yin aspect of nature, the ruling by means 
of Penalty and Suppressing, and therefore also the person and actions of the 
Empress or concubines of the Emperor. (In ancient China, the take-over of 
power by women was regarded as the token of a declining sovereignty.) Solar 
eclipses were frightening and commonly thought to be linked with great affairs 
of state or of the Emperor himself. As has been mentioned above, the Chinese 
calendrics were not so successful with the precise prediction of solar eclipses, 
so the occurrences of solar eclipses always meant exceptionally disastrous 
omens. As lunar eclipses became easily predicted, they gradually lost their 
astrological significance. This is of course not to say that lunar eclipses were 
excluded from the realm of astrology; their occurrence at particular times and 
locations were considered by astrologers as having particular meaning. 

Astrologers also took as portents many other solar and lunar phenomena: 
sun spots, solar and lunar halos, the strange appearance of 'many suns', sun 
rising and setting in 'wrong' directions, etc. Many of them are now known to 
be meteorological phenomena. 

Other types of phenomena and factors causing complications in astrology 

There were many other types of celestial or atmospheric phenomena that 
attracted the attention of Chinese astrologers; zodiacal light and aurora borealis 
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were among them. Because any deviation from the normal state of the heavens 
was treated by astrologers as an omen, the observation of heavenly phenomena 
became a virtually endless undertaking, and it is almost impossible to give a 
full account of all the types and features of portents and their astrological 
interpretations in Chinese astrology. 

The situation was complicated by many other factors, such as when, how 
and where a certain astronomical event happened. 'When' meant at which 
season, which month, which day and which hour of the calendrical year, and 
whether it happened at the predicted time or not. 'How' meant style, intensity, 
or other characteristics of the event, and 'where' meant in which quarter of the 
sky and at which constellations. All these factors were taken into consideration 
to make astrological interpretations. Thus the system of Chinese portent 
astrology became extremely multifarious and complicated, although its basic 
idea of sky-earth correspondence was rather simple. To make an analogue, it 
is similar to mathematics and numbers; the natural numbers, one, two, three, 
and so on, are very simple, but when mathematicians come to define odd 
numbers, even numbers, triangle numbers, oblong numbers, and prime num
bers, they create an ocean of theorems and theories. In such a way the Chinese 
system of astrology has been developed into a huge bulk of knowledge about 
the relation between heaven and men. There was no way to have an ultimate 
mastery of the relation; all one could do was to observe assiduously the 
awesome sky. That is the reason the Chinese recorded so large a quantity and 
so many types of astronomical phenomena. These records are invaluable to 
the modern research of astronomy, but they were observed and recorded with 
a very different motivation from modern science. 

* * * 
So far the two major domains of Chinese astronomy - calendrics and astrology 
- have been viewed from the perspective of the correlative cosmology of Chinese 
thinking. The main purpose of Chinese astronomy was to investigate the 
relations between the heavens and men. The ultimate goal was to reveal the 
order and regularity of the universe on one hand, and foresee disorder and 
irregularity on the other. By following cosmic orders and evading cosmic 
disorders and disasters, men would be able to maintain a harmonious relation
ship with the universe. Calendrical astronomy was mainly concerned with 
discovering and establishing orders and regularities, while astrology was aimed 
at warning of disasters. This cosmological view about the relationship between 
man and universe was extremely influential and important, because it incorpo
rated into its system almost all domains of human culture. Politics was one of 
them - the political ideology based on this cosmology claimed that the ruler 
could only procure authority by receiving the mandate of heaven, which 
changes and shifts in accordance with cosmic cycles, and that the ruler could 
rule harmoniously only by following the Way of heaven. Accepting this ideol
ogy, no ruling authority could afford to neglect astronomy; thus it has acquired 
the characteristics of 'political' or 'official' astronomy. That is why astronomy 
was maintained at a very high level in pre-modern China. 
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Chinese cosmology was highly philosophical, but it was conceived on the 
basis of correlative thinking, not on the analytical and logical thinking of 
modern science. Thus it inevitably limited the development of Chinese astron
omy. The cosmology could not produce useful geometrical models for calendri
cal astronomy. Chinese calendrical astronomy remained observational and 
empirical; astronomical calculations were based on arithmetic and algebra. 

This is not to say that Chinese arithmetical and algebraic astronomy is 
inferior to Greek geometrical astronomy. In the first place, the Ptolemaic 
system of astronomy would not have been established if no systematic observa
tional data from Babylonia had been used. Secondly, the geometrical system 
would have no practical use if it did not combine with algebra to produce 
astronomical almanacs. The advance of modern western astronomy has been 
largely due to the mathematics combining geometry and algebra - analytic 
geometry and calculus. Today in the digital age, the numerical models of 
Chinese calendrical computations might be reevaluated. 

Astrology in ancient China was mainly concerned with state affairs. 
Horoscope astrology for individual persons did not develop much. It is true 
that there were many types of 'personal astrology' (xing ming), but they were 
actually different types of fortune telling that were based on the numerology 
of Five Phases and trigrams or hexagrams of the Book of Changes as determined 
by the birth moment on the calendar. They had no connection with the real 
sky at all. 

As I said in the introduction, it is impossible in this paper to investigate in 
detail the history of Chinese astronomy. This is only intended to be an outline 
of looking at ancient Chinese astronomy from another angle, not from the 
perspective of progressive science, but from that of relations between heavens 
and man. It is the way by which the Chinese crossed the boundaries between 
man and heavens that is interesting. 
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KEITH SNEDEGAR 

ASTRONOMICAL PRACTICES IN AFRICA 
SOUTH OF THE SAHARA 

SOURCES OF EVIDENCE: PROBLEMS AND PROSPECTS 

Our species originated in Africa. From this continent our ancestors first gazed 
upon and contemplated the heavens. It is curious, then, that Africa south of 
the Sahara is the cultural area least explored with respect to its astronomical 
traditions. Although it would be misleading to say that little research has been 
conducted on indigenous African astronomy, such research has been scattered 
and peripheral, of small concern to Africanists in general while being relatively 
neglected by historians of astronomy (Warner, 1996). The lack of focus on 
African astronomy has been compounded by other difficulties, including the 
methodological inadequacies of researchers. A good deal of pertinent informa
tion has been compiled by Europeans over the past two centuries, ironically 
at a time when many African societies were being effectively destroyed by 
European colonial regimes. Few of the early explorers, missionaries and con
querors had an special interest in collecting astronomical traditions; nor have 
many later field researchers who compiled vital ethnographic data had much 
background in or concern for astronomy. All scholarship from the field, there
fore, must be handled with care. 

Unfortunately, while African astronomical traditions have not as a whole 
attracted much attention, an inordinate amount of pUblicity has surrounded 
exaggerated claims for an advanced state of knowledge on the part of the 
Dogon people of Mali. From fieldwork conducted in the 1930s, Griaule and 
Dieterlen (1950, 1965) reported that the Dogon were aware of Sirius B, a small 
star invisible to the unaided eye. Temple (1975) and others expanded on this 
and claimed for the Dogon a heliocentric model of the solar system and 
independent knowledge of the satellites of Jupiter and the rings of Saturn. The 
Dogon have since entered the popular imagination of our age. Penetrating 
criticism by respected scientists and a field evaluation of Griaule's report (Van 
Beek, 1991) determined many elements, including the astronomical portions, 
to be either misconstrued or altogether unsupported by ethnographic evidence. 
This has done nothing to stay the proliferation of misinformation on Dogon 
cosmology. 
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The Dogon controversy aside, this essay aims to review what has been 
legitimately established concerning African astronomical practices, what is 
fairly conjectured, and where substantial lacunae in knowledge exist. Its conclu
sions are provisional. At the turn of a new millennium the study of astronomical 
practices in pre-colonial African societies remains an open field. Vital sources 
of evidence have yet to be fully exploited: celestial iconography in African art; 
manuscript texts in Arabic, Ge'ez, Rausa and Swahili; and perhaps most 
importantly, a vast reservoir of oral traditions. Only in the past thirty years 
have scholars gained an appreciation for the value of oral literature, from folk 
song to proverb to heroic epic, as cultural databases in pre-literate societies. It 
should be no surprise that Muusa Galaal's groundbreaking monograph on 
Somalian ethnoastronomy derives wholly from Somali oral literature (Galaal, 
1992). Lastly, in recent years a few African architectural structures have been 
surveyed for astronomically meaningful features, with interesting results; further 
ethnoarchitectural and archaeoastronomical research would doubtless reveal 
more about the cosmology of African built environments. 

ASTRONOMICAL PRACTICES IN THE BUILT ENVIRONMENT 

Drucker-Brown (1984) and Blier (1987) have shown that certain vernacular 
architectures of West Africa often fulfill a symbolic as well as functional purpose 
in that home design not only manages solar light and heat resources but 
incorporates visual metaphors of directional affiliation and spatial organization 
alluding to the sun's diurnal and annual motion. Among the Mamprusi of 
northern Ghana the zonga or entranceway of one's home faces west so that 
the rays of the setting sun are directed into an area where family elders sit. It 
is from here in late afternoon that the elders judge the position of light falling 
onto a wall, hence the time of year in relation to the agricultural seasons. The 
Batammaliba of Togo and the Benin Republic elaborate on this theme, believing 
that the terrestrial home should be representative of the solar deity, Kuiye. 
When a home is completed, the builders perform a ritual in honor of Kuiye. 
It occurs at local noon when the sun is on the meridian, the 'center' of the sky, 
and involves the placement of cooked cereal on the tabote stone in the center 
of the homestead. The home itself is aligned on an east-west axis, with its 
portal and family shrines facing west. This allows the rays of the setting sun 
to strike the shrines of the family's deceased elders; it is believed that when 
such shrines are illuminated, Kuiye communicates with the ancestors about 
the affairs of living family members. Batammaliba granaries are also identified 
with Kuiye's domain, being divided into three sections, each associated with a 
different crop harvested in accordance with the three seasons delimited by 
tradition (Figure 2). 

Evidence of solar metaphors and alignments exists not only in the ethno
graphic present but deep within the African past. Nstuanatsatsi, an Iron Age 
settlement which flourished between the fourteenth and eighteenth centuries 
AD, is a case in point. Situated a kilometer west of a prominent hill in the 
grassy high veld of the Orange Free State, South Africa, the stone-walled ruins 



ASTRONOMICAL PRACTICES IN AFRICA SOUTH OF THE SAHARA 457 

Figure 1 Map of Africa showing the sites mentioned in this essay. 

face eastward. The place-name Nstuanatsatsi, attested to as early as the 1830s, 
means 'sunrise' in the Sesotho language. For local Sotho clans the hill is reputed 
to have been where the ancestors first rose from the earth. In former times, 
Bafokeng chiefs held their councils on top of the ridge across from the hill 
(Maggs, 1976: 140-144). Their ability to gauge the annual motion of the sun 
by the sunrise locations on Nstuanatsatsi hill may have contributed to the 
prominence of these early Sotho leaders. 

At all events, much more ancient astronomically aligned structures have 
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Figure 2 The sun's path and corresponding parts of a Batammaliba homestead associated with 
the solar deity, Kuiye. From Blier, Suzanne Preston. The Anatomy of Architecture: Ontology and 
Metaphor in Batammaliba Architectural Expression. Cambridge: Cambridge University Press, 1987. 
Reprinted with the permission of Cambridge University Press. 

been discovered in a megalithic complex near Nabta in the southern Egyptian 
desert. There, nomadic pastoralists made their summer camps by a playa, or 
seasonal lake, between 6,500 and 5,300 years ago. The Nabta site probably 
served as a ceremonial center. It comprises several oval clusters of stones and 
isolated megaliths, and numerous tumuli containing cattle and sheep burials. 
The burials are analogous with ritual practices of modern African pastoralists 
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who slaughter animals to mark socially important occasions. A team of scholars, 
including astronomer McKim Malville, who have been studying the Nabta 
complex, has theorized that the geometry of the standing stones reifies a 
conceptual system integrating death, water, seasonal fertility, and the motion 
of the sun (Malville et ai., 1998). In 1997 Malville used theodolite and GPS 
measurements to map the area. He found three lines of megaliths radiating 
from the largest structure. A nearby stone circle containing four sets of upright 
slabs, which may have been used to fix positions along the horizon, exhibits 
two line-of-sight windows: one is along a north-south axis, and the other is at 
an azimuth of 62 degrees. The rising mid-summer sun would have been visible 
through the second line of sight ca. 6,000 years ago. The ancient Nabtans may 
well have related the solstice with the onset of the summer monsoon rains. It 
is also intriguing that the megaliths, located in the playa deposits, would have 
stood in the shallow lake water. The rising and falling water level marked by 
the stones could have been a powerful indicator of seasonality. With climatic 
change bringing hyperaridity and desertification to the Sahara region around 
4,800 years ago, the seasonal occupation of Nabta came to an end. The Nabtan 
pastoralists may have migrated to the Nile Valley, contributing their traditions 
of valuing cattle and solar observation to the cultural development of pre
dynastic Egypt. 

The practice of stellar observation may be indicated in some African struc
tures. In the course of his interviews with Griaule (1965), the Dogon sage 
Ogotemmeli built a model granary which should be oriented to the cardinal 
directions. Furthermore, Ogotemmeli asserted that each of four stairways pos
sessed a directional affiliation with a celestial and terrestrial entity. The eastern 
stairway was linked with the morning star and had an affiliation with birds; 
the western stairway with a 'long tailed star' and wild animals, plants and 
insects. The southern stairway was linked with the stars of Orion's Belt and 
domesticated animals, the northern stairway with the Pleiades, men and fish. 
Like so much of the material Giraule collected, the authenticity ofOgotemmeli's 
model granary has been contested; nonetheless, its cosmological metaphors are 
consistent with the symbolism ascribed to Bambara granaries (Zahan, 1950). 

A better-documented structure with possible observational features exists 
in Kenya. By the shores of Lake Turkana a megalithic site designated 
Namoratunga II, comprising 19 basalt pillars and at least one grave marked 
by upright slabs, has been surveyed for possible astronomical alignments 
(Lynch and Robbins, 1978). Although there is no proof positive that the 
Namoratunga stones were erected with an observational purpose in mind, they 
appear to be non-randomly aligned in directions corresponding with the rising 
positions of seven conspicuous stars and asterisms - Bellatrix, Orion's Belt 
(8 11 ~ Orionis), Saiph, Sirius, the Pleiades, Aldebaran, and Triangulum - on 
the local horizon ca. 300 Be. These stars may have served as calendrical 
markers for the ancient Cushitic people who erected Namoratunga. However, 
efforts to elucidate a cultural linkage between the purported Namoratunga 
tradition and calendrical practices of the Borana people in the historical period 
have met with doubtful results (Soper, 1982; Doyle and Wilcox, 1986; Ruggles, 
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1987). Most scholars have identified the Borana asterism Lami as the constella
tion Triangulum; however, when Tablino (1994) asked Borana time-reckoning 
experts to identify Lami they invariably pointed out (l( and ~ Arietis. The 
Triangulum alignment at Namoratunga, at least, looks to be spurious. 

There has been some speculation on celestial alignments and metaphors in 
other African archaeological contexts, including the directionality of burials of 
high social status individuals and features of the Great Zimbabwe ruins 
(Huffman, 1996). Meck (1979) has conjectured upon the cosmological signifi
cation ofAxumite monumental stelae, and Ojo (1966) has given an account of 
a large, triangular sundial in the pre-colonial city of Ife. No detailed field 
studies have been made in any of these cases. By and large, African archae
oastronomy still awaits serious treatment. 

KHOISAN SKY LORE 

Khoisan is a term for the cultural complex of the pastoral Khoikhoi (Hottentot) 
and hunting-gathering San (Bushman) peoples of southwestern Africa. The 
night sky figures prominently in a rich cognitive universe articulated through 
Khoisan folklore which has been transmitted orally across innumerable genera
tions; the evening campfire gathering served as the traditional context for sky 
stories. Appropriately, the San recognize a 'Fire Finisher' star whose position 
above the horizon indicates the time on cold winter nights (Marshall, 1986). 
Fire Finisher is said to rise in the evening and set before dawn, about the time 
the night's fire has burned to embers. By all accounts, Fire Finisher is a brilliant 
star which seems to be alone in the sky and is easily recognized. Three stars 
fit the profile and are identified as Fire Finisher by different San groups: 
Antares (by the Nharo), Arcturus (!Xo), and Regulus (G/wi). Like Fire Finisher, 
all stars are associated with fire. In the Jufhuoan dialect, the act of stoking a 
fire, causing sparks to fly into the air, is described with the same words as a 
shooting star. One of the most famous myths concerns a girl of the 'early race' 
who created the Milky Way by throwing ashes from her campfire into the sky. 

For many San, however, the Milky Way is the Backbone of the Night. There 
may be a connection with the moon. A nineteenth-century explanation of the 
moon's waning phases claims that the Sun chases the Moon, and as it catches 
up the Sun slices away pieces of the Moon until nothing remains. But before 
the Moon is altogether devoured, it says 'Oh Sun! Leave for the children the 
backbone!' (Bleek and Lloyd, 1911) Sirius is often identified as the Hip Star 
or Thigh Star. In her fieldwork, Marshall (1986) discovered that the !Kung 
San see Canopus and Capella as 'horns of tshxum', an identity, perhaps a 
magical rain bull, centered on the Pleiades. Pre-dawn observation of tshxum 
and its horns indicated the coming of spring rains. The !XO associated the 
dawn rising of Can opus in May with the cold south windg!xa'u, which presaged 
the dry winter season. Apart from the distinction between dry and rainy seasons, 
the San did not systematically observe celestial temporal markers. The phases 
of the moon were observed, and the full moon was linked with ritual dances -
Europeans chronicled Khoikhoi full moon dances beginning in the seventeenth 
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century - but the Khoisan appear not to have regularly kept track of sequences 
of months. They recognized ecological synchronisms with certain lunations 
such as the 'Ostrich Moons' between July and September, so-called because 
they corresponded with ostrich breeding and laying season (Traill, 1994). 

In Khoisan mythology human ancestor spirits inhabit the night. They are 
accompanied by spirits of terrestrial animals induding lions, elands, gemboks, 
hartebeests, steenboks, porcupines, hedgehogs, and giraffes. The starry sky 
becomes a great canvas for hunting stories, of which ;eGao N!a, or G;ekao 
N!a'an, is often the leading man. According to a story collected by Marshall 
(1986), ;eGao stood on the Large Magellanic Cloud one evening looking for 
game to hunt. He spotted three zebras, the three stars in Orion's Belt, and shot 
an arrow at the middle one. The arrow fell short; it is represented by the stars 
just south of the zebras. After his unsuccessful shot, ;e Gao decided to send the 
zebras down to earth for the San to hunt. Nineteenth-century Khoikhoi told 
a similar tale. Their rendition identified the hunter with the star Aldebaran, 
spurred on by his wives, the Pleiades. Having failed in his hunt, Aldebaran 
cannot return to his family, and is fixed in his place in the sky (Schapera, 
1930). Another story independently documented by Marshall and Biesele 
(1996), involves the sons of ;eGaD>, !Xuma and Kha//'an, identified with \J. and 
X Crucis, who went out hunting an eland but themselves were pursued and 
killed by two lions 'the keepers of the west', \J. and ~ Centauri. ;e Gao suspected 
the lions. He hid a pair of magic horns in a tree, and invited the lions to dance 
under its branches. The horns fell onto the celebrating lions, killing them. 
;e Gao then resurrected his sons. Celestial players reenact the story on October 
evenings when the stars of Crux, representing the two boys, set or 'die' on the 
southwestern horizon; they are followed by r:x and ~ Centauri, the lions tricked 
into death. As viewed from San locations in the Kalahari Desert, where Crux 
is not quite circumpolar, \J. and X Crucis rise again later in the night; the boys 
are visually resurrected (Figure 3). 

The nocturnal symbolism of lions underscores their association with trans
formations between life and death. Many Khoisan groups attribute to lions a 
magical power over the time of sunset - the !XO word for darkness is also a 
praise name for lions - at dusk they can assume other forms, turning themselves 
into stars or men. Some Khoikhoi knew the stars III and 112 Scorpionis as 'the 
eyes of the lion'. For the Nharo San, meteors are lion's eyes, a reference to the 
shaman's trance during which he is supposed to be able to travel across the 
sky as a shooting star. Meteors have an important place in Khoisan sky lore. 
They are interpreted in various ways, but they are uniformly considered to 
signify creatures having supernatural potency. Some say meteors are antlions 
falling to earth in search of food; for others they are porcupines or hedgehogs. 
Hence a porcupine-skin bag is called a star skin, and hedgehog fat is a chief 
ingredient for amulets worn in curing dances. Through the dance a shaman 
enters a trance state in which, it is believed, he is able to traverse the sky as a 
meteor, obtaining supernatural potency from the ancestors. Such potency is 
supposed to give him the mastery over disease as well as control of game 
animals and the spring rains. The meteoric trance experience is very probably 
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illustrated in rock art. Although only a few rock art images suggestive of 
meteoric trance have been recorded, the territory in which these images has 
been found stretches from Zambia to Lesotho (Thackeray, 1988). One extraor
dinary rock painting in South Africa portrays a dance and sacrifice to a rain 
snake; a bolide-like object appears to zoom over the dancers' heads and burst 
into two fragments. 

TIME RECKONING IN AGRICULTURAL COMMUNITIES 

Africans who lived in sedentary, agricultural communities generally conceptual
ized time in sequences of ritual and seasonal events (Dietler and Herbich, 
1993). The notion of cyclical time is not indigenous to Africa. With the conclu
sion of one set of events, a new, discrete sequence was deemed to have com
menced. Communities judged the duration of sequences against the passage of 
certain natural markers, the foremost being the alternation between fairly 
distinct rainy and dry seasons over much of the continent. Just as rainfall 
governed the periods of agricultural work, the beginning and end of agricultural 
seasons traditionally occasioned major festivities in the ritual calendar. The 
rainy/dry alternation itself was located in a framework of natural markers 
including the synchronized migratory and reproductive behavior of wildlife. 
The regular motion of celestial bodies provided another means of framing 
sequences, but it is not at all clear that Africans accorded astronomical phen
omena greater weight than other natural markers of temporal location. 

The principal celestial markers included the sun, moon, and certain conspicu
ous stars and asterisms. Observing the apparent annual motion of the sun was 
one method of gauging seasonal time. Africans commonly spoke of the solstices 

Figure 3 Sacrifice to a rain snake; a San painting possibly depicting a bolide with two terminal 
bursts. Near Fouriesburg, South Africa. From. the cover of the Monthly Notes of the Astronomical 
Society of Southern Africa 45(3 & 4), April, 1986. Used with the kind permission of the publisher. 
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as sun's winter and summer 'houses'. For instance, the Mursi of southern 
Ethiopia carefully watched the sunrise position along the eastern horizon in 
December, for the time when the sun begins to move northward from its winter 
house was said to effect the quality of the next monsoon (Turton and Ruggles, 
1978). The Bambara of Mali graphically represented the solstices with the zig
zag motifs decorating their granaries (Zahan, 1951), while Kamba farmers in 
Kenya traditionally drew lines in the ground to trace the path of tree shadows 
in order to mark the northern and southern extremes of the sun's position. Be 
that as it may, traditional solstitial observations must have been very inexact. 
Around the solstices the sun's apparent motion slows considerably. In order 
to discern a change in the rising position of the sun within one day of the 
solstice itself, the observer needs to detect a change of about one sixth of a 
solar diameter. While this is within the realm of possibility, it is more likely 
that naked-eye observers would detect a change within three or four days of 
the solstice. In any case, most African peoples did not utilize solar motion as 
a chief marker of seasonal duration. Even among celestial markers the sun was 
regarded as much less significant than the moon. 

Pre-colonial African peoples universally recognized the synodic month, com
prising the sequence of lunar phases (29 days, 12 hours, and 44 minutes), as a 
fundamental measure of duration. Africans identified the lunation with the 
human menstrual period, and more generally with the principle of fertility. The 
lunar month, then, was a symbolically appropriate unit by which to measure 
the agricultural seasons qualitatively. By custom, a month began with the first 
sighting of a crescent moon in the evening sky. Numerous month-lists from 
across the continent have been collected; these comprise either 12 or 13 named 
lunations. This is because twelve lunations amount to 354 days, about eleven 
days short of the solar year. The discrepancy leads to a slippage with respect 
to the seasons - by more than a month within three years. Reconciling the 
lunar sequence was often accomplished by the addition of an intercalary month. 
As discussed by Turton and Ruggles (1978) the process worked more through 
community negotiation and consensus than by the application of a set of 
propositions which yielded unambiguous and exact determinations. Individuals 
looked to ecological as well as celestial markers to correlate the sequence of 
months with the seasonal sequence (and thereby the solar year). A Swazi month 
list provides insight into the variety of the correlating markers that were 
available (Table 1). 

Ecological correlates dominate the sequence. Migrant Black-shouldered 
Kites return to make their nests during Kholwane; the first calls of the Red 
chested Cuckoo herald the Inyoni lunation. Ingongoni, the wildebeest month 
(December/January), is so called because it is marked by the spectacularly 
synchronized reproduction within the wildebeest herds at that time. The aloe 
plants bloom in Inhlaba. The only Swazi month having a celestial marker is 
Inkhwekhweti, the 'brilliant star', roughly corresponding with May/June. The 
star referred to is Canopus ((1 Carinae). The dawn rising of Canopus, which 
occurs in the last week of May, serves as the primary identifier of that month. 
For other southern African peoples including the Sotho, Tswana, and Venda, 
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Table 1 Swazi lunar months 

Swazi month name 

Kholwane 
Ingci 
Inyoni 
Impala 
Lwetti 
Ingongoni 
Bhimbidwane 
Indlovana 
Indlovulenkhulu 
Mbasa or Nhlangula 
Inkhwekhweti 
Inhlaba 

English meaning 

Black-shouldered Kite 
Wolf 
Birds 
Impala 
Insects 
Wildebeests 
'I am satiated' 
Small elephant 
Large elephant 
Fire making 
Brilliant star 
Aloe 

Corresponding Gregorian months 

July/August 
August/September 
September/October 
October/November 
November/December 
December/January 
January/February 
February/March 
March/April 
April/May 
May/June 
June/July 

the Can opus had a broad seasonal connotation. Naka or Nanga, the Horn 
Star, was said to 'break up the year' and 'burn anything green in nature', as it 
signaled the onset of winter and the browning of the veld. As recently as the 
1930s men would camp on hilltops to await the dawn rising of Naka. The first 
person to glimpse the star would announce the fact by sounding a phalaphala 
horn. Local chiefs would award a cow to the fortunate observer, for the time 
of Naka was the season of beer brewing, hunting and raiding expeditions, and 
initiation schools (Snedegar, 1996). 

Across Africa the stars of Crux and Centaurus, Orion's Belt, and the Milky 
Way have commonly acted as seasonal markers. The following are a few 
examples. The Mursi of Ethiopia relate the flooding of the Omo River to the 
evening setting of four stars: Imai (0 Crucis), Thaadoi (~ Crucis), Waar 
(~ Centauri) and Sholbi (ex Centauri). The flood season begins about late 
August, when Imai disappears in the sun's glare. The disappearances of Thaadoi 
and Waar mark intermediate stages in the flooding, and the flooding ends 
about the last week in October, when Sholbi becomes invisible. The Mursi also 
apply the word Sholbi to a variety of acacia tree which flowers at this time 
(Turton and Ruggles, 1978). For interlacustrine peoples such as the Bemba, 
Luba, and Tabwa, the Milky Way is called 'the measure of the night' and 'the 
clock of Mungu' (i.e. God). In former times, this celestial clock was known as 
the limit between the dry and rainy seasons because of its orientation. During 
the rainy season the galaxy lies roughly along an east-west axis, and, corre
spondingly, it stretches north-south in the middle of the dry season (Roberts, 
1981). As for the stars of Orion's Belt, the Shona of Zimbabwe see them as 
Nguruve, the wild pigs. No doubt the Zulu tradition of calling a summer month 
'the moon when the wild pig litters down' is related. The wild pig appellation 
clearly stems from a temporal analogy with the reproductive behavior of 
these animals. 

Of all stellar markers, however, the Pleiades were most widely employed; in 
fact a notably unified tradition among speakers of Bantu languages represents 
the temporal significance of the star cluster. In Swahili the Pleiades are Kilimia, 
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the Ploughing Stars. Referring to the vuli and masika monsoon periods, and 
their respective planting seasons, a Swahili proverb runs: 'If the Ploughing 
Stars set in sunny weather they rise in rain; if they set in rain they rise in sunny 
weather.' As viewed in the evenings from equatorial Africa the Pleiades disap
pear in the sun's glare, they 'set', about early May, reemerging in the morning 
sky just as June's vuli rains begin. Observed in the pre-dawn sky, Kilimia are 
seen to set at the end of the masika rains in November; when they are glimpsed 
rising in the evening twilight they herald a dry or 'sunny' period (Gray, 1955). 
The observation of the Pleiades' risings and settings was commonplace through
out Eastern, Central and Southern Africa. Interpretation of these events varied 
in accordance with regional climates, but the overall tradition was such that 
many African peoples knew the star cluster by essentially the same name, 
always linked to cultivation. For the Nyasa of Malawi it is Lemila; for the 
Gogo of Tanzania, Cilimila; the Shona of Zimbabwe call them Chirimera; the 
Tswana of Botswana, Selemela; the Zulu of South Africa, isiLimila. 

Whether or not celestial objects served as the principal markers of duration, 
the indigenous African concept of temporal sequences was understood qualita
tively in terms of climatic and ecological patterns. These patterns have always 
been irregular. Thus, although Africans frequently enumerated sequences 
(Zaslavsky, 1999) they did not privilege a mathematically based calendar 
system. The fact that the Mursi year comprised a sequence of numbered rather 
than named lunations, and that individual days within lunations were counted, 
did not prevent these southern Ethiopians from arguing among themselves 
about which day it was. Langercrantz (1968, 1973) has documented the ubiquity 
of tally sticks and strings in counting days and months throughout the conti
nent; in no instance did flexible qualitative measures of duration give way to 
rigid enumeration. Notions of ancient African numerical time-reckoning sys
tems have proved illusory (Marshack, 1989). Above all, temporal sequences 
were a matter of rain, the incalculable lifeblood of African agriculture. 

COSMOLOGY AND SOCIAL COHESION 

African peoples constructed world views with which they could express and 
bring order to social relations, establishing and maintaining group identities 
as well as reinforcing the authority of ruling elites. Individual leaders were not 
only considered to have socio-political responsibilities but were in charge of 
the community's essential relationship with the ancestors and cosmos. Solar 
and lunar metaphors for power relationships must have been helpful in this 
respect, for they are to be found across the continent. The sun's life-giving heat 
and light represents the qualities of leadership and the moon's phases the 
unending course of fertility and growth, decadence and death. Individual rulers 
likened themselves to the sun, employing solar metaphors in their ceremonies, 
regalia, and praise names. Some rulers carried solar names like that of the 
Hlubi chief, Langalibalele, 'Blazing Sun'. Many, such as the kings of the Kuba, 
claimed descent from culture heroes who exercised power over the sun (Vasina, 
1978). Eclipses were perceived as dire royal climacterics as well as mysterious 
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natural phenomena. The reign of Jjuuko, king of Buganda, is recalled in oral 
traditions because the sun 'fell out of the sky', an event which many scholars 
interpret as the solar eclipse of 1680. It is intriguing that the hill of Bakka, 
where the sun is said to have fallen, is also called Namwezi, 'place of the moon' 
(Wrigley, 1996). Royal lineages of Buganda and elsewhere identified themselves 
with the moon. Just as the moon develops into a full phase, then declines and 
'dies', so too does an individual ruler. But with the passing of the old comes a 
new moon: the royal line continues. Accession rituals often involve lunar 
symbolism, as in the case of the northern Tanzanian Shambaa kingdom, where 
the new king retraces the footsteps of the founding monarch, Mbegha, and 
approaches the assembly from the east, as a rising moon (Feierman, 1974). 
Likewise, the sacred kings of Igbo cities Onitsha and Nri undergo a lunation 
of retirement to gain strength at the beginning of their reigns (lsichei, 1978). 
In the city-state of Benin a society called !wo-Uki, or the Rising Moon, advised 
the king on the timing of important events, including the harvesting of the 
yam crop. 

Harvest festivals dedicated to the ritual consumption of the season's first 
fruits are commonplace in Africa. In centralizing pre-colonial states the agricul
tural rites increasingly focused on the monarch's power to sustain the fertility 
of the land as well the political viability of the community. Control over ritual 
time elucidated royal sovereignty. The ncwala of the Kingdom of Swaziland, 
one of the most spectacular African first fruits celebrations, is a case in point. 
The Swazi divide the festival in two, the little ncwala and big ncwala. The little 
ncwala, a relatively private ceremony for strengthening the king, is held at the 
time of the new moon falling immediately before the December solstice, the 
big ncwala at the full moon thereafter. As late as the 1920s governors of royal 
villages held the responsibility of watching for the approaching solstice in order 
to advise the king of the proper timing for the ncwala (Snedegar, 1998a). It is 
thought that king Mswati (r. 1839-1865) restructured the ncwala as a symbolic 
buttress to royal authority during a period of fractional strife. Similarly, the 
Asante odwira harvest festival attained its apogee of elaboration as a national 
celebration during the kingdom's rise to prominence between the reigns of Osei 
Kwadwo (r.1764-1777) and Kwaku Dua Panin (r. 1834-1867). The Asante 
state alone decreed the timing of the first fruits. The Asante calendar was 
rooted in a concurrent counting of six-day and seven-day sequences yielding 
42 named days, but the mechanisms involved in correlating these sequences 
with the agricultural seasons, and particularly with the odwira, remained state 
secrets (McCaskie, 1995). 

The ritual initiation of adolescents into full membership of the community 
is an important aspect of African society. A 'morning star', usually identified 
in the literature as the planet Venus, traditionally had strong associations with 
male rites of passage in Central and Southern Africa. The Mbunda people 
looked for an object they called gongonosi; the Tsonga of Mozambique used 
the cognate term ngongomela, 'towering in strength'. Victor Turner noted the 
visibility of such a morning star on the last morning of the Ndembu ceremonies 
he witnessed; he further recorded that the initiation title of the third boy to be 
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circumcised was kaselantanda, 'he of the morning star' (Turner, 1967). 
According to Junod (1927), Tsonga initiation schools were synchronized with 
the appearance of Venus in the morning sky during a winter month (June
September in the Southern hemisphere). One of Junod's informants, the Tsonga 
elder Shinangana, chronicled a few of the schools in the last half of the 
nineteenth century: they occurred in 1862, 1873, 1881, 1887 and 1893. Venus 
was indeed a morning star in the first three years, but not in 1887 or 1893, 
although in the later year Jupiter was located in the morning sky and could 
have served as ngongomela. Hence, it would be rash to assert any correlation 
between periods of the morning visibility of Venus and the age-sets of Tsonga 
initiates. In a praise poem which inspired the young Nelson Mandela, Krune 
Mqayi sang of counting the years of manhood by the rising morning star. For 
the Xhosa of South Africa, this was unquestionably the Pleiades, the dawn 
rising of which occurs late in June. It is said that the month of the Pleiades, 
Eyesilimela, symbolized new life; the coming-out ceremony of the abakwtha 
circumcision school was synchronized with the appearance of the star cluster 
(Snedegar, 1997). The morning star, however imprecise its own identity, was 
recognized across Africa as a key identifier of the male child's passage into the 
daylight of adulthood. 

ASTRONOMICAL PRACTICE AS AN INDICATOR OF CULTURAL EXCHANGE 

Colonialist scholars such as Hirschberg (1929) and Von Sicard (1966) main
tained that astronomical traditions existing south of the Sahara were an artifact 
of knowledge transfer from 'advanced' Mediterranean or Middle Eastern 
peoples to 'primitive' Africans. The colonialist view both wrongly denies the 
capacity of Africans to develop their own knowledge systems and badly distorts 
the true nature of pre-colonial cultural exchange between Africans and others. 
For while Africans indisputably acquired foreign knowledge systems, it is more 
accurate to characterize this acquisition as the active appropriation of knowl
edge deemed useful by Africans themselves rather than the passive reception 
of cultural gifts from 'advanced' civilizations. African astronomical practices 
often bear signs of cultural exchange with Islamic-Arabic societies. For instance, 
Galaal (1992) has documented Somali oral traditions which unmistakably 
derive from Arabian folk astronomy. Nomadic Somali herders know Polaris 
as Hhiddigo, the Prayer Star; by noting its direction after establishing an 
evening camp, they can orient themselves toward Mecca for their five daily 
prayers. Somalis have also adopted the seven-day week, and the folk practice 
of taawil, or assigning a good or evil value to each day. The most telling 
indicator of Arabic influence, however, is the recognition of lunar stations 
(Arabic: anwa'), twenty-eight stars or asterisms noted for their risings and 
settings over the year (Varisco, 1994. See also his article on Islamic folk 
astronomy in this volume). 

Although the camel and sheep herding peoples of Somali used the anwa' 
(called god in Somali dialects) as a framework for a seasonal calendar, they 
viewed lunar stations primarily as divinatory signifiers. Many Somalis believe 
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Table 2 Arabic lunar stations in African languages 

Arabic Somali Swahili Hausa Identification 

al-Shartan Godan Sharatini Tunku yau ~ y Arietis 
al-Bu!ain Listan Buteni Murzuna 1) & P Arietis 
al-Th ura yya Lahho Thureya (or Kilimia) Kaza da 'ya 'ya Pleiades 
al-Dabaran Cadaad Dabarani Dabarci iri Aldebaran 
al-Haq'a Agaalli-Cas Hakaa Barewa A <pI <p2 Orionis 
al-Han'a Agaalli-Cad Hanaa Kafar barewa y ~ Geminorum 
al-Dhira' Afaggaal Tharaa Kamu daya Castor and Pollux 
al-Nathra Naaf-Cadde Nasara Gora sabe Praesepe [M 44 ] 
al-Tarf Naaf-Madoobe Tarufa Gangar ruwa X Cancri, A Leonis 
al-Jabha Tar Jabuha Jab da ruwa Regulus 
al-Zubra Majin Zubrah Murhu shan kabewa 1) e Leonis 
al-~arfah Kuhhdin Sarufa Uwar ruwa ~ Leonis 
al-'Awwa' Maaso-Gaal Awah Kashe bango ~ 11 Y 1) & Virginis 
al-Simak Dirir Ismaku Su Spica 
al-Ghafr Garbol al-Arofa Tafiyar ruwa I X A Virginis 
al-Zubana Bayahhow Zabanani Zamna, ka ci wake ex ~ Librae 
al-IklIl Gudban Akiliti Dungun da mai kili 1) ~ 11 Scorpii 
al-Qalb Lib-Cas Qalb Koshi Antares 
al-Shawla Hoor Shola Farkon dari AU Scorpii 
al-Na'a'im Mareego-dheer Naimu Jin dadi Cf <II t 1; 1) & V Sagittarii 
al-Baldah Madhan Balda Buda [vacant space] 
Sa'd al-dhabih Faruur Saada-zabihuh Mai yanka ex ~ Capricorni 
Sa'd bula' led-Kabarre Saada-? Mai hadiya 1.1 & Aquarii 
Sa'd su'iid led-Dihiriqle Saada-? Ban kwana da dari cl Capricorni, ~ ~ Aquarii 
Sa'd al-akhbiya Jed-Hore Akhbir Ban kwana da dari y 11 1; 1l Aquarii 
al-Fargh al-muqaddam led-Dambe Faradha-el-makadamu Taguwa ex ~ Pegasi 
al-Fargh al-mu'akhkhar Duuganti Faradha-el-muahera Taguwa 1) y Pegasi 
Ba!n al-~iit Farangaag Batini-el-huti Cikin kifi ~ Andromedae 

that the moon's passage through the stations releases favorable or unfavorable 
celestial influence_ Dirir (Spica - good omen) is the most important station, as 
it is believed to govern the summer rains. Traditional Somali weather experts 
judge the quantity of future rain when Dirir is in conjunction with the moon; 
a majority consider the moon and Dirir rising in conjunction to be an auspi
cious sign. However, if the moon passes north of Dirir a drought is expected. 
A child born on the night of a conjunction is thought to possess buruud, the 
ability to inspire respect. A Dirir child will also have good fortune in owning 
camels and horses. At all events, a considerable body of Somali proverbs, songs 
and folktales has grown around the import of lunar stations. 

Peoples of the East African coast have engaged for centuries in long distance 
trade with the Middle East and South Asia. The fifteenth-century master 
seafarer Al:1mad ibn MajId left behind an Arabic memoir on Indian Ocean 
navigation techniques which relied heavily on stellar observation. He noted 
that navigators of Mombasa, Sofala, and Madagascar sailed by the stars of 
Ursa Major, which they called al-Hlriib (Tibbetts, 1981). Swahili manuscripts 
at the University of Dar es Salaam also attest to celestial navigation on the 
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part of East Africans. The Arabic element was considerable nonetheless: a 
majority of the 105 Swahili star names collected by Knappert (1993) are derived 
from Arabic, and Kiswahili lunar station vocabulary preserves the Arabic 
terminology essentially unaltered (Morino and Nakajima, 1996) (Table 2). 
Moreover, the adoption of Islam by Swahili-speaking peoples brought with it 
the Islamic lunar calendar and the practice of orienting mosques in the direction 
of Mecca. And yet the Swahili lived in an environment of parallel time
reckoning systems. It is clear that the pre-Islamic Bantu tradition of the Pleiades 
or Kilimia remained distinct from the anwa' system and continued to be used 
for the regulation of agricultural work. Also alongside the Islamic lunar calen
dar the Swahili traditionally kept a 365-day year subdivided into thirty six and 
a half 'decades' of ten days each. This solar year, which begins with the Nairuzi 
festival, appears to be of Persian origin (Gray, 1955). A string tally in the 
collection of the National Museum of Tanzania and reputed to have a prove
nance among the Chagga people, may be evidence of the adoption of ten-day 
periods beyond the coast (Figure 4). In addition, seventeenth-century 
Portuguese documents testify to a decade nomenclature among the peoples of 
the Mutapa state inland from Sofala (Beach, 1980). 

On the island of Madagascar, the highly syncretic Mpanandro astrological 
belief system appears to integrate Arabic and South Asian elements with 
indigenous spirituality (Jaoelo-Dzao, 1996). Malagasy astrologers utilize the 
anwa' and assign favorable/unfavorable values to days within a seven-day week. 
Hebert (1965) has detected an underlying Sanskrit influence on Malagasy 
calendrics and the use of Indonesian directional terminology in the orientation 
of domestic buildings. With its implications for understanding the cultural 
history of the island, the ethnoastronomical heritage of Madagascar certainly 
deserves fuller examination than it has yet received. 

Cultural exchange between West Africa and Islamicized North Africa is 
especially noteworthy for having introduced formal West African academic 
traditions based on written texts. From the fifteenth century onward a number 
of scholars in Timbuktu and other centers of Islamic learning studied astronomy 
as a discipline ancillary to the Quranic sciences. The corpus of Arabic scientific 
writings of West African provenance has yet to be surveyed in any detail, but 
a number of manuscripts preserve meteorological observations, particularly 
floodings of the Niger River, and details of solar and lunar calendars (Saad, 
1983). To date, there is no positive evidence that West African scholars explored 
Arabic mathematical astronomy at its highest level. The fascination of Al)mad 
Baba (1556-1627) and al-l:Iajj Mul)ammad al-'Iraqi (fl. 1650) with esoteric 
astrology likely typifies the chief matter of interest. Many West African scholars 
dabbled in celestial divination; others considered astrological prediction spiritu
ally dangerous. The great Fulani sage Mul)amad al-Wali (d. 1688) wrote a 
diatribe against astrology and its practitioners. Even so, his pupil Mul)ammad 
ibn Mul)ammad (d. 1741) gained fame with an astrological opus, al-Durr 
al-Manzum (Strung Pearls). It was not an original work. Ibn Mul)ammad 
probably learned his astrological theory from the writings of Moroccan practi-
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Figure 4 A string tally representing a month of three decades. Ivory rings separate wooden mark
ers. National Museum of Tanzania, Dar es Salaam. Photograph from Africa Counts: Number and 
Pattern in African Cultures, 3rd ed. © 1973, 1999 by Claudia Zaslavsky. Published by Lawrence 
Hill Books, an imprint of Chicago Review Press, Inc., 814 N. Franklin Street, Chicago, IL 60610. 
Used with the kind permission of the publisher and author. 

tioners such as 'Abd al-Raqq, whose Kitiib al1alak (Book of the Planets) was 
widely read in West Africa. 

The science of the stars did not remain solely in the Arabic language. Savants 
in the city of Kano translated Arabic star lore into Rausa. The anonymous 
pedagogical text, Hisabi cAssawwakai, gives an elementary account of Islamic 
astronomy, and is still utilized in northern Nigeria (Kani, 1992). Rausa Muslims 
took up astrology with enthusiasm, astrological verse becoming one of the 
most prominent constituents of vernacular literature. A Rausa poem attributed 
to Abdullah ibn MUQammad describes the twenty-eight anwii', twelve signs of 
the Zodiac, and planetary rulers hip of parts of the sky, according to the foreign 
practice. While this text largely retains Arabic terminology, other Rausa works 
apply indigenous epithets for the stars which were not derivations from the 
Arabic but reflect the West African environment. That the Yoruba recognize a 
zodiac of twelve divisions and seven heavenly spheres is an unambiguous sign 
of the dissemination of this astronomical system into the southern Niger basin, 
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beyond the region where Islam became the predominant religion (Hiskett, 
1967, 1975). 

Finally, mention should be made of the medieval Christian polity of Ethiopia. 
Although ties with Egypt in the Greco-Roman period continued through 
the Middle Ages, Ethiopian Christians appear not to have entertained the 
Ptolemaic tradition of mathematical astronomy. Neugebauer (1979, 1981) has 
found Ethiopian astronomical knowledge applied almost exclusively in religious 
contexts. The astronomical chapters of the Ethiopic Book of Enoch contain 
simple arithmetical schemes for the motion of sun and moon. The origins of 
this treatment are obscure, but they are more likely to derive from the rudimen
tary astronomical traditions of Egyptian Judeo-Christian communities than 
from early Babylonian schemes. Other texts and Easter tables of the Ethiopian 
Church reflect the computus of Alexandrian Christianity. A thirteenth-century 
computus of Abu Shaker of Alexandria, for reckoning Easter and other movable 
feasts, is extant in a number of Ethiopic manuscripts dating from the sixteenth 
century. Despite being the key text of Ethiopic computistical literature, this 
work has yet to receive a critical edition or full analysis. Ethiopian chronicles 
record comets, eclipses, and other astronomical events from the fifteenth cen
tury onward. 

COLONIALISM AND THE DECLINE OF AFRICAN ASTRONOMICAL PRACTICES 

Whereas interaction with North Africa and the Middle East generally enriched 
indigenous astronomical practices south of the Sahara, the rise of European 
colonial regimes in the nineteenth century had a fundamentally destructive 
influence. Not only did European socio-political structures dislocate African 
ones, but the imposition of radically different temporal practices, incorporating 
the Gregorian calendar, the twenty-four hour day, and an industrial ideology 
of time value, made African time reckoning superfluous. In the case of the Zulu 
people, displacement of their temporal framework contributed to their resis
tance against colonial authority; on numerous occasions in late nineteenth
century Natal, European employers and African laborers violently disagreed 
on the duration of contracts expressed in 'months' (Atkins, 1993). Overall, 
colonial authorities were successful in integrating their African possessions into 
a worldwide, Western-dominated system of economic time, a system so globally 
pervasive that it has scarcely been challenged in Africa since the continent has 
regained its political independence. With the comprehensive availability of 
clocks and printed calendars, by the mid-twentieth century traditional observa
tions of the sky for calendrical purposes ceased in most areas. Some isolated 
groups such as the Borana of northern Kenya maintain an indigenous temporal 
system for local use (Tablino, 1994). Such practices face an uncertain future, 
but they may not have lost a key social value: one reason to recover and 
conserve African knowledge systems might be their application to culturally 
relevant physical science education (Snedegar, 1998b). 
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GREGG DEYOUNG 

ASTRONOMY IN ANCIENT EGYPT 

'Egypt has no place in a work on the history of mathematical astronomy.' So 
declared Otto Neugebauer in his magisterial survey of the subject (1975, II: 
559). And it is true that we have no surviving records of mathematical models 
and the precise predictive tables such as those found in the contemporaneous 
Babylonian civilization. But the fact that the ancient Egyptians did not apply 
mathematics to their astronomy should not be taken to indicate a lack of 
interest in or study of the movements of the heavenly bodies. Throughout the 
ancient world, the Egyptians held a high reputation for their knowledge of the 
heavens. Thales of Miletus (d. 546 BeE), credited with the first successful predic
tion of a solar eclipse, is said to have studied astronomy and geometry in 
Egypt. Democritus (fl. 425 BeE) later spent five years studying the same sub
jects there. And Plato (d. 347 BeE) spent thirteen years living with Egyptian 
priests, reading texts of mathematics and theology and becoming cognizant of 
their work in astronomy. What was this knowledge that drew such savants 
to Egypt? 

Since most of the surviving documentary evidence dealing specifically with 
the content of Egyptian astronomy is found on funerary monuments, we must 
always take care not to develop a skewed view of this field of study. Despite 
the evidence, the stars were always more than merely a symbol of and guide 
for the afterlife. When the ancient Egyptian looked up at the night sky, he saw 
the goddess Nut. She was typically portrayed as a naked woman bending her 
arched body over Geb, the earth deity, who is her consort. Separating them is 
usually Shu, god of the air (Figure 1). From the union of Nut and Geb came 
Isis and Osiris, Seth and Nephthys. Seth, the personification of evil, became 
jealous of his brother, Osiris, and eventually managed to trick and kill him, 
dismembering him and scattering his body parts. Isis, the sister and wife of 
Osiris, was able to re-unite the body and, through powerful magic, animated 
it so that she could be impregnated. She gave birth to a son, Horus, who then 
avenged his father's death by vanquishing Seth. This classic myth of the triumph 
of good over evil had close ties with the belief in an afterlife which, in turn, 
derived some of its most powerful symbols from celestial phenomena. 

In another cosmogonic myth, Re, the Solar god, impregnates Nut, the 
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goddess of the night sky, each day. In yet another version of the story, Re 
enters her mouth and travels though her body during the night. In both 
versions, Nut each morning gives birth again to the sun (Figure 2). The red 
sky at dawn is the blood she sheds in the birthing. Thus, we read in the 
Pyramid texts of Meren-Re (Dynasty VI, ca. 2200 BCE), words addressed to 
the dead Pharaoh (Edwards, 1993: 16): 'Thou embarkest therein (the sun's 
barque) like Re; thou sittest down on the throne of Re that thou mayest 
command the gods; for thou art Re who came forth from Nut, who brings 
forth Re every day.' 

The role of Nut in the daily rebirth of the sun formed a powerful symbol of 
the Egyptian hope of a personal rebirth in the afterlife. Nut's star-studded 
figure is often painted on the inner lids of Egyptian coffins (Figure 3). Just as 
she daily gives birth to the sun, so the mummy is placed in her 'womb' in order 
that it, too, may be reborn. We find a typical prayer repeated in many variants 
on ancient Egyptian funerary monuments: '0 my mother Nut, spread yourself 
over me, so that I may be placed among the imperishable stars and may never 
die (Taylor, 1989: 11).' Edwards speculates (1993: 287) that similar beliefs may 
have been behind the popularity of ovoid stone sarcophagi during the first and 
second dynasties (ca. 3000-2700 BCE) - the Pharaoh was quite literally laid 
to rest in the 'womb' of his 'mother' Nut. 

Nut might also be described as the mother of the deceased because the 
mummy was often identified with the dead Osiris, the offspring of Nut. The 
connection was emphasized by the term mwt, used in Old Kingdom funerary 
texts to describe the chest of the sarcophagus, from whence the deceased hoped 
to be reborn into a deathless existence in the Field of Reeds. Later coffins, 
especially from the Libyan Period (925-715 BCE) and after, were decorated 
with the figure of Nut on the floor of the coffin, her arms outstretched to 
embrace the mummy (Taylor, 1989: 10) (Figure 4). 

The sun-god, Re, also played a central role in the Egyptian pantheon. In the 
Fourth Dynasty (2600-2500 BCE), the Pharaoh added 'Son of Re' to his royal 
titles. At death, the divine Pharaoh joined Re in the solar barque and sailed 
endlessly across the skies (Figure 5). Edwards has speculated (1993: 282-283) 
that the pyramids of ancient Egypt, both the step pyramids (as at Saqqara) 
and the true pyramids (as at Giza), might have been intended to physically 
assist the Pharaoh to assume his place in the barque of Re. The great 'solar 
barque' now on display beside the Cheops Pyramid (Vinson, 1994: 50), and 
the numerous models of boats found in so many Egyptian tombs (Tooley, 
1995: 56), also seem to speak to this deep belief that the dead will sail with the 
sun, reborn each day, and so enjoy a form of eternal life. 

Their study of the heavens thus gave the ancient Egyptians a complex (and 
sometimes contradictory) set of images from which to develop their great 
cosmogonic and cosmological myths, as well as symbols that spoke to them 
of personal immortality and so sank deep into their cultural identity. Careful 
observations also enabled them to establish calendars to regulate both the 
proper celebration of religious festivals and the complex machinery of a highly 
bureaucratic state. 
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Figure 3 Nut on the interior of the lid of a Dynasty XXVI coffin. The smaller figures beside her 
represent the hours of the day and night. From John H. Taylor, Egyptian Coffins (Aylesbury: Shire, 
1989). p. 60. Original at the Rijksmuseum van Oudheden, Leiden, The Netherlands. Used with the 
permission of the museum. 
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Figure 4 Nut painted on the floor of a Dynasty XXII coffin. From John H. Taylor, Egyptian 

Coffins (Aylesbury: Shire, 1989), p. 52. Used with the kind permission of the author and publisher. 

ANCIENT EGYPTIAN CALENDARS 

The early human settlers in the Nile Valley must very soon have become 
familiar with the regularly repeated heavenly motions. The passage of the sun 
from eastern to western horizon each day and its nightly return to the eastern 
horizon divided existence into day and night. The regular waxing and waning 
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Figure 5 The cow of heaven carries the solar barque. The figure of Shu under her belly holding 
up the starry firmament reminds us of the typical iconography of Nut. From Adolf Erman, Life in 
Ancient Egypt (New York: Dover, 1894/1971), p.269. Used with the kind permission of the 
publisher. 

of the moon's phases every twenty-nine and a half days gave a longer measure 
of time. Still longer periodic variations could be found in the annual repeti
tions of the seasonal motions of the sun and stars. 

In the case of ancient Egypt, there was also the regular annual rise of the 
Nile waters, saturating the soil for another season of growth. With the develop
ment of agriculture came the first calendar systems. The earliest Egyptian 
calendar consisted of three seasons: akhet (inundation), peret (coming forth), 
and shemu (low water or harvest), each with four lunar months which took 
their names from important festivals occurring within the month. For the 
ancient Egyptian observer, each lunar month began with the disappearance of 
the waning crescent moon before the sunrise, not with the appearance of the 
new crescent in the twilight of evening as was practiced by most other ancient 
peoples (Parker, 1974: 52) and as is preserved in the lunar calendar of religious 
festivals followed in the Islamic world even today. 

Already in the First Dynasty (3000-2840 BeE), Egyptian observers of the 
heavens had noticed that the annual rise of the Nile occurred soon after the 
heliacal rising of Sirius, known to the Egyptians as Sothis (Hart, 1986: 207), 
the brightest star in their sky, after a seventy day period of invisibility. No 
doubt the ancient Egyptians focused on the heliacal rising of Sothis, as well as 
the last crescent of the moon, for their relation to the dawn rebirth of Re, the 
solar deity. The star typically reappeared during wep rempet, the last month of 
the third season of the year, named for the festival marking the reappearance 
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of Sothis, the opening of the new year and signal of the impending onset of 
the inundation. But since twelve lunar cycles are some eleven days shorter than 
the sidereal year, it was necessary about every third year to insert an intercalary 
month to keep the lunar months synchronized with the heliacal rising of Sothis. 
The rule developed by the priestly class was that whenever Sothis reappeared 
in the last eleven days of the month, another lunar month would be inserted 
immediately after it, making the next a 'great' year of thirteen lunar months 
(Parker, 1971: 15). 

This luni-stellar calendar, while it succeeded in keeping the lunar seasonal 
months in step with the heliacal rising of Sothis and the beginning of the 
inundation, was not suited to administrative use. This prompted the Egyptian 
bureaucracy to take the radical step of divorcing the administrative or civil 
calendar completely from natural phenomena. The result was a calendar with 
twelve months of thirty days each, followed by five epagomenal days, making 
each year 365 days in length. Why 365 days? Richard Parker suggests (1971: 
16) the figure might have arisen either from an averaging of the number of 
days in several successive luni-stellar years or from counting the number of 
days between successive heliacal risings of Sothis. Since this civil calendar will 
lose approximately a quarter of a day each sidereal year, it will require a period 
of 1461 administrative years (the so-called Sothic cycle) until the two calendars 
fall into step once again. We know from historical sources that in 139 CE the 
beginning of the civil calendar year coincided with the heliacal rising of Sothis. 
From this fixed reference point, we can calculate that these two events occurred 
together also in 1317, in 2773, and in 4229 BCE (Taton, 1957/1963, I: 35). Since 
our earliest literary source mentioning a correlation between the two calendars 
dates from the reign of Sesostris (or Senusret) III (1874-1855 BCE), the civil 
calendar must have been introduced prior to that time. Parker suggests (1971: 
20) that the civil calendar may have been initiated a century or two prior to 
2800 BCE rather than at the earlier date. Clagett, on the other hand, believes 
(1995, II: 32) that the civil calendar may date back to the pre-dynastic era 
(4000-3000 BCE). 

That the civil calendar quickly fell out of step with the natural phenomena, 
losing one day every four years, must have been apparent to the ancient 
Egyptian intelligentsia, but no action to correct the situation was taken until 
the Greco-Roman period, when an extra epagomenal day was included every 
fourth year (Strouhal, 1989: 240). Thus, for most of the history of ancient 
Egypt, there were at least two different calendar systems, one for religious 
observances and one for administrative uses, existing side by side yet almost 
always out of phase with one another. 

Each thirty-day month in the civil calendar was divided into ten-day periods 
called decades, so that there were thirty-six decades in one year (apart from 
the five epagomenal days). Each decade was associated with the heliacal rising 
of a star or group of stars called a decan. Attempts to identify the stars defining 
these decans have generally been inconclusive. They seem, however, to have 
been taken in a broad belt south of and parallel to the ecliptic (Neugebauer, 
1957/1969: 83) (Figure 6). 
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Figure 6 The decanal stars and constellations lie in a band parallel to but south of the ecliptic. 
From Otto Neugebauer, The Exact Sciences in Antiquity (New York: Dover, 1957, reprinted 1969), 
p. 87. Used with the kind permission of the publisher. 

These decans are claimed to be the origin of our division of the day into 
twenty four hours. If it takes the heavens one day-night period to move 
completely about the earth once, if day and night were always equal in length, 
and if the earth had no atmosphere, so that transition from light to dark 
occurred abruptly and totally, we would expect that each night we could see 
eighteen successive decans rising. Observations taken at the heliacal rising of 
Sothis (the beginning of the agricultural year) shortly after the summer solstice, 
however, show that only twelve decans can be seen when the period of complete 
darkness is at a minimum. Thus, it seems relatively natural that the Egyptians 
should conclude that the night cannot be less than twelve decanal parts (hours). 

Why the day should also be so divided is less clear. Neugebauer points out 
(1957/1969: 86) that a primitive portrayal of a sundial (see instrumentation 
section) from the reign of Seti I (ca. 1279 BCE) describes the daylight period 
as divided into ten equal segments. Assuming one hour at beginning and end 
of sunlight for the twilight period would then give us twelve hours to comple
ment the twelve hours of the night. Parker speculates (1974: 57) that it may 
be attributed to the design of a shadow clock (see instrumentation section) 
from the same era, where the length of the shadow cast by the sun seems 
divided into four segments. Presumably the observer faced eastward during the 
morning, then the clock was reversed and the observer faced westward in the 
afternoon. The result would seem to be the division of the day into eight equal 
segments. In this case, it seems, we must assume two hours each for morning 
and evening twilight if we are to arrive at a total of twenty-four hours for the 
entire day. In neither case is there a convincing explanation given for why we 
must consider the twilight hours part of the day, rather than the night hours. 
Moreover, the inscription found in the cenotaph of Seti I shows the four 
divisions of the device labeled three, six, nine, and twelve (hours?). Parker 
seems to ignore this. More plausible than either of these is the suggestion 
(Parker, 1974: 57) that twelve was chosen simply by analogy with the twelve 
hours of the night. According to Wilkinson (1854/1996, II: 319), Herodotus 
attributed the division of the day into twenty-four hours to the Babylonians. 
Considering the unconvincing arguments advanced to explain the possible 
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Egyptian origins of this development, we cannot help wondering whether the 
Egyptians, too, acquired their practice from outside sources. However we 
choose to explain the origins of the twenty-four hour day, one thing is clear: 
these were seasonal hours, not the equinoctial hours we use today. 

TIMEKEEPING 

The decans, mentioned above, were used as one form of time measurement in 
ancient Egypt. They were used by Hour Watching Priests (see section on 
practitioners) to regulate the hours of the temple services while the sun was 
hidden. To understand something of how this might be done, let us imagine 
ourselves on the flat roof of a temple pylon in ancient Egypt. In the chill 
darkness before dawn we sit with our host, the Hour Watching Priest, waiting 
for the rebirth of the Sun. As we gaze toward the east, a star suddenly blazes 
out in the brightening sky. Pointing to it, our host tells us it signals that the 
last hour of the night has now begun. He then excuses himself to prepare for 
his dawn duties. Returning for a second visit seven days later, we note that the 
same star no longer appears in the early light of the dawn but somewhat before 
it. A few more days and the star appears so far in advance of the sun that to 
take its appearance as the herald of the last hour of the night does not make 
much sense. Another star now takes its place as indicator of the last hour, and 
our star indicates the hour before the last hour of the night. The use of a series 
of these decanal stars is necessary because the sun lags slowly behind the 
motion of the stars. Since there are thirty-six decans (as noted in the calendar 
section) in one complete motion of the heavens, a particular decanal star will 
not be able to act as herald of the last hour of the night again until each of 
the thirty-six has in turn played that role. Thus each decan will in turn indicate 
the last hour, the hour before the last, the second before the last, etc. (Figure 7). 
This feature of the succession of decans was used to create a crude timekeeping 
system known as a 'diagonal calendar'. Examples of such 'diagonal calendars' 
are found etched on the lids of a number of coffins, most dating from the 
Middle Kingdom (2106-1786 BCE) (Figure 8). 

Somewhat later, in the Rameside period (1295-1069 BCE), another form of 
star clock came into vogue. We are told in our sources that a star dies and a 
star is born every ten days. After seventy days of death in the underworld (the 

decade decade decade 

3 2 1 

S second to last hour 
T S next to last hour 
U T S last hour 

Figure 7 Each decan star or constellation moves successively earlier in the night, creating a 
diagonal pattern when diagrammed. From Otto Neugebauer, The Exact Sciences in Antiquity (New 
York: Dover, 1957, reprinted 1969), p. 85. Used with the kind permission of the publisher. 
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Figure 8 An example of a 'diagonal calendar' from the lid of a Dynasty IX or X coffin, From 
Marshall Clagett, Ancient Egyptian Science: A Sourcebook, Volume II: Calendars, Clocks and 
Astronomy (Philadelphia: American Philosophical Society, 1995), Figure 111.16, Used with the kind 
permission of the publisher. 
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Figure 9 A Rameside star clock showing the hour stars in relation to the outline of the observer's 
assistant. From Adolf Erman, Life in Ancient Egypt (New York: Dover, 1894, reprinted 1971), 
p.349. Used with the kind permission of the publisher. 

period of invisibility because of proximity to the sun and, not coincidentally, 
the period required for embalming a mummy), the star is reborn. It spends 
eighty days in the eastern sky before it works. Then it works for 120 days (ten 
for each hour of the night) telling the twelve night hours. After this, it spends 
ninety days in the western sky before it dies, only to repeat the process over 
again. From the length of time the star spends in the sky before and after it 
'works', it is clear that time is now being told by stellar transits of the meridian. 
This new technique necessitated a considerable revision of the original list of 
decans to ensure that the stars pass the meridian at approximately one hour 
intervals (Parker, 1974: 56). 

Since stars are rarely uniformly spaced, the Egyptians added a new 
observational technique. The Hour Watching Priest and an assistant sat 
facing one another on the north-south line of the meridian (which could be 
defined using techniques described in the section on building orientation). 
The priest, equipped with a series of charts showing the outline of a figure 
and a grid of thirteen horizontal and nine vertical lines on which were 
indicated the positions of stars during the hours of the night, would observe 
the stars relative to the body of the seated assistant. Examples of such 
diagrams are preserved in the tombs of Rameses VI, VII, and IX at the end 
of the New Kingdom (1186-1069 BeE) (Figure 9). The text tells us the 
following star positions for the hours of the night of 16 Paophi (Erman, 
1894/1971: 349-350): 
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First Leg of the Giant Over the heart 
Second Star Petef Over the heart 
Third Star Ary Over the heart 
Fourth Claw of the Goose Over left eye 
Fifth Hinderpart (of Goose) Over the heart 
Sixth Star of Thousands Over left eye 
Seventh Star Sar Over left eye 
Eighth Fingerpoint of Sah (Orion) Over left eye 
Ninth Star of Sah (Orion) Over left elbow 
Tenth Star following Sothis Over left elbow 
Eleventh Fingerpoint of both stars Over right elbow 
Twelfth Stars of the water Over the heart 

This reVISIOn in timekeeping seems to have been prompted in order to 
improve the accuracy of time measurement. While it does recognize the irregular 
spacing of stars in the heavens, it seems completely to ignore the fact that the 
physical build of the assistant will influence the observations considerably. 
Parker speculates (1974: 58) that this desire for increased accuracy may indicate 
the introduction of the water clock as an independent measure of time. In any 
case, it continues to describe the night as divided into twelve seasonal hours. 

To determine the hours during daylight, the ancient Egyptians used either 
sundials or shadow clocks. There are a few surviving examples of Egyptian 
sundials (Borchardt, 1910). The oldest dates only from about the thirteenth 
century BeE. Like all primitive sundials, these rely on equal arcs to measure 
the rate of change in the direction of the sun's shadow to indicate the hours. 
They therefore exhibit considerable variations in length of the hours over the 
course of the year. 

Shadow clocks relied on the changing length (and sometimes direction) of 
shadows during the course of the day to indicate the succession of hours 
(Bruins, 1965). Like the sundial, these were relatively imprecise because, like 
the sundial, they divide daylight into equal increments without allowance for 
seasonal or latitudinal variations. Like the star clocks, then, they divided the 
day into equal parts, but the actual duration of these parts varied over the 
course of the sun's apparent annual motion (Taton, 1957/1963, I: 40). 

There is little evidence to indicate that the ancient Egyptians made much 
progress toward the more abstract equinoctial hours. Parker reports (1974: 57) 
a relatively late papyrus text of the Rameside period (1295-1069 BeE) that 
lists the hours of daylight and darkness for each month of the year. Here the 
total number of hours each day is always given as twenty four, which might 
indicate a step beyond the seasonal hours and toward the recognition of 
equinoctial hours. We are not yet able to assess whether this text may represent 
an early Babylonian influence or whether it was a purely internal development. 

The water clock could be used to tell time both during the day and at night. 
A rare surviving example dates from the reign of Amenhotep (or Amenophis) 
III (1390-1352 BeE) in the New Kingdom (Pogo, 1936) (Figure 10). The 
inside was graduated for the various months of the year - the maker was 
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Figure 10 A repaired example of an Egyptian clepsydra or water clock dating from the reign of 
Amenhotem III (Dynasty XVIII) and showing the external astronomical decorations and inscrip
tions. From Marshall Clagett, Ancient Egyptian Science: A Sourcebook. Volume II: Calendars, 
Clocks and Astronomy (Philadelphia: American Philosophical Society, 1995), Figure HI.2la. Used 
with the permission of the publisher. 

apparently aware that the hours of the night and day were not uniform but 
varied in length with the seasons (Figure 11.) This 'clock' seems to have been 
the result of considerable experimentation, yet even so it is not, by modern 
standards, an acceptable solution to the problem of accurate time measurement, 
since it takes no account of the fact that decreasing water pressure will affect 
the rate of outflow. From all indications, the mathematics required in order to 
reach a satisfactory solution was quite beyond Egyptian capabilities (Taton, 
1957/ 1963, I: 41). 

ORIENTATION OF BUILDINGS 

The ability to develop an abstract calendar and a time measurement system 
based on celestial movements has sometimes been cited to argue that the 
scribes and priests of ancient Egypt possessed an exceptional knowledge of the 
heavens. Another argument advanced to support the contention that the ancient 
Egyptians possessed a sophisticated knowledge of celestial movements is the 
apparent orientation of architectural structures either toward one of the 
cardinal compass points or toward specific astronomical phenomena. The great 
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Figure 11 The division of the interior of the clepsydra using monthly hour markings. From 
Marshall Clagett, Ancient Egyptian Science: A Sourcebook. Volume II: Calendars, Clocks and 
Astronomy (Philadelphia: American Philosophical Society, 1995), Figure 1II.24a. Used with the 
permission of the publisher. 
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pyramids of the Giza plateau are the most often mentioned examples of 
orientation toward the cardinal directions, but other structures also seem to 
exhibit an alignment requiring remarkably accurate determination of the com
pass points (Zaba, 1953: 11-12). Although the apparent accuracy of such 
positioning does seem impressive, it is possible that it did not always represent 
an intention of the architect. In part, the placement of massive structures such 
as the pyramids must depend on the geological substructure of the site. And, 
as Neugebauer and Parker have pointed out (1969, III, i: 4-5), many monu
ments were apparently constructed so as to have their primary axis perpendicu
lar to the Nile. Since the Nile flows in a generally northerly direction for much 
of its course, such structures may give the appearance of deliberate orientation 
when none was intended. 

If we accept the argument that at least some structures were deliberately 
constructed with a specific orientation, we may next ask - toward what were 
they oriented? We have already noted the claim of orientation toward one of 
the compass points, usually east or north. The rock-cut cult temple of 
Rameses II (1279-1213 BeE) at Abu Simbel was ostensibly constructed to 
allow the rising sun's rays to penetrate the inner shrine and illumine his image 
on his natal day (22 February) as well as six months later (22 October). The 
ceiling of the second hypostyle hall of the Ramesseum, the mortuary cult temple 
of Rameses II in the Theban necropolis, in addition to its splendid astronomical 
motifs, has also been constructed with an opening apparently intended to allow 
the sun's rays to illumine something - perhaps the massive doors leading into 
the third hypo style hall - on a specific date. Based on the major theme of the 
decorative motifs in this hall (the festival of the Opening of the Year), it has 
been suggested (Sheikholislami, 1995) that this date might have been that of 
the New Year Festival. Buildings such as these, which use the sun as orientation, 
typically face the sunrise - that symbol of rebirth and renewal that seemed to 
the ancient Egyptians a portent of eternal life. To have taken account of both 
the daily and the annual motions of the sun seems initially to imply a definite 
knowledge of celestial phenomena. The determination of the direction of sunrise 
or other solar position on a particular date, however, involves nothing more 
than waiting for the desired day and establishing the line of the sun's shadow 
using any perpendicular gnomon. To accomplish the accurate sitings according 
to the cardinal directions, the Egyptians must have employed astronomical 
observational techniques, since there is no evidence that they were acquainted 
with the lodestone to determine the magnetic north. Edwards speculates (1993: 
259-261) that Egyptian architects must have relied on stellar observations. 
The line bisecting the angle between sightings of the successive rising and 
setting of a particular star will point to the true north. This angle measurement 
could be made with considerable observational accuracy by constructing a 
perfectly level artificial horizon. The desired east-west coordinate could then 
be obtained through the geometric technique of erecting a perpendicular on 
the north-south line or, more mechanically, by use of a set square. 

More recently, it has been suggested (Lehner, 1997: 214) that the sun itself 
could have been used in an analogous fashion. A gnomon is erected perpendicu-
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lar to the surface of the earth and the end of its shadow marked at an arbitrary 
point before midday. The length of this shadow is taken as the radius of a 
circle constructed with its center on the gnomon. The length of the gnomon's 
shadow will decrease until local noon, then lengthen again until it touches the 
circle somewhere on the opposite side, marking two sides of an angle with 
vertex at the gnomon. Bisecting this angle will also produce a line indicating 
true north. This technique has the advantage that it does not necessitate the 
construction of the artificial horizon. While we cannot say with certainty which 
of these techniques may have been utilized, several late references describing 
the foundation of temples mention 'the shadows' and 'the stride of Re', implying 
the possible use of the latter technique. Although the determination of the 
required line is quite simple, the demonstration that this line indicates true 
north is far from trivial. Surviving geometrical texts contain no example of 
such an abstruse discussion. 

Not all temples or cult buildings were oriented toward the compass points, 
however. The Rathor Temple in Dendera and the peristyle hall of the Mut 
Temple in Karnak, for example, are explicitly oriented toward the rising of 
Sothis/Sirius (Leitz, 1991: 58-60). It has also been suggested (Buwal and 
Gilbert, 1994) that the curious 'air shafts' of the Great Pyramid of Khufu are 
oriented toward Sothis, often assimilated to the goddess Isis, at its zenith in 
the southern sky and toward the constellation Orion (assimilated to the god 
Osiris, Lord of the Dead) in the northern sky. Many aspects of this interpreta
tion have been sharply criticized (Chadwick, 1997). Leitz has suggested (1991: 
67-69) that the Abydos temple of Seti I (ca. 1297 BCE), and perhaps also his 
temple at Qurna, are oriented toward Orion. An inscription concerning the 
foundation of the temple at Edfu mentions the 'Great Bear' (apparently a 
reference to the circumpolar constellation known to the ancient Egyptians as 
the Foreleg or the Adz) as its orientation (Leitz 1991: 61-66). Such examples 
of orientation seem to indicate a familiarity with the motions of the heavens 
and sufficient sophistication to be able to utilize this knowledge in architectural 
applications. 

PRACTITIONERS 

Surviving records indicate that there was a cadre of men, regulators of times 
of religious rites, who might be presumed to have made systematic and detailed 
observations of the heavens. Although not sophisticated mathematically, these 
observers were apparently able to construct a working model of the regularities 
of the heavenly motions that adequately met the needs of their society. These 
were the imy-wnwt, the hour watchers, who regulated the temple rituals so that 
they would take place at the proper times (Parker, 1974: 51). Strouhal (1989: 
232-233) questions whether these were indeed priests, suggesting that they 
were actually lay individuals of the scribal class who served for limited time 
periods in the temple rituals and were rewarded with priestly titles. Others 
have interpreted them to be professional practitioners permanently attached 
to the temples. Current opinion seems to favor the latter interpretation. 
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That these priests sometimes occupied important places in the cult life of 
the community is clear from the fact that the chief priest of the solar cult in 
ancient Heliopolis had, among his titles, that of 'Chief of the Secrets of Heaven' 
(Erman, 1894/1971: 297) or 'Chief of the Astronomers'. He is typically portrayed 
wearing a cloak decorated with stars (Edwards, 1993: 286) (Figure 12). (The 
term 'astronomer' is sometimes used to translate 'hour watcher'. This seems to 
me to present a false view of the situation, implying that the hour watcher was 
actually observing and explaining the heavens much like a modern astronomer. 
He was not. His interests and techniques were completely different.) 

We think that such hour watchers must have existed in temples throughout 
ancient Egypt, but we know little about them as individuals. We do not know 
how they were trained or how they fit into the hierarchy of the priesthood. 
The Eighteenth Dynasty (1550-1295 BCE) tomb in the Theban necropolis 
(tomb # 52, Sheikh Abdel Gourna) belonging to a man named Nakht lists, 
among his titles, those of Scribe and Hour Watching Priest of Amun. The tomb 
is famous for its exquisitely painted scenes of family life and daily activities. In 
none of these is Nakht shown engaged in professional temple or cult duties, 
however. The burial chamber, now empty, originally contained a small statue 
of Nakht kneeling and holding a stele with a dedication to Re (Figure 13). 
When, in 1915, the S.S. Arabic was torpedoed and sunk while in route to New 
York, it carried this statue. The little hour watcher now lies in perpetual 
darkness at the bottom of the ocean. 

Two other statues of hour watchers exist, both dating from the Ptolemaic 
era (323-30 BCE). These statues bear inscriptions that describe the official 
duties and skills of the hour watchers. Clagett has given an English rendition 
of these inscriptions. The first, belonging to one Senty, reads: 

[I have been designated among the chiefs] of men, the guides of the country chosen by the 
king. One will not find anyone more favored than I, [since] telling the hour conforms to the 
desire of the god so that he [i.e., the king] may give the order to erect constructions [such as 
temples, at the right time]. [My duties include] announcing to man his future, telling him about 
his youth and his death; telling the years, the months, the days, and the hours, the course of 
every star by the observation of its path, [I] Senty, son of Pen-Sobek, justified. He has said, 
'Oh, Master of the gods, in whose retinue you have caused me to reach a ripe old age, [and 
have given me] a beautiful tomb in the temple of ... 1 having been an astronomer (wnwnw) in 
the temple of his lord. [I], Senty, son of Pen-Sobek, justified. (Clagett, 1995, II: 490) 

We see here some indication of what the hour watcher might be expected to 
do while carrying out his duties. At the same time, there seems to have been 
some Greco-Roman influence assimilated to the position by the Ptolemaic era, 
since Senty indicates he also performed some of the prognostication construc
tion that typically was associated with the horoscopist in the Roman tradition. 

The back of the second statue, belonging to a man named Harkhebi, contains 
a more detailed description of the official duties of the hour watcher: 

Hereditary prince, count, sole friend [of the king], skilled in sacred writings, one who observes 
everything in the heavens and on earth, skilled in observing the stars with no erring, one who 
announces rising(s) and setting(s) at their times, with the gods who arrange (or foretell) the 
future, for which [activity] he purified himself on their days when [the decan] Akh rose 
[heJiacally] beside Bennu (Venus) from earth, and he made the lands content by his predictions; 
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Figure 12 The high priest of Heliopolis (Dynasty XVIII) showing his leopard robe with attached 
stars, indicating his status as an observer of the heavens. From Adolf Erman, Life in Ancient Egypt 
(New York: Dover, 1894, reprinted 1971), p. 297. Used with the kind permission of the publisher. 
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Figure 13 The statuette of Nakht, holding a stele on which is a hymn of praise to Re, the solar 
deity. From 'Abd al-Ghaffaar Shadiid and Matthias Seidel, Das Grab des Nacht: Kunst und 
Geschichte eines Beamtengrabes des 18. Dynastie in Theben-West (Mainz: Verlag Philipp von Zabern, 
1991), p. 18. 
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one who observes the culmination of every star in the sky, knowing the [heliacal] rising of 
every ... in a good year; one who announces (or foretells) the [heliacal] rising of Sothis at the 
beginning of the year and [then] observes her on her first festival day [i.e., when she actually 
rises heliacally], calculating her course at the designated times, observing what she does every 
day; everything she has ordered (or foretold) is in his charge; one knowing the northing and 
southing of the sun disk, announcing all of its wonders [i.e., the special phenomena of the disk] 
and appointing them [i.e., establishing] their times; he declares when they have occurred, 
coming at their times; one who divides the hours of the two times [i.e., day and night] without 
erring at night ... one knowledgeable in everything which is seen in the sky, [i.e., everything] 
for which he has waited [or expected], one who is skilled with respect to their conjunction(s) 
and regular movement(s), who does not disclose [anything] at all concerning his report [to the 
king] after [his] judgment [has been made], discrete with everything he has seen; no master 
can refute one of his counsels to the Lord ofthe Two Lands; [he is] one who pacifies scorpions, 
understands the removal of serpents [by] indicating their places and drawing the serpents to 
them, closing the mouths of their inhabitants, their serpents ... (Neugebauer and Parker, 1969, 
III, i: 214-216; cf. Clagett, 1995, II: 495-496). 

The inscription concludes on the left side of the statue: 
Initiated in his [i.e., the king's or god's] mysteries, favoring [i.e., bringing favor to] his voyages 
and protecting his route, overcoming [opponents] of his expedition ... [the king or god is] 
pleased with his counsel, the god loving him as the controller of the scorpion, [he is] Harkhebi, 
son of the one honored before Wedjet. 

Harkhebi, from this inscription, is a priest of Selket (sometimes Serket or 
Serqet), the scorpion goddess, in addition to being an hour watcher. Clagett 
interprets the inscription to indicate that he was also expected to compare 
predictions (such as the heliacal rise of Sothis) with actual observation. That 
this was not an uncommon aspect of the hour watcher's duties is indicated by 
the record of such a prediction and confirmation preserved in a temple register 
from Illahun dating from the late Middle Kingdom (Clagett, 1995, II: 492). 
From Clagett's description, it would seem that such activity was intended to 
check and correct the predictive algorithms used by the hour watchers. I suggest 
this might be interpreted differently - that the heliacal rising of Sothis must 
actually be observed, not just predicted, before the beginning of the festival 
could be declared. In a similar way in Islamic communities today, the new 
crescent moon must actually be observed in order to declare the official begin
ning and ending of the holy month of Ramadan. 

Clearly, some hour watching priests were able to attain high positions in 
Egyptian society - positions high enough to enable them to construct and 
decorate a tomb comparable to other 'nobles' of the day (in the case of Nakht) 
and high enough to permit them to leave behind personal statues to commemo
rate their lives (in the case of Senty and Harkhebi). These men may, of course, 
have represented the height of their profession or they may have attained fame 
and fortune from activities quite outside those of the typical hour watching 
priest. The majority of these practitioners, however, seem to have lived and 
died leaving no record of their lives. 

DOCUMENTARY EVIDENCE FOR EGYPTIAN ASTRONOMICAL KNOWLEDGE 

While the discussion of possible orientations of various structures is certainly 
tantalizing, it does not, in itself, demonstrate that the ancient Egyptians had a 
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close knowledge of the heavens and their movements. In the absence of extended 
literary texts such as exist in mathematics and medicine, we must rely on more 
fragmentary pieces of evidence. Neugebauer and Parker (1969) have collected 
some eighty-one 'documents' relating directly to the study of the heavens in 
ancient Egypt. These documents are primarily in the form of inscriptions and 
decorative devices on existing architectural structures (temples and tombs), 
illustrations in papyri, inscriptions and decorative features of coffins, and 
pictorial elements in zodiacs produced during the Greco-Roman period. A few 
examples of observational instruments also survive, allowing us to surmise 
some of the observations that the ancient Egyptian observer might have been 
able to make and on which he could construct his understanding of the 
celestial world. 

Astronomical ceilings 

Among the most important of our surviving documents are the 'astronomical 
ceilings'. These ceilings, some from tombs and some from temples, contain 
decorative motifs designed to provide a symbolic and schematic summary of 
the astronomical knowledge of the Egyptians. The oldest known example is 
from Tomb 353, the second or 'secret' tomb of Senmut or Sn-Mwt (Pogo, 1930), 
located just to the east of Deir el-Bahri in the western Theban necropolis. As 
architect of Hatshepsut's mortuary temple, confidant of the queen/regent who 
ruled Egypt as 'Pharaoh' during the fifteenth century BeE, and tutor to her 
only daughter, Neferura, Senmut seems to have wielded considerable political 
power (James, 1984: 31-37). The ceiling of his unfinished tomb displays graphi
cally several elements ofthe astronomical learning of the Egyptians (Figure 14). 

The ceiling is divided into northern and southern panels. The upper portion 
of the southern panel contains a list of decans, showing their relation to the 
star clocks (see section on time keeping). Parker has concluded (1974: 59), 
from the position of Sothis in this list of decans, that the star clock must be 
anachronistically copied from an exemplar dating from some four centuries 
earlier. Stars surround the names of the decans and more stars surround the 
deities below the decans. We also find portrayed a number of constellations: 
the ship, the sheep, Osiris in a boat (Orion), and Isis in a boat (Sothis). Farther 
to the left, where we would normally expect to find the decans for the epago
menal days (see calendar section), the artist (Senmut?) has portrayed Jupiter 
and Saturn (two falcon-headed figures in boats), six decans (normally we should 
expect to find twelve), and Mercury and Venus. Mercury here is shown as a 
small figure of the animal-headed evil god Seth and Venus, typically, as a heron 
surmounted by a star. Mars is notably missing from this panel, although it 
was certainly known in ancient Egypt and occurs in other examples of astro
nomical ceilings. 

The northern panel features centrally a set of figures representing the north
ern circumpolar constellations. Neugebauer and Parker suggest (1969, III, 
i: 113) that the diagram is based on an earlier prototype and that the artist 
(Senmut?) has re-arranged some of the constellation figures in order to utilize 
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Figure 14 The astronomical ceiling from the 'secret' tomb of Senmut in Thebes. From Christian 
Leitz, Studien ZLlr iigyptische Astronomie (Wiesbaden: Harrassowitz, 1991), p. 36. U sed with the 

kind permission of the publisher. 
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the space on the ceiling better. To either side of these constellation figures are 
sixteen figures of deities associated with the days of the lunar months, nine to 
the right and seven to the left (Neugebauer and Parker, 1969, III, i: 194-201). 
It is not clear why there is not a full contingent of twenty-nine or thirty figures. 
Again, it seems that the artist or Senmut himself is willing to manipulate the 
astronomical motifs in order to make artistic use of the space available. The 
theme of the lunar months is continued in the twelve circles, which are divided 
by the northern constellations into seasonal groupings of four each, eight to 
the right of the northern constellations and four to the left. The name of each 
lunar month appears above its circle to reinforce the idea. The reason for this 
distribution of seasonal months is not clear. Perhaps it is related to the tradition 
that two of the seasons are represented by female figures while the third is 
masculine (James, 1985: 9) (Figure 15). Each circle is divided into twenty-four 
segments. The relation to the twelve hours of day and twelve hours of night 
mentioned earlier (see calendar section) seems too obvious to ignore. 

This 'astronomical ceiling' is probably the best known and best preserved of 
the surviving examples. Other interesting exemplars are found on the ceiling 
of the second hypostyle hall of the Ramesseum (ca. 1213 BeE), or mortuary 
temple, of Rameses II (Neugebauer and Parker, 1969, III, i: 17-20) (Figure 16), 
on the ceiling of Hall K in tomb KV 17 (ca. 1279 BeE) belonging to Seti I 
(Neugebauer and Parker, 1969, III, i: 14-16) (Figure 17) and in tomb Asasif 
33 (ca. 660 BeE) belonging to Pademenope (Neugebauer and Parker, 1969, 
III, i: 40-41). Most include some representation of the northern constellations 
and the decanal stars. Many also include some representation of the deities 
associated with the lunar months. (See also Figure 2, which also contains the 
'northern constellations' and lunar deities.) 

In the Ptolemaic period (323-30 BeE), the traditional Egyptian constell
ations began to intermingle with those used in Greco-Roman astrology 
(Neugebauer and Parker, 1969, III, i: 203-212). The zodiac once located on 
the ceiling of the symbolic mortuary chapel for Osiris on the rooftop of the 
Temple of Hathor at Dendera (now in the Louvre), shows the circle of the 
heavens upheld by twelve figures representing the months of the year 
(Figure 18). The upright figures represent the four goddesses that hold up the 
vault of heaven. The outer circle of figures indicates the more-or-Iess traditional 
Egyptian decanal stars/constellations. The inner spiral of figures combines the 
Greek zodiacal constellations and several traditional Egyptian constellations 
(Parker, 1974: 63). Other surviving zodiacs, most of which also date from this 
period of history, show similar features. 

Although we do not have extensive literary remains from the dynastic period 
of ancient Egypt, there do exist a few late papyri written in Demotic (rather 
than Hieroglyphic or Hieratic) script. Most demotic texts, because of their late 
date, reflect the influx of Babylonian and Greco-Roman ideas. A few, however, 
have significant portions derived from traditional Egyptian interpretations of 
the heavens. The most interesting of these is P. Carlsberg 9, which describes 
the relationship between the civil and the lunar calendars (Neugebauer and 
Parker, 1969, III, i: 220-225). It is based on the fact that twenty-five civil years, 
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Figure 15 The vizier, Khentika, coloring the figures of the three seasons. The crescent moons 
represent the lunar months. From T. G. H. James, Egyptian Painting and Drawing in the British 
Museum (London: British Museum, 1985), p. 10. © Copyright The British Museum. Used with 
permission. 



Figure 16 The astronomical ceiling of the Ramesseum. In the center are the 'northern constell
ations'. From Marshall Clagett, Ancient Egyptian Science: A Sourcebook. Volume II: Calendars, 
Clocks and Astronomy (Philadelphia: American Philosophical Society, 1995), Figure 111.2. Used 
with the kind permission of the publisher. 
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Figure 18 The zodiac from the ceiling of the Temple of Hathor in Dendera. Beside it is a represen
tation of Nut, who literally spreads herself over those who enter the chapel. From Marshall Clagett, 
Ancient Egyptian Science: A Sourcebook. Volume II: Calendars, Clocks and Astronomy 
(Philadelphia: American Philosophical Society, 1995), Figure III.76b. Used with the kind permis
sion of the pu blisher. 

which contain 9125 days, are equal to 309 lunar months. These are grouped 
in sixteen ordinary years of twelve lunar months and nine 'great' years of 
thirteen lunar months (see calendar section). Each pair of lunar months is 
counted as 59 days, since the typical lunar cycle averages nearly 29.5 days. 
Each fifth year, however, the last pair of lunar months is taken as 60 days. 
Over the course of the 309 lunations, this will give a total of 9125 days 
(Neugebauer, 1957/ 1969: 90). The papyrus dates from some time after 144 CE, 
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but Parker believes (1974: 64) it must reflect knowledge dating from at least 
the fourth century BCE. 

OBSERVATIONAL INSTRUMENTS 

From the few surviving examples of Egyptian observational instruments, we 
must conclude that the ancient Egyptians were not especially interested in 
collecting extremely precise data concerning many celestial phenomena. 

The mrkht was typically used in making the observations needed for the 
Rameside star clocks (see time keeping section). It consisted of the rib of a 
palm frond, notched at its wider end. Used in conjunction with a plumb line 
held by an assistant, it was employed in order to determine more precisely 
when the star reached the defined position relative to the anatomy of the seated 
figure. Since the instrument was so inexpensive to create, it is not surprising 
that so few examples have come down to us. Borchardt has described one such 
set of mrkht and plumb line dating from the Late Period (664-332 BCE) 
(Figure 19). According to an inscription on the instrument, these belonged to 
Hor, an hour watcher (Borchardt, 1899). The inscription (Clagett, 1995, II: 
491) on the plumb-line (which is shaped like a shadow clock) tells us that Hor 
'knew the movements of the two disks [i.e., the sun and the moon] and every 
star in its abode (demy).' That on the mrkht states that it was used for 'attending 
to the guiding [or introduction] of festivals and giving all people their hours.' 
The desire for precision that seems to lie behind the use of these instruments 
is vitiated by the apparent failure to appreciate that differences in the build of 
the person used as the reference figure are sure to introduce inaccuracies and 
variations into the observations. 

Herodotus reports that the Greeks learned of the sundial from the 
Babylonians (Wilkinson, 1854/1996, II: 319). Whether or not this is true, the 
ancient Egyptians also knew the instrument. In the cenotaph of Seti I (ca. 
1279 BCE), one of the inscriptions seems to show a simple sundial and gives 
instructions for its use (Frankfort, 1933). From this description, it appears that 
daylight was divided into ten hours (Neugebauer, 1957/1969: 86). The oldest 
surviving example of an Egyptian sundial (Borchardt, 1910) dates from the 
same period. Analysis of the hour markers shows that it was not very accurately 
constructed - only the midday line is correctly placed (Taton, 1957/1963, I: 40). 

The shadow clock was used to tell time during the day. Based on the 
recognition that the length of a shadow decreased until local noon, then 
increased again until sunset, the earlier models of these shadow clocks used 
only a straight rod, equipped with a plumb line to keep it level, and a raised 
bar or cross at one end to cast the shadow. Then all one had to do was face 
the sun and note where the shadow crossed the scale etched on the horizontal 
rod or bar. Another inscription from the cenotaph of Seti I describes and 
illustrates one such clock having four divisions. We might have presumed that 
these were intended to indicate four hours from sunrise to noon and four hours 
from noon to sunset - except for the fact that the divisions are labeled 3, 6, 9, 
and 12 (Figure 20). This would seem to imply that one could measure all 
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Figure 19 A mrkht, or sighting instrument, and its accompanying board for observing solar shad
ows. From Marshall Clagett , Ancient Egyptian Science: A Sourcebook. Volume II: Calendars, Clocks 
and Astronomy (Philadelphia: American Philosophical Society, 1995), Figure III.20a. Used with 
the kind permission of the publisher. 
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Figure 20 The illustration of the shadow clock from the cenotaph of Seti I at Abydos. From Henri 
Frankfort, The Cenotaph of Seti I at Abydos (London: Egypt Exploration Society, 1933), Plate 
LXXXIII. Used with the kind permission of the Society. 
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twelve hours of daylight from the scale directly. How this might be done is not 
clear to me. Because shadows tend to lengthen considerably when the sun lies 
near the horizon, some models of the shadow clock cast the shadow onto a 
slanted surface, making the instrument more portable and easier to use, 
although probably no more accurate (Taton, 1957/1963, I: 40). 

ASTRONOMICAL KNOWLEDGE 

In addition to careful observations of the motions of the sun and moon, the 
ancient Egyptians used the heliacal rising of stars to regulate time (see calendar 
section). They also seemed to have grouped stars into constellations, much as 
we do today, for ease of observation, as well as for use in timekeeping. Although 
the constellations used seem to have been well known and to have a standard 
representational form that does not change much over long time intervals, in 
the majority of cases, it is still not possible for us today to say with certainty 
what stars they included. The consensus of opinion has been that the so-called 
'northern constellations' represent the undying or circumpolar stars. Even so, 
we can identify only two of these constellations with any degree of certainty. 
The Foreleg seems consistent with our Big Dipper (Ursa Major), and Orion is 
quite clearly the man running while looking over his shoulder. But the remain
ing figures have been subject to much discussion and no conclusion has yet 
emerged. The southern, or decanal, stars and constellations present much the 
same sort of problem. A few individual stars seem to have been given names 
of their own, most notably Sothis (modern Sirius), but even some of these are 
in doubt. 

The Egyptians recognized the naked-eye planets, calling them 'stars that 
know no rest' (Strouhal, 1989: 240). Perhaps in some analogy to the high flying 
and far ranging falcon, most planets are identified with Horus, the falcon
headed deity. Mars, for example, is given the epithet 'Horus-of-the-Horizon' or 
'Horus-the-Red'. The reference to Mars' distinctive coloration makes the identi
fication fairly certain. It is also termed 'He-who-Travels-Backward' - an appar
ent reference to the planet's retrograde motion. It is true that all planets appear 
to exhibit some degree of reversal of motion, but that of Mars is by far the 
most obvious. Saturn was always known as 'Horus-the Bull' - although we 
know nothing about the origins or implications of this title. Jupiter was known 
as 'Horus-Who-Bounds-the-Two-Lands' or 'Horus-Who-Illuminates-the-Two
Lands' (Parker, 1974: 60). 

Mercury was called sbq, a term for which we have no meaning as yet. Nor 
do we know why Mercury was so often associated with Seth, the god of evil 
and destruction. Venus was known as 'The-One-Who-Crosses' and was typi
cally portrayed as a heron. The epithet may refer to the way in which Venus 
appears to precede the sun as morning star, and then disappears, only to 
reappear behind the sun as the evening star. The recognition that both Mercury 
and Venus can appear either in the morning or in the evening probably 
antedates the Rameside period (1295-1069 BCE), since we have a statement 
that Mercury is 'Seth in the evening twilight, a god in the morning twilight' 
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(Parker, 1974: 60). It seems highly probable that brilliant Venus would also 
have been interpreted analogously, although no written record of that exists 
until considerably later in Egyptian history. 

In general, it seems that the Egyptians were less likely than other ancient 
peoples to perceive evil omens in celestial events. There is, for example, a 
reference to the appearance of a bright object in the southern sky, which 
Strouhal speculates (1989: 240) may have been a comet - perhaps an early 
appearance of Halley's famous periodic comet, although the text is fragmentary 
and vague. Similarly, although some texts seem to see eclipses as evidence of 
the titanic struggle between good and evil, there are also descriptions indicating 
that they are only a 'meeting of the sun and moon' (Strouhal, 1989: 240). 
Unfortunately, the sources for Strouhal's statements are not indicated. It is 
possible that they reflect an importation of notions from Greco-Roman culture 
late in Egyptian history. And it is clear that these statements can be directed 
only toward solar eclipses. We can only speculate what the Egyptian scribes 
might have said in interpreting a lunar eclipse. 

* * * 
Ancient Egypt had a wide-ranging but essentially qualitative understanding of 
the heavens. The regularity of the annual inundations removed the necessity 
to make extensive predictions of future meteorological or climatological events. 
Despite making extensive observations, the reliance on extremely simple obser
vational devices effectively prevented the growth of any complex theories or 
predictive algorithms. The primary concern seems to have been connected with 
time measurement, both for agricultural and religious purposes, as well as 
articulating analogies that were taken to point toward the possibility of a 
future life through constant rebirth, like the celestial lights. Given the goals he 
set for himself, the scribe who studied the heavens was able to construct a 
remarkably rich and relatively coherent system of understanding of celestial 
phenomena. Although it may seem limited and unsophisticated in comparison 
to the contemporary Babylonian civilization, these ancient efforts played a role 
in shaping the early astronomical traditions of Western culture. 
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NICHOLAS CAMPION 

BABYLONIAN ASTROLOGY: 
ITS ORIGIN AND LEGACY IN EUROPE 

Astrology in the twentieth century West has a central place in popular culture, 
at least if we judge from the spread of horoscope columns in the press and 
popular magazines. There has been little attempt to trace the causes for its 
popularity or even to examine its nature. Most histories of the subject from 
Thorndike (1923-1958) to Tester (1987) assume a fundamental conceptual and 
technical break between Babylonian and Greek astrology in the last centuries 
BCE. They say that western astrology also effectively came to an end in the 
late seventeenth century, when it lost its intellectual respectability, allowing for 
little connection between then and the present day. The Encyclopaedia of 
Religion (Culianu, 1987: 472) stated categorically that 'astrology, a product of 
Hellenistic civilisation, appeared at the end of the third century BCE', com
pletely denying any Mesopotamian connection. Chambers Encyclopaedia was 
more circumspect, considering that, 'It was in Greece, about the 4th century 
BC, that astrology underwent a great development and was regarded as regulat
ing all things in the universe, induding the fates of men' (1970: 724). However, 
while it is clear that astrology, like any other belief system, experiences periods 
of reinvention as it passes between different cultures and periods, it is possible 
to identify a fundamental continuity from the earliest Babylonian astrology to 
the present day. Contemporary popular astrology may therefore be seen as a 
remarkable revival of the practical applications of an ancient non-Western 
astronomy, that of Mesopotamia of four thousand years ago, one which pre
dates all the other intellectual pillars of western society, from Greek philosophy 
to Judaism, Christianity and modern scientific method. 

MESOPOTAMIAN ASTROLOGY 

The civilisations of Mesopotamia, the 'land between the two rivers' (the Tigris 
and Euphrates), flourished between two and five thousand years ago. Like 
many societies, they adhered to the belief that the terrestrial, physical and 
human worlds were so intimately connected to the celestial, intangible and 
divine realms as to constitute effectively a single entity. The natural environ-
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ment, it was believed, provided the principal means of communication between 
humanity and the pantheon of invisible gods and goddesses. From this there 
developed various means of reading divine intentions, and the practice of omen 
(from the Latin 'sign') divination relied on the assumption that any visible 
natural phenomenon, whether predictable or not, might represent an attempt 
by a god or goddess to communicate his or her intentions or instructions to 
humanity. 

Divination took on many forms, from the cheap and popular rolling of dice 
to the royal reliance on extispicy, or divination from livers. Gradually, over 
the second millennium BCE, astrology (the divinatory use of celestial phen
omena) appears to have grown in importance. As it did so it encouraged the 
increasing observation of planetary and stellar patterns, and ultimately, by the 
7th-8th centuries BCE, their extrapolation into the future. Thus, by the time 
that the Greek astronomers first began to speculate on the nature of the 
heavens, the Mesopotamian astrologers had made the crucial transition from 
a purely observational astronomy to one which was both mathematical and 
predictive. 

There are a number of reasons for studying the history of Mesopotamian 
astrology. First, it offers a point of entry into understanding Mesopotamian 
culture. As VIla Koch-Westenholz put it, it is an invaluable 'source for the 
social and moral values as well as the intellectual endeavour' of Mesopotamian 
society (1995: 1). Then there is the question of the astronomical records, which 
were not only used by the ancient Greeks, but are of relevance for modern 
science. The recent use of eclipse records to demonstrate that the slowing in 
the Earth's rotation is much greater than previously thought is ample demon
stration of the value of such ancient observations (Stephenson, 1998). But there 
is also the question of the connections between the endeavours of Babylonian 
astronomers and astrologers and their counterparts in the Greek world, and 
the extent to which classical culture borrowed from the Mesopotamians. Such 
issues run to the heart of European respect for the Greeks as inventors of the 
western rational and scientific tradition, and raise deep questions concerning 
European self-identity and the ambivalent relationship between the Occident 
and Orient. At the broadest level then, we are not just examining the history 
of culture or science, but touching on issues which are as alive today as they 
ever were. 

QUESTIONS OF DEFINITION 

The interlocking relationship between Mesopotamian astrology and astronomy 
has a particular relevance to contemporary debates on the nature of science and 
perceptions of its relationship with 'superstition' or 'rational' and 'magical' 
thought. Indeed, no study of Mesopotamian astrology can begin until we have at 
least acknowledged such questions of definition (Bottero, 1992: 125-137). These, 
of course, are difficulties faced by historians in every area, and have been elo
quently raised in relation to cultural astronomy by Owen Gingerich (1989) and 
Clive Ruggles and Nicholas Saunders (1993). At its root the difficulty can be seen 
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as one of 'Westerners addressing other Westerners', using, perhaps necessarily, 
concepts which are alien to the culture under discussion (Finkelstein, 1981: 7), 
but the fact remains that any modern enquiry has to be couched in contemporary 
language. Indeed, modern comparisons may counter a natural tendency to see 
ancient cultures as so inherently different to our own that they can never be 
approached. All we can do is remember that our descriptions of Mesopotamian 
thought can never entirely recapture its true nature. 

Whereas modern definitions generally categorise astronomy, the observable 
measurement of the heavens, as scientific, and astrology, the interpretation of 
those measurements, as superstitious, the Mesopotamian experience suggests 
that those definitions are fluid and might even be reversed. For the sake of 
simplicity I shall stick to modern usage and I shall use astronomy when talking 
specifically about measurement of the heavens and astrology when discussing 
the interpretation of those measurements. 

The final problem of definition concerns the alternative use of the terms 
Mesopotamian and the more common Babylonian. Mesopotamia is a geo
graphical designation for much of the area covered by modern Iraq. Between 
the mid-third millennium and the end of the first millennium BCE the region 
passed through a series of political eras from the period of the city states of 
Sumer and Akkad through the Babylonian and Assyrian empires, a second 
Babylonian empire, Persian and Greek Seleucid periods. Given that Babylon 
appears to have retained a special cultural status from around 1800 BCE 
onwards, the terms Babylonian and Mesopotamian are often used interchange
ably to describe the astrology of the entire region (Koch-Westenholz, 1995). 
Running to the heart of the entire question is the problem of what exactly 
Mesopotamian astrology was. 

THE MODERN SOURCES 

This is a fast moving field, due to the sheer volume of primary source material 
which has either only recently become available or is yet to be translated. For 
example, secondary sources (Dean et al., 1996) tend to use Thompson's 1900 
translations of the astrological tablets, whereas these are generally agreed to 
have been superseded by the later editions, for example, Hunger (1992) and 
Parpola (1970,1983,1993). In some opinions, the process has not been helped 
by the behaviour of some modern scholars. According to Stephanie Dalley's 
damning indictment, 'Cuneiformists deciphered their fragmentary sources very 
slowly and produced results that seemed incomprehensible to the outsider, or 
they changed their interpretations and quarrelled over them. Embedded in 
their arcane learning, they seemed less and less to communicate clearly with 
non-linguists' (1998: 3). The difficulties involved in working out what the 
Mesopotamians actually thought, though, are genuinely problematic. Even 
slightly differing nuances between different translations can suggest entirely 
different conclusions. For example, one version of the moon's function in the 
creation epic, the Enuma Elish (V.13) - 'When Above' - is to 'to make known 
the days' (Heidel, 1942: 44-5) while another is 'to measure time' (Jacobsen, 
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1946: 181). The latter expands the use of the moon to announce the name or 
nature of the day, to the notion that in the 2nd millennium BCE the 
Mesopotamians had a concept of time as a continuous entity which can be 
understood mathematically. 

That said, there are two excellent recent histories of Babylonian astrology 
by Michael Baigent (1994) and Ulla Koch-Westenholz (1995). A briefintroduc
tion to Mesopotamian astrology is given in Walker (1989) and to both astrology 
and astronomy in Walker and Britton (1996). The history of astronomy is well 
covered for the general reader by Bartel van der Waerden (1974) and, in more 
mathematical detail, by Otto Neugebauer (1975, part 1, book 2). Noel 
Swerdlow's study (1998) is the most recent addition to the literature, while 
there are useful summaries in Pannekoek (1961) and Thurston (1994). Cohen 
(1993) provides a comprehensive survey of calendar systems. Babylonian cos
mogony, at least in one version, is outlined in the creation epic, the Enuma 
Elish (Heidel, 1942; Speiser, 1969; Grayson, 1969; see also Horowitz, 1993 and 
1998). A selective history of ancient Mesopotamia is provided by A. Leo 
Oppenheim (1964), while Frankfort et al. (1946), Samuel Noah Kramer (1963) 
and Thorkild Jacobsen (1976) provide wide-ranging surveys of Mesopotamian 
religion and philosophy. Here again, though, we need to sound a warning note. 
Frankfort, Jacobsen and Kramer were all writing in the post war period within 
the context of contemporary debates and theories on the history of religion. 
They therefore tended to construct theories of Mesopotamian belief, and hence 
of the philosophical framework within which astrology developed, based partly 
on the literary material and partly on modern assumptions. For example the 
Soviet Assyriologist Igor Dyakonov interpreted the third dynasty of Ur (ca. 
2112-2095 BeE) as an example of the Oriental phase of Marxist history, 
damning it as 'one of the most repressive regimes open to man', a complete 
contrast to Jacobsen's view of early Sumerian society as 'a kind of golden age 
of primitive democracy with unrestrained and idyllic relationships between the 
sexes, before decadence and oppression set in' (Dalley, 1998: 3). Then there are 
the changing fashions in historical explanations in which 'great men', language, 
racial and genetic groupings or environmental factors are seen in turn as the 
principal causative factors. The theories of ancient religion found in Frankfort, 
Kramer and Jacobsen are now questioned within the discipline of the study of 
religions, while cuneiform scholars are more inclined to study astrology by 
focusing on the actual texts rather than creating grand theories. This cautious 
line was spelt out by Francesca Rochberg-Halton in 1988: 'Generalising state
ments concerning Babylonian cosmological speculation as a whole are to be 
avoided, and it is not at all clear if the world picture which emerges from 
Babylonian mythology and literature can be assumed to apply equally well to 
divination' (1988a: 52). For the casual reader, therefore, the secondary material 
may be fascinating but does not necessarily reflect the latest scholarly thinking; 
it may represent opinion more than fact. 

A BRIEF HISTORY OF MESOPOTAMIA 

The attempt to construct a chronology of Mesopotamian civilisation has been 
hampered by the uncertain nature of many historical records, and all dates for 
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the early period, mainly the 2nd millennium, may be subject to revision. 
However, current dating places the beginning of the Sumerian period, based 
in what is now southern Iraq, as coincident with the appearance of the first 
clay tablets, composed in the characteristic cuneiform script, shortly before 
3000 BCE. For the next seven hundred years the region was dominated by 
city-states, of which the best known (thanks to its connection with the biblical 
patriarch Abraham), Ur, was to achieve prominence under its third dynasty 
(ca. 2060-1950 BCE). The Semitic Akkadians made an appearance around 
ca. 2400/2300 BCE, achieving dominance under their king, Sargon (ca. 
2360-2305 BCE). Although Akkad is generally defined as the region north of 
Sumer, it is not certain whether the Akkadians were racially distinct from the 
Sumerians or whether the primary difference between them was linguistic. 
Whatever the case, in the second millennium BCE many texts were bilingual, 
relying on both Sumerian and Akkadian. Following the collapse of third 
dynasty Ur, regional power was eventually taken by Babylon, whose empire 
flourished between 1800 and 1500 BCE and is remembered primarily for the 
law code enacted by the emperor Hammurabi (1792-1750 BCE). 

Kassite domination began around 1500 BCE, while in the north Assyria 
began its rise to prominence after 1400 BCE, reaching its final peak in the 8th 
to 7th centuries with the occupation of Syria and Palestine. The emperor 
Shalmaneser conquered Israel in 721 BCE, and there was a brief occupation 
of Egypt from 671-651 BCE. Some of the fullest astrological records survive 
from the reigns of the Assyrian emperors Sennacherib (704-681), Esarhaddon 
(680-669) and Ashurbanipal (668-627). The Chaldean or Neo-Babylonian 
empire was established in 626 BCE, and it was the emperor Nebuchadrezzar 
II (604-562 BCE) who sacked Jerusalem, destroying Solomon's temple and 
inaugurating the Jews' exile in Babylon. The period of Persian domination 
under the Achaemenid dynasty commenced with Cyrus the Great's capture of 
Babylon in 539 BCE and witnessed the first great confrontation bctween Europe 
and Asia in the unsuccessful invasions of Greece from 492-478 BCE. Alexander 
the Great's conquests in 334-331 briefly united the Greek, Egyptian and 
Babylonian worlds in one state, initiating the Hellenistic period. The succession 
of Alexander's general, Seleucus, in Mesopotamia and Iran, inaugurated the 
Seleucid dynasty, initiating a period of profound interaction between the 
Mesopotamian and Greek civilisations. The Seleucids were replaced in 
Mesopotamia by the Parthian (Iranian) Arsacid dynasty in 141 BCE and were 
finally snuffed out when the Roman general Ptolemy made Syria a Roman 
province in 64 BCE. By this time the city of Babylon was a shadow of its 
former self and cuneiform writing all but extinct. 

THE ORIGINS OF ASTROLOGY 

In 1997 Carlos J aschek (135-145) proposed a standardised pattern for the 
development of astronomy, moving from the measurement of solar and lunar 
risings and settings to the identification of individual stars and planets, the 
creation of calendars (to facilitate political order), and the recognition that 
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celestial movements are periodic, allowing the crucial transmission from an 
observational to theoretical astronomy. In this process astrology occupies a 
crucial place between these last two stages, its requirement for correct forecasts 
eventually making it essential to predict future planetary positions. 

However, we really have little idea of how complex divinatory practices 
evolved in Mesopotamia, although a number of explanations have been pro
posed. They may, for example, have 'developed from a simple folk practice, 
capable of giving yes-no answers to specific questions, to a systematised science, 
covering nearly all observable phenomena and permitting detailed predictions 
of unanticipated events, as well as giving detailed answers to queries' (Koch
Westenholz, 1995: 14). This, though, is largely supposition. As far as astrology 
itself is concerned, lunar eclipses may have been linked to the death of 3rd 
millennium Akkadian kings, but in the absence of any evidence, we really 
cannot say (Koch-Westenholz, 1995: 14). Another simple argument advanced 
for astrology's development locates its origins in intellectual enquiry. Chambers 
Encyclopaedia (1970, vol. 1) concludes that, 'the rise of astrology may be 
regarded as produced by man's impatient curiosity and desire for harmony', 
though no evidence is given. 

All accounts of astrology's origins, including Jaschek's, are speculative, lim
ited as they are by serious source problems and the tendency to apply modern 
theories in what might be an inappropriate manner. One influential line of 
reasoning starts with assumptions about the Mesopotamians' environment and 
their experience of immutable regular patterns, the rhythms of the sun and the 
seasons, and the endless fluctuation between darkness and light, heat and cold. 
This order, it is said, contrasted with the belief that the gods were continuously 
manipulating the natural world, producing the enormous diversity that meant 
that the exact same details were rarely if ever repeated. The gods were a part 
of the natural world in the sense that they inhabited it, occupying the same 
space as human beings but invisible to them. In this respect a distinction is 
often made in religious studies between the concept of transcendence, in which 
divinity is separate to the material world, and immanence, in which the material 
world is a manifestation of divinity. Thorkild Jacobsen's description gives us 
an eloquent justification of astrology's evolution (1946: 131-132): 

Objects and phenomena in man's environment became personified in varying degrees ... We 
then have what the late Andrew Lang disapprovingly described as 'that inextricable confusion 
in which men, beasts, plants, stones, stars are all on one level of personality and animated 
existence' ... They are alive, have personality and a will of their own. So had any phenomenon 
in the Mesopotamian world whenever it was approached in a spirit other than that of hum
drum, practical, everyday pursuits: in magic, in religion, in speculative thought. In such a world 
it obviously gives better sense than it does in our world to speak of the relations between 
phenomena as social relations, of the order in which they function as an order of wills, as a state. 

Could the development of astrology be the direct consequence of what we 
might call an 'environmental theology'? From the title of Jacobsen's description 
of the Mesopotamian cosmos, 'The Cosmos as a State' (1946), we derive the 
term Cosmic State to describe societies in which the earthly system is thought 
to be inseparable from the celestial. The same label could be applied equally 
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to the Egyptian, Chinese or Maya systems as well as many others. Indeed, the 
notion is as alive today as ever, propagated by religious literalists of all faiths. 
The Mesopotamian system was obviously autocratic in the sense that once a 
royal order had been given only the astrologers could amend it. Actually, even 
though the king had the power to dismiss or punish astrologers who gave him 
poor advice, it is a debatable point as to who was the master. A weak ruler, 
perhaps, might be portrayed as a mere functionary, waiting to execute the 
orders communicated to him via his diviners. The ambivalent relationship 
between church and state in medieval Europe might offer a suitable comparison. 

The reasons one culture should develop a belief in astrology and another 
should not may be found partly in environmental factors and, for this purpose, 
comparisons are essential. It is useful to make distinctions in this respect 
between Egyptian culture, which developed a highly codified astral theology, 
and Mesopotamian, which made the leap from the use of the stars as religious 
objects to their application to forecasting. It is true that both cultures believed 
that the stars offered a means of communication between the divine and human, 
and that they applied this knowledge to political management, but astrology 
is essentially an extrapolation from astral religion, distinguished by its complex
ity. Whether Egypt did take any steps towards a Babylonian-style astrology 
prior to its introduction after the 4th century BeE is at present a matter of 
debate, but before this date we have only fragmentary evidence of the use of 
astral omens, and that from a papyrus dated to the 13th century BCE. The 
most obvious natural difference between the two cultures is found in 
Mesopotamia's essential physical insecurity (Jacobsen, 1946: 126-7). According 
to this argument, Mesopotamia had no natural boundaries, was surrounded 
by hostile enemies, and the flooding of the rivers on which its agriculture 
depended was erratic. By contrast Egypt was well protected by desert, had few 
neighbours, least of all ones that could pose a threat, and could rely totally on 
the Nile's annual flood. Such environmental factors fed directly into political 
cosmology and conduct. (Editor's note: please see DeYoung's article on 
Egyptian astronomy in this volume.) Jacobsen concluded that the 'experience 
of Nature which produced this mood found direct expression in the 
Mesopotamians' notion of the cosmos in which he lived' (1946: 127). His 
arguments were repeated and popularised by Joseph Campbell in his wide
ranging account of ancient mythology (1962: 103-4), and reinforced by Kramer 
(1963: 123), who believed that 'the Sumerian thinkers, in line with their world 
view, had no exaggerated confidence in man and his destiny. They were firmly 
convinced that man was fashioned of clay and created for one purpose only: 
to serve the gods by supplying them with food, drink, and shelter so that they 
might have full leisure for their divine activities. Man's life was beset with 
uncertainty and haunted by insecurity, since he did not know beforehand the 
destiny decreed him by the unpredictable gods. When he died, his emasculated 
spirit descended to the dark, dreary nether world where life was but a dismal 
and wretched reflection of its earthly counterpart'. 

The proposition that the development of astrology was a direct response to 
collective insecurity has been challenged first on the general grounds that it 
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represents the inappropriate projection of modern concerns on to an ancient 
society and second by the specific argument that the omen literature indicates 
a society which was very certain of its beliefs (Koch-Westenholz, 1995: 17-18). 
In addition, astrology's development as a means of finding reassurance in an 
insecure world has been proposed from a hostile and, in Theodor Adorno's 
case, Marxist perspective in the twentieth century. He wrote that 

In as much as the social system is the 'fate' of most individuals, independent of their will and 
interest, it is projected upon the stars in order to thus obtain a higher degree of dignity and 
justification in which the individuals hope to participate themselves. At the same time, the idea 
that the stars, if only one reads them correctly, offer some advice, mitigates the very same fear 
of the inexorability of social processes the stargazer himself creates (Adorno, 1991: 13). 

Nevertheless, if the environment produces political forms then, the argument 
runs, politics produces divination. The retention of divine democracy reflects 
earlier conditions in which the first Sumerian cities had been governed by 
democratic assemblies (Jacobsen, 1943; Frankfort, 1948: 231-248). Jacobsen 
found evidence in the idea of the divine assembly and in the evidence of myths 
that the divine pantheon took its decisions democratically, at least in part. In 
the Enuma Elish (VI. 17-18) Marduk assembles the divine council and gives it 
its orders. Yet his supremacy was not unqualified: destiny itself was determined 
by seven other gods (VI. 81). This is a persuasive argument which gives us 
further insights into the motives behind divination. Not only was the city or 
temple assembly obliged to ascertain its divine counterpart's views before it 
could reach satisfactory solutions to the many mundane problems it had to 
consider, of drainage and irrigation or disputes over field boundaries, quite 
aside from relations with other communities, but it seems that decisions were 
reached by consensus, that is unanimity rather than a simple majority in favour 
of a decision. We can imagine situations in which extispicy or the casting of 
lots might have been the only way to break an impasse. Thus astrology might 
owe its distant origins to an excessive zeal for democracy in the earliest 
Sumerian city states, a system which has been described as 'theocratic commu
nism' (Frankfort, 1948: 221). Oppenheim (1977: 208) supports Jacobsen's view 
that divination emerged as a possible solution to the difficulties involved in 
political decision making, pointing out that it might have social functions. He 
drew attention to the casting of lots to determine the division of an estate 
amongst the sons. 

This theory also finds echoes in the argument that the critical and self
conscious qualities of Greek science from the 4th century onwards, including 
its astronomy, are due at least in part to the traditions of radical debate in 
Greek city-state politics (Lloyd, 1979: 266). What is true of the Greek city
states may well have been true of the Sumerian, and in each we may discern a 
process by which scientific thought imitated political behaviour. The counter 
argument proposes that Jacobsen (1943), who developed this theory in line 
with his belief in a Sumerian golden age, simply distorted the facts, while 
Kramer's ideas are reminiscent of Marx's theory that communism was the 
original form of society. The belief in a golden age of primitive democracy may 
therefore be no more than a romantic fiction. 
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The second, perhaps contradictory, possibly later, development was the 
emergence of sacred kingship, an institution which took on different forms in 
Egypt and Mesopotamia (Engnell, 1943; Frankfort, 1948). In Mesopotamia 
the monarch was but a human servant of the gods whereas the Egyptian 
pharaoh was himself divine, god made flesh. Tablet VI of the Enuma Elish 
recounted the creation of humanity by Ea from the blood of Kingu, and line 36 
defined its role: to serve the gods. Babylon was built as the gods' sanctuary on 
earth and the city's heart was the Esagila, Marduk's temple and the residence 
of Ea and Enlil. Thus, earthly society was modelled on the divine community 
and had one function: to serve its creators. The physical hierarchy of earth and 
heaven was therefore reflected in a political order in which the king was 
subordinate to the divine council, headed by Enlil, or to Marduk. Even the 
mightiest emperor was a slave to divine will, and herein lay omen divin
ation's use: 

... the Mesopotamian king was not at one with the gods, inspired by their will, executing their 
counsels in his own divine decisions. He could maintain the natural harmony only by watching 
over the service of the gods and attuning the life of the community to such portents as were 
vouchsafed him as revelations of divine will (Frankfort, 1948: 309). 

Thus the king's greatest attribute, perhaps even more than military prowess, 
was the wisdom necessary to navigate his way through a world of omens, 
dreams and oracles, to understand and heed the advice of the astrologers and 
to perform the correct action at the appropriate moment. Kingship was a 
sacred office and divination was no mere optional accessory, nor was it a 
luxury or an idle superstition. It was as central a part of the political machinery 
as the computer in the modern age; the state could not function without it. 

Others have proposed purely religious reasons. Leo Oppenheim has argued 
that 3rd millennium BCE Sumerian religion was underpinned by an earlier 
Near Eastern formulation which reveals the existence of 'an age-old pre-deistic 
deterministic concept of life', albeit one which can be discerned in a variety of 
forms (1964: 203-4) and which was conducive to astrology's development. 
Henri Frankfort was of the opinion that 'the mythopoeic conception of time 
is, like that of space, qualitative and concrete' (1946: 23) and that its changing 
qualities suggested the need for different actions. This proposition is supported 
by the astrologers' letters from the Assyrian period, in which there are frequent 
references to auspicious times to undertake rituals, or even to perform divina
tion. The concept of the mythopoeic age itself originated in the work of Max 
Miiller, the nineteenth century historian of religion (1881). He argued that the 
development of religion outstripped the ability of language to express theologi
cal ideas and that the result was the articulation of abstract concepts in concrete 
forms - in other words in the construction of a pantheon of named deities who 
represented natural forces. If we follow this line of reasoning then the develop
ment of astrology and hence of astronomy becomes a response to the supposed 
evolution of religion in the third millennium BCE. Thus we find no trace in 
the Mesopotamian literature of words to indicate 'principles', 'laws' or 'con
cepts' (Larsen, 1987: 212; Bottero, 1992: 135) (although there was one for 
'method'). That is, according to this line of reasoning, there was no need to 
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search for explanations, for these had already been identified in divine intent. 
Having thus explained the world, the Mesopotamians' purpose was to describe 
it. Having done that, they participated in its management through divination 
and, increasingly, astrology. 

THE DEVELOPMENT OF ASTROLOGY 

The earliest examples of astrological practices have been traced to the 3rd 
millennium, but the arguments are currently widely challenged. In 1939 
Jacobsen found evidence of the use of an eclipse in 2403 BeE (1939: 203-4), 
but his account relies too heavily on the reconstruction of missing words in 
broken tablets. There are a number of examples of astrological omens dated 
to the reigns of Sargon of Akkad (ca. 2334-2279 BeE), Ibi-Sin (ca. 
2028-2024 BeE) and Shulgi (ca. 2094-2047 BeE) of Ur (Weidner, 1928-9: 231, 
236; Walker, 1982: 22). Although some scholars, such as David Pingree (1998: 
125) regard these tablets as genuinely Sumerian, there is some scepticism about 
their precise origin, and it is thought that they may represent later accounts 
written as if they were omens from earlier times. (Rochberg-Halton, 1988b: 7, 
n 32; Koch-Westenholz, 1995: 35). For example, Ibi Sin's capture is recorded 
in the chronicle The Lamentation Over the Destruction of Sumer and Ur (see 
below), which related that he was 'taken to the land of Elam in fetters' (35, 
Michalowski, 1989: 39). Thus, the argument runs, the Ibi-Sin omen was com
posed to look like a prophecy of events which happened before it was written. 
This is a fairly standard practice in prophetic literature, occurring notably, and 
almost two millennia later, in the Book of Daniel, which was written perhaps 
three hundred years after the time in which it is supposedly set. A similar 
practice is found in extispicy, and there are references to liver omens relating 
to rebellion against Ibi-Sin apparently written fifty years after the event 
(Bottero, 1987: 131). There is also the problem that some of the eclipses 
mentioned could not have occurred as claimed (Koch-Westenholz, 1995: 35). 
This last point, though, is not an objection to the existence of a 3rd millennium 
BeE astrology as such, only to the accuracy of its recorded observations. 

We do know, however, that the Sumerians watched the sky, naming some 
of the constellations and planets, and that these played a role in their religion. 
For example, the goddess Nisaba, who may have been an antecedent of the 
god Nabu, who himself was associated with Mercury, was said to measure 
heaven and earth, to know the secrets of calculation and, together with Suen, 
the lunar deity, to 'count the days'. Her temple in the city of Eresh was called 
the e-mul-mul, (House of Stars), and she was the owner of a lapis lazuli tablet 
which is known variously as the dub mul-an or dub mul-an-ku, 'the tablet with 
the stars of the heavens' or 'the tablet with the stars of the pure heavens'. This 
was kept safely in her 'House of Wisdom' and she consulted it by placing it 
on her knees. Her associated functions as goddess of grain and as the expert 
on accounting and the fair management of resources may hint at both the 
practical uses of astronomy in the agricultural year and the benefits of a well
regulated calendar in maintaining social order. 
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From the survival of the so-called Venus Tablet, the evidence suggests that 
a sophisticated astrology had developed by the reign of the Babylonian emperor 
Ammisaduqa, Hammurabi's great-great grandson (Reiner and Pingree, 1975; 
Van der Waerden, 1974: II, 50-58). The tablet contains fifty-nine omens based 
on the first and last visibilities of Venus, each of which will occur twice in one 
of the planet's 584-day synodic cycles. The omens are grouped into eight-year 
cycles and have attracted attention partly on account of their use in the dating 
of Ammisaduqa's reign and hence the chronology of the old Babylonian Empire. 
On this basis Ammisaduqa's accession is estimated to have taken place in 
various years between 1651 and 1531 BCE, depending on whether the long, 
short or middle chronologies are used (Van der Waerden, 1974: II, 54-5). 
Nothing could illustrate better the source problems afflicting Mesopotamian 
studies, at least before the first millennium: even when we have historical 
chronicles and astronomical records, it is still impossible to agree on a definitive 
date. However, questions of chronology aside, the tablet tells us that by the 
middle of the second millennium BCE consistent astronomical observations 
were being made for the express purpose of producing astrological omens, 
anticipating divine intentions, predicting the weather (and hence agricultural 
productivity) and preparing for possible political crises. The first omen, which 
is typical in the information it gives, set the tone: 

In month Xl, 15th day, Venus in the west disappeared, 3 days in the sky it stayed away, and in 
month Xl, 18th day, Venus in the east became visible: springs will open, Adad his rain, Ea his 
floods will bring, king to king messages of reconciliation will send. 

This observation was made in late winter, following the full moon (the 15th) 
in the eleventh month. The three-day period represents the shortest possible 
time that Venus might be invisible, following its last appearance in the west as 
morning star and its reappearance in the east as evening star. The omen reveals 
information about Babylonian astronomy, astrology and politics. Regarding 
astronomy, it was understood that Venus as morning and evening star was the 
same body, a discovery later attributed by the Greeks either to Parmenides or 
Pythagoras. Second, although their records were based on continual observa
tion, not on extrapolation into the future, it is argued that they did recognise 
the concept of planetary periods (Pingree, 1998: 126) and hence that they either 
could not or did not feel the need to calculate future planetary positions (given 
that the recognition of such periods may deny the proposition that the deities 
could manipulate the planets at will). Moreover, given that the purpose of the 
omens was to correlate astronomical patterns with terrestrial events, the tablets 
have a historical function. Thus we may argue that the Babylonians had a 
historical consciousness, a sense of the development of their society over time, 
together with a belief that the historical process was subject to the same 
rhythms as the stars, and an understanding that the earthly political hierarchy 
was subordinate to a divine state. The Venus Tablet provides a practical 
rationale for astrology's apparent popularity: used exclusively by the kings it 
provided the government with 'the hope of stealing a march on fate and 
forestalling catastrophe by a timely recognition of divine intentions' (Frankfort, 
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1978: 255). Concerned primarily with public and state matters, and designed 
to manage the future, preserving social and political stability, it was directly 
concerned with avoiding political crises. This does not necessitate the existence 
of a coherent theology which allocated this role to astrology, only that the 
evidence of the texts suggests that this was its function. There is also evidence 
of some relationship between astrology and the earliest written chronicles -
and the development of historiography. Such coincidences have actually led to 
a debate on whether the development of history as a discipline itself emerged 
from the need to construct accurate astrological data bases (Grayson, 1975, 
1980; Speiser, 1983; van Seters, 1983). 

The final question raised by the Venus Tablet is exactly how long this 
tradition had been developing. Does the tablet represent a written version of 
a form of divination which had flourished in the third millennium, perhaps 
orally? Or had its creation been stimulated by those same imperial and centralis
ing tendencies which had produced Hammurabi's law code? A cautious note 
was sounded by Erica Reiner, warning that other fragments of the Venus code 
itself might come to light (Reiner and Pingree, 1975: 7), let alone other, earlier 
tablets, and that any conclusions are based on partial evidence and may be 
overturned at any time by the discovery offresh records. The current orthodoxy 
is that, whatever astrology's appeal, it was less popular in the second millennium 
than extispicy or birth omina (omens from abnormal births). Nevertheless 
astrological texts derived from Babylonian material and dating from the 14th 
to 13th centuries BCE have been excavated at Bogkazk6i, the Hittite capital 
in Asia Minor, and Ugarit, on the Mediterranean coast of Syria (Koch
Westenholz, 1995: 44-50). There might also have been contacts with northern 
India. It would be astonishing if there were not, although the evidence is scanty 
at best (Pingree, 1978: 614). 

There are a number of other astrological tablets from the Old Babylonian 
period, including some eclipse omens, but following the Venus Tablet, the two 
most substantial sources are Enuma Anu Enlil (,when the gods Anu and 
Enlil .. .'), a comprehensive compendium of astrological lore which includes 
material dating back to the Venus Tablet, and Mul Apin (Hunger and Pingree, 
1989), the first great star catalogue, both of which are known from Assyrian 
tablets of the early first millennium BCE. However, there are suggestions that 
both may have been compiled in the second millennium, while the first three 
centuries of the first millennium offer us virtually no sources whatsoever, 
suggesting that either astrology and astronomy were ignored, or that the 
records were destroyed or, if they survived, have yet to be discovered, there is 
circumstantial evidence of intense astrological and astronomical activity over 
the same period. However, the actual process of development is very difficult 
to trace. 

The full text of Enuma Anu Enlil was excavated in the ruins of Ashurbanipal's 
library at the Assyrian capital, Nineveh. It consisted of around 6500-7000 
omina, grouped into some seventy tablets, of which thirteen are now available 
in translation or transliteration (Reiner and Pingree, 1975, 1981; Rochberg
Halton, 1988b; Van Soldt, 1955; see also Baigent, 1994: 67-75; Koch-
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Westenholz, 1995: 74-82). An indication of the prevailing astronomical priori
ties is revealed in a breakdown of the topics covered. Twenty-two tablets cover 
the moon, while a further eighteen concern the sun. Of the remainder, five 
relate to Venus, perhaps four to Mars, two to Jupiter, three to thunder and 
lightning and only one to the Pleiades. There are some puzzles here. The 
absence of specialised tablets for Mercury and Saturn indicates the lack of 
attention paid to the planets as opposed to solar and lunar phenomena. The 
small proportion of material on Jupiter is most mysterious in view of the fact 
that Marduk, the planet's god, was Babylon's presiding deity. In this case it 
seems apparent that theological and political priorities were not directly 
reflected in astronomical concerns, and that omen lore was developed partly 
on pragmatic grounds: the sheer variety of phenomena associated with the 
moon offered a much greater chance of ascertaining the detailed changes in 
divine wishes and intentions. 

The dramatic reassertion of Assyrian power under Tiglath-Pileser III 
(745-728 BCE) marks astrology's reappearance on the public stage. The evi
dence for this lies in the remarkable increase in extant astrological texts, but 
the reasons are far from clear. Sargon II (721-705 BCE) was perhaps the first 
of the new line of Assyrian monarchs to take an astrologer on his military 
campaigns, and an inscription from a tablet in the Louvre recording his attack 
on Musasir suggests that the timing of his invasion may have been arranged 
by reference to astronomical factors (Koch-Westenholz, 1995: 153). 

At the exalted command of Nabu (Mercury) and Marduk (Jupiter), who had moved on a path 
in a stellar station for starting my campaign, and besides, as a favourable sign for seizing power, 
Magur ('the boat' = the moon), lord of the tiara [made an eclipse that] lasted one watch, to 
herald the destruction of Gutium. Upon the precious approval of the warrior Shamash (the 
sun), who wrote encouraging omens on the exta that he would walk at my side ... I mustered 
my army. 

It is fascinating to observe the clear and logical manner in which the military 
arrangements proceeded. Mercury's movements revealed the mind of Nabu, 
the successor to Nisaba as possessor of the tablet of heaven, while Jupiter's 
position indicated the thoughts of Marduk, the proprietary god of Babylon. 
Sin, the moon god, confirmed his colleague's intentions, and lastly Shamash, 
the solar deity, indicated his agreement by giving a positive answer to a question 
posed via extispicy. The gods' intentions would have been clarified against 
previous events listed in the omen literature, and Sargon would have been 
informed that a majority of the divine council had approved his action. One 
can only imagine the crushing effect of the Assyrian army, one of the greatest 
fighting machines of the first millennium, armed not only with its superior 
numbers and technology, but with the knowledge that heaven was on its side. 
This must have had an enormous effect on morale. With the sanction of the 
stars the Assyrian campaign assumed the character of a jihad, or holy war, and 
Sargon's success no doubt convinced him that astrology was an essential tool 
in his political and military arsenal. We find documented examples of astrology's 
supposed ability to provide military advantage from later European history. 
As late as the 1640s a positive forecast from the astrologer William Lilly for 
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either side in the English civil war was considered of more value 'than the force 
of a dozen regiments' (Parker, 1975: 153). In the 1940s Joseph Goebbels' use 
of astrology for propaganda purposes was probably much less effective, but 
was nevertheless considered worth the effort (Howe, 1967). 

Sargon's lessons were not lost on his successors, Sennacherib (704-681), 
Esarhaddon (680-669) and Ashurbanipal (668-627). These kings maintained 
astrologers across the empire who effectively formed a political class, sending 
reports and letters to the emperor and offering the best possible advice on the 
basis of their observations (Oppenheim, 1969). These exist in several editions. 
The letters from Assyrian scholars are found in Simo Parpola (1970, 1983, 
1993), with an earlier edition by Pfeiffer (1935), while most of the reports, both 
Assyrian and Babylonian, were published by R. Campbell Thompson (1900) 
and in a new edition by Hermann Hunger (1992). These paint a portrait of a 
society in which the scribes maintained their personal relationships with each 
other and with the king, offering sometimes contradictory advice on astronomi
cal observations and astrological predictions, finding excuses for their mistakes 
and claiming due credit for their successes (Baigent, 1994: 50-57). 

The astrologers' communications reveal an astronomy which was still based 
on daily records, with the result that no stellar observations could be made 
nor omens taken in inclement weather - except for meteorological ones. It was 
precisely those elements in astronomy which were unpredictable which preoccu
pied the Babylonians for, if the cycles of the sun, moon and the seasons 
represented the endlessly repeating rhythms of fate, rich variety in natural and 
celestial phenomena offered a chance to negotiate with fate by opening a 
dialogue with the gods. Thus astronomy was directed to goals which were 
theological and political, rather than scientific in the modern sense of examining 
celestial phenomena for their own sake. 

Having made their observations, the astrologers' first task was to communi
cate their findings to the king and offer whatever advice they felt necessary. 
This might be no more than to stay in the palace (SAA: 320) - in other words, 
to do nothing. The king was also required to pray, offer sacrifices and perform 
rituals, each of which might have its own auspicious time. When there was no 
other solution to a threatening omen, a substitute king was appointed (Bottero, 
1992: 138-155). A letter from the astrologer Mar Ishtar suggested that a 
substitute be allowed to sit on the throne for 100 days before meeting his fate, 
a euphemism for death (LAS: 292). 

The apotropaic rituals designed to ward off future problems, known as 
namburbis, survive in about one hundred and forty texts dating from around 
the 8th century BCE (Caplice, 1974). Emphasis was put on purification. One 
prayer to a river, perhaps the Tigris or Euphrates, speaks in terms which would 
be understood by any Hindu revering the Ganges: 

You, River, are creator of all things. I so-and-so, son of so-and-so, whose god is so-and-so, 
because evil signs and portents have repeatedly taken place against me, am terrified, afraid and 
in dread ... May the evil of those things be erased from my person, may the evil of those things 
be dissipated from my person ... River, that those who see me may forever sing your praise! 
Take that evil away! Take it down to your depths! (Caplice, 1974: 37) 
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Rituals and prayers could be addressed to any divinity who possessed stellar 
associations, often at times determined by the moon's synodic cycle. A notable 
example is the Prayer to the Gods of the Night (Reiner, 1995: 16). 

Stand by me, 0 Gods of the Night! 
Heed my words, 0 Gods of destinies, 
Anu, Enlil, Ea, and all the great gods! 
I call to you, Delebat (i.e, Venus), Lady of battles (or Lady of the silence [of the night]), 
I call to you, 0 Night, bride (veiled by?) Anu, 
Pleiades, stand on my right, Kidney-star, stand on my left! 

The astrological reports are couched in more formal terms than the letters, 
and tend to concentrate on prediction rather than advice. The information 
they contain makes no explicit distinction between planets, stars and other 
celestial matters: 'If the Pleiades enter the moon and come out to the north: 
Akkad will become happy; the king of Akkad will become strong and have no 
rival' (SAA: 443). 'If Adad (the storm god) thunders in Tishri (month 7); there 
will be hostility in the land' (SAA: 444); and 'If Jupiter passes to the right of 
Venus: a strong one will conquer the land of the Guti in battle' (SAA: 448). 

Political demands heightened the need for accurate forecasting and observa
tion and resulted in a renewed attempt to perfect astrology's predictive powers. 
A further innovation was taken in the mid-7th century with the production 
of the so-called Astronomical Diaries, which survive intermittently from 
652-47 BCE (Sachs and Hunger, 1989: 9). The diaries are records of astronomi
cal, meteorological and political events, presumably as a means of establishing 
common patterns. Although there is still much work to be done on the Diaries, 
they represent an attempt to create an empirically based astrology, in which 
both planetary phenomena and their relationship to political and economic 
matters might be properly understood. The fact that these were produced 
through the collapse of the Assyrian Empire, the rise and fall of its Babylonian 
and Persian successors and the establishment of the Hellenistic Seleucid state 
is evidence for the continuity of this particular intellectual enterprise regardless 
of political upheavals (Rochberg, 1993). 

The typical diary entry contains information on the moon, the planets, 
solstices and equinoxes, Sirius, meteors, comets, the weather. commodity prices, 
river levels and historical events. Tablet 332 is typical: 'Month VI ... Night of 
the 27th, clouds were in the sky, gusty wind. The 27th, rising of Jupiter ... 
Venus was 3 cubits below gamma Virginis ... That month, the equivalent for 
(1 shekel of silver was) barley ... ; Venus, Mercury and Mars were in Virgo; 
Saturn was in Aquarius' (Sachs and Hunger, 1989: 9, 332, 12,21-24). 

Neugebauer (1975: II, 613) argues that the changes in astronomical method 
occurred in two phases. Systematic observation of the moon and planets' 
positions with respect to the fixed stars, first and last visibilities, stationary 
points, conjunctions and other factors was undertaken under the Neo
Babylonian regime from 612-539 BCE, and it is possible that the zodiac was 
divided into twelve signs of 30 degrees each at this time. Under the Persians, 
from 539-331 BeE, accurate periods were determined for the sun, moon and 
planets and eclipse magnitudes and other lunar and planetary phenomena were 
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calculated. His dating, though, needs to be revised in view of the evidence that 
eclipse records date back to 747, while the compilation of the Diaries began in 
652, both under the Assyrians. 

THE RITUAL CALENDAR 

Astronomy had one great function, the improvement and eventual perfection 
of astrology's role in managing the state. An essential component of political 
management was the regulation of the calendar. Tablet VI of the Enuma Elish 
describes how Marduk ordered the moon to mark out its synodic period, with 
a hint (the tablets are broken) that its crucial phases signified the moments 
when he communicated destiny to the watching astrologers, and that these 
were thus important moments for divination. The calendar itself was based on 
twelve months of twenty-nine or thirty days: Nissanu (Nisan), Ayaru (Ajjaru), 
Simanu, Du'uzu, Abu, Vlulu, Tashritu, Arahsamnu, Kislimu, Tebetu, Shabatu 
and Addaru, although there were many variations (Cohen, 1993). The rising 
of the crescent moon after the spring equinox also signified the beginning of 
the greatest of the calendar festivals, the Akitu, in which, over the space of 
twelve days, the entire society participated in a ritual re-enactment of the 
Enuma Elish, including the death and resurrection of Marduk and the reading 
of the destinies for the coming year (Frankfort, 1948: 313-333; Engnell, 1943: 
31-7). 

Although the Akitu was central to the smooth functioning of the state, there 
were smaller festivals throughout the year. There were regular monthly feasts 
on the day of the new moon as well as the seventh, fifteenth and last day of 
each month. Each month might also have a characteristic festival, which might 
last several days, to judge from Sumerian names such as 'the Month of the 
Eating of the Barley of Ningirsu' or 'the Month of the Eating of the Gazelles' 
(Kramer, 1963: 140). As long as such festivals were commemorated there was 
a good chance that the gods and goddesses would smile on their subjects and 
order would be maintained. Once human and divine patterns of time became 
dislocated then disaster would ensue. The Lamentation Over the Destruction of 
Sumer and Ur, which commemorates Vr's destruction under king Ibi-Sin (ca. 
2028-2004), begins with the decision of every deity who counted, including 
Anu, Enlil, Nintu, Enki (Ea) Inanna (Venus) and Vtu (the sun god), to 'overturn 
the (appointed) time, to forsake the (preordained) plans, the storms gather to 
strike like a flood, to overturn the (divine) decrees of Sumer ... to destroy the 
city, to destroy the temple ... to take away the kingship from the land ... to 
break up the unity of the people of Nanna (the moon god)', (1-3, 5, 19, 30, 
63, Michalowski, 1989: 37-9). 

Failure to observe the festivals resulted in the withdrawal of divine favour 
and inevitable national decline or destruction. The sack of Babylon in the early 
7th century was attributed to a breakdown in the divination system so the 
sacred rites were abandoned and the fittings of the Esagila were plundered and 
sold. Similar events were attributed to the same causes in a pattern which 
exactly parallels the children ofIsrael's repeated abandonment of Yahweh, their 
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failure to observe the proper timing of festivals and their subsequent enslave
ment.' (LAS: LXXIV, Roberts, 1977; Van Seters, 1988: 96-7). 

The fear that astronomical phenomena might occur on the wrong day is 
demonstrated vividly in the astrological reports. The Assyrian astrologer Balasi 
advised the king that if the new moon occured on the 1st or the full moon was 
seen on the 14th, then 'the land will become happy', but if the full moon took 
place on the 12th then 'business will diminish ... a strong enemy will oppress 
the land' and, even though 'the king of Akkad (i.e. Assyria) will bring about 
the downfall of his enemy', the prognosis is 'bad for Akkad ... good for Elam 
and the Westland (Amurru)', in other words, favourable for Babylon's hostile 
neighbours (SAA: 87-89). We also have examples of Marduk's own planet, 
Jupiter, breaching its order by remaining visible for five days longer than 
expected. The astrologer Mar-Ishtar reported that it appeared on the 6th 
Simanu (month 3), close to Orion and in the way of Anu, and each of these 
three factors carried its own warning in the Enuma Anu Enlil. These were 
reported together with the advice to perform the relevant namburbu. However, 
the planet then remained visible for another four days, an omen so bad that 
no ritual could appease divine wrath, and all communication with heaven was 
broken off: 

bright things will become dull, clear things confused; rain and floods will cease, grass will be 
slain, (all) the countries will be thrown into confusion; the gods will not listen to pra[yers], 
nor will they ac [ccept] supplications, nor will they an [swer ] the queries of the haruspices 
(LAS: 289). 

The great calendar festivals were rituals in which the entire society participa
ted in the unfolding life of the cosmic state. In Frankfort's opinion they 

represented the participation by the community in cosmic events ... the change of seasons, 
storms, blight or flood had an individual character in the precise time. place and circumstance 
of their occurrence and, moreover, stood in a particular relation to their victims. Hence a 'will' 
was felt to assert itself in every event of this kind; and society, being so deeply affected, felt the 
need of some action on its part, either to further a change that was beneficial. or to deflect or 
modify a menace (1948: 265). 

The festivals facilitated the relocating of society with respect to the calendar, 
a focal moment of contact with the gods. And lest we imagine that such 
practices are peculiar to ancient peoples, we should remember the popular 
power of Christmas, Easter, Thanksgiving and Bastille Day. 

THE PLANETS 

Even though the Mesopotamians identified dozens of different deities, and 
acknowledged the existence of hundreds of others who were not even given 
names, one god was not necessarily entirely separate to another. Thus, Enlil, 
the originator of earthly kingship, played a role which tended to merge with 
that of Marduk, the supreme king, who was himself venerated as the 'Enlil of 
the gods' (LAS: LXXIV) or described in terms usually reserved for solar deities. 

There is evidence that the planets themselves were seen as gods (Koch
Westenholz, 1995: 120-1), but the consensus amongst Assyriologists is generally 



526 NICHOLAS CAMPION 

that the planets were not themselves divine but were manipulated by the gods. 
Ninurta was normally the god associated with Saturn, but in the Mul Apin 
(H.i,5) we read about 'Mercury whose name is Ninurta'. This blurring of 
identities is of considerable significance for astrology, in which the relationship 
between gods and planets was similarly flexible. Unlike Greek astrology, in 
which there was a strict system of one deity per planet, the Mesopotamian 
gods and goddesses had responsibility for particular stars or planets, but not 
exclusively so. Instead the stars and planets were moved by the pantheon as a 
whole, following the decisions taken in the divine council. 

The pantheon was similar to the Greek in that there was no one single 
genealogical tradition, although the various deities were generally grouped in 
recognisable generations. Among those responsible for the planets, Nanna/ 
Suen/Sin (the moon god) and Ninurta/Ningirsu (Saturn) were the children of 
Enlil. Sin's son was Utu/Shamash, the solar deity and oracle god. Marduk 
(Jupiter) and Inannajlshtar (Venus) were the children of Enki/Ea, although in 
other versions she is the daughter of Sin. Nabu (Mercury), meanwhile was the 
son of Marduk. 

The astrology of the Enuma Anu Enlil and the Mul Apin tends to make little 
distinction in terms of astrological significance between the planets and the 
brightest stars, such as Sirius, or the most prominent constellations, such as 
Orion or Ursa Major, even though the significance of individual stars and 
planets was clearly demarcated. However, the planets were obviously distin
guished by their erratic movements, and were known in Sumerian as the 
udu.idim.mesh, or wild sheep (Akkadian bibbu). Time and space were as interde
pendent in the Babylonian cosmos as in modern cosmology and the crucial 
considerations in a planetary observation were its position, which indicated 
the terrestrial region at which the omen was directed and the nature of the 
predicted event (e.g. being in Scorpio could mean an attack by Scorpions), and 
time (whether of night or month), which might indicate the location of the 
event. In addition there was the question of whether the phenomenon was on 
time (favourable), early or late (unfavourable). There were different systems of 
astrological geography, not all of them in agreement, and both the regions of 
the sky and the moon corresponded to physical locations, the latter an impor
tant factor in evaluating the significance of eclipses. (Rochberg-Halton, 1988b: 
53-57; Horowitz, 1998). 

Attention was paid to a planet's colour and brightness and careful observa
tions were made of acronycal rising (the last visible rising in the evening after 
sunset), heliacal rising (first visible appearance on the eastern horizon before 
sunrise) and heliacal setting (the last visible setting after sunset). The birth 
charts began to include lunar and planetary latitude as well as zodiacal position. 
Shooting stars and comets were judged according to their direction (Chadwick, 
1989). As an example of the range of observations made and the advice offered 
to the king, a sample of reports submitted by the Babylonian astrologer Aseru 
the Older included the following: 'If a meteor which is like a torch flashes from 
the east and sets in the west: the troops of the enemy will fall in battle' (SAA: 
323). 'Satu[rn] became visible [in]side of Leo. If Leo is dark: for three years, 
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[li]ons and wo[lves] will kill people and cut off traffic with the [Wes]tland' 
(SAA: 324), '[If J]upiter is red at its appearance: there will be [abun]dance in 
Akkad' (SAA: 326). 

In the Mul Apin (II.i: 1-6) the sun and the five planets are classed as the six 
gods who travel in the path of the moon. There are two orders of the planets 
in the cuneiform texts of which the earlier is Jupiter, Venus, Saturn, Mercury 
and Mars, and the later one Jupiter, Venus, Mercury, Saturn and Mars, switch
ing Mercury and Saturn. The Mul Apin (II.i,1-6) gives the order as the sun, 
Jupiter, Venus, Mars, Mercury and Saturn, placing Mars before Mercury and 
Saturn, although we do not know whether the order is random or has some 
theological or astronomical significance. Each planet possessed a range of 
associations with deities, colours, times of year and with each other, representing 
a step towards the formal relationships found in Greek and later astrology, 
but without being nearly as rigid. Of particular interest are the asar nisirti, or 
bit nisirti, literally 'house' or 'place of the secret', known to the Greeks as 
hypsomata and in medieval astrology as exaltations. A planet in its bit nisirti 
may have been privy to the divine council's secret intentions, and by revealing 
these to the astrologers it enabled them to negotiate a favourable conclusion. 
For example, we read that 'If Venus reaches the place of the nisirtu, there will 
be good luck' (Rochberg-Halton, 1998: 53). The bit nisirti may date back to 
the second millennium, for the Enuma Anu Enlil contains references to Venus' 
nisirtu, but their historical significance is that they indicate the presence in 
Babylonian astrology of one of the central features of classical and medieval 
astrology, a web of relationships between planets and zodiac signs without 
which it would often have been impossible to reach a firm conclusion or offer 
definite advice. 

THE DEVELOPMENT OF BIRTH CHARTS 

There is one notable development in the astrological literature which coincides 
with the collapse of the Assyrian empire, and that is the apparent termination 
of the series of astrological reports and letters to the kings. It has even been 
suggested that astrology'S public role as an aide to political management and 
decision making came to an abrupt end. If this is true then one reason could 
be that the new astronomical accuracy destroyed astrology's theological prem
ise - that the stars and planets could be manipulated at will by the gods and 
goddesses (Koch-Westenholz, 1995: 51-2; Gerber, 1999), even if weather phen
omena remained unpredictable. Once again, we encounter the perennial source 
problems and the possibility that somewhere a cache of letters from astrologers 
to Nebuchadrezzar or Cyrus is waiting to be discovered. There is evidence, 
however, that the scribes continued to make copies of the Enuma Anu Enlil 
(although there appears to have been a gap in the Neo-Babylonian period) 
and to record their observations in the Astronomical Diaries, though here there 
is a break in the records. Thus the overall picture suggests that astrology lost 
none of its intellectual vigour, and its alleged absence from court, at least in 
the Persian period, may be a result of the emperors' Zoroastrian distaste for 
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the Babylonian pantheon. Whatever the reason, out of this period emerged the 
form of divination which has since, more than any other, been associated with 
the term astrology - the prediction of destiny on the basis of planetary positions 
at birth. So profound is this shift in astrological technique that it is seen as 
evidence of a 'many-faceted expansion and change in Babylonian astronomy 
and astrology which occurred just after 500 BC' (Rochberg, 1993: 35). 

With hindsight this is astonishingly late, coming some 1500-2000 years after 
the earliest known astrological records. Writing of the Sumerian period, Snell 
(1997: 20) argued that, 'The fact that children are depicted on rulers' plaques 
seems to indicate that they were cherished. A woman likely would have had 
to bear between five and six children to maintain a stable population because 
only between one and three would survive to puberty. Children who lived 
would usually be highly valued'. According to Jacobsen (1976: 108), it was 
believed in the second millennium BCE that the 'time of the shaping of the 
child in its mother's womb is one during which it is susceptible to both good 
and bad influences and so is the moment of birth; an incautious word then 
may saddle the child with any manner of unpropitious fate'. Given that 
astrology relied on signs rather than influences, one would still have thought 
that the diviners present at birth would have been listening keenly to the gods' 
and goddesses' words expressed through the stars. Even if it was thought that 
stellar omens were too important to apply to ordinary people, can we really 
believe that not one single astrologer in the eighteen hundred years that 
separated Sargon of Akkad from Darius II once thought to consult the planets 
for the night that the king produced an heir? Perhaps they did not. Perhaps 
the invention of the birth chart was indeed a response to a crisis in astrology 
in which, having lost its established function, it retreated to the temples before 
finding a new role. If so, we have a comparison in recent history. Astrology's 
intellectual credibility collapsed in late-seventeenth century Europe, partly, 
though by no means wholly, because of the astronomical revolution. Its revival 
around two centuries later was facilitated by its adoption of the language of 
depth psychology. After a period in the wilderness it found a new cultural host. 
Perhaps a similar process took place in the fifth century BCE. 

However, the notion of a crisis in astrology is by no means accepted. It may 
be that the birth chart was less an entirely new form of astrology than a variant 
form of divination, one created from the combination of the celestial omens of 
the Enuma Anu Enlil and the large corpus of birth omina (Rochberg-Halton, 
1989: 110). Such omens were normally taken from abnormal or 'monstrous' 
births, mainly of animals, can be dated back to the second millennium BCE, 
and were collected in the Summa Izbu (Jastrow, 1914). Some birth omina might 
include references to the date of birth and probable destiny. For example: 'If 
in the 12th month a child be born, this child will grow old and will produce 
many children' (Van der Waerden, 1974: II, 177). There was also, within the 
Near East, a tradition of birth rituals. The Hittites may have determined a 
baby's destiny after birth and also performed incantations to secure a favourable 
fate (Beckman, 1978: 5-6), and Hittite traditions were to find their way into 
Ashurbanipal's library, along with the Enuma Anu Enlil and Mul Apin. 
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Whatever the case, it seems clear that the birth chart was an entirely 
Mesopotamian invention and was to lead directly to the creation of the techni
cally complex horoscopic astrology of the Greek and Roman worlds. There is 
actually some considerable confusion over the use of the term horoscope. 
Literally this is translated as 'watcher', 'observer' or 'marker of the hour', the 
term applied to the sign or degree of the zodiac ascending over the eastern 
horizon (and hence known as the 'ascendant' in medieval astrology), a feature 
found first in a Greek birth chart from 4 BCE. On this basis Pingree (1978: 
621) claimed that Babylonian birth charts were not real horoscopes, yet the 
nomenclature has come into general usage. 

The development of birth charts placed fresh requirements on the astrono
mers, for while astrology had always been based on the observation of nocturnal 
messages from the gods, and had ignored phenomena which could not be seen, 
children had a habit of being born during daylight hours. Sachs (1952: 52) 
speculates that there may therefore have been a halfway stage in which predic
tion of individual destiny was based on various combinations of visible and 
invisible planets at birth. At present we just can not say with any certainty 
whether this is true or not. 

We do know, though, that the earliest surviving birth chart was cast for a 
nameless child, apparently born on 29 April 410 BCE (Sachs, 1952: 54-57). 
The text gives the date, the names of the child's father and grandfather, Shuma
usur and Shumma-iddina, the relevant astronomical details and just one surviv
ing line of astrological interpretation which Sachs reconstructs as '(Things?) 
will(?) be good before you'. The rest of the tablet is missing apart from two 
lines which read 'Month Du'uz, year 12 ... [yeJar(?) 8 ... ', suggesting that 
forecasts for specific dates might have been included. 

We can draw various conclusions from this chart, concerning both the history 
of astrology and the broader cultural context. It is instructive, for example, 
that Mercury was not given a zodiac sign position, for its proximity to the sun 
rendered it invisible, suggesting that it was not taken into consideration. The 
positive tone of the astrological reading implies that the astrologer may have 
used the planetary 'rulerships' characteristic of Greek astrology, giving the 
reading a favourable gloss: Jupiter in Pisces and Venus in Taurus were both 
in their rulerships while Saturn in Cancer was in opposition to its rulership. 
To a Greek astrologer this would have enhanced the chart's benefic qualities 
and minimised its malefic indications. Were, then, planetary rulerships recog
nised by Babylonian astrologers? The evidence may be inferred from the 
horoscope but is not attested elsewhere in the omen literature so cannot be 
confirmed. Such questions, however, run to the heart of the problem of the 
transition of Babylonian astrology to Greece. Perhaps the chart's combination 
of reliance on the observable celestial phenomena of Babylonian astrology, and 
the planet-zodiac relationships characteristic of Greek astrology, are evidence 
of the halfway stage postulated by Sachs. 

We may also make assumptions about social history from the small number 
of birth charts so far discovered in relation to astronomical tables surviving 
from the same period: 32 to around 1800. Such a wide discrepancy is probably 
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not due to the random results of excavation and may therefore be no accident 
(Neugebauer and van Hoesen, 1959: 162). It may indicate that the casting of 
birth charts was an elite or aristocratic exercise (Rochberg, 1998) and that even 
if astrology was now available to individuals other than the king, it had still 
not lost its exclusive tag. 

H astronomy's increasing accuracy had provoked a 7th century crisis in 
astrology, putting the two disciplines into an antagonistic relationship, then it 
is clear that in the 5th century a close and symbiotic relationship had been 
restored (Van der Waerden, 1974: 128). The new astronomy, which calculated 
planetary positions for decades ahead, may have both been motivated by the 
new developments in astrology and made them possible. As to which came 
first, we cannot say. But new studies suggest that that the priests, the astrono
mers and the astrologers were usually the same people (Rochberg, 1993; 
Parpola, 1993), implying that the intimate relationship between religion, divina
tion and science was as strong as ever, and that to try to separate them is to 
impose modern preconceptions on a different age. Here we have a picture of 
theology encouraging the development of scientific astronomy, rather than 
inhibiting it. 

The other main innovation was the development of the zodiac, the division 
of the ecliptic into twelve equal divisions, not to be confused with the constell
ations (see below). Our earliest evidence for the existence of the zodiac occurs 
on a lunar tablet dated to 475 BCE, and a tablet of 419 BCE gives the positions 
of planets in the signs, almost certainly as an aid to drawing up birth charts 
(Van der Waerden, 1952-3; Koch Westenholz, 1994: 174). The development of 
the zodiac required the production of another form of astronomical document, 
the Almanacs, which survive for the years between 262 BCE and 75 CE. (Sachs, 
1948: 279-80; Rochberg, 1993: 41). 

There is one last point to make about the development of the birth chart, 
and that is that it represented a move away from an astrology which was 
dependent on astronomical observation to one directed by mundane concerns. 
That is, rather than waiting for a celestial omen to interpret, and having 
nothing to say if it did not appear, the astrologers were now obliged to construct 
omens for terrestrial events over which they had no control. The gods now 
had to speak whether they were ready or not, a development which not only 
depended on recent developments in astronomy, but must also have represented 
a major new demand on astronomy. We just do not know which came first, 
the demand for a new form of astrology or the technical developments which 
made it possible. Simple observation was no longer enough. The new astrology 
required that planetary positions should be plotted whether they were visible 
or not. 

THE DEVELOPMENT OF THE ZODIAC 

The mathematical methods used by the Mesopotamian astronomers are well 
documented (van der Waerden, 1974; Neugebauer, 1975: II). The three principal 
priorities of first millennium astronomy were fairly straightforward: to record 
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the rising and setting of stars and planets and to quantify and calculate such 
phenomena as the length of lunar visibility in the beginning, middle and end 
of the month and the length of day through the year. It is the development of 
the zodiac, though, without which classical and medieval astrology would never 
have existed in any recognisable form, which is of most immediate interest for 
the history of astrology. Mesopotamian astronomy's enduring contribution to 
late astrology is undoubtedly the creation of the twelve signs of the zodiac, the 
equal-sized divisions of the ecliptic which are the most familiar feature of 
modern popular astrology. The first step to their formation was the creation 
of the constellations. 

All theories concerning the reasons for the creation of constellations are 
essentially speculative. Some look for Palaeolithic foundations, others locate 
Egyptian influence and others give the Greeks most credit, but the current 
evidence gives by far the greatest role to the Mesopotamians. The creation of 
calendars for agricultural purposes or the use of the heavens for navigation 
requires only the recognition of single bright stars, not the fabrication of 
unlikely images such as the Aquarian water-pourer. The creatures identified in 
the sky are, perhaps, more likely to be the consequence of mythical and religious 
projections and we may assume that the constellations' creation was initiated 
at whatever time human beings began observing the heavens, worshipping the 
stars, keeping a rough calendar, creating art, or all four. Gurshtein (1993,1998) 
controversially gives a date of around 14000 BCE for the beginning of this 
process, and argues that the naming of important constellations was related to 
precession of the equinoxes and the sun's shift in relation to the stars. Owen 
Gingerich (1984: 219-220) lent his authority to the possibility that some of the 
constellations, notably the Great Bear, may date from the last ice age. Rogers 
(1998) suggests that in the Mesopotamian period one set of constellations had 
religious origins, another agricultural applications. 

Individual fixed stars offer a natural frame of reference for locating planetary 
position, and it appears that by the Old Babylonian period, perhaps by 
1800 BCE, a system had been established which grouped stars according to 
the calendar. Three groups of twelve stars were arranged in three 'paths' 
(translated as 'bands' below) across the sky, related to the three creator gods, 
Anu, Ea and Enlil (Mul Apin: Gap A 1-7; Hunger and Pingree, 1989: 88-9; 
Koch-Westenholz, 1995: 24-5). 

There is some disagreement as to whether the ways of Ea, Anu and Enlil 
were defined primarily as paths across the sky or gates on the horizon, but the 
argument has little significance for the history of astrology. The fact that they 
included circumpolar stars makes it virtually impossible to work out any 
precise boundaries. In addition, the stars attached to each way were not 
necessarily the same in each list, and the inclusion of Venus, Mars and Jupiter 
indicates that the groups of stars could relate as much to the planets as to 
parts of the sky, and that numinous meaning was perhaps more important 
than positional accuracy. The lists of the 36 stars which are divided between 
the three ways are preserved in three copies known to Assyriologists as 
'astrolabes' but to the ancient scribes themselves as the 'three stars each' (Van 
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der Waerden, 1949). The earliest, the Assyrian 'Berlin' Astrolabe B, dates from 
the reign of Tiglath-Pileser I, around 1100 BeE. An alternative list of three 
sets of stars were grouped under Elam (the east), Akkad, and Amurru (the 
west), suggesting a use in geopolitical forecasting or, perhaps, that different 
traditions had separate regional origins. A system of 36 constellations, the 
so-called 'decans', which were supposed to rise at intervals of ten days through
out the year, can also be found on coffin lids from the Egyptian Old Kingdom, 
from around 2100 BeE, and in the royal tombs of the New Kingdom, ca. 
1500-1000 BeE (Neugebauer, 1955b, Van der Waerden, 1949: 7-8). This does 
not confirm communication between Egypt and Mesopotamia on calendrical 
matters, but it does raise the possibility. Van der Waerden (1949: 17, 23) 
suggested an evolution of the Mesopotamian 36-star system beginning with 
popular traditions about calendar stars before 1700 BeE, progressing via more 
formalised lists of the stars of Elam, Akad and Amurru, and concluding with 
the 'astrolabe' lists sometime before 1100 BeE (Horowitz, 1998). The evolution 
of the 36 stars was accompanied by a parallel development, the differentiation 
of the eighteen constellations 'which stood in the path of the moon', the first 
known attempt to relate a sequence of constellations to a planet. The full list 
of these is given in the Mul Apin (I.iv, 33-39; Hunger and Pingree, 1989: 68-9): 

Mul.Mul The Stars (i.e., the Pleiades) 
Mul GALENA The Bull of Heaven (Taurus) 
Mul SIPA.ZI.AN.NA The True Shepherd of Anu (Orion) 
Mul SU.GI The Old Man (Perseus) 
Mul GAM The Crook (Auriga) 
Mul MAS.TAB.BAGAL.GAL The Great Twins (Gemini) 
Mul AL.LUL The Crab (Cancer) 
Mul UR.GU.LA The Lion (Leo) 
Mul AB.SIN The Furrow (Virgo) 
Mul Zi-ba-ni-tu The Scales (Libra) 
Mul GIR.TAB The Scorpion (Scorpio) 
Mul Pa-bil-sag The God Pabilsag (Sagittarius) 
Mul SUHUR.MAS The Goat-Fish (Capricorn) 
Mul GU-LA The Great One (Aquarius) 
Mul KUN mes The Tails (Pisces) 
Mul SIM.MAH The Swallow (SW Pisces) 
Mul A-nu-ni-tu The Goddess Anunitu 
Mul HUN-GA The Hired Man (Aries) 

This list seems to represent a clear attempt to formulate a lunar zodiac based 
on visible constellations, a much simpler enterprise than the creation of a star
based solar zodiac for the perfectly obvious reason that when the Sun is in the 
sky the stars are invisible. However, it clearly represents a stage towards the 
formulation of a solar zodiac and most of the future zodiac signs are identified. 
Hunger and Pingree reduce the list of constellations to seventeen, on the 
assumption that the Tails and the Swallow were the same group of stars, the 
Tails of the Swallow (1989: 144). The space later occupied by the archer 
Sagittarius was allocated to Pabilsag, a son of Enlil, sometimes associated with 
Ninurta/Ningirsu, the god linked in turn to the planet Saturn. Anunitu, mean
while, was a goddess associated with childbirth and may have been connected 
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with Inanna (Venus). The Hired Man is identified as Dumuzi (Mul Apin: l.i,43; 
Hunger and Pingree, 1989: 30), the antediluvian shepherd god/king, so there 
may have been a smooth transition from the Mesopotamian shepherd to the 
Greek ram Aries. Aquarius, the 'Great One', represented Ea, who was often 
pictured accompanied by waves, giving us the later water bearer. 

The process by which the establishment of a constellational lunar zodiac 
and the attribution of astrological meaning to stars or groups of stars led to 
the creation of the twelve-sign zodiac is not clear. Clearly planetary meanings 
depended partly on their position in relation to the stars, and the Enuma Anu 
Enlil contains omens such as 'If Mars approaches the Scorpion: there will be 
a breach in the palace of the prince' (50.l11.8a, Reiner and Pingree, 1981: 41). 
However, we cannot be sure whether the crucial factor here was Mars' position 
in the sky, or whether the constellation Scorpio was thought to contain meaning 
in the same sense as a Greek zodiac sign did. The astrological letters and 
reports contain similar observations, referring to stars as well as constellations, 
suggesting that in the 8th century there was still no neat and all-encompassing 
division of the sky into distinct regions. 

Van der Waerden speculates that the formulation of twelve signs of 30 degrees 
each was a projection onto the sky of the twelve months and days of the 
astronomer's year. Whether there were earlier precedents for the tradition of 
projecting twelve creatures into the year or onto the sky is uncertain though 
not impossible. In the Enuma Elish (II, 27-32) Tiamat creates eleven creatures 
to fight with her, including a few who share identities with constellations, 
including 'the great lion, the mad dog, and the Scorpion-man'. However, the 
evidence is circumstantial rather than direct. There may have been practical 
imperatives for the creation of a solar zodiac by the 5th century BCE (the need 
to cast horoscopes for the day) and religious motives (the increasing importance 
of solar deities), but we have no explicit statements to this effect. The only 
textual evidence points to the existence of ephemerides listing planets in sign 
positions from 419 BCE. Tablet VAT 4924 gives the earliest known example: 

Nisannu. Jupiter and Venus at the beginning of Gemini, Mars in Leo, Saturn in Pisces. 19th day: 
Mercury's evening star setting in Taurus. Addaru 2. Jupiter at the beginning of Cancer, Venus 
in Aries, Saturn, Mars, and Mercury invisible (Van der Waerden, 1949: 25; 1952-3: 217). 

The equal-sized signs of the Mesopotamian zodiac were defined by their 
relation to the stars, and lunar tables in the 4th to the 2nd centuries BCE 
indicate that the vernal equinox took place at 80 or 100 Aries, as measured 
from the vernal point. In the west the first astrologers of the Roman period 
appeared to have continued to use a zodiac whose beginning was defined by 
the stars. However Ptolemy wrote that zero Aries was equivalent to the sun's 
position at the spring equinox (Tetrabiblos 1.10). Writing in the first part of 
the 2nd century CE he was quite correct, but his failure to mention the stars 
may quite possibly have been an oversight. Nevertheless, the Tetrabiblos led 
to a parting of the ways and from then on in Europe, with a few exceptions, 
the zodiac was to be tied to the seasons rather than the stars. The intersection 
of the ecliptic and the celestial equator at the spring equinox is still known as 
the first point of Aries. 
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The zodiac signs evolved as a system of measurement, but were also assigned 
astrological meanings. Indeed they have been described as 'mighty powers' 
(Van der Waerden, 1952-3: 224). An additional advantage, though, was to be 
the ability to tabulate planetary positions in terms of zodiac degrees. The 
twelve signs did not replace the three ways or constellations, but could be used 
alongside them. Thus a tablet of 164 BCE records that Halley's comet had 
been 'seen in the east in the path of Anu in the area of Pleiades and Taurus, 
to the west ... and passed along in the path of Ea' (Stephenson and Walker, 
1985: 24). 

THE PHILOSOPHY OF ASTROLOGY 

Astrological omens were customarily written in two sections, the 'if' clause, or 
protasis, and the 'then' clause, or apodosis. In other words, the examination 
was followed by the diagnosis. Yet it is more accurate to see the astrological 
process as consisting of three phases, of which the first is the measurement or 
observation of celestial phenomena and the second their interpretation or 
diagnosis. The third is the consequent action, the prescription, for there is no 
point in predicting the future unless it can be changed. The prescribed activity 
might be practical or ritual or both. Thus the Babylonian astrologer Munnabitu 
wrote to the Assyrian emperor that 

If on the 16th day the moon and sun are seen together: one king will send messages of hostility 
to another; the king will be shut up in his palace for the length [of a month]; ... The [ki]ng 
must not become negligent about these observations of the Mo [on]; let the king perform either 
a namburbi or [so]me ritual which is pertinent to it (SAA: 320). 

Astrology thus explicitly encouraged not passivity in the face of a preordained 
future, but action in the light of a future open to manipulation. The belief that 
destiny can be altered at any moment is made clear in the 'Advice to a Prince', 
probably written between 1,000 and 700 BCE. The first three lines read 

If a king does not heed justice, his people will be thrown into chaos, and his land will be 
devastated. If he does not heed the justice of his land, Ea, king of destinies, will alter his destiny 
and will not cease from hostilely pursuing him (Lambert, 1960: 113). 

The 5th line simultaneously makes it clear why the king should listen to his 
astrologer, and sets out a justification of rebellion if he does not: 'If he does 
not heed his adviser, his land will rebel against him' (Lambert, 1960: 113). That 
is why the best omen possible was that the king would 'stay in his truth', 'widen 
his understanding' (SAA: 95) or 'stay in his righteousness' (LAS 326). There 
was, though, an endless paradox in Mesopotamian thought, and that was that 
the actions undertaken to manipulate the world possessed their own auspicious 
and inauspicious times. The negotiation of destiny was a two-way process but 
one in which humanity was always a supplicant, appealing to the divine council 
as a higher authority. The reconciliation of the duty to obey divine orders 
while taking an active stance meant that the problem of free will was a 'delicate 
and rather slippery' one (Kramer, 1963: 123). The Babylonian concept of fate 
was subtle and complex, and bears comparison with the Greek notion, in which 
it adopted different forms, but is not exactly comparable (Lawson, 1994). 
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Post-Mesopotamian scholars have divided astrology into two types. This 
was first done by Cicero (De Divinatione: I.vi) who distinguished two branches 
of divination, one dependent on 'art', the other on nature. He dismissed the 
artificial form, within which he included horoscopic astrology and extispicy, as 
useless. Divination based on nature was natural science, the origin of modern 
science, and was given his approval. This distinction was to be formalised in 
medieval thought in the division of astrology into two branches, natural, which 
observed the planets' general influences, and judicial, which relied heavily on 
the use of horoscopes for making precise judgements over such matters as 
future events and auspicious times for action. This comparison is a useful one, 
and modern scholars have projected it back on to Mesopotamian divination, 
which is divided into two forms, variously known as intuitive, natural, unpro
voked or inspired on the one hand, and inductive, artificial, deductive or 
provoked on the other (Gadd 146: 51; Bottero, 1992: 125; Koch-Westenholz, 
1995: 9-10). The former relies on spontaneous messages from the gods, as in 
dreams, while in the latter specific techniques are employed to solicit an answer, 
as in extispicy. Astrology seems to cross the boundaries between the two. It 
was unprovoked in the sense that the astrologers had to wait for the gods to 
send omens, and if the omen did not come there was nothing the astrologer 
could say (LAS: 41), but it developed an interpretative procedure every bit as 
complex as extispicy. Following Cicero's division of divination into two, 
Ptolemy defined two forms of astronomy. The first was the apprehension of 
the movements of the stars and planets, which he covered in the Almagest, 
while the second was the investigation of the changes these movements bring 
about, which he described in the Tetrabiblos (1.1). 

The question remains, in what sense was Babylonian astrology, in modern 
terms, scientific? There is a clear argument that it was not, given that it did 
not fulfil one of the criteria of modern science, namely verification of predictions 
through large samples in controlled conditions. The astrologers' success was 
measured in terms of one-off forecasts, a satisfactory means of measuring 
success at the time, if not to modern scientists. When the astrologers were 
wrong it was seen as a result of human error, not a sign of the fallibility of the 
essential hypothesis that the stars were conveying messages from the gods. The 
statement that divination equals science may seem a strange one by modern 
standards, but not if the definition focuses on the logical procedures of predic
tion and ignores the surrounding belief system. 

One obvious feature of divinatory and astrological practice is the tendency 
to analyse all phenomena in terms of dualities or binary opposites, such as 
up/down, above/below, in front of/behind, left/right, bright/faint, punctual! 
early or late and so on (Starr, 1983: 15; Koch-Westenholz, 1995: 97). The 
fundamental process involved in all divination was one of circumstantial associ
ation. In other words, if event y correlates with sign x, then when x next 
appears, y will happen. If we again remove the gods from the equation then 
there is no direct link between x and y. That is, the 'signs indicated events in 
a variety of ways, mostly by means of schematic symmetries, associations and 
analogy. The relationship between the sign (ittu) and its prediction (parassu) 
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had no component of causation, nor necessity of any particular temporal 
relation, be it synchronistic or sequential' (Rochberg-Halton, 1998: 52). 
Although the gods caused both the omen and the succeeding event, there was 
no cause and effect relationship between the two. Thus if Babylonian astrology 
was scientific it was because it relied on a deductive methodology and logical 
inferences made on the basis of empirical observation, and emphatically not 
because it posited a set of physical relationships between stars and society. 

Larsen argues that if the development of modern science has seen the replac
ing of 'imaginary representations of "intentional" causes by the representation 
of unintentional and inevitable relationships' (1987: 208), then by removing 
the intentions of the gods from the equation, we are left with the inevitable 
relationship between present omen and future event, between astronomical 
observation and political action. A relationship which is inevitable rather than 
intentional, so this argument runs, is scientific. A critic might respond that by 
removing the intentional element, astrology's essential component has been 
removed. 

Babylonian astrology's scientific qualities are also said to be evident in its 
foundation in empirical observation, its mathematical rigour and the value
free objective procedures which meant that there was no bias in the forecasts, 
which might imply criticism of the king's conduct as much as praise. Just as 
scientific method can be seen as a mode of enquiry so astrology might be seen 
as language, yet one with a code which was written into the fabric of the 
universe. Gadd (1945: 57) remarks that the stars were seen as 'the writing of 
heaven', while Bottero (1992: 133) points out that in extispicy Shamash was 
thought to write his messages directly onto the liver, as when he provided his 
advice to Sargon (see above). To this end the Babylonians compiled lists of 
correspondences between stars, gods, mundane objects, terrestrial events and 
geographical regions which are themselves identified as characteristic of astrolo
gy's scientific nature (Larsen, 1987). 

However, a profoundly anti-empirical trend is also evident in the omen 
literature, and we have examples of predictions for events which could never 
have been observed. For example, omens have been discovered for eclipses on 
the 19th, 20th and 21st days of the month, which in a lunar calendar are clearly 
impossible (Koch-Westenholz, 1995: 35, 38). The same anomalies occur in 
extispicy, where we find omens for individuals with up to ten gall bladders. 
Walker and Britton (1996: 42-3) suggest that such omens may be evidence of 
'no more than an ancient scribal error ... recopied by one scribe after another 
for centuries'. However, if we assume that the omens were not mistakes, but 
represented a coherent pattern of thought, then it is likely that observation 
was thought to reveal only a part of the divine will. More likely is Walker and 
Britton's alternative solution that these theoretical omens are evidence of an 
'extrapolation from observed experience ad absurdum' (1996: 42), or that 
'practical experience was subordinate to theory or schematization' (Koch
Westenholz 97). Or as Jean Bottero put it: 

In a systematisation that rejects all empiricism, all appeal to experience, all reference to a 
controllable reality, and ends up with eventualities which are entirely impossible, there is in the 
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end a wish to record not only all that has been observed, but also all that could be observed 
in theory, all that could exist, without ever having existed ... Thus the scientific character of 
divination has led them beyond the observed reality to the possible: in other words, in logical 
terms, Mesopotamian divination has attempted to study its subject as being universal, and in 
a certain sense in abstracto, which is also one of the characteristics of scientific knowledge 
(1992: 135). 

Whether there was an evolutionary development from early observation to 
later abstraction is the subject of some discussion, especially in that it impinges 
on theories of astrology's origins in general (Koch-Westenholz, 1995: 14, 35). 
It seems obvious that there must have been some initial observation for hypo
thetical abstraction to be possible. Yet we can find traces of abstraction in 
early literature, while the compilation of the diaries is testimony to the contin
ued importance attached to empirical observation. Clearly the two lines of 
enquiry should be seen as primarily parallel and reciprocal. It is quite reason
able to suppose that as observations were made, the blanks were filled in by 
extrapolation on the basis of theoretical rather than empirical considerations 
(Starr, 1983: 15). 

Impossible as such theoretical claims as eclipses on the 21st day may be, we 
are not without modern analogies. Just as Babylonian cosmology allowed for 
the possibility of eclipses on the 21st day, so modern cosmology holds that 
parallel universes, which at present are no more than mathematical abstrac
tions, are theoretically possible, while lacking any current means of verification. 
But then, for the Babylonians proof was not required, or perhaps we should 
say that every individual instance was interpreted as evidence for the truth of 
their beliefs. In other words, it was anecdotal. The same assumptions underpin 
modern astrology. Discussing the popular belief that the full moon heightens 
erratic behaviour, E. C. Krupp relates that he once 'told a nurse that there had 
not been a full moon on an especially troublesome night and she replied, "well, 
there should have been" , (1999: 97). 

The rationale for astrology was contained in the simple proposition that all 
was one. In the words of the Diviner's Manual, the 'signs on earth just as those 
in the sky give us signals. Sky and earth both produce portents though appear
ing separately, they are not separate (because) sky and earth are related' 
(Oppenheim, 1974: 204). If anything was possible in heaven, anything must 
also be possible on earth. Past experience was only a partial guide to the future, 
and the forms of eclipses recorded so far might represent only a small part of 
the total number of possible variations. 

TRANSMISSION TO THE GREEK AND MEDIEVAL WORLDS 

The general history of western astrology posits an origin in Mesopotamia, 
from where it spread east to India and west to Asia Minor, Greece and Egypt. 
This is not to say that Mesopotamia's neighbours did not evolve astral theolo
gies, sacred calendars and doctrines of auspicious and inauspicious times, but 
all the current evidence indicates that the prophetic omen literature originated 
in Mesopotamia. Its influence has been traced in India (Pingree, 1963, 1978) 
and recent work has demonstrated the similarity between Venus omens in the 
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Enuma Anu Enlil and Sanskrit texts dated to after 500 BCE (Pingree, 1987). 
There may also have been a further diffusion from India to central Asia and 
China. The possibility of some reciprocal influence of India on Mesopotamia, 
or even of China on India, has been given only slight treatment, but cannot 
be ruled out in view of the antiquity of the Indus valley civilisation and its 
proximity to the Tigris-Euphrates culture. 

A possible relationship between 1st century BCE Celtic and Indian astron
omy was pointed out by Heinrich Zimmer in 1879 in his Altindisches Leben. 
The inference is that there may have been Babylonian connections as well, 
though how far back these might date is an open question (Ellis, 1994: 
236-7}.The customary route for the introduction of horoscopic astrology into 
India, as to Egypt, is said to be via the Hellenistic world following Alexander's 
conquests. A useful survey of the available scholarship on early Indian astron
omy, including its relationship with Mesopotamia, is given by Sen and Shukla 
(1985). However, outside Pingree's work, the scholarship on comparative 
astrology in the two cultures is negligible. 

By the time the last cuneiform almanac was produced, in 75 CE, the new, 
sophisticated astrology had spread throughout India in the east and the classical 
world in the west. In the Roman world it was to be far more diverse both 
philosophically and technically than in Babylon. It retained its intimate connec
tions with religion and magic through the Mithraic religion, Hermetic teachings 
and mystery cults but, under the influence of Aristotelianism, began to develop 
notions of physical influence and of cause and effect independent of divine 
intervention. The inseparable link with the temple and the throne which was 
characteristic of early Mesopotamian astrology was broken as it passed to the 
Greek world, and it was henceforth available to anyone who had the money 
to spare. Indeed, it could be applied to any human activity, from success in 
business to spiritual salvation. This was a development not regarded with 
universal approval in the modern world. Morris Jastrow, one of the early 
Mesopotamian scholars, complained that 'we thus have the interesting though 
not entirely unexceptional phenomenon of a great civilisation bequeathing as 
a legacy to posterity a superstition instead of a real achievement' (1910: 797). 
What Jastrow could not have known at the time was the extent to which 
Greek mathematical astronomy had borrowed from the Mesopotamians, nor 
the nature of the intimate relationship between astrology and astronomy. Thus, 
what he might now see as the achievement, the science, would not have existed 
without the superstition. The history of Mesopotamia in the latter part of the 
last millennium BCE therefore presents us with an example of science emerging 
out of religion, rather than, say, being antagonistic to it. 

That the Greeks borrowed the idea of astrology from the Babylonians is not 
disputed. What is at issue is the extent to which they innovated, and what 
aspects of its technical and philosophical baggage they rejected or adopted. 
The problem of the transition of Mesopotamian culture to the Greek world 
and hence to Europe is complicated by the modern tendency to see Greece as 
the origin of some of the more admirable qualities of post Enlightenment 
culture, particularly its rationalism, individualism and reliance on science. In 
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the nineteenth and early twentieth centuries, the historical question became 
not so much one of the origin of science and philosophy as the shoring up of 
a modern European identity (Tester, 1987: 17-18). The reaction against this 
point of view, identifying the distortions of previous academic prejudice and 
emphasising the similarities rather than the differences between Greek and 
Mesopotamian thought, has come from both classical and Near Eastern schol
ars (Kingsley, 1995: 17-18; Bottero, 1992: 1). The problems, including the 
danger of exaggerating connections between the two cultures, were perhaps 
most eloquently outlined by G. E. R. Lloyd (1969: 226) who wrote that 

The issue of the debt of Greek science to Egypt and Babylonia has been, since antiquity, an 
emotive topic; all too often it has been argued, by ancient and modern writers alike, either that 
the Greeks owed everything, or that they owed nothing, to Eastern wisdom, while fundamental 
questions relating to the processes of transmission, and the interpretation of what was transmit
ted, have been ignored. Thus the circumstances in which a metallurgical technique may be 
transmitted from one culture to another are quite different from those of the transmission of a 
religious belief or myth, which differ in turn from those of an item of astronomical lore. 

Thus it is no surprise that the question of the transmission of Mesopotamian 
astrology to Greece is fraught with confusion and contradiction. Amongst the 
primary historians we find Van der Waerden (1952-3: 224) and Sachs (1952: 
52) insisting that the development of horoscopic astrology was exclusively 
Babylonian, while Neugebauer (1959: 162, 1975: IV, 613) insists that it was 
overwhelmingly Hellenistic. Pingree (1978: 621) finds an unsatisfactory middle 
way by arguing that Babylonian birth charts were not really horoscopes because 
they did not contain the horoscopus, the rising degree set for the time of birth. 
This is in spite of the fact that most of the Greek horoscopes in the collection 
published by Neugebauer and Van Hoesen (1959) are not based on the horosco
pus either. Reiner (1985: 590) went further and argued that Babylonian astral 
divination was not actually astrology at all, since it lacked a sense of causality. 
In the same paper, she then states that 'far from being developed into an 
astrology as we know it from the Greeks, astral influence was sought in various 
areas of Mesopotamian science' (1985: 589). It is not clear how influence can 
be present without a doctrine of causality. 

The confusion extends to the secondary literature. A notable example is Jim 
Tester who writes that 'the earliest of the few known Babylonian horoscopes 
is dated 410 Be' contradicting himself in the next paragraph by arguing that 
'the science or art of horoscopic astrology was a late and Hellenistic creation' 
(1987: 12). The truth is that at the moment we just do not know what happened 
between the first known birth chart in 410 BC and the earliest extant complete 
classical astrological text, Marcus Manilius' Astronomica, which was written 
during Tiberius' reign (14-37 CE). The next two surviving Greek texts, 
Dorotheus of Sidon's Carmen Astrologicum, written in the early 1st century 
CE, and Claudius Ptolemy's Tetrabiblos, composed in the early 2nd century 
CE, show a highly developed technical art which is nowhere evident in the 
cuneiform texts. However, the absence of Greek texts prior to the Astronomica 
compounds the problem of the paucity of cuneiform tablets. The five books 
on divination written by the Greek philosopher Posidonius (ca. 135-50 BCE) 
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have been lost, and we have no evidence whatsoever of the astrology supposedly 
taught by the Babylonian priest Berossus, who is credited with introducing the 
art to the Greeks on Cos in the 3rd century BCE. 

It is evident that the problem is compounded by the lack of any agreed 
definition of astrology. Joseph Campbell (1962: 104), for example, invented an 
entirely new word for Babylonian astrology, which he called 'astroscopy', 
defined as 'an observation of the visible appearance of the stars, planets moon 
and sun', as opposed to 'astrology proper, a judgement of their relative place
ments in the zodiac'. His confusion can be traced to the standard reference 
works. For instance, the Encyclopaedia Britannica described astrology as a 
'type of divination that consists in interpreting the influence of planets and 
stars on earthly affairs' (1992: 654). Thus, the argument runs, if the Babylonians 
had no concept of celestial influence, their astrology was not actually astrology, 
and the intellectual divide between Greek and Babylonian culture is maintained. 
However, if we change our definition then the entire historical problem is 
removed. For example, the Oxford Classical Dictionary makes no mention of 
planetary influences, defining astrology as 'the art of converting astronomical 
data ... into predictions of outcomes for human affairs' (Beck, 1996: 195), a 
description which can encompass both Babylonian and Greek astrology, 
encouraging us to search for cultural continuity rather than divisions. Such 
continuity challenges some cherished ideas about the Greeks. Sachs (1952: 52), 
for example, argues that the very existence of such individual birth charts not 
only contradicts earlier claims that they were unique inventions of the Greeks 
but also refutes the 'oversimplified contrast between Greek individualism and 
the alleged lack of it in ancient Mesopotamia'. The simple truth is that if the 
literary and mythological texts are not taken into consideration then we have 
almost no idea of what cosmology may have underpinned the Babylonians' 
astrology. As Francesca Rochberg-Halton put it, The omen texts of EAE 
(Enuma Anu Enlil), of course, offer no formal statement of a cosmology. But it 
may be argued on the basis of the omen literature, that nature was not 
considered as dissociated from the gods, and that the theory of celestial divina
tion therefore presupposed no notion of a mechanistic cosmos' (1988a: 52). 
There is an inconsistency here, however, for the argument that Greek astrology 
is fundamentally different to Babylonian is made by reference to Greek cosmol
ogy, particularly Aristotelian, rather than to the Greek astrological texts them
selves (Rochberg-Halton, 1988a: 52). And if we look at the texts the argument 
that Greek astrology was different in concept to Babylonian because its cosmol
ogy was different becomes irrelevant. 

Language problems present a further difficulty. Cuneiform was used for 
astronomical records at Babylon until at least 75 CE, yet under the Seleucids 
Mesopotamia and the Near East had been ruled by a Greek speaking dynasty. 
Indeed, Greek became the educated language of the eastern Mediterranean. 
Thus, when we consider that Dorotheus lived in Sidon, to define the astrology 
of the Carmen Astrologicum as distinctively Greek because he wrote in Greek, 
is to miss the point that had he written in cuneiform, few people would have 
been able to read his work. A Greek version of the Carmen Astrologicum is 
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not necessarily any more Greek than an English version of the Communist 
Manifesto is English. 

Historical arguments which rely on a fundamental difference between 
Mesopotamian and Greek astrology or, for example, between Babylonian and 
Hellenistic horoscopes, are hangovers from the old idea that Greek culture was 
somehow insulated from its Near-Eastern neighbours, and that its contribution 
to intellectual thought was unique and completely original. Yet the shift in 
astronomy and astrology from 5th BCE century Babylon to 1st century CE 
Greece, and thence to Rome, may have been smooth and evolutionary rather 
than radical and revolutionary and involved intense communication between 
the two cultures. Some ideas were lost along the way, and others were added, 
but the concept of a defining cultural revolution may be no more true of the 
transition from Babylon to Greece than from Babylon to Persia. Indeed, it is 
possible that it was the changes in astronomy and astrology under the Persians 
which laid the foundations for subsequent development under the Greeks. The 
point is, though, that in the context of the ancient Near East at the end of the 
first millennium, the concept of such national differences is misleading, and 
may be more a projection back of modern European nationalism than a 
reflection of real conditions at the time. After all, as we have noted, the 
production of cuneiform astronomical and astrological tablets seems to have 
continued unabated, no matter who was in control. The scholastic programme 
therefore had a momentum of its own, independent of the ebb and flow of 
political power. The Greeks as a whole may have considered the Persians 
barbarians, but that did not prevent Pythagoras from studying in Babylon. 

The extensive influence of Babylonian astronomy on Greece is not open to 
doubt, and has been well argued by Otto Neugebauer (1963, 1975) and, more 
recently, by Alexander Jones (1977, 1993, 1996). The main features of 
Babylonian astronomy to be inherited by the Greeks were sexagesimal compu
tation and arithmetical methods in elementary astronomy, recognition of the 
main components of lunar motion, period relations, the latter for planets, many 
constellation names, the zodiac as a frame of reference, the degree as the basic 
unit of angular measure, the digit as a unit of eclipse magnitude, observations, 
particularly of eclipses going back to 747 BCE and parameters including values 
for the mean synodic month and tropical year (Neugebauer, 1975: IV.613; 
Britton and Walker, 1996: 66-67). Pingree (1998) summarises the use of 
Babylonian 'Goal Year' texts by Ptolemy and hence the transmission of their 
methods to medieval Europe (1998). This all raises a rather puzzling question, 
which is why, if astronomy and astrology were so inextricably linked in Babylon, 
it has been argued that the Greeks borrowed the Babylonian's astronomy, but 
not their astrology. 

The question of Mesopotamian links with the Greek world may be 
approached on two levels, the general and the specific. Oriental influence on 
Greece via trade and religion is not a matter of dispute, and has been well 
documented as far as the Assyrian period is concerned (Burkert, 1992). There 
are instances, for example, of Assyrian 'solar motifs' being copied in Greece 
(Goldman, 1961). Pingree (1998: 129) has argued that knowledge of the cons tell-
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ations was transmitted from Mesopotamia to Greece in the 8th century, citing 
the similarity between the list given in 'the Prayer to the Gods of the Night' 
(see above) and the description of Achilles' shield in the Iliad (18.483-9). 
However, the flow of myth and materials to the west (given that cultural traffic 
is a two-way process) should not make us imagine that the specific techniques 
of astrology and astronomy followed. A modern parallel might be found in the 
wholesale borrowing of Indian mystical concepts by the west in the late nine
teenth century, such as reincarnation, while Hindu astrology remained of almost 
no interest to Westerners until the 1990s. Thus Plato, who had immense regard 
for the stars as images of the divine, made but one brief comment on Babylonian 
astrology (Timaeus: 40 C-D). 

There are differences between 7th century Babylonian and 1st century Greek 
cosmology. The former held that the earth rested on an ocean of water, beneath 
a sky covered in a canopy of stars which were manipulated by the gods. The 
latter relegated the divine pantheon to an insignificant role and put forward 
competing models, from Platonism to atomism, including a spherical earth, a 
heliocentric solar system, planetary spheres and stellar influences. It has been 
argued that these cosmological changes led naturally to differences in astrology 
which were so great that Babylonian astral divination was a fundamentally 
different creature to Greek astrology (Neugebauer, 1963: 531). And of all the 
Greek cosmologies, it was the Aristotelian which was assumed to be most 
incompatible with Babylonian. 

There are two weaknesses with this argument. Crucially, there was no one 
single orthodoxy in Greek cosmology (Rochberg-Halton, 1988a, 62, n66). It 
may therefore be misleading to present the mathematical astronomy of Eudoxus 
or Hipparchus, or the naturalistic tendencies of Aristotle, as representative of 
Greek cosmology. They embodied but one strand in a diverse picture which 
also included Pythagoreanism, Neoplatonism, Hermeticism and the mystery 
religions, all of which included either substantial mystical or magical tendencies 
and were in part heirs to Babylonian as well as Egyptian religion (see for 
example, Dodds, 1951; Burkert, 1987). More than that, although the calculation 
of Greek birth charts using the horoscopus utilised Aristotelian astronomy, 
nowhere is any astrological interpretation of any planetary combination deter
mined by Aristotelian mechanics. As far as the philosophy of Greek astrology 
is concerned, the unity of heaven and earth spelled out in the Diviner's Manual 
(see above) survived in the Stoic doctrine of 'cosmic sympathy' (Wallis, 1972: 
70) and was spelled out by Plotinus in the 3rd century: 'all happenings form a 
unity and are as it were spun together, in the cases of individuals as well as 
wholes' (Ennead 113.15, 9-11). The Hermetic Emerald Tablet, which probably 
dates from the 7th-8th centuries CE, and which provided one of the central 
statements of astrological dogma through the Renaissance to the present day, 
set the philosophy out in terms very similar to those used in the Diviner's 
Manual: 'True, true. Without doubt. Certain: The below is as the above, and 
the above as the below, to perfect the wonders of the One' (Roob, 1997: 8). 
There is no concept here of physical influence, only of the reciprocal relation
ships understood in Babylonian cosmology. The phrase survived into the 16th 
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century, when Tycho Brahe adopted the motto, 'By looking up I understand 
what is below' (Gingerich, 1989: 40), and the 20th: a recent introductory text 
defined astrology as 'the experience and interpretation of correspondence 
between the natural and human worlds below and the heavens above' 
(Cornelius, Hyde and Webster, 1995: 3). 

Second, those astrologers who did advocate an Aristotelian approach never
theless promoted an astrology that had no need of naturalistic mechanisms. 
Thus Claudius Ptolemy opened his defence of astrology with the statement 
that the moon pulls the tides (Tetrabiblos 1.2), yet his exposition of the signifi
cance of eclipses (Tetrabiblos II) is based on mathematical abstractions as far 
removed from empirical observation as were the Babylonian omens for eclipses 
on the 21st day. We can only agree with van der Waerden's citation of Bouche
Leclerq, who 

... made it quite clear that all pseudo-physical arguments by which astrologers try to make 
plausible the influence of the planets and zodiac signs upon our lives are only disguises, the 
primary idea being that the planets and signs are Divine Powers. Now this is clearly a Babylonian 
idea (van der Waerden, 1952-3: 224). 

Indeed, we may portray Claudius Ptolemy, normally known as the great 
exponent of naturalism, as instead bringing the abstracting, theorising, model
building tendencies of Babylonian astrology to a point which was to satisfy 
European astrologers down to the 17th century. Astrology's continuing evolu
tion has also been largely a matter of theoretical assertions rather than empirical 
observation. In this sense Ptolemy was undoubtedly the preserver of Babylonian 
astrology, not its destroyer. 

The religious theme in classical astrology was represented primarily by the 
twin developments of Hermetic mysticism and Mithraism. The Hermetic texts 
were compiled in Egypt in the 1st and 2nd centuries CE, while Mithraism's 
origins are more obscure. Cumont's theory (1903: 1-32) that it was imported 
from Persia is not now generally accepted. Although Mithras was venerated 
in both Persia and India, the astral religion which bears his name may have 
developed in Commagene in Asia Minor, under Greek rule. Nevertheless, its 
popularity as an astral religion in the Roman Empire, and its intimate associa
tion with astrology, are not in doubt. Both Hermeticism and Mithraism drew 
heavily on the Platonic doctrine of the incarnation of the soul via the planetary 
spheres, and emphasised the preparations for its return to heaven via the same 
route. Such doctrines might be Persian in origin rather than Babylonian, but 
there is some evidence that they preserved certain elements of Babylonian 
astrology (Tester, 1987: 20; Baigent, 1994: 192). For example, the 36 stars of 
early Babylonian astronomy, which originally apparently had no astrological 
role, became 36 astrological gods of Hermetic astral-magic (van der Waerden, 
1949: 26) and, as the decanates, have survived into modern astrology. 

The only substantial investigation of the continuity between Babylonian and 
Greek astrological techniques has been published by Francesca Rochberg
Halton (1984, 1988a), with further wide-ranging material by Dalley (1998) and 
Pingree (1988). It is not a matter of dispute that there were substantial proce
dural differences between the systems, and for most of the period Babylonian 
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astrology relied overwhelmingly on observed data, while Greek astrology 
depended on the prediction of planetary positions. However, the question is to 
what extent the characteristic techniques of Greek astrology were formulated 
by the Babylonians. We have already discussed the planetary exaltations and 
their origin in Enuma Anu Enlil. The omen literature also reveals the division 
of the planets into benefic (Venus and Jupiter), malefic (Mars and Saturn) and 
ambivalent (Mercury), distinctions crucial to Greek astrology. In addition, the 
dodekatemoria (division of zodiac signs into twelve equal sub-sections, each 
representing a sign) have been discovered in tablets from the Seleucid era, from 
the 4th century BCE onwards. These discoveries provide us with two key 
elements of Greek astrology, the systematisation of the planets' meanings and 
relationships with the zodiac, and the precision evident in the sub-division of 
zodiac signs. Most significant of all is the discovery of a 7th century BCE omen 
commentary indicating the use of the trine, one of the five 'aspects' which were 
seen by the Greeks as geometrical relationships between the planets by which 
astrologers estimated the outcome of any situation. The trine was formed 
between planets separated by three signs, that is, which were in the same 
'triangle', such as Aries-Leo-Sagittarius, or Taurus-Virgo-Capricorn. The sug
gestion that the Babylonians might have developed a geometrical view of 
the heavens removes at a stroke one of the main distinctions between 
Mesopotamian and Greek cosmology, that between mathematics and geometry. 
Pingree (1998: 133) also raises the possibility of the direct survival of Enuma 
Anu Enlil omens in the 2nd century BCE text attributed to Petosiris, the 
Apotelesmatics of Hephaistio, composed around 415 CE (1994), John of Lydia's 
On Signs of ca. 550 CE, and the Apocalypse of Daniel, which was translated 
from Arabic into Greek by Alexius of Byzantium in 1245. He also points out 
that the lengths of moonlight in the synodic month given in Enuma Anu Enlil 
tablet 14 occur in Pliny's Natural History (2.58, 18.324) and Vettius Valens' 
2nd century CE astrological primer, the Anthology (1993-7: 1.12.1-6). The 
conclusion, set out cautiously by Francesca Rochberg-Halton, is that 'the claim 
often made since the Hellenistic period for the Babylonian origin of astrology 
is admissible, but with important qualifications' (Rochberg-Halton (1988a: 
61-2). 

The Greeks (probably Plato's pupil, Philip of Opus) also converted the 
Babylonian relationships between deities and planets into their own system, 
replacing Ninurta by Cronos, Marduk by Zeus, Nergal by Ares, Ishtar by 
Aphrodite and Nabu by Hermes, giving the astrologers the religious and 
mythological basis for constructing planetary meanings. Although there are 
inconsistencies, for Greek and Medieval astrology, like Babylonian, consisted 
of different traditions rather than a single orthodoxy, it is possible to trace the 
planets' astrological identities down to contemporary astrology. For example, 
according to Frankfort (1948: 319), Saturn was the star of law and order or, 
according to Koch-Westenholz (1995: 123), the black star and the star of law 
and justice. In twentieth-century astrology texts it is said to correspond to 
policemen (Green, 1905: 56) and the colour black (Mayo, 1973: 165). Mercury, 
the planet linked to Nabu, the scribe, is cited in a seventeenth century text as 
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representing 'a man of a subtil and politick brain, intellect and cogitation' 
(Lilly 1647: 77) and in a standard modern work as indicating 'self-expression 
by any method of communication' (Hone, 1973: 155). Salbatanu, the planet 
linked to the warlike Nergal, was transmuted first into the Greek star of Ares 
and then given to Mars, the Roman god of war. Its confrontational reputation 
was carried into the seventeenth century when it was described as the author 
of 'Quarrels, Strifes, Contentions' (Lilly 1647: 66). In the twentieth century it 
appears as the 'planet of war. " rebels ... and of all who dispute and contend' 
(Green, 1905: 43), qualities psychologised as 'energy and initiatory force' (Hone, 
1973: 159). Perhaps the most striking example, in view of recent history was 
Venus, whose benevolent nature was revealed in the opening omen of the Venus 
Tablet. Venus omens could be dangerous if the planet was badly placed, but 
by the time that the system of malefic and benefic planets developed, Venus 
was overwhelmingly benefic. In 1987, when Ronald Reagan's astrologer, Joan 
Quigley, was advising the President during the closing stages of the Cold War, 
she was asked to elect the most auspicious moment for the signing of the INF 
(Intermediate Nuclear Forces Treaty) with the Soviet Union. The time Quigley 
chose, 1.48 pm on 8 December, placed Venus in its most powerful position on 
the mid-heaven (Quigley, 1990: 180-1). This is not to say that Quigley had 
any direct knowledge of Babylonian astrology, but she was heir to an ancient 
tradition. The texts available to her included that by H. S. Green whose 
prognosis for 'The Moon in good aspect to Venus' sound remarkably like the 
first omen in the Venus Tablet. Whereas the scribe of 1700 BCE forecast that 
'springs will become visible, Adad his rain, Ea his floods will bring, king to 
king messages of reconciliation will send', Green wrote, 'It is favourable ... for 
the crops and land. Good understandings with foreign countries come about; 
embassies may be sent or received; important visits exchanged; good will 
expressed or assistance offered' (1900: 28). These examples are selective, but 
sufficient to extend Pingree's case that the survival of Enuma Anu Enlil in the 
Greek literature argues for the existence of a continuous tradition. 

Michael Baigent has argued for a second period of transmission of 
Babylonian astrology, contained within the Hermetic teachings, into 
Renaissance Europe, via the translation of the Corpus Hermeticum in 1464 
(1994: 198-206). This was a seminal event in the Renaissance, inspiring, for 
example, the flirtation with pagan imagery which was characteristic of 16th 
century art (Seznec, 1953; Wind, 1980). There was no question of direct importa
tion of Babylonian astrology's predictive practices at this stage, for they had 
long been overlaid by Greek techniques. However, the Renaissance saw the 
revival of a world view similar in many ways to that of ancient Mesopotamia, 
imperfect as that is: the fundamental belief that the world is alive, which 
underpinned medieval sympathetic magic, particularly the use of talismans, 
albeit under the cloak of Christianity. We can make a direct comparison 
between the Mesopotamian and Renaissance worldviews. Thus Thorkild 
Jacobsen (1956: 131) wrote that for the Mesopotamians 'Salt and Grain are 
thus not the inanimate substances for which we know them. They are alive, 
have personality and a will of their own'. This is not so far from the Renaissance 
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attitude summarised by Allison Coudert (1999: 77): 'Behind the Renaissance 
interest in astrology, magic talismans, emblems, and devices, was the belief that 
symbols were natural rather than conventional. Astrological and magical 
charms were thought to contain the influences of the heavens and "be" what 
they represented. Emblems and devices were considered expressions of deep 
and hidden truths'. It is possible, of course, that Jacobsen's projection of 
common views about the Renaissance back to Mesopotamia is a scholarly error. 

The compilation of lexigraphical correspondences between stars, gods, mun
dane objects, terrestrial events and geographical regions which were characteris
tic of Babylonian astrology continued, and were elaborated in medieval Europe 
into what has become known as the Great Chain of Being (Lovejoy, 1936), in 
which all beings and objects in the universe are connected via an interlocking 
series of vertical and horizontal relationships. Thus a Seleucid tablet found at 
Uruk gives the correspondences between gods, months and constellations, 
linking, for example, month 2 (Ayaru), Shamash and Taurus (Reiner, 1995: 78). 
Similar lists were produced by Henry Cornelius Agrippa in the sixteenth 
century, linking, for example Taurus with April, the Cherubim, the angel 
Asmodel, the tribe of Ruben, the prophet Haggai, the apostle Thadeus, the 
neck, the herb Vervain and, via its ruling planet Venus, doves, goats, emeralds 
and copper (1651: 205, 218). The practical use of the Great Chain of Being in 
Renaissance astrology was most evident in medicine, in which an imbalance in 
one part of the Chain might be corrected by manipulating another. Thus a 
patient suffering from a fever, a Martian complaint, might be prescribed cool 
Venusian remedies, such as a herbal concoction containing vervain, or a copper 
talisman. The details had changed as astrology developed from Babylon to 
Renaissance Europe, but the underlying worldview appears to be remarkably 
similar. 

However, while transmission of Babylonian astral-mysticism to Europe via 
the Hellenistic world and the Hermetic texts is a matter of debate, there was 
another means of transmission which is not - the scriptures. Genesis I.14 stated 
that God placed the 'lights' in the sky for 'signs', an explicit vindication of an 
astrology of divine commands. Thus, Nicholas Culpepper's defence of astrology 
(1652) cited this very verse when he wrote, 'Astrology is an Art which teacheth 
by the Book of the Creatures what the universal Providence, mind and meaning 
of God towards man is'. The Book of the Creatures was the zodiac but also, 
given that Renaissance astrology saw the principles of the zodiac throughout 
the natural world, nature as a whole, in other words, the 'Works of the Lord', 
in which respect Culpepper cited Psalm 28.5. An astrology of signs, justified 
by scripture, could not be excluded in a Christian society. Indeed any devout 
believer was obliged to treat any unexpected celestial phenomenon as a divine 
omen. Both Edmund Halley and the even more devout Isaac Newton took 
this view of comets, as was quite natural in the 17th century (Schaffer, 1987). 

Prominent amongst the astronomical signs which occur in the Old Testament 
as signs of God's wrath are such images as stars falling from the sky or the 
moon turning red. Thus, it is to be expected that another direct survival into 
the Renaissance was the fear that a breakdown in the heavenly order might 



BABYLONIAN ASTROLOGY 547 

presage a political crisis, and that eclipses were the worst omens of all. The 
prevalence of this belief is demonstrated by Shakespeare's frequent use of it as 
a scene-setting literary device. The looming trouble in Troilus and Cressida 
(liii: 94-115) was announced 'when the planets in evil mixture to disorder 
wander. What plagues and what portents, what mutiny'. In King Lear lii, 
Gloucester outlines the effects of the recent eclipses: 

These late eclipses in the sun and moon portend no good to us: though the wisdom of nature 
can reason it thus and thus, yet nature finds itself scourged by the sequent effects. Love cools, 
friendship falls off, brothers divide: in cities, mutinies; in countries, discord; in palaces, treason; 
and the bond cracked twixt son and father: the king falls from bias of nature. 

This is not altogether dissimilar to the prognosis of the eclipse on 29th Iyyar 
(Ayaru, month 2) sent by the Babylonian astrologer Rasil to the Assyrian 
emperor: 'the god of all four quarters will become confused; rise of a rebel king; 
the throne will change within five years, there will be rebellion in Akkad, a son 
will kill his father, a brother will kill his brother' (SAA: 384). For Rasil, 
following Enuma Anu Enlil, the eclipse was destructive because it took place 
prematurely, on the 29th instead of the 1st of the following month, while for 
Shakespeare all eclipses were disruptive to the natural order. What is remark
able is the continuity in broad tradition from 8th century BCE Assyria to 16th 
century England. 

We even find echoes of the advice offered to Assyrian emperors in the 
twentieth century west. When the Assyrian astrologer Balasi advised the king 
'not to go out doors' (LAS 46) or the Babylonian astrologer Munnabitu 
cautioned the emperor to stay in his palace for a month (SAA 320) they were 
anticipating Joan Quigley'S counsel to Ronald Reagan during the Iran-Contra 
crisis: 'March 10-14 no outside activity' (Regan, 1988: 367; also Quigley, 
1990: 156). 

Christopher Walker concluded his 1982 Toronto lecture on 'Episodes in the 
History of Babylonian Astronomy' with a wry comment on the contemporary 
world: 'That brings Babylonian astrology home to anybody who reads the 
popular newspapers nowadays' he said, 'and sadly for the historians of science 
one has to remark that to the Babylonians this represents the goal of their 
previous researches' (1982: 26). As we prepare for manned flights to Mars and 
as the Hubble Space Telescope peers into the origins of the universe, tens of 
millions of people in the western world turn every day for advice or entertain
ment to the sort of simple omens given to the Old Babylonian monarchs four 
thousand years ago. A folkloric approach to the study of contemporary 
astrology, of the type developed by James Frazer at the turn of the century, 
would see it as a fossil survival of Babylonian cosmology, retaining the outer 
forms but not the inner meaning. An alternative view would identify it as the 
inheritor of an unbroken tradition, transmitted in the first instance from 
Babylon to Greece and hence to the present day, albeit with some features 
dropped and many added. 
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Y. TZVI LANGER MANN 

HEBREW ASTRONOMY: 
DEEP SOUNDINGS FROM A RICH TRADITION 

This essay is composed of three parts. In the first section we address the 
question of the Hebrew tradition in astronomy. Is there such a thing? What is 
it? What different approaches do we find in the Hebrew sources? In our search 
for answers to these questions, we shall survey literature that was written over 
some two thousand years. However, the most important Hebrew texts by far 
were produced during the medieval period, and the remaining two sections 
offer detailed investigations into the two chief genres of medieval astronomy, 
based on representative unpublished manuscript sources. Descriptive cosmo
graphies, which supply many details but skip over computational methods, 
form the first of these genres; we analyse at some length a hitherto unstudied 
Hebrew treatise preserved in a manuscript at the Bodleian Library, Oxford. 
The second genre is computational astronomy, including astronomical tables. 
We discuss the comments of the celebrated astrologer and savant, Abraham 
ibn Ezra, to the tables prepared by Abraham bar J:Iiyya. Here too we have 
recourse to materials preserved in a single manuscript, from which we publish 
a star list. 

THE HEBREW ASTRONOMICAL TRADITION 

Is there a Hebrew tradition in astronomy? There certainly exists a body of 
literature written over several thousand years, and in a wide range of locales, 
which is either specifically devoted to astronomy or contains significant elabora
tions upon astronomical topics. The great bulk of these writings is in the 
Hebrew language, but a significant component employs the Hebrew alphabet 
for writing in other languages, principally Arabic, but also Aramaic, Spanish, 
and Persian. The Hebrew tradition reflects Jewish interest in the subject, and 
there are some relevant materials which use neither the Hebrew language nor 
its alphabet. 

Although the sun, moon, and stars are mentioned in the Hebrew Bible, that 
ancient and sacred text does not display any sustained exposition which can 
be called an astronomical text. The earliest sources for a Hebrew tradition are 
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found in a few passages in the Talmud and Midrash. The Talmud is a collection 
of rabbinical writings constituting the basis of religious authority; the Midrash 
is a group of commentaries on the scriptures. These texts offer few details 
concerning the theories with which their authors were familiar. Nonetheless, 
they provide clear evidence that Jewish savants had reached a consensus on 
some issues, and that their stance differed from that of the sages of the other 
nations. In addition, the Talmud frankly reports that some Jewish authorities 
dissented from the consensus; moreover, at least according to the version cited 
by Moses Maimonides, the Hebrew sources themselves openly admit that the 
alternative theories appeared to be more correct. The theories expounded in 
these texts came to constitute - at least in the eyes of a large number of 
traditional thinkers - the true Hebrew tradition in astronomy. 

The most important set of texts is found in the Babylonian Talmud, 
Pesahim 94b: 

Our rabbis have taught: the sages of Israel say that the orb (galgal) is fixed, and the stars 
revolve. The sages of the nations of the world say that the orb revolves, and the stars are fixed. 
Rebbe said, 'The response to their claim is that we have never found the wagon [the Dipper] 
in the south, nor Scorpio in the north.' Rav AQa bar Ya'aqov challenged this [remark, saying] 
'Perhaps the matter is like a candle placed on a millstone, or like the hinge of a door.' 

The sages of Israel say that during daytime the sun moves beneath the firmament (raqf'a), and 
at nighttime above the firmament. The sages of the nations of the world say that during daytime 
the sun moves below the firmament, and at nighttime beneath the ground. Rebbe said, 'Their 
position seems to be more correct than ours, because during the daytime, springs are cold, but 
at nighttime they are hot.' 

We have learned: Rabbi Nathan says, 'In the summer, the sun moves in the higher part of the 
firmament; therefore, the entire world is hot, but the springs are cold. During the winter the 
sun moves in the lower part of the firmament; therefore, the entire world is cold, but the springs 
are hot.' 

Our rabbis have taught: The sun moves in four pathways. During Nissan, Iyyar, and Sivan 
[the months of spring], it moves through the mountains, in order to melt the snows. During 
[the summer months of] Tammuz, Av, and Elul, it moves through the settled areas, in order 
to ripen the fruits. During [the autumn months of] Tishrei, MarQeshvan, and Kislev, it moves 
through the waters, in order to dry out the rivers. During [the winter months of] revet, Shevat, 
and Adar it moves through the desert, in order to dry out the seeds. 

Let us focus upon the first of these passages. Both schools of thought 
acknowledge the necessity of positing an 'orb', that is, a presumably transparent 
body which envelops the earth, and within which the stars are located. The 
question debated is the following: are the stars embedded in the orb, and simply 
carried along by the orb in its revolutions, or do the stars themselves course 
freely through the orb? The Jewish scholars decided in favor of the latter 
theory, and they found themselves arrayed against a consensus of non-Jewish 
scholars who had chosen the former explanation. 

In fact, these are the two theories to which Aristotle gives the most serious 
consideration in his On the Heavens (De Coelo), II, 8. And, indeed, Aristotle -
who would become for some Jews the personification of false and noxious non
Jewish philosophy - argues in favor of fixed stars that rotate along with the 
motion of the orb, that is, the theory which the Talmud ascribes to the non-
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Jewish scholars. Aristotle does not name the proponents of the alternative 
theory. In any event, he does not refer to Jews anywhere in his writings. 

We do not know whether the Talmudic report concerns a single debate 
which made a lasting impression or an ongoing dispute. Our main interest lies 
in the later repercussions of this narrative, from the early medieval period right 
up to the present. Before surveying some of the different approaches taken 
towards this question, we must first clarify an important point. The principal 
demand which Judaism makes of its adherents is that they follow practices 
codified in legal texts. To be sure, beliefs such as the existence of God are 
indispensable; however, traditional authorities generally saw their task in the 
realm of praxis, not dogma. Therefore, the particular astronomical beliefs which 
the Talmud identifies with the Sages of Israel are not binding; indeed, since it 
has no clear ramifications for practice, the passage could simply be ignored. 
Discussions of the text cited above and other related passages were stimulated 
by curiosity and by a sense that somehow the view that had been identified as 
the Hebrew tradition must be justified in one way or another. Towards the 
end of this section, however, we shall note one key area where astronomical 
doctrines do affect praxis. 

The earliest stratum of commentary to the passages in Pesa~im, which belong 
to the geonic period (roughly 600-1000; the passage cannot be dated with any 
precision), gives no evidence of serious concern with the implications of these 
passages: 

This is neither a civil nor a criminal matter [literally: it belongs neither to the laws of money 
nor to those of the death penalty], nor [does it appertain to] one of the [ritually] prohibited 
or permitted [items]; thus one is not required to issue an unambiguous ruling. Nonetheless, it 
appears to be the case that - despite Rebbe's retort to the claim of the gentiles ... Rabba 
nevertheless refuted Rebbe's statement ... Our principle is: the ruling follows the latest opinion 
[and Rabba is later than Rebbe]. Moreover, the text [in the tractate Bava Bathra 74a] 
strengthens Rabba's position ... that in this issue we rule in favor of the position of the 
gentiles ... [O~ar ha-Geonim, Pesa~im, p.88] 

The Talmudic passage presents several conflicting views but does not state 
which is to be preferred. It is most likely that the geonic commentary was 
written in response to an inquiry concerning the lack of a clear ruling. (This 
is significant, insofar as it implies that their text differs from that of Maimonides; 
see below.) The passage begins with a mild disclaimer; there is no pressing need 
to decide. However, the anonymous respondent concludes, Rabba (note another 
textual variant: in the printed editions of the Talmud, reproduced in our 
citation, the scholar named is Rav Al)a bar Ya'aqov) refuted Rebbe's retort to 
the gentiles. Applying a classic legal principle to this aggadic passage l - 'follow 
the latest opinion' - the gaon rules in favor of the position of the gentiles. 

Moses Maimonides (1135-1204), a trained astronomer, great legist, and the' 
paragon of Jewish philosophy, found in these texts corroboration for some key 
elements of his religious thought. According to him, these texts teach two 
momentous lessons: that the Jewish sages took a serious interest in astronomy, 
and that their views reflect the scientific thinking of their own generation, not 
any unassailable prophetic revelation. The operative conclusions of his analysis 
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are also twofold: Jews must study astronomy, but they must also be aware that 
astronomical knowledge progresses. One generation's fact becomes a later 
generation's fiction. Therefore, no particular theory should be adhered to 
dogmatically - even if it has been associated with the names of some great 
rabbis. 

Maimonides' remarks concerning the importance of astronomy, the progress 
which that science has made since antiquity, and the difficulties - some of 
which may be insurmountable - which remain, are found in various places in 
his extensive oeuvre (Langermann, 1991). Most germane to our problem, 
however, is a short chapter in his Guide of the Perplexed2 (book 2, chapter 8). 
The cosmographical passage from Pesa~im is discussed, and so are some 
references in rabbinic literature to Pythagorean doctrines. Maimonides, 
following Aristotle, insists that the two issues are related. Maimonides' inter
pretation of the texts impacted strongly on subsequent Jewish thought. 
Ultimately, though, like much of his highly rationalist philosophy, it was 
ignored or rejected outright. 

On one critical textual matter, however, Maimonides' version was accepted 
unanimously. According to Maimonides, the traditional sources (evidently he 
is referring to the first passage from Pesa~im cited above, concerning fixed stars 
in revolving orbs) state 'explicitly' (bi-bayiin) that 'the sages of the nations of 
the world have vanquished'. Although the text cited above indicates that even 
Jewish scholars saw the strength of the theory of 'the nations', and, as we have 
seen, this point was not lost on the earliest commentators, Maimonides remains 
to this day our only source for a version of the text which clearly states that 
'the nations' were victorious in the debate (Saperstein, 1980, p. 222 n. 10). The 
closest thing we have to an independent confirmation is a remark attributed 
to Rabbeinu Tam (Jacob ben Meir Tam, 1100-1171) to the effect that the 
victory of the non-Jewish sages was 'a victory by means of arguments (bi
!acanot)'; the truth, however, lies with the claims of the Jewish sages. Rabbeinu 
Tam seems to be saying (this was stated explicitly by Moses Isserles in the 
16th century) that the Jewish sages were not able to develop or present their 
own arguments in the best manner possible. In any event, he too knows that 
the Talmud registers a 'victory' for the non-Jewish sages. 

On account of its importance we shall cite this chapter in full, in the 
translation of Shlomo Pines (Guide, vol. 2: 267): 

One of the ancient opinions that are [sic] widespread among the philosophers and the general 
run of people consists in the belief that the motion of the sphere produces very fearful and 
mighty sounds. Their proof for this belief consisted in their saying that when the small bodies 
that are with us move with a rapid motion, a great clatter and a disturbing boom are heard to 
proceed from them. In consequence this should be all the more the case with respect to the 
bodies of the sun, the moon, and the stars, having regard to their size and velocity. The entire 
sect of Pythagoras believes that these bodies emit pleasant sounds having - though mighty -
the same proportion to each other as that obtained in musical melodies. And it was their task 
to give the reasons why we do not hear these fearful and mighty sounds. This opinion is also 
generally known in our religious community. Do you not see that the Sages describe the might 
of the sound produced by the sun when it proceeds on its way in the sphere? The same 
affirmation with regard to the whole necessarily follows. 
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Aristotle, however, does not accept this and makes it clear that the heavenly bodies produce 
no sound. You will find this statement in his book 'On the Heavens'; from the passage there 
you will understand this. You should not find it blameworthy that the opinion of Aristotle 
disagrees with that of the Sages, may their memory be blessed, as to this point. For this opinion, 
I mean to say the one according to which the heavenly bodies produce sounds, is consequent 
upon the belief in a fixed sphere and in stars that return. You know, on the other hand, that in 
these astronomical matters they preferred the opinion of the sages of the nations of the world. 
For they explicitly say: The sages of the nations of the world have vanquished. And this is 
correct. For everyone who argues in speculative matters does this according to the conclusions 
to which he was led by his speculation. Hence the conclusion whose demonstration is correct 
is believed. 

Aristotle does indeed assert that his demonstration that the stars are not 
self-moving, but are instead carried along with the motions of the orbs within 
which they are embedded, refutes the Pythagorean doctrine of the 'music of 
the spheres'. Moreover, he argues that it was the doctrine that each star moves 
by itself which 'puzzled the Pythagoreans', since motion of this sort produces 
noise, and this is what ultimately led them to 'postulate a harmony for the 
moving bodies' (De Coelo II, 9, 291:8-10. A few lines later, Aristotle pleads 
that the motions of stars embedded in spherical orbs would be silent). It 
appears to me that the two doctrines need not be so intimately related: one 
could arrive at either conclusion independently. Moreover, the prevalent view 
in Maimonides' own day, as he notes in the Guide, is that the motion of the 
spheres (or orbs; the Arabic term is afliik), not that of the stars, 'produces very 
fearful and mighty sounds'. Nonetheless, Maimonides has assembled important 
evidence that the Sages affirmed that the stellar motions do produce sounds 
- though not necessarily the harmonious melodies spoken of by the 
Pythagoreans. 

An entire complex of questions concerning ancient Jewish Pythagoreanism, 
its repercussions (or resuscitation?) in the medieval period, and Maimonides' 
attitude toward that philosophy are raised by this brief chapter of the Guide, 
none of which have been addressed adequately if at all in the scholarly literature. 
We shall cite presently a few additional sources, particularly those which bear 
upon astronomy; the matter certainly deserves a thorough study of its own. 
Here is one Talmudic passage (Sanhedrin 95b) which may indicate that the 
Sages (or, as Maimonides would point out, certain of the Sages) did maintain 
that the spheres produce melodies, not just noise: 

Rabbi Isaac the blacksmith said [in connection with the miraculous destruction of Sanherbib's 
troops; see II Kings 19:35J, ' [GodJ uncovered their ears. They heard the song of the ~ayyot 
and died, as it says,from Your loftiness the nations have been scattered .. .' [Isaiah 33:3]. 

The ~ayyot, literally 'living beings', are mentioned by Ezekiel in his visions 
of the chariot; and Maimonides, in his interpretation of those visions (see the 
opening chapters of the third part of the Guide), interprets ~ayyot figuratively 
as the celestial spheres. On the other hand, the passage implies that the music 
of the spheres, like that of Homer's sirens, is fatal to those exposed to it; 
perhaps this is the reason that Maimonides chose not to cite it. 

Maimonides attained a stature unlike that of any religious authority since 
Talmudic times. Moreover, his discussion of the passage from Pesa~im, rather 
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than the Talmudic text alone, was the starting point of much of the subsequent 
discussion about the Hebrew astronomical tradition. It is therefore appropriate 
to have a look at how the text was analysed. 

Joseph ibn Gikatilla (1248-ca.1325, Spain) read Guide 2.8 attentively; his 
discussion incorporates some verbatim quotations. However, he interpreted it 
in an extraordinary manner. He misunderstood the meaning of the Talmudic 
text cited in the Guide and attributed to Aristotle, rather than to the Jewish 
sages, the doctrine of fixed orbs and moving stars. Gikatilla discusses the issue 
in Ginnat Egoz, his earliest kabbalistic writing, in the section dealing with the 
vowel points employed in Hebrew, whose mystical significance forms a key 
theme in the kabbala, a body of mystical teachings of rabbinical origin. Vowel 
points are concerned with sounds, and in this connection, Gikatilla refers 
several times to the musical sounds produced by the celestial spheres, whose 
existence is important for his system. Like Maimonides he asserts that the 
ancient Jewish sages agreed with Pythagoras that the heavens produce pleasing 
melodies. However, some aspects of his interpretation are confused. Here is the 
passage (Ginnat Egoz, Jerusalem, 1989: 436-437): 

There is in the world no auditory effect (havarah) without motion. In any event, sound is 
produced from the reality of the power of motion. In this way it will be confirmed for you that 
the orbs have great auditory effects and pleasant sounds when they are in motion. This has to 
be so. We may perceive the principle of its reality from the power of the motions which are the 
causes of auditory effect. Similarly, the auditory effect of the orbs is produced by the power of 
their motions. Auditory effect depends upon motion. Vowel points cannot set in motion [the 
pronunciation of words] except by the auditory effect of the voice. Therefore, you must take 
notice [of the fact] that motion[s] of the orbs have pleasant sounds. 

Indeed, I have found that the great rabbi, our teacher Moses ben Maimon [Maimonides], may 
his memory be blessed, elaborated upon this in his Guide. I have noticed that he agrees with 
the opinion of the philosophers who say that the orbs have sounds that are pleasant, awesome, 
and quite tremendous. They adduce proof for this from small bodies which, when they move 
rapidly, produce a great clatter and noise. Likewise, the school of Pythagoras and his followers 
from among the philosophers [maintain] that the orbs have pleasant sounds which, their 
magnitude notwithstanding, are in proportion just like pleasant musical melodies. In any event, 
you shall find that our Torah sages agree with this opinion. 

Aristotle, however, disallows this. For Aristotle's opinion [some manuscripts display 'for every
one's opinion'] is that the orb is fixed and the stars (mazalot) revolve. In this Aristotle follows 
the notion (shemetz) that the world is uncreated. This is heresy [literally: deserting the religion], 
[i.e.] his stating that the orb is fixed and the stars revolve. Heaven forbid that it be so! For He 
(May He be Exalted!) sets the orb in motion with the daily motion, and sets the constellations 
(mazalot) and the rest of the stars in motion with the particular motion [appropriate to eachV 
In any event, the orbs move with a general motion and the stars revolve with a particular 
motion - not as Aristotle claimed, heaven forbid! For Aristotle, for all his tremendous research, 
sifted through the corn stack in order to find something precious; he sought but did not find. 
Therefore, when he did not find any support upon which he could rest, he was forced to say 
things that are the opposite of the [true] direction. He believed that the orbs do not have 
sound, since they are fixed and the stars revolve ... 

According to Gikatilla, Maimonides agrees with the views of 'the philo
sophers', i.e. the Pythagoreans, who teach that the heavens produce music. 
Though this is not correct, a sympathetic reader can easily understand why 
Gikatilla thinks so. Gikatilla believes that Maimonides endorses the teaching 
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which he himself introduces, in the first sentence of the chapter, as being 
'widespread among the philosophers' - particularly when Maimonides demon
strates further on that this was the same view held by the Jewish sages. It may 
have been quite natural to think that Maimonides was stating his own view, 
together with the views of 'the philosophers' and of the Talmud, all of them 
against the villainous opinion of Aristotle. Maimonides makes no mention of 
Aristotle's denial of creation in this chapter, but Gikatilla could easily supply 
that detail from other sources. Likewise, one can perhaps understand how or 
why Gikatilla ignored the closing sentences, in which Maimonides makes it 
quite clear that the Talmudic sages were 'vanquished' and rightly so. 

On the other hand, I have no explanation for Gikatilla's glaring error in 
attributing to Aristotle the opinion that the orbs are fixed and the stars move. 
The Talmud, as we have seen, states that this is the opinion of the Jewish sages; 
Maimonides cites the Talmud accurately, adding that this view and only this 
view is conducive to the doctrine of the music of the spheres. Moreover, it is 
not at all clear how (or if) Gikatilla understood the astronomical issue. The 
correct opinion, in his view, is that the orb (presumably the highest orb) moves 
with the daily motion, and the stars move with their own particular motions. 
This is quite in line with cosmological thinking in Gikatilla's day, but it is not 
an accurate interpretation of either of the two theories that are described in 
Pesa~im. Moreover, it is not clear exactly how Gikatilla understands Aristotle's 
theory, though he correctly notes Aristotle's denial of celestial melodies. 

Finally, we come to Maimonides and Pythagoreanism. The passage cited 
above is one of Maimonides' very few explicit references to Pythagoras, and 
he clearly sides with Aristotle in rejecting his doctrine. Pythagoras' most famous 
teaching is that 'all things are number'. It may well be the case that Maimonides 
identified the Hebrew speculative treatise known as Sefer Ye~irah (The Book of 
Creation) as a work written under the influence of Pythagorean ism and that 
this is the reason that he studiously ignores it. On the other hand, Maimonides 
asserts that the number four has great cosmic significance. He proclaims an 
insight of his own: the heavenly orbs can be grouped into four classes: moon, 
sun, planets, and fixed stars. This element of his thought requires further 
investigation. In any event, as Maimonides himself attests, Pythagoreanism 
seems to have enjoyed a large and sympathetic audience 'among the philo
sophers and the general run of people'. 

Let us return to the texts from Pesa~im 94b. The passage immediately 
preceding the text cited at the beginning of this section conveys some cosmic 
dimensions. Maimonides relates to this passage as well in his Guide (part III, 
chapter 14). Here, however, he takes pains to demonstrate that the facts given 
by the sages are more or less correct, even though at first the reader may think 
that they contain 'a great exaggeration'. Maimonides does not cite the Talmud 
word for word, but rather paraphrases it in Arabic: 

For they have clearly stated that the thickness of every sphere equals a distance that can be 
covered in five hundred years and that the distance between every two spheres can only be 
covered in five hundred years. 
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Taking the distance covered in one day to be forty miles, Maimonides 
computes the total distance to the sphere of Saturn and the concavity of the 
sphere above and concludes that the figures given by the Sages are acceptable, 
though not totally accurate. The chapter concludes with the following message: 

Do not ask me to show that everything they [the Sages] have said concerning astronomical 
matters conforms to the way things really are. For at that time mathematics were imperfect. 
They did not speak about this as transmitters of the dicta of the prophets, but rather because 
in those times they were men of knowledge in these fields or because they had heard these dicta 
from the men of knowledge who lived in those times. Because of this I will not say that with 
regard to dicta of theirs, which, as we find, corresponds to the truth, that they are incorrect or 
have been said fortuitously ... [Guide 3.14: 459]. 

Maimonides' attitude towards early rabbinic pronouncements on matters of 
science and philosophy is certainly exceptional. According to him, ancient texts 
such as the Talmud and Midrash record the opinions of flesh and blood 
individuals who, like the scholars who participate in the scientific discourse of 
every generation, utter a variety of opinions, many or most of which are later 
seen to be inexact. These texts do not define a uniform and dogmatic Jewish 
stance which is normative for all succeeding generations. The Bible is prophetic 
and cannot be wrong; passages which seem to contradict science cannot be 
dismissed or expurgated, but must instead be correctly interpreted, allegorically 
if need be. Not so the statements of the early rabbis, which can be judged to 
be either true or false. In a letter which he wrote to the rabbis of southern 
France, in which he elaborated his reasons for repudiating astrology, 
Maimonides stated quite bluntly that it is not proper to abandon conclusions 
that have been arrived at rationally in favor of the remarks of one of the 
ancient sages, since something may have eluded him - that is, if he were 
not responding to a specific situation or speaking figuratively. Similarly, 
Maimonides does not feel bound by the Talmudic statement (Rosh Hashanah 
31a), 'The world lasts six thousand years, and one thousand years it is a waste,' 
since, inter alia, 'it is the saying of an individual and corresponds to a certain 
way of thinking' (Guide 2.29: 344). 

Maimonides certainly stands out in stressing so emphatically the fact that 
the Talmudic sages might be wrong. However, he was not the only writer to 
place the issue in historical perspective, that is to say, to uncover details of the 
history of astronomy which indicate that the rabbis were participating in a 
scientific controversy which had yet to be settled. Isaac Abrabanel (1437-1509), 
courtier and man of letters, cites (Commentary to the Torah, at Genesis 1:16) 
Maimonides to the effect that the theory of the Talmudic sages is false (bate1). 
'However,' he adds, 'so that you do not think that our sages fell into this 
opinion out of ignorance, I have seen it fit to inform you about what I have 
found concerning this problem, according to the ancient philosophers.' 
Abrabanel then paraphrases Pliny, who spoke of the stars coursing through 
space (making no mention of orbs) and Plotinus, who 'stated clearly that the 
luminaries are neither parts of the orbs not affixed within them. Rather, the 
planets move through the air between heaven and earth. The orbs are fixed 
and do not move.' 
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The conclusion to be drawn from these sources is clear. The theory held by 
the Talmudic sages was widely believed in their day. Nevertheless, 'for some 
[people] at least the matter remained in doubt.' In support of this second 
claim, Abrabanel cites another early rabbinic source, Bereishit Rabba (para
graph 8 in most printings), to demonstrate the notion that more than one 
explanation for the phenomena exists and that the question remains unresolved. 
Since the issue is so difficult, Abrabanel continues, one ought not to dismiss 
the view of the Talmudic sages as simply incorrect. Nonetheless, he decides to 
follow the opinion of Aristotle, 'since I have seen that his opinion is more 
correct than the others and more removed from doubt.' 

Yet another approach sought to reconcile the differences between the Jewish 
and gentile theories. The gentile theory is a correct description of the sensible 
phenomena of this world; the Jewish theory, by contrast, is a true account of 
some higher level of reality. In this way it is possible to accept the gentile 
theory at face value and accept as well the views of the Jewish scholars; 
nonetheless, the ultimate superiority of the Hebrew tradition is maintained. It 
is superior not because it provides a more valid description of visible phen
omena, but rather because it tells us about a level of reality which is inaccessible 
to those who do not belong to the tradition. 

This approach may have been adumbrated already by Moses Nal).manides 
(1194-1270) of Gerona in his commentary on the first chapter of Genesis. In 
the course of his explications he cites a number of Talmudic and Midrashic 
texts, though not the passages from Pesabim upon which we have been focusing. 
True, Nal).manides insists that the six days of creation were 'real days, made 
up of hours and minutes' (Gen 1:3); on a deeper level, however, the six days 
refer to the kabbalistic sefirot. Nonetheless, Nal).manides informs us elsewhere 
that the light which illuminated the cosmos during the first three days was 
essentially different from the light that is emitted from the sun and moon, 
which were 'hung' on the fourth day. (See especially his commentary to Gen 
1:14.) 

Nal).manides felt that scientific truths are contained in the Torah, but they 
comprise the simplest and least interesting level of meaning. Therefore, he saw 
no reason to trouble his readers with the details of scientific theories. Some of 
Nal).manides' followers were less reticent. Bal).ya ben Asher, whose own com
mentary on the Torah was written in 1291 and is heavily dependent on 
Nal).manides, learns four lessons - all of them reflecting the consensus of 
scientific thinking in his day - from the story of the fourth day of creation. 
Bal).ya does not find any esoteric doctrine in the teachings attributed to the 
Jewish sages. For him, as for Nal).manides, the astronomical theories describe 
mundane reality as narrated by the plain sense of Scripture; with regard to 
matters of that sort, presumably, there is no harm if the gentile scholars 
are correct. 

Know that if you read this portion closely, four matters will become clear to you. First, these 
luminaries remain always in the places that were fixed for them from the very start. That is to 
say, they are fixed and do not move. For it is the orb which moves, and the luminaries are fixed 
within it and move along with its motion, just like nails that are fixed in the planks of a ship 
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move along with its motion. And so did the sages of Israel concede to the gentile sages. The 
sages of Israel say that the orb is fixed and the star revolves, but the gentile sages say that the 
star is fixed and the orb moves ... The second is that they are embedded within the [full] 
thickness of the bodies of the orbs. That is, the body of the orb is taken up to its full extent by 
the body of the luminaries ... The third is that the thickness of the orbs does not prevent the 
light of the luminaries and stars from [reaching] below, so simple and limpid is the substance 
of the heavens ... The fourth is that the light of the moon derives from the light of the sun. For 
the moon does not possess light of its own but rather [derives its light] from the light of the 
sun ... [Commentary to the Torah, ed. C. Chavel, vol. 1, p. 34]. 

In the early modern period, the theory which the Talmud ascribes to the 
gentiles, and which, as we have seen, is the belief endorsed by Aristotle, finally 
fell out of favor in the scientific community. The increasing acceptance of the 
Copernican hypothesis and its refinements led some Jewish thinkers to suggest 
that the Talmudic sages ought not to have conceded so quickly. Moreover, the 
fact that their opinion can be seen to have been 'ahead of its time' may indicate 
that they had a prophetic tradition regarding the structure of the heavens. 
Here are the comments of Joseph Solomon Delmediggo (1591-1655), a widely 
traveled savant who, in his youth, studied under Galileo at the University 
of Padua: 

But others think that the stars move without orbs. According to them, the Sages of Israel did 
not do well when they conceded to the gentile sages that the stars are fixed and the orbs revolve. 
Perhaps their original opinion had been transmitted by the prophets. They ought not to have 
abandoned those who had access to the Source in favor of those who offer solutions and 
explanations, so long as the latter have not established their claims by means of clear proofs 
(Sefer Elim, p. 299). 

It was in fact none other than Tycho Brahe who, according to David Gans, 
remarked that the Jewish sages ought not to have conceded so readily on 
this point. 

The passage from Pesa~im 94b whose significance we have been studying is 
of purely theoretical or historical interest. As we have seen, this very point was 
made by some of the interpreters; the fact that the view attributed to the 
Talmudic sages has no effect on ritual practice softened the impact of the 
'victory' of the gentiles. By contrast, the passage immediately following, which 
also deals with matters of astronomy, has very important implications for 
Jewish praxis. The Talmud outlines the opinion of the Jewish sages who held, 
in effect, that heaven is hemispherical and opaque. During the day the sun 
runs its course from east to west. Then, at sunset, the sun, on the western 
horizon, traverses the width of the 'firmament' (raqzCa) diametrically, eventually 
emerging on the other side. During nighttime, the sun moves from west to east 
on the upper side of the 'firmament', reemerging in the morning at its 'window' 
(rising point) on the eastern horizon for that particular day. The gentile sages, 
by contrast, held that the earth is spherical and, therefore, during nighttime 
the sun moves 'below' the earth. Let us cite the passage again: 

The sages of Israel say that during daytime the sun moves beneath the firmament (raqf'a), and 
at nighttime above the firmament. The sages of the nations of the world say that during daytime 
the sun moves below the firmament, and at nighttime beneath the ground. Rebbe said, 'Their 
position seems to be more correct than ours, because during the daytime, springs are cold, but 
at nighttime they are hot.' 



HEBREW ASTRONOMY 565 

It should be pointed out immediately that in this passage, as in the preceding 
one, the Talmud registers an objection of a Jewish sage to the theory of the 
'sages of Israel'. Here too, it is patently clear that there is no univocal Jewish 
doctrine. Nonetheless, Rabbeinu Tam (to whom we have referred briefly above), 
one of the great Ashkenazi authorities, accepted the view of the 'sages of Israel'. 
He felt compelled to do so in order to resolve an apparent contradiction 
between two Talmudic passages dealing with the definition of twilight (bein 
ha-shemashot). His conclusion was that the Talmud recognises two twilights: 
the first commences when the sun begins to traverse the firmament (or at 
sunset, in the simple, conventional usage of the term), and the second com
mences only after the sun has fully traversed the firmament. Rabbeinu Tam's 
ruling has important implications for the halakhah (Jewish law), most notably 
with regard to the Sabbath observance. In particular, his view implies that the 
Sabbath is not fully over until both twilights have been completed. An observant 
Jew who follows the opinion of Rabbeinu Tam will refrain from activities 
prohibited on the Sabbath for considerably longer (half an hour or more) after 
the onset of complete darkness than is necessary according to Maimonides and 
others, who do not recognise the concept of 'two sunsets'. 

Is the consensus of scientific opinion relevant to this issue? Does it matter 
at all that the astronomy upon which Rabbeinu Tam's position is based has 
been decisively rejected? Rabbi Moshe Alashqar (1466-1542) answers both of 
these questions in the affirmative. Alashqar begins his analysis by pointing to 
the intimate connection between Rabbeinu Tam's description of sunset and the 
question of fixed orb and moving stars, asserting that Rabbeinu Tam's position 
makes sense only according to the latter view. However, authorities such as 
Maimonides and the geonim have accepted the position of the gentiles, namely 
that the stars are embedded in orbs, and it is the orb which revolves. According 
to this view, there is no room for a concept of two sunsets. Twilight lasts about 
forty minutes (of arc on the celestial equator) - far less than it does according 
to Rabbeinu Tam. He concludes, 'This is something that is evident to the 
senses, and no one can deny it.' 

Alashqar then proceeds to demonstrate in great detail that the earliest and 
most authoritative authorities - i.e. Maimonides and the geonim - did indeed 
recognise the truth of the claim that the stars are embedded in orbs. He cites 
some important rulings written by Sherira Gaon and his son Hai Gaon (late 
tenth century) showing that those two rabbis quite consciously based their 
decision upon scientific reality. For example, the geonim adduce as evidence 
the obvious transparency of the heavens; as noted above, the alternative view 
entails the belief in an opaque firmament. 

Alashqar cites a long list of authorities whose remarks on the question of 
twilight imply that they too held that the sun moves 'beneath the earth' during 
the night. Most of these rabbis lived in lands under Muslim rule or in areas 
such as Spain and Provence, which were profoundly influenced by the flourish
ing of the sciences in Islamic civilization. In particular, Alashqar quotes from 
Kifiiyat al-'abidln, the encyclopaedia written by Maimonides' son Abraham. 
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There too one finds a scientific account of the phenomenon, which makes no 
mention of the 'two sunsets'. 

Alashqar's decisive position is a mark of his confidence in the truth of the 
Aristotelian-Ptolemaic picture of the universe which was accepted in his day. 
Alashqar's stance was, however, that of a minority. It seems that most rabbinic 
writers recoiled at the thought that the position of Rabbeinu Tam, an authority 
of considerable stature, could be factually wrong, plain and simple. By way of 
example, we shall cite from a responsum written by Rabbi Zadok ha-Kohen 
of Lublin (1823-1900), in which the views of Alashqar are severely criticized: 

Heaven forbid that one suspect that Rabbeinu Tam and his followers erred in a matter which 
is refuted by everyone's sense perception! [You,] sir, and also Rabbi Moses Alashqar, allowed 
yourselves to write that Rabbeinu Tam forgot that the sages of Israel conceded to the sages of 
the nations of the world. Heaven forbid that one should say such a thing concerning the light 
ofIsrael [i.e. Rabbeinu Tam] ... 

Everything which Rabbi Alashqar cited in the name of the geonim derives from the astronomy 
of the non-Jews which, at that time, was well-known to them. They thought that all their 
doctrines were true and correct, like an iron pillar from which one dare not move. One finds 
similar views in [the writings of] Maimonides ... 

Now, however, all the astronomers refute the measurement [cited by Maimonides for the volume 
of the sun], claiming that it is false, and that it [the sun] is much larger. All of the theories of 
the old astronomy which our scholars in the period after the Talmud held fast to, as if they 
were the words of Torah - so much so that Maimonides set down their doctrines [in his law 
code ... ] - nowadays, the modern astronomers deny all of it. In truth, the doctrines of the 
philosophers do not contain the breath of life. Anyone expert in both the old and the new 
astronomy knows that it is all nonsense and simple fantasy which were invented by imaginative 
people. Rea ven forbid that one should, on the basis of their doctrines, reject the living and 
vibrant words of our sages, may their memory be blessed [Tiferet Tzvi, Lublin, 1909: 92; Yoreh 
De'ah, paragraph 8] 

We have seen that there is a set of beliefs concerning the structure of the 
cosmos and the motions of the stars recorded in ancient Hebrew sources. A 
minority of thinkers, of whom the most important is Maimonides, argued 
strongly that these views be taken in context - and, therefore, rejected when 
they could no longer be justified scientifically. In the eyes of many other 
scholars, however, these doctrines represent the Hebrew tradition; they must 
be defended one way or another. In some cases, as in the definition of twilight, 
religious law may be required to conform to ancient conceptions. 

COSMOGRAPHY: A UNIQUE TEXT PRESERVED IN A MANUSCRIPT AT OXFORD 

Within the Hebrew reading public of the medieval period there existed a 
relatively large demand for books on cosmography, by which I mean the genre 
of writings which present the essential facts concerning the structure of the 
cosmos. These books place the earth at the center of a finite, spherical universe 
and recognize a significant distinction between the terrestrial realm - the sphere 
bounded by the orb of the moon, the world of 'generation and corruption' 
whose processes are governed by the interactions of the four Empedoclean 
elements (fire, water, earth and air) - and the celestial realm, whose matter is 
Aristotle's fifth element and whose motions are supposed to be circular. 
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Cosmo graphical treatises generally devote the greatest amount of space to the 
heavenly bodies. Terrestrial physics is given brief notice; geography, on account 
of its intimate connection to astronomy, receives somewhat more detailed 
treatment. Books on cosmography as a rule assume only a minimal amount 
of mathematical training on the part of the reader. Although numbers are often 
displayed - parameters, mean motions, sizes and distances, etc. - the geometrical 
proofs are omitted, as are the methods for carrying out astronomical 
computations. 

The corpus of Hebrew cosmo graphical texts is composed of both original 
works and translations. In the former category the most important is $urat 
ha-Are~ (The Form of the Earth) by Abraham bar 1:Iiyya (d. ca. 1136). Well 
over thirty manuscript copies survive, and several commentaries and abridge
ments were prepared.s Translations of two Arabic works, those by Ibn 
al-Haytham and al-Farghani, were extremely popular; indeed, their Hebrew 
versions generated more interest than did the originals. Ibn al-Haytham's al
Maqala fi hay'at al-'alam (Treatise on the Configuration of the World) was 
translated no less than five times. (Langermann, 1990: 34-40, 44). About a 
dozen copies of the Hebrew translation of al-Farghani's cosmography are 
extant; three different Hebrew commentaries were prepared, as was an abridge
ment. Sacrobosco's short book on the sphere, the most widely read Latin work 
in this genre, was twice translated into Hebrew (Steinschneider, 1893). 

Why were books of this sort so much in demand? In large measure it must 
be attributed to the scholarly ideal of the period - which was, in point of fact, 
a religious ideal as well - that every self-respecting intellectual must acquire a 
basic knowledge of astronomy, the most sublime of the sciences. Maimonides 
in particular was instrumental in transforming this ideal into a religious obliga
tion. He emphasized that the basic concepts of 'knowledge of God' and 'love 
of God' are meaningful only to those who possess a sober, scientific comprehen
sion of the world, especially of the heavens. Indeed, Maimonides incorporated 
a summary presentation of the cosmography of his day in his monumental 
legal code. 

Although the books on cosmography depicted the workings of the heavens 
in a straightforward way, advanced students knew that the issues were not so 
simple. Indeed, there existed a seemingly unresolvable contradiction between 
the philosophical requirement that the heavenly motions be uniform and circu
lar, with the earth at their center, and the models devised by Ptolemy and his 
followers which - precisely because they described, as best as one can expect 
of naked eye astronomy, the true motions of the stars as seen from the earth 
- employed devices which violated the rules established by the philosophers. 
These are the epicycles and eccenters whose combined motions describe 
Kepler's ellipses. This conundrum was dubbed by Maimonides, in his Guide of 
the Perplexed, 'the true perplexity', and his remarks led to further investigations 
on the part of Jewish scholars (Langermann, 1991). The most ambitious and 
ingenious attempt to resolve the problem is found in the work of Levi ben 
Gerson (1288-1244). Levi tried to devise a system which would answer not 
only the demands of natural philosophy, but also the astronomical observations 



568 Y. TZVI LANGER MANN 

which he carried out himself (Goldstein, 1985; Freudenthal, 1986). His work 
in theory and observation was not limited to determining the planetary orbits; 
it extended to the brightness of the planets and their distances as well 
(Goldstein, 1986, 1996a). 

One issue not at all raised in these books is the age of the universe. Most if 
not all thinkers of the period knew that Aristotle asserted that the universe 
was eternal, and that this claim contradicted the religious doctrine of a willful 
creation in time (or, alternatively, that time had been created along with the 
cosmos by a willful act of God). Moreover, it was generally known that 
Aristotle's strongest argument rested on the seemingly perpetual and unchang
ing revolutions of the heavens. Yet these issues do not intrude into the cosmo
graphical literature in any significant way. In particular, one should mark the 
fact that the biblical chronology was not sanctified; although years anno mundi 
were employed (as were other systems, especially minyan sh!arot, i.e. the Seleucid 
era), the belief that this chronology was precise was hardly ever made into a 
matter of faith. Ironically, the one thinker who did transform the chronology 
into a religious principle, the poet Yehudah Halevy, did so because he felt that 
he had no strong arguments in favor of creationism (Langermann, 1997). 

The cosmo graphical tract of Georg Peurbach, a late medieval summary of 
the Ptolemaic view, was made available in Hebrew, and several of the leading 
Jewish personalities of the sixteenth century studied it and wrote commentaries 
(Langermann, 1998). These too circulated in manuscript. The next chapter of 
our story, however, in which the 'new astronomy' was described, belongs to 
the age of printing, and the most important books were printed in the author's 
own lifetime. 

The most thorough exposition of the new astronomy is found in the writings 
of Joseph Solomon Delmediggo, who had the privilege of studying under 
Galileo. However, Ma'aseh Tuvia (Tobias' Opus) of Tobias Cohen, had, perhaps 
the largest audience; this book taught Hebrew readers what the new science 
had to say in a number of fields. Also noteworthy are the writings of David 
Gans, an acquaintance of Kepler. (See Ruderman, 1995, for full treatment of 
these figures). A manuscript now at Oxford (Oppenheimer 708 = Neubauer 
2059) is a work on astronomy and physics written by Moses Neumark of 
Nicolsburg in 1703; it appears to be based upon, or, perhaps, translated from, 
an unidentified work in some other language. Basic astronomical concepts are 
drawn from medieval Hebrew texts. However, the work of Copernicus, Tycho 
Brahe, Galileo, Kepler, and von Lansberg are discussed in some detail. Galileo's 
discovery of the moons of Jupiter, Tycho's work on comets, and the discovery 
of southern constellations by voyagers to India are all reported. The shape of 
the earth and its magnetism are treated in the section on physics. The Hebrew 
is a bit cumbersome, indicating that the language had not kept pace with post
medieval developments. Only one copy survives, and it is doubtful that anyone 
other than the author and his patron (the bibliophile David Oppenheim) ever 
read it.6 

It was during the medieval period that Hebrew astronomical literature 
reached its acme. We shall direct our attention to two treatises. The first is an 
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extensive cosmo graphical tract which displays some unique features. The author 
clearly relied for the most part upon Arabic sources but was alert to other 
traditions as well. We present a fairly detailed conspectus of the treatise, 
translating whole passages which promise to be of interest and summarizing 
other data. The Hebrew is at times a bit awkward; we shall offer as literal a 
translation as possible, with more fluent, if less precise, alternatives, within 
square brackets. We have not been able to provide our rather summary descrip
tion with a commentary, and many interesting points will be passed over 
without further notice. The second selection deals with the conundrum alluded 
to above ('the true perplexity'). 

§ Ms. Oxford-Bodley, Michael 400 [= Neubauer 2006],jJ. 77a-89a. 

This is an extensive treatise, anonymous, surviving in just this one copy, which 
is written in a Proven~al hand of the late fifteenth century. Towards the end 
of the work (f. 84a) the planetary apogees are exhibited 'for the era of Alexander, 
which is today 1709 years'; so the book was written in 1378/9 CE. The Hebrew 
text appears to be a paraphrase of an Arabic work, something midway between 
a direct translation and an original work. Many Arabic terms ('the language 
ofIshma<el') are employed and a few Greek words as well. On several occasions 
the writer remarks that diagrams are missing from the manuscript with which 
he was working, and in at least one instance he states, 'here the author drew 
a diagram, but I have not found it' (f. 80b). 

This work belongs to the class of cosmographies that displays lots of numbers: 
parameters of the planetary models, apogee positions, etc. Like many other 
writings in the genre, the book is divided into two major parts: the first dealing 
with the heavens, the second offering a much briefer account of the terrestrial 
realm. As such its audience was different from that of works such as Ibn 
al-Haytham's seminal On the Configuration of the World. In particular, the 
work we are about to discuss assumes that the reader is thoroughly familiar 
with computational astronomy. For example, the author refers again and again 
to 'the tables'. These references leave me with the impression that the work 
may have been written for the computational astronomer who already knew 
very well how to use the tables in 'cookbook' fashion, but perhaps wished for 
a better understanding of the underlying theories. In this feature - though not 
in the details of his presentation nor the models it endorses - the work resembles 
the Memoir on Astronomy of Na~Ir aI-DIn al-TusI, recently published with 
masterful commentary by F. 1. Ragep (1993). (Further information on the 
technical terms and matters which we shall mention can be found in Ragep's 
notes.) 

There is no introduction. Whether this was the intention of the author, or 
whether the introduction has not survived, I cannot say. The tract begins 
as follows: 

'We shall speak of the premise (haqdamah), which addresses the generality of the absolute body 
(ha-geshem ha-mu~la!). The body is that which exists in three dimensions. Some are compound 
and others are simple. The compound is that in which the four elements are found together, 
and the simple is that in which each one [of the elements] is found alone, without composition. 
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The compound has three offspring (yeladim), namely mineral, vegetable, and animal. Their 
mother (cf. Arabic umm) is the four elements.' The planetary orbs are named, and then: 'Above 
them is a starless orb which is called in Arabic falaqi aFlash (cf. al{alak ai-atlas), in Greek 
anashtrosh uranosh [cf. anastros ouranos], and in Hebrew 'arevot. Above that there is neither 
plenum nor vacuum. This in its entirety is called "cosmos" ('olam).' 

The organization of the first section of the book, which describes the heavens, 
is quite unusual. In most works of this sort, individual chapters are assigned 
to each of the planetary spheres. In our treatise, however, the chapters (shaCarim) 
are built around geometrical or mathematical properties which are common 
to all or most of the stars; these are subdivided further into smaller units 
(ma'amarim) which develop specific issues. Thus, for example, the first shaCar 
deals with the form of the orbs, offering a schematic presentation of the 
configuration of the orbs which function together in the planetary models. 
There follow separate ma'amarim on the planets, which are arranged in the 
order of the increasing complexity of the models involved: first the sun, next 
the four planets whose models are very much alike (Saturn, Jupiter, Mars, 
Venus), then the two planets (Mercury and the moon) which require an addi
tional orb, the dirigent (for which the text knows only the Arabic term, mudzr). 
The author describes the 'complementary' orbs (matmzm), i.e. the orbs whose 
function is to fill the space between the eccentric orbs and those orbs concentric 
with the center of the world which surround them. 

The subject of the second sha Car is the motions of the stars, which are divided 
into two major groups: east to west and west to east. Notably, the sun's motion 
to the east, opposite the direction of the daily motion, is designated 'voluntary 
i.e. natural' motion. However, the exposition begins with the motions from east 
to west, of which there are four: (1) the motion of the all, i.e., the daily motion; 
(2) the motion of Mercury's dirigent orb, which is the same as the wasat (mean 
motion) of the sun, i.e. 0;59,8,2/d.; (3) the motion of the moon's outermost orb, 
i.e. that of the node (jawzahar), which is 0;3,1l/d.; and (4) the motion of the 
moon's inclined orb, whose daily value is 'eleven minutes, and some fractions 
that are known, and are given precisely (yeduqdequ) in the tables.' 

There are also four motions from west to east: (1) the motion of the fixed 
stars, i.e. precession, which also results in the moon's moving one degree in 66 
years and the sun one degree in 67 years. The entire orb completes a revolution 
in 24,000 years, according to Kuzianfid (I have no idea who is meant), or in 
36,000 years, in the opinion of 'some of the ancients'; (2) the motions of all the 
parecliptic orbs; (3) the motion of the sun on its eccentric, i.e. its wasa!; and 
( 4) the planetary deferents, which are called in Arabic amillar (cf. Arabic ~iimil, 
pI. ~awiimil). This is the wasat of the planet, i.e. its mean motion in longitude. 

The third ma'amar is devoted to the epicycle. In line with the organization 
of this part of the book, the epicycle must be given a section of its own, since 
the motion of the planet on the upper half is to the east, but on the lower half 
it is to the west. Motion on the epicycle belongs as well to the class of motions 
in anomaly (billuj; there will be a separate section on anomalies, to be described 
below), since it produces the planet's acceleration, deceleration, stations, and 
retrogradations. The section ends with a passage whose point appears to be 
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that the motion of the epicyclic is 'true'; this means (the passage looks to be 
somewhat corrupt and I am not fully sure of its intention) that the epicycle 
moves itself and is not simply carried by the deferent: 'This motion is called 
the motion of the eyna (?!), i.e. the true motion. For in truth it [the motion of 
the epicycle?] is not [the result of] the motion of the deferent alone, even 
though the deferent does set the epicycle in motion. However, in truth it is 
only from the motion of the epicycle itself; for by means of this motion the 
star also moves. This is because the star is embedded in the epicycle like a nail. 
When the epicycle moves, the star moves as well. This motion is called true 
motion. However, the motion of the epicycle itself is called wasat, i.e. mean, 
since it is the mean of the motions of the parecliptic' (f. 79a). 

The third sha'ar 'speaks about the circles and their names'. After first defining 
the terms circle, center, arc, and chord, the author proceeds to take stock of 
the circles known to astronomers. There are nine great circles: (I) the celestial 
equator; (2) the ecliptic; (3) the celestial colure; ( 4) the horizon; (5) the meridian; 
(6) the altitude; (7) the zenith; (8) the circle of declination; and (9) the circle 
of latitude. 

Arcs are the subject of the fourth sha' ar. Three arcs are defined in connection 
with the sun. First, there is the wasat, or, in Hebrew, mahalakh; this is the mean 
position, and it is defined as 'the arc on the ecliptic from the beginning of Aries 
to the beginning [i.e. one of the endpoints] of the line, that line being the one 
that extends from the center of the eccenter, passes through the center of the 
sphere [kadur; here it must refer to the spherical body of the sun], and reaches 
to the line [!; perhaps circumference is intended] of the [outermost?] rotating 
orb' (f. 8Ib). The taqwlm, i.e. true position, is defined here as 'the arc on the 
ecliptic from the beginning of Aries to the head [i.e. one of the endpoints] of 
the line, i.e. that line which extends from the center of the world, passes through 
the center of the sphere [i.e. the spherical body] of the sun, and extends to the 
outermost surface of the orb of the sun.' Finally there is qeshet metuqan, which 
is defined as the difference between the first two arcs. Literally, this term means 
'corrected arc'; actually it is the arc of correction. For the difference between 
the arcs the text employs the Hebrew rewa~, 'interstice, space'; the more usual 
hevdel is also utilized. 

Other arcs are the obliquity (qeshet ha-netiyah), which is given as 23;35; 
latitude (ro~av) - the translator knows the standard Hebrew terms for both of 
these - and the altitude, the arc 'which is called irtifii"; the translator is 
apparently unaware of the Hebrew term for this are, i.e. govah. The next arc 
to be defined, the ortive amplitude, is called in Arabic sa'a mashriq. Strangely 
enough, the Hebrew employed is sha'ot ha-mizra~; apparently the translator, 
who correctly defines the term as an arc of the horizon, saw no difference 
between sa'a (amplitude) and sii'a (hour). The intersection between the horizon 
and the celestial equator, mashriq al-i'tidiil, is transcribed mashriq initidal. 

The direction of the qibla (the azimuth of Mecca and an important topic in 
Islamic astronomy), samt qibla (transcribed thus, without the definite article), 
is described as follows (f. 82b): 'The qibla is what the Ishmaelites call the house 
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of our forefather Abraham. It seems to me that it is Beth El.' With the definition 
of the day and night arcs the chapter ends. 

The fifth sha'ar, shacar ha-~illu.fim, is devoted to the anomalies in the motions 
of the stars. The term ~illuf, which I translate as 'anomaly' according to its 
usual usage, is employed here in the broadest possible sense, so as to include 
just about every feature of the behaviour of the planets which changes over 
time. Thus this sha'ar deals not only with the motions in longitude and latitude, 
the stations and retrogradations, but also with such 'anomalies' as the varying 
illumination of the moon and also eclipses. 

At the beginning of this sha 'ar the three longitudinal anomalies are defined, 
corresponding to the three corrections employed in the Almagest to compute 
the true planetary positions (f. 83a): (1) the correction for the epicylic diameter 
at mean distance; (2) the correction for the epicyclic diameter at greatest or 
least distance; and (3) the correction appropriate to the epicyclic diameter 
being collinear with the 'two centers', i.e. the correction which takes into 
account the distance from the apogee (see Neugebauer, 1969: 201-202). Most 
of the parameters appear to be taken directly from the Almagest. 

This is followed by a short passage on dynamics. Within each set of orbs 
(those encompassing the earth), the motions are transferred from the outermost 
orb inwards. The outer orb is said to set in motion not only the inner orb, but 
its center as well; in other words, the center is treated as a physical entity, not 
a mere mathematical point. For the model of Mercury, no less than four centers 
are involved. 

The next data presented are the eccentricities. The value for the moon, 
10;19,5 differs slightly from that of Ptolemy (10;19). For the four planets with 
simple models, the text displays the double eccentricity, i.e. the distance between 
the equant and the deferent center. As in the case of the mean epicyclic diameter, 
all the numbers agree with those of the Almagest, with the exception of Venus, 
for which 12;5 is exhibited. Mercury's eccentricity is said to be 3;10 (i.e. the 
distance between the center of the world and the circumference of the dirigent 
circle, which has the same value as radius; in the Almagest it is given as 3;00). 
This yields a triple eccentricity of 9;30. There follows a section on latitude. 

At this point the exposition of the lunar model is complete. The author 
illustrates the relative simplicity of the lunar model in these words: 'For the 
moon we have no additional anomaly. The reason is that all of its orbs -
inclined, deferent, and encompassing deferent - are all aligned one below the 
other. If it were possible to slice them, we would slice the three of them with 
one swipe of the knife. The three of them would fall in one plane; no one [of 
them] is outside the other. Indeed, the orbs which we have mentioned - the 
inclined, the deferent, and the encompassing deferent - we meant by them the 
circles of the moon. [i.e., Circles and orbs are equivalent since they always lie 
in the same plane]. However, the five planets have an additional anomaly .. .' 
(f. 83b). 

The additional anomaly is the oscillation of the plane of the epicycle about 
the plane of the deferent, one of the components of the latitude theory of the 
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planets. Mercury and Venus have yet a third anomaly in their latitude, the 
oscillation of the orthogonal epicyclic diameter. 

A separate ma'amar in this section is devoted to the motions of the two 
inferior planets. It is necessitated by a key difference between the models of 
the superior and inferior planets: the orbits of the former never exactly coincide 
with the ecliptic, but those of the latter do. That is to say, in the models for 
the superior planets the plane of the planet's motion is never exactly the plane 
of the ecliptic (though at the nodal points the planets do cross the ecliptic). 
However, when the center of the epicycle of an inferior planet is at the nodal 
point, then the entire plane of the planet's orbit (at that instant) coincides with 
the ecliptic. This chapter is a good example of the particular approach of the 
treatise. The author tries to organize the material according to a clear scheme 
for classification, rather than working through the details of each model, one 
by one. 

Apogees are the subject of the following ma'amar (f. 84a). It begins with this 
somewhat unusual statement: 'For all of the stars, with the exception of Saturn 
and Jupiter, the apogee is the 'apogee of latitude' (govah ha-robav) which comes 
about from the intersection of its path in the ecliptic, that is to say, midway 
(?bi-em~aCut) between its head and tail. As for apogee [s] of Saturn and Jupiter: 
the apogee of Saturn is 50 degrees behind the midpoint between the two points, 
that is, the head and the tail. However, [the apogee] of Jupiter is 20 degrees 
ahead of the midpoint of the two points.' There follows a list of apogees 'with 
reference to the ecliptic in the era of Alexander which today is 1709 years'. 

Sun Gem 11;1,52 
Saturn Aqu 10;29,21 
Jupiter Virg 29;16,55 
Mars Leo 16;6,25 
Venus Gem 19;16,52 
Mercury Libra 2;51,52 

The motion of the apogees, which is explicitly identified with precession, is 
stated to be 0;0,55/year. The author next gives a list of the node (jawzahar) of 
the planets for the same date: 

Saturn Can 19;**55 
Jupiter Can 19,16,55 
Mars Tau 16,6,22 
Venus Psc 19,16,52 
Mercury Cpc 2;41,22 

Other billufim result from the 'anomalies' in the motions of the planets with 
respect to the sun: stations and retrogradations, conjunctions and oppositions. 
Here the author finds occasion to remark about Mars' giant epicycle: This 
entails the following [conclusion]: when Mars and the sun are in conjunction 
(bi-mabberet), the distance between them is greater than when they are in 
opposition. For when they are in conjunction, the distance between them is 
equivalent to the diameter of Mars' epicycle, measured from either one of them, 
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i.e. from the sun or from Mars. However, when they are in opposition, the 
distance between them is the distance (!) of the sun's mumaththal [i.e. pareclip
tic], either one of them. Now the diameter of Mars' epicycle is greater than 
the sun's mumaththal, I mean its parecliptic. Therefore this [odd fact] befalls 
them' (f. 84b). 

This sha 'ar and with it the first part of the book closes with a discussion of 
the 'many' other anomalies which the moon exhibits in its motion vis-a-vis the 
sun (ff. 8Sa-b). The first of these is the variation in the portion of the moon 
which is illuminated, that is, the lunar phases. Our author remarks that the 
moon begins to be illuminated when the elongation reaches approximately 
twelve degrees, 'and this is called the visibility of the moon (ri'iyat ha-yare'a~)'. 
Eclipses are another sort of ~illuf; here again the number twelve is significant. 
When the moon is within approximately twelve degrees of the nodes, conditions 
are right for a solar eclipse. 

The second half of the treatise discusses the 'lower entities' (he-shefaUm); it 
is divided into three chapters. The first of these deals with geography; it should 
be remembered that, until modern times, mathematical geography (and some 
descriptive geography as well) was considered a branch of astronomy. Indeed, 
the Almagest is considered the fundamental book of this science. Our author 
refers to the difference of opinion concerning the western extremity of the 
inhabited world, which served as one of the zero points for reckoning longitudes. 
Ptolemy had measured them from the 'Fortunate Isles', that is the Canaries, 
but some medieval scientists counted them from the western shoreline of Iberia 
or Morocco. Our author confiates Ptolemy's position with the myth of Atlantis: 

Some say that they [the inhabited regions] begin at the beginning of the western ocean [the 
Atlantic] and beyond. For in the earliest times [literally: the first days] there was an island in 
the middle of the ocean. There were scholars there, who isolated themselves in [the pursuit of] 
philosophy. In their day, that was the [beginning for measuring] the longitude [s] of the 
inhabited world. Today, it has become [covered by the?] sea, and it is ten degrees into the sea; 
and they reckon the beginning of longitude from the beginning of the western sea (f. 86a). 

The second sha'ar deals with the seasons, the shadows cast by gnomons, 
and the unusual way the zodiacal constellations rise and set in the arctic zones. 
The third sha'ar takes up a number of miscellaneous matters. It defines the 
rising point (horoscope), setting point, and meimar (an arc of the circle passing 
through the star and the poles of the equator, measuring the distance between 
the star and the meridian; from the Arabic mamarr). The author notes three 
different scales used in the computation of shadows (tangents): 12 digits, 6( 1/2) 
or 7 feet (qadam, kaf ha-regel), or 60 parts. The last topic covered is timekeeping: 
the length of days, months, and years. 

We regret that it has not been possible at this time to give more than a 
summary of the treatise together with some liberal quotations. Many of the 
items which we have reported without comment (Kuzianfid, the Atlantis story, 
the dynamical theory, many of the parameters) must be investigated further. 
This unusual treatise is one of many which, taken together, make the corpus 
of Hebrew cosmographies a very rich resource for the history of astronomy. 
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§ Ms. Firenze-Laurentiana 124,f 45a 

This is the beginning of a Hebrew treatise on hay'a. It has been copied onto 
one page of a manuscript at Firenze, plumb in the middle of a copy of 
Theodosios' Sphaerics, which takes up ff. 12b-48a of the same manuscript. The 
Hebrew is clear enough, and the technical terms are readily identifiable, but 
the text is not written in the usual scientific idiom. The manuscript is written 
in a Spanish hand of the fourteenth or fifteenth century; but this treatise is 
anonymous, and I have no clue as to the identity of its author. 

The author responds to the philosophical quandaries posed by the Ptolemaic 
system, or rather, some of the mathematical devices employed by Ptolemy. He 
accepts eccentrics but not epicycles; several years ago (and unaware of this 
treatise) I suggested that this might in fact be the 'secret' position of Maimonides 
(Langermann, 1991). The author tells us that he shall first expound the theory 
of the sun, in order, I assume, to demonstrate the potential of this model for 
all the planets. All that survives of the treatise, beyond the short introduction, 
is the beginning of the first chapter, wherein the author in somewhat scholastic 
fashion disagrees with the 'later astronomers' who have counted the two parts 
of the solar parecliptic as separate orbs. 

MATHEMATICAL ASTRONOMY: A STAR TABLE FROM 1148 

Mathematical astronomy flourished in the Jewish communities along the 
Mediterranean littoral. Models and parameters for the planetary motions, 
mathematical geography and timekeeping, are all treated in depth in medieval 
Hebrew astronomical treatises, as are the necessary mathematical tools, especi
ally spherical geometry and trigonometry. Astronomical tables were also com
piled. One astronomer of genius - Levi ben Gerson (Provence, 1288-1344) -
published the results of his investigations in Hebrew; these were rather quickly 
made available both in Proven9al and in Latin. Levi strove to produce better 
astronomical models - both more accurate and more consistent with the prin
ciples of natural philosophy - on the basis of his own observations, some of 
which were carried out with instruments of his own devising. (Goldstein, 1992; 
Mancha, 1997, and the literature cited in both.) 

The list of people who contributed to the Hebrew (and Judaeo-Arabic) 
literature on mathematical astronomy is rather long: Abraham bar I:Iiyya, 
Abraham ibn Ezra, Moses Maimonides, Isaac ben Joseph Israeli, Joseph ibn 
Waqqiir - all of them born in present-day Spain; Immanuel ben Jacob of 
Tarascon, Isaac al-I:Iadab (Sicily), Mordecai Finzi (Italy), Mordecai Comtino 
(Byzantium), and Alu'e1 ben Yesha' (Yemen), are perhaps the most prominent 
among those who contributed original writings. In this section we shall focus 
upon the first two, the two Abrahams. (See Goldstein, 1996 and Sela, 1996). 
In particular, we shall investigate one highly important manuscript which 
furnishes evidence for a connection between the two; and we shall publish here, 
for the first time, a star table for the year 1148 which seems to be the work of 
a student of Ibn Ezra, but which is appended to the tables of Bar l:Iiyya. 

The earlier Abraham is Bar l:Iiyya. Little is known of his biography; he 



576 Y. TZVI LANGERMANN 

flourished at Barcelona in the first half of the twelfth century. He was the first 
to write original Hebrew treatises on mathematics, astronomy, and the other 
sciences; drawing mainly from the Bible, he coined a new set of technical terms. 
His neologisms, however, were eventually replaced by the arabisms introduced 
by the Ibn Tibbon clan of translators. Among his writings is Ifeshbon 
Mahalakhot ha-Kokhavim (The Computation of the Stellar Motions) (Millas, 
1959), an instruction manual for the use of a set of astronomical tables. There 
also exist about a dozen manuscripts which contain astronomical tables attrib
uted to Bar 1:Iiyya, usually under the title 'Jerusalem Tables' or The Tables of 
the NasI'. (NasI, sometimes mistranslated 'prince', is an honorific whose precise 
communal function is not clear). Both the manual and the tables, however, 
contain some glosses by Abraham ibn Ezra (1092-1167).8 Like Bar 1:Iiyya, Ibn 
Ezra's science was grounded in the Arabic literature that was studied in the 
Iberian peninsula. 

It seems quite likely that Ibn Ezra carried with him a set of Bar Hiyya's 
tables and thus had a share in their diffusion. These tables, however, contain 
accretions; in addition to the glosses, several manuscripts display a table for 
the sun's declination which is explicitly attributed to Ibn Ezra. Many have 
appended to them a short essay, accompanied by tables, which investigates the 
differences between Ptolemy and al-Battiini In his own Sefer ha-'Olam (De 
mundo, cited by Millas Vallicrosa, 1959: 135), Ibn Ezra refers obliquely to Bar 
1:Iiyya as 'a great man who drew up tables according to the mean motions 
given by al-Battanl, claiming that they are Ptolemy's tables.' There is thus 
reason to suspect that Ibn Ezra may be the author of some of the appendices 
to the Bar l:Iiyya tables. 

One manuscript of Bar 1:Iiyya's tables, Chicago, Newberry College, Or. Ms. 
101, exhibits these features as well as a number of others which are unique. 
For example, it displays (f. 12b) a tangent table labeled 'The Murcia Table' 
attributed to al-Zarqal. Ibn Ezra certainly knew of the work of al-Zarqal 
(Goldstein, 1996: 113). Moreover, there is a note on f. 25a which instructs the 
reader how to correct the tables, which were drawn up for the meridian of 
Jerusalem (hence the rubric 'Jerusalem Tables'), for the city of Narbonne. A 
later hand adds 'the longitude of this city, Montpellier'; and on the previous 
page one finds a table for the rising times at Montpelier. On f. 88b we find a 
computation for the year 1148, and, on f. 95a, a star list (published in full 
below) for the same year. Ibn Ezra was certainly in or around Narbonne in 1148. 

Bar 1:Iiyya's astronomical tables were the first of their kind in Hebrew. 
Abraham Ibn Ezra, a keen student of Bar 1:Iiyya's mathematical astronomy, 
traced Bar 1:Iiyya's sources to Ptolemy and al-Battanl; he contributed critical 
notes to Bar 1:Iiyya's writings and supplemented his tables with some of his 
own. More than anyone else, Ibn Ezra spread the new Hebrew astronomical 
literature throughout Europe. The corpus of texts utilized included his own 
original writings, and some translations of Arabic works, but it also contained 
some of the works of Bar 1:Iiyya. Ibn Ezra's efforts stimulated further interest 
and investigations. The star list published below, compiled in Ibn Ezra's own 
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lifetime, is the most interesting specimen of the continuation of his efforts in 
cataloguing the fixed stars. 

COMMENTARY 

Immediately after listing the coordinates and properties of the last star on the 
list (no. 37), the compiler adds, 'Perhaps it is 'the heart of the fish' which Ibn 
Ezra listed among the fatal [stars; ha-meimitim]; aI-Kindt as well designated it 
as such.' (See further our commentary below, ad n. 37.) This remark clearly 
shows that the star list is not the work of Ibn Ezra himself. In fact, Ibn Ezra 
compiled two very different star lists for the year 4908 A.M. One is found in 
his very popular astrological handbook, Reishit Ifokhmah (The Beginning of 
Wisdom). There the stars do not appear in a list but rather are described at 
the end of the appropriate paragraphs devoted to each of the zodiacal signs. 
The stars in our list match those found in Reishit Ifokhmah; an additional eight 
stars noted in that book are missing from ours. A second list names the most 
prominent astrolabe stars, which he included in his book, Kli Ne~oshet (Brass 
Instrument). That work was revised by Ibn Ezra himself, and the list for 
4908 A.M is shortened and revised from one drawn up two years earlier. Both 
lists have been studied by B. R. Goldstein (1985). (In our commentary to the 
individual stars, IE designates the lists in Kli Ne~oshet, as published by 
Goldstein.) The differences between the lists are significant and obvious - not 
just the coordinates but the very names of the stars differ widely. This matter 
calls for further investigation. 

Our list includes bright stars (first and second magnitude) of the sort that 
are usually found in lists of astrolabe stars, as well as nebulous stars. The 
common factor uniting these is their purported astrological significance. A list 
drawn up by Kushyar ibn Labban around the year 1000 (Yano; see esp. p. V, 
n. 3), exhibits a similar combination, as do some as yet unpublished lists by 
Abraham bar I:Iiyya which are found in the same manuscript (see below) as 
the list published here. About half of the star names in our table are found as 
well in the lists of Ibn Ezra; a few others bear different names, but they may 
be identical to stars listed by Ibn Ezra under different names. Clearly, our 
author made use of a number of sources, some of which remain unidentified; 
some of his selections seem unusual. 

Another noteworthy feature of this list is the inclusion of the planetary 
'temperament' associated with the stars. This astrological property is discussed 
by Ptolemy (in his Tetrabiblos), Abu Ma'shar, Kushyar ibn Labban, and other 
writers (Kunitzsch, 1993; Yano, 1997: xxiv-xxv). Four separate tables of Bar 
I:Iiyya (ff. 81b-83a of the Chicago ms.) list these properties of fixed stars (or, 
in the case of the last, of small sections of the sphere), but there is little or no 
overlap between these lists and the one published above. Ibn al-Kammad (ft. 
12th century) listed the temperaments in his table, which is found, in one form 
or another, in six Hebrew manuscripts (Goldstein and ChaMs, 1996: 319). 
Abraham Zacut included the temperaments in his star list (Ms. Lyon 14, ff. 
214v-214r).9 An as yet unstudied Hebrew astrological treatise of the 
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Renaissance, Takhen ha-Leveinim, written by the Italian Jew Kalonymos ben 
David in 1531, has an extensive discussion of the subject (ms. Budapest, 
Kaufmann A508, pp. 158 if), as well as tables drawn up by the author's father 
for 1496. Both members of the Kalonymos family relied primarily on the 
Alfonsine Tables. 

The longitudes in our table are all integers. In most cases where a star 
bearing the same name is found in Ibn Ezra's lists, the longitudes have been 
rounded up to the nearest degree; a few have been rounded down. One exception 
is no. 23, where, however, Ibn Ezra's value is a miscopy; see our commentary 
below. Moreover, it is noteworthy that seven listings (nos. 5, 19-21,24, 33, 36), 
representing more than ten stars, are not named at all; they are described only 
approximately. 

Here are some remarks about some of the individual listings: 

ad no. 1: This star is called in Arabic iikhir ha-nahr ('the end of the river'), and Hebrew 
sources usually employ the cognate a~iirit ha-nahar (Goldstein, 1985, p. 186, no. 3, 
and p. 200, no. 1). Our author's choice of so! rather than a~arit indicates his indepen
dence from Bar 1:fiyya. 

ad no. 2: The back of the leper'. Neither the name nor the coordinates precisely match 
anything in the Almagest or any of the other sources I have consulted. The coordinates 
are very close to those of the next star on the list, and I wonder whether our author 
may have been working from several different written sources which exhibit, for the 
same star, different names and coordinates which are close in value. A similar 
confusion may be involved in nos. 8 and 9 on this list. 

ad no. 4: IE 1; longitude rounded up from 27;48. IE gives the latitude as 5;10 S. The 
* indicates that the star is fatal. 

ad no. 5: Identified on the basis of the coordinates given in the Almagest (Toomer, 
353), as well as the designation of the star as faint or dark. The stars are listed in 
order of ascending longitudes, but dark or nebulous stars are described at the end of 
the sign (see also nos. 33 and 36.) 

ad no. 8: 'the rein'. The next star, ex Aur, is called by Bar l:Iiyya moshekh ha-resen, 'the 
one pulling on the rein', a plausible translation of al-'ayyuq, 'the one restraining'. As 
in the case of stars 2 and 3 above, it seems that our author was working with two 
different lists, each of which displayed a different name and coordinates. 

ad no. 9: IE 3, longitude rounded up from 10;21. Note that this same star is rendered 
by Bar Hiyya moshekh ha-resen ('the one pulling the reign'; Goldstein, 1985, p. 186, 
no. 7), but by Ibn Ezra ha-nil~am ('the combatant'). 

ad no. 10: The middle of the belt [of Orion].' Neither Bar l:Iiyya nor Ibn Ezra lists 
this star, which is no. 8 in the list of Kushyar and no. 16 in the list of Zaradusht. 

ad no. 12: IE 18. IE calls this star rash ha-te'om ha-niqdam, 'the head of the forward 
twin'; our table displays simply ha-muqdam, 'the forward', probably under the influence 
of the Arabic al-muqaddam. Longitude rounded down from 8;28. 

ad no. 13: IE 19; longitude rounded up from 11;48. IE's latitude is 30;15, which, as 
Goldstein observes (1985, p. 198), seems to be corrupt; Ptolemy's latitude is 6;15. 

ad no. 15: IE 21; longitude rounded up from 15;8. The full name of this star is 'the red 
[star] in neck of the valiant one (al-shujii')'. Ibn Ezra translated al-shujii', ha-mena!'
!,e'a~, 'the victor'; see further Goldstein, 1985, pp. 198-199. Our author has shortened 
the name to ha-nil~am, 'the combatant', his choice for the translation of al-shujii'. 
This is Ibn Ezra's Hebrew name for al-'ayyuq, no. 9 above. 
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ad no. 17: 'the back of the lion.' The Hebrew is a literal translation of the Arabic oahr 
al-asad, which is one of the astrolabe stars listed by al-~iifi (Kunitzsch, 1990, p. 159, 
no. 27). The longitude of this star according to the Almagest (Toomer, p. 367) is 14;20 
in Leo; adding Ibn Ezra's correction of 15;8 for the precession (Goldstein, 1985, 
p. 196), the star is indeed 'at the end of the sign' in 1148. The latitude agrees with 
that given by Ptolemy. 

ad no. 19: The only star in the Almagest which matches the coordinates given for this 
star is 'the most advanced of the southern outrunners of Coma' (no. 33 in the 
constellation of Leo; Toomer, p. 368): Ptolemy's longitude, 24;20, is almost the same 
as no. 18 on our list, and his latitude of 25°N agrees perfectly with our table. 

ad no. 20: Although several lists include some stars 'between the Bear and the Lion', 
none of them fully matches the description ('dark') and coordinates given in our list. 
Ptolemy, Almagest, stars 33-35 in Leo (Toomer, p. 368), are faint stars which form a 
'nebulous mass' between the Bear and the Lion; when their longitudes are corrected 
for precession, they are 'after 11 degrees' in Virgo; but their latitudes are all much 
more northerly than the 3;40 exhibited for our two stars. See however, the commentary 
to the next entry. AI-BlriinI, TaJhfm (Wright, p. 272-273), writes: 'We know of no 
nebulous stars towards the hinder end of Leo except the tuft between his tail and the 
Great Bear known as al-dafirah, which is composed of small stars non-luminous, 
looking like a cloud shaped like an ivy-leaf, the 'hulbah' of the Arabs, or tuft of the 
lion's tail. Its northern latitude is twice as great as the south latitude of Haq'ah .. .'. 
In one of his unpublished tables (f. 81b in the Chicago ms.), Bar l:Iiyya lists three 
stars: 'the star between the legs of the Bear and the Lion' (long. Cnc 20;40, lat. 22 
N), 'the star above it' (long. Cnc 16;40, lat. 22;45 N), 'a third star ahead of them in 
longitude and latitude' (long. Cnc 15;40, lat. 20;20 N); all three are dark (aJel). 

ad no. 21: This should most probably be identified with Ptolemy's star no. 35 in Leo, 
'the rearmost of [the nebulous mass], shaped like an ivy leaf'; its latitude is 25;30 N. 
Toomer tentatively identifies the star as 23(k) Com. 

ad no. 22: IE 9, longitude rounded up from 11;48. IE's latitude is inexplicably given 
as 6 S, rather than 20°, as in Ptolemy. Our manuscript displays 2°, but the Hebrew 
letters beit (numerical value 2) and kaJ (numerical value 20) are often confused. 

ad no. 23: IE 10. The longitude has been rounded up from the Ptolemy's value, 
corrected for precession, which is 12;8; IE's value of 27;20 is inexplicable. See Goldstein, 
1985, pp. 193, 198. 

ad no. 24: The Almagest (Toomer, p. 347) describes CJ. CrB as the 'bright star in the 
crown'. Its longitude (Lib 14:40), when precessed by 15;8, would indeed be 'at the 
end of the sign'; and its latitude is given by the Almagest as 44;30 N, as in our table. 

ad no. 25: IE 33, longitude rounded down from 7;18. The identification of this star 
with ~ Lib, on the basis of its coordinates, is certain; however, the name, 'the horn 
of the scorpion', is unusual. Ptolemy (Toomer, p. 371), described it as the bright star 
on the tip of the northern claw of the Scorpion. In the list of Ibn al-Kammad 
(Goldstein and Chablis, pp. 320-321), it is called ha-kaJ ha-~eJonit, 'the northern hand 
[i.e. claw]'. (Note further that Ibn al-Kammad associates this star with Saturn and 
Mars. We have not systematically compared the temperaments in our list with those 
found in the others.) Ibn Ezra's name for this star, ha-me'u~~ar ('the one behind'), 
follows the list of al-Zarqal (cf. Goldstein, 1985, p. 199.) 

ad no. 26: 'the leg of the beast'. This latitude and magnitude are identical to the values 
displayed in the Almagest (Toomer, p. 395), which describes this as 'the star on the 
end of the right front leg' of the Centaur. However, the longitude displayed in our 
table is wrong. Ptolemy's value is Sco 8;20; corrected for precession, and rounded off, 
the longitude should be Sco 23 or 24. 
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ad no. 28: 'the tail of the scorpion'. The coordinates (corrected for precession) match 
those given by the Almagest, which describes this as 'the nebulous star to the rear of 
the sting' of the Scorpion (Toomer, p. 373; see esp. n. 8 regarding the modern 
designation). This star is no. 24 in the table of Kushyar (Yano, p. xxiv), who also 
describes it as nebulous. 

ad no. 29: 'the arrow'. I am fairly certain about the identification of this star, even 
though the coordinates are inexact. Ptolemy (Toomer, p. 373), lists the longitude as 
Sgr 4;30 and the latitude as 6;30 S. Corrected for precession, the longitude in our 
table should be Sgr 19 or 20. Note that this star is included in one of Bar I:Iiyya's 
unpublished lists (ms. Chicago, f. 82a). As in the Almagest, it is called the star on the 
tip of the arrow, and its coordinates are given as Sgr 19 and 6;20 S. In addition, Bar 
I:Iiyya describes it as nebulous; Ptolemy assigned it magnitude 3. AI-BIrunT (Wright, 
p. 272) also lists this star as one of the four 'really nebulous' stars. 

ad no. 30: 'the eye of the archer'. The coordinates (corrected for precession) match 
perfectly those of the Almagest (Toomer, p. 373); note, however, that Ptolemy explicitly 
states that this is a double star. 

ad no. 32: IE 25, which displays longitude 18;1. Ptolemy's corrected longitude is 18;58 
(Goldstein, 1985, pp. 195, 198). It seems more likely that the value has been rounded 
up from the correct value. 

ad no. 33: It is nearly impossible to identify these stars. Bar I;Iiyya (ms. Chicago, f. 
83a) has an entry for 'the dark (afelot) degrees of Capricorn'; he too places them 
between 7 and 13 degrees, but notes as well an alternative opinion that they span the 
arc from 1 through 13 degrees of the sign. 

ad no. 35: IE 26, longitude rounded up from 24;18. Both Bar I;Iiyya (Goldstein, 1985, 
p. 188) and Ibn Ezra call this star in Hebrew zanav ha-tarnegolet, 'the tail of the hen'; 
this is a literal translation of the Arabic appellation, dhanab al-dajaja, which is cited 
by Ibn Ezra, but not by Bar I:Iiyya, who displays ai-rid! Kushyar (Yano, p. xxiv, no. 
29) exhibits both Arabic appellations. 

ad no. 36: Ptolemy (Toomer, p. 358) lists these four 'faint stars' in the constellation of 
Equuleus. Their longitudes range from 26;20-27;40 in Capricorn; corrected for preces
sion and rounded off, these values become 12-14 in Aquarius. 

ad no. 37: IE 28, longitude rounded up from 17;18. As noted above, our author adds, 
'Perhaps it is 'the heart of the fish' which Ibn Ezra listed among the fatal [stars; ha
meimitim]; aI-KindT also designated it as such.' The 'heart of the fish' (~ And) is the 
star immediately preceding on Ibn Ezra's list (IE 27). Its coordinates are given as Ari 
9 and 26;20 N; in other words, it is separated by some 21 0 of longitude, and lies some 
5° to the north of ~ Peg. 

What, then, is the source of our author's complexity? Was he scanning the 
skies in search of astrologically significant stars, and, unsure of his capability 
or instruments, allowing himself a wide margin of error? I do not know where 
Ibn Ezra or al-KindI listed the fatal stars; Kushyar indicates which stars are 
fatal (qii!i', translated by Yano. p. xxiii, as 'cutter'), but ~ And does not appear 
on his list at all. 
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NOTES 

1 The Aggadah is the non-legal part of the Talmud 
2 Arabic Dalalat al-lja'irfn; Hebrew Moreh ha-Nevukhim. 
3 In the Talmud and other early texts, mazal (mazalot in the plural) often means 'star' or 'planet'; 
but in later medieval texts, it almost exclusively refers to the twelve zodiacal constellations. 
4 See the detailed presentation in the (unsigned) article, 'Bein ha-shemashot: Talmudic 
Encyclopaedia, vol. 3 (Jerusalem: Talmudic Encyclopedia Institute, 1951), pp. 122-129 [in Hebrew]. 
5 In the period before the spread of printing, and for some time after, books were copied by hand, 
and the number of surviving manuscripts is a useful gauge of a book's popularity and diffusion. 
6 I hope to publish a detailed account of this and other scientific writings of the period which 
survive in unique man uscript copies in the first issue of Aleph, a new journal devoted to the 
interactions of Judaism and the sciences. 
7 The value for minutes is unclear in the manuscript. 
8 Ibn Ezra's glosses are included as notes to the edition and translation of Millas Vallicrosa (1959). 
9 I thank Professor Goldstein for this reference. 
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MATHEMATICAL ASTRONOMY IN ISLAMIC CIVILISATION 

From the ninth century to the fifteenth, Muslim scholars excelled in every 
branch of scientific knowledge; their contributions in astronomy and mathemat
ics are particularly impressive. Even though there are an estimated 10,000 
Islamic astronomical manuscripts and close to 1,000 Islamic astronomical 
instruments preserved in libraries and museums around the world, and even if 
all of them were properly catalogued and indexed, the picture that we could 
reconstruct of Islamic astronomy, especially for the eighth, ninth, and tenth 
centuries, would be quite deficient. For most of the available manuscripts and 
instruments date from the later period of Islamic astronomy, from the fifteenth 
to the nineteenth centuries, and although some of these are based or modelled 
on earlier works, many of the early works are extant in unique copies and 
others have been lost almost without trace; we know only of their titles. The 
thirteenth-century Syrian scientific biographer Ibn al-Qif!i relates that the 
eleventh-century Egyptian astronomer Ibn al-Sanbadi heard that the manu
scripts in the library in Cairo were being catalogued and so he went to have a 
look at the works relating to his field. He found 6,500 manuscripts relating to 
astronomy, mathematics, and philosophy. Not one of these survives amongst 
the 2,500 scientific manuscripts preserved in Cairo today. 

The surviving manuscripts thus constitute but a small fraction of those that 
were actually copied; nevertheless they preserve a substantial part of the Islamic 
scientific heritage, certainly enough of it for us to judge its level of sophistication. 
Only in the past few decades has the scope of the activity and achievements of 
Muslim scientists become apparent, and the days are long past when they were 
regarded merely as transmitters of superior ancient knowledge to ignorant but 
eager Europeans. Islamic astronomy is to be viewed on its own terms: there is 
no need to apologise for using the expression 'Islamic astronomy'. Within a 
few decades of the death of the Prophet MulJammad in the year 632, the 
Muslims had established a commonwealth stretching from Spain to Central 
Asia and India. They brought with them their own folk astronomy, which was 
then mingled with local traditions, and they discovered the mathematical 
traditions of the Indians, Persians, and Greeks, which they mastered and 
adapted to their needs. Early Islamic astronomy was thus a potpourri of pre-
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Islamic Arabian star lore and Indian, Persian, and Hellenistic astronomy, but 
by the tenth century Islamic astronomy had acquired very distinctive character
istics of its own. A. I. Sabra labels this process 'appropriation and naturaliza
tion'. The fact that a small part of the available material, mainly Greek and 
Indian material in Arabic garb, was indeed transmitted to Europe is to be 
viewed as an accident of Islamic history. And it is one of the ironies of Islamic 
history that by the seventeenth century it was the Muslims who were learning 
science from visitors from Europe, recently blessed by a Renaissance oflearning, 
although mainstream traditional Islamic astronomy continued virtually unin
fluenced by Western ideas until the nineteenth century. 

Astronomy flourished in Islamic society on two different levels: folk astron
omy, devoid of theory and based solely on what one could see in the sky, and 
mathematical astronomy, involving systematic observations and mathematical 
calculations and predictions. Folk astronomy was favoured by the scholars of 
the sacred law (fuqaha'), not least because of various religious obligations that 
demanded a basic knowledge of the subject; these legal scholars generally had 
no time (or need) for mathematical astronomy. That discipline was fostered by 
a select group of scholars, most of whose activities and pronouncements were, 
except in the case of astrological predictions, of little interest to society at large. 
The astronomers also played their part in applying their discipline to certain 
aspects of Islamic religious practice. 

It was not Islam that encouraged the development of astronomy but the 
richness of Islamic society, a highly literate, tolerant, multi-racial society with 
a predominant cultural language, Arabic. But neither did Islam, the religion, 
stand in the way of scientific progress. The Prophet Mul:mmmad is reported 
to have said: 'Seek knowledge, even as far as China'. To be sure, over-zealous 
orthodox rulers occasionally pursued, killed, or otherwise attacked 'scientists' 
or destroyed or burnt their libraries, but these were exceptions. The scholars 
of the religious law, who saw themselves as the representatives of Islam, 
generally ignored the pronouncements of the scientists, even on matters relating 
to religious practice. Astronomy was the most important of the Islamic sciences, 
as we can judge by the volume of the associated textual tradition, but a 
discussion of it in the broader context of the various branches of knowledge is 
beyond the scope of this essay. 

ARAB STARLORE 

The Arabs of the Arabian peninsula before Islam possessed a simple yet 
developed astronomical folklore of a practical nature. For the Bedouin of the 
desert this involved a knowledge of the risings and settings of the stars, 
associated in particular with the acronychal settings of groups of stars and 
simultaneous heliacal risings of others, which marked the beginning of periods 
called naw', plural anwii'. These anwii' eventually became associated with the 
28 lunar mansions, a concept apparently of Indian origin. A knowledge of the 
passage ofthe sun through the twelve signs of the zodiac, associated meteorolog
ical and agricultural phenomena, the phases of the moon, as well as simple 
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time-reckoning using shadows by day and the lunar mansions by night, formed 
the basis of later Islamic folk astronomy. 

More than twenty compilations on the pre-Islamic Arabian knowledge of 
celestial and meteorological phenomena as found in the earliest Arabic sources 
of folklore, poetry, and literature, are known to have been compiled during the 
first four centuries of Islam. The best known is that of Ibn Qutayba, written 
in Baghdad about the year 860. Almanacs enumerating agricultural, meteoro
logical, and astronomical events of significance to local farmers were also 
compiled; several examples of these survive from the medieval Islamic period, 
one such being for Cordoba in the year 961. The Yemen possessed a particularly 
rich tradition of folk astronomy, and numerous almanacs were compiled there. 

Since the sun, moon, and stars are mentioned in the Quran, an extensive 
literature dealing with what may well be labeled Islamic folk cosmology arose. 
This was inevitably unrelated to the more scientific Islamic tradition based 
first on Indian sources and then predominantly on Greek ones. Since it is also 
stated in the Quran that man should use these celestial bodies to guide himself, 
the scholars of the religious law occupied themselves with folk astronomy. For 
a detailed study, see the essay 'Islamic Folk Astronomy' by Daniel M. Varisco 
in this volume. 

PERSIAN AND INDIAN SOURCES 

The earliest astronomical texts in Arabic seem to have been written in Sind 
and Afghanistan, areas already conquered by the Muslims in the seventh 
century. Our knowledge of these early works is based entirely on citations from 
them in later works. They consisted of texts and tables and were labeled zlj 
after a Persian word meaning 'cord' or 'thread' and by extension 'the warp of 
a fabric', which the tables vaguely resemble. The Sasanian Shahriyiiriin ZTj in 
the version of Yazdigird III was translated from Pahlavi into Arabic as the 
Shah ZTj, and the astronomers of al-Man~ur chose an auspicious moment to 
found his new capital Baghdad using probably an earlier Pahlavi version of 
this zIj. The various horoscopes computed by Mashii'allah (Baghdad, ca. 800) 
in his astrological world history are based on it. 

Significant for the subsequent influence of Indian astronomy in the Islamic 
tradition was the arrival of an embassy sent to the court of the Caliph al-Man~ur 
from Sind ca. 772. This embassy included an Indian well versed in astronomy 
and bearing a Sanskrit astronomical text apparently entitled the Miihasiddhiinta 
and based partly on the Briihrnasphu!asiddhiinta. The Caliph ordered al-Fazarl 
to translate this text into Arabic with the help of the Indian. The resulting Zlj 
al-Sindhind al-kabfr was the basis of a series of zIjes by such astronomers as 
al-Fazarl, Ya'qub ibn Tariq, al-Khwarizmi, and others, all prepared in Iraq 
before the end of the tenth century. The Sindhind tradition flourished in 
Andalusia, mainly through the influence of the Zlj of al-Khwarizmi (see below). 
As a result, the influence of Indian astronomy is attested from Morocco to 
England in the late Middle Ages. 
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GREEK SOURCES 

The Almagest of Ptolemy (Alexandria, ca. 125) was translated at least five times 
in the late eighth and ninth centuries. The first was a translation into Syriac 
and the others were into Arabic, the first two under al-Ma'mun in the middle 
of the first half of the ninth century, and the other two (the second being an 
improvement of the first) towards the end of that century. All of these were 
still available in the twelfth century, when they were used by Ibn al-~ala1i for 
his critique of Ptolemy's star catalogue. The translations gave rise to a series 
of commentaries on the whole text or parts of it, many of them critical, and 
one, by Ibn al-Haytham (ca. 1025), actually entitled al-Shukiik fi Bat'amiyiis 
(Doubts about Ptolemy). The most commonly-used version in the later period 
was the recension of the late ninth century version prepared by the polymath 
Na~Ir aI-DIn al-Tusl in the mid-thirteenth century. Various other works by 
Ptolemy, notably the Planetary Hypotheses and the Planisphaerium, and other 
Greek works, including the short treatises by Autolycos, Aristarchos, Hypsicles, 
and Theodosios, and works on the construction known as the analemma for 
reducing problems in three dimensions to a plane, were also translated into 
Arabic; most of these too were later edited by al-Tust. In this way Greek 
planetary models, uranometry, and mathematical methods came to the atten
tion of the Muslims. Their redactions of the Almagest not only reformulated 
and paraphrased its contents but also corrected,. completed, criticized, and 
brought the contents up to date both theoretically and practically. 

THEORETICAL ASTRONOMY 

The geometrical structure of the universe conceived by Muslim astronomers 
of the early Islamic period (ca. 800-1050) is more or less that expounded in 
Ptolemy's Almagest, with the system of eight spheres being regarded essentially 
as mathematical models. However, in Ptolemy'S Planetary Hypotheses these 
models are already taken as representing physical reality; this text also became 
available in Arabic. Several early Muslim scholars wrote on the sizes and 
relative distances of the planets, and one who proposed a physical model for 
the universe was Ibn al-Haytham (Cairo, ca. 1025). In order to separate the 
two motions of the eighth sphere, the motion of the fixed stars due to the 
precession of the equinoxes, and the motion of the fixed stars due to the 
apparent daily rotation, he proposed a ninth sphere to impress the apparent 
daily rotation on the others. 

Of considerable historical interest are various Arabic treatises on the notion 
of the trepidation of the equinoxes. This theory, developed from Greek sources, 
found followers who believed that it corresponded better to the observed 
phenomena than a simple theory of uniform precession. The mathematical 
models proposed were complex and have only recently been studied properly 
(notably those of Pseudo-Thabit (date unknown) and Ibn al-Zarqallu 
(Andalusia, ca. 1070), who seems to have relied on his predecessor ~a(id 
al-AndalusI). The theory of trepidation continued to occupy certain Muslim 
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scholars (in the late period mainly in the Maghreb), as it did European scholars 
well into the Renaissance. 

Other significant Islamic modifications to Ptolemaic planetary models, 
devised to overcome the philosophical objections to the notion of an equant 
and the problem of the variation in lunar distance inherent in Ptolemy's lunar 
model, belong to the later period of Islamic astronomy. There were two main 
schools, one of which reached its fullest expression in Maragha in north western 
Iran in the thirteenth century (notably with al-Tusl and his colleagues) and 
Damascus in the fourteenth (with Ibn al-Shatir), and the other developed in 
Andalusia in the late twelfth century (with al-Bitruji). The latter tradition was 
doomed from the outset by a slavish adherence to (false) Aristotelian tenets 
and mathematical incompetence. The former was based on sophisticated modi
fications to Ptolemy's models, partly inspired by new observations; Ptolemy 
himself would have been impressed by it, as have been modern investigators, 
for the tradition has been rediscovered and studied only in the latter half of 
this century. In the 1950s E. S. Kennedy discovered that the solar, lunar, and 
planetary models proposed by Ibn al-Shatir in his book Nihiiyat al-su'/ (The 
Final Quest Concerning the Rectification of Principles) were different from 
those of Ptolemy; indeed they were mathematically identical to those of 
Copernicus some 150 years later. In this work Ibn al-Shatir laid down the 
details of what he considered to be a true theoretical formulation of a set of 
planetary models describing planetary motions and actually intended as alter
natives to the Ptolemaic models. He maintained the geocentric system, whereas 
Copernicus proposed a hypothesis, which he was unable to prove, that the sun 
was at the center of things. Nevertheless this important discovery raised the 
interesting question whether Copernicus might have known of the works of 
the Damascene astronomer. Since the 1950s we have progressed to a new stage 
of inquiry: we now know that there was a succession of Muslim astronomers 
from the eleventh century to the sixteenth who concerned themselves with 
models different from those of Ptolemy, all designed to overcome what were 
seen as flaws in them. The question we may now ask is: was Copernicus 
influenced by any of these Muslim works? The answer is unsatisfactory, namely, 
that he must have been; definitive proof is, however, still lacking. At least in 
Iran highly-sophisticated works on planetary theory were still being read and 
discussed in the seventeenth century. 

MATHEMATICAL ASTRONOMY: THE TRADITION OF THE ZIJES 

The Islamic zijes constitute an important category of astronomical literature 
for the historian of science, by virtue of the diversity of the topics dealt with 
and the information that can be obtained from the tables. In 1956 E. S. Kennedy 
published a survey of about 125 Islamic zIjes. We now know of close to 200, 
and material is available for a revised version of Kennedy's zIj survey. To be 
sure, many of these works are lost, and many of the extant ones are derived 
from other zijes by modification, borrowing, or outright plagiarism. 
Nevertheless, there are enough zIjes available in manuscript form to reconstruct 
a reasonably accurate picture of Muslim activity in this field. 
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Most zIjes consist of several hundred pages of text and tables; the treatment 
of the material presented may vary considerably from one zIj to another. The 
following topics are handled in a typical zIj: 

(1) chronology 
(2) trigonometry 
(3) spherical astronomy 
(4) solar, lunar, and planetary mean motions 
(5) solar, lunar, and planetary equations 
(6) lunar and planetary latitudes 
(7) planetary stations 
( 8) parallax 
(9) solar and lunar eclipses 

(10) lunar and planetary visibility 
(11) mathematical geography (lists of cities with geographical coordinates), 

determination of the direction of Mecca 
(12) uranometry (tables of fixed stars with coordinates) 
(13) mathematical astrology. 

As noted above, by the eighth century a number of Arabic zIjes had been 
compiled in India and Afghanistan. These earliest examples, based on Indian 
and Sasanian works, are lost, as are the earliest examples compiled at Baghdad 
in the eighth century. With the zIjes compiled in Baghdad and Damascus in 
the early ninth century under the patronage of the Caliph al-Ma'miin we are 
on somewhat firmer ground. These follow either the tradition of Ptolemy's 
Almagest and Handy Tables or the Indian tradition. Manuscripts exist of the 
Mumtahan Zfj of Yahya ibn AbI Man~ur and the Damascus Zfj of J:Iabash, 
each of which was based on essentially Ptolemaic theory rather than Indian. 
The Zfj of al-KhwarizmI, based mainly on the Persian and Indian traditions, 
has survived only in a Latin translation of an Andalusian recension. Amongst 
the most important and influential later works of this genre are: the $iibi' Zfj 
of al-BattanI of Raqqa, ca. 910; the ijiikimf Zfj oflbn Yunus, compiled in Cairo 
at the end of the tenth century; the zIj called al-Qiinun al-Mascudf by al-BIrunI, 
compiled in Ghazna about 1025; the Zfj of Ibn IsQ.aq, compiled in Tunis, ca. 
1195; the [['khanf Zfj of Na~Ir aI-DIn al-TusI, prepared in Maragha in north 
western Persia in the mid-thirteenth century; and the Sultiinf Zfj of Ulugh Beg 
from early-fifteenth-century Samarqand. 

Although the zIjes are amongst the most important sources for our knowledge 
of Islamic mathematical astronomy, it is important to observe that they gen
erally contain extensive tables and explanatory text relating to mathematical 
astrology as well. Islamic astrological texts form an independent corpus of 
literature, mainly untouched by modern scholarship. Often highly sophisticated 
mathematical procedures are involved. It should also be pointed out that in 
spite of the fact that astrology was anathema to Muslim orthodoxy, it has 
always been (and still is) widely practiced in Islamic society. 

All early Islamic astronomical tables have entries written in Arabic alphanu
merical notation (abjad) and expressed sexagesimally, that is, to base 60. A 
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number written in letters equivalent to '23 30 17 seconds' (Ulugh Beg's value 
for the obliquity) stands for 23 + ~ + 3~~ degrees, that is, 23° 30' 17". In sexages
imal arithmetic, more so than in decimal arithmetic, it is useful to have a 
multiplication table at hand, and such tables, with 3,600 or even 216,000 entries, 
were available. 

Already in the early ninth century Muslim astronomers had restyled the 
cumbersome Indian sine function using the Greek base 60 (which the Greeks 
had used for their even more cumbersome chord function). Likewise the Indian 
shadow functions, unknown in Greek astronomy, were adopted with different 
bases (12, 6, 6~, ~ and 7, and also 60, and occasionally 1). Most zIjes contain 
tables of the sine and (co)tangent function for each whole, or half, or quarter 
degree of arc. Entries are generally given to three sexagesimal digits, correspond
ing roughly to five decimal digits. But certain Muslim scholars compiled more 
extensive sets of trigonometric tables that were not included in zIjes. In the 
early tenth century al-SamarqandI prepared a set of tables of the tangent 
function with entries to three sexagesimal digits for each minute of arc. Later 
in the same century Ibn Yilnus tabulated the sine function to five sexagesimal 
digits, equivalent to about nine decimal digits, for each minute of are, also 
giving the differences for each second. He also tabulated the tangent function 
for each minute of are, and the solar declination for each minute of solar 
longitude. His trigonometric tables were not sufficiently accurate to warrant 
this number of significant figures, and indeed over four centuries were to elapse 
before the compilation in Samarqand of the magnificent trigonometric tables 
in the Sultiinf Zfj of Ulugh Beg, which display the values of the sine and tangent 
to five sexagesimal digits for each minute of argument and are generally 
accurate in the last digit. 

Planetary tables and ephemerides 

Given the Ptolemaic models and tables of the mean motion and equations of 
the sun, moon, and planets such as were available to Muslim astronomers in 
the Almagest and Handy Tables, or the corresponding tables based on Indian 
models that exemplify the Sindhind tradition, Muslim astronomers from the 
ninth to the sixteenth century sought to improve the numerical parameters on 
which these tables were based. Most of the leading Muslim astronomers of the 
early period made solar observations and computed new solar equation tables. 
Ibn Yilnus is the only astronomer from the first four centuries of Islam known 
to have compiled a new set of lunar equation tables. The majority of Islamic 
planetary equation tables are Ptolemaic, and where exceptions do occur, such 
as in the tables of Ibn al-A (lam and Ibn Yilnus for Mercury, we find that they 
are based on a Sasanian parameter rather than on any new observations. 
Pending a new edition of Kennedy's survey of Islamic zIjes to include all 
available parameters as well as bio-bibliographical data and a reclassification 
of the 200-odd known Islamic zIjes into clearly defined families, it is better not 
to say more at this time. 

Ptolemy had used the same data as Hipparchus for his determination of the 
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solar apogee and hence obtained the same result. The Muslims inherited the 
notion that the solar apogee is fixed with respect to the fixed stars (although 
the planetary apogees move with the motion of precession), and it is to their 
credit that their earliest observations established that the solar apogee had 
moved about 15° since the time of Hipparchus. Most early Muslim astronomers 
accepted the MumtaQ.an value of 1 ° in 6~ Persian years (actually a parameter 
attested in earlier Persian sources) for both precession and the motion of the 
apogees. Ibn YOnus possessed all the necessary data that could be used to 
demonstrate that the motion of the solar apogee is not the same as the motion 
due to precession, but he chose to use the same value for both, 1 ° in 7O;i Persian 
years, which happens to be remarkably close to the actual rate of precession. 
AI-BIrOnI (Central Asia, ca. 1025) seems to have been the first to distinguish 
the proper motion of the solar apogee from the motion of precession (this 
discovery is sometimes erroneously attributed to al-Battan!). It was Ibn 
al-Zarqallu (Andalusia, ca. 1070) who was the first to assign a numerical value 
to both motions, although he also subscribed to the theory of trepidation. 

All Islamic zIjes contained tables of mean motions and equations for comput
ing solar, lunar, and planetary positions for a given time. Some of the equation 
tables are arranged in a form more convenient for the user (so that one simply 
has to enter the mean motions, and calculations are avoided). Auxiliary tables 
were sometimes available for generating ephemerides without the tedious com
putation of daily positions from mean motion and equation tables. From the 
ninth to the nineteenth century Muslim astronomers compiled ephemerides 
displaying solar, lunar, and planetary positions of each day of the year, as well 
as information on the new moons and astrological predictions resulting from 
the position of the moon relative to the planets. AI-BIrOnI described how to 
compile ephemerides in detail in his astronomical and astrological handbook 
al-Tajhfm fi ~inii(at al-tanjfm (Instruction in the Art of Astrology). Manuscripts 
of ephemerides had a high rate of attrition since the tables could be dispensed 
with at the end of the year; the earliest complete extant examples are from 
fourteenth-century Yemen. On the other hand, literally hundreds of ephemerides 
survive from the late Ottoman period. 

Stellar coordinates and uranography 

Most zIjes contain lists of stellar coordinates in either the ecliptic or the 
equatorial systems, or occasionally in both. A survey of the stellar coordinates 
in Islamic zIjes, which has not yet been conducted, would be a valuable 
contribution to the history of Islamic astronomy, and could help determine 
the extent to which original observations were made by Muslim astronomers. 
An impressive amount of research on Arabic star names and their later influence 
in Europe has been conducted in the last few years by Paul Kunitzsch. 

In his $uwar al-kawiikib (Book oj Constellation Figures) the tenth-century 
Shiraz astronomer al-~Ofi presented lists of stellar coordinates as well as 
illustrations of the constellation figures from the Hellenistic tradition and also 
information on the lunar mansions following the Arab tradition. Later Islamic 
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works on uranography are mostly restricted to Persian and Turkish translations 
of al-~Ufi, although some astrological works also contain illustrations of the 
constellations that have recently attracted the attention of historians of 
Islamic art. 

Spherical astronomy and spherical trigonometry 

Most zijes contain in their introductory text the solutions of the standard 
problems of spherical astronomy, such as, to give only one example, the 
determination of time from solar and stellar altitude. Rarely is any explanation 
given of how the formulae outlined in words in the text were derived. There 
were two main traditions. In the first, the problems relating to the celestial 
sphere are reduced to geometric or trigonometric problems on a plane. Tlie 
construction known as the analemma was a singularly powerful tool for solu
tions of this kind. In the second, the problems are solved by applications of 
rules of spherical trigonometry. Both techniques are ultimately of Greek origin, 
and Muslim scholars made substantial contributions to each. 

There is some confusion about these contributions in the modern literature. 
It has been assumed by modern writers that when a medieval writer used a 
medieval formula that is mathematically equivalent to the modern formula 
derived by a specific rule of spherical trigonometry, the medieval scholar must 
have known the equivalent of the modern rule of spherical trigonometry. In 
fact, however, the medieval formula may have been derived without using 
spherical trigonometry at all. The first known Islamic treatise dealing with 
spherical trigonometry independently from astronomy is by the eleventh-cen
tury Andalusian Ibn Mu(adh. The contributions to spherical astronomy by 
such scholars such as Thabit ibn Qurra, al-Nayrizi, Abu' I-Waia' al-Buzajani, 
al-Khujandi, Kushyar ibn Labban, al-Sijzl, Abu Na~r, are outlined in the 
MaqiilTdfl 'ilm al-hay'a (Keys to Astronomy) of al-Biruni, also from the elev
enth century. 

Already in the work of l:Iabash in the mid-ninth century we find a Muslim 
astronomer at ease with both spherical trigonometrical methods and analemma 
constructions for solving problems of spherical astronomy. In the zjjes of 
scholars of the calibre of Ibn Yunus and al-Blruni we find various methods for 
solving all of the standard problems of medieval spherical astronomy. The 
auxiliary trigonometric tables compiled by such scholars as l:Iabash, Abu Na~r 
(Khwarizm, ca. 1000), and al-KhalTIi (Damascus, ca. 1360) for solving all of 
the problems of spherical astronomy for any latitude are a remarkable testi
mony to their mastery of the subject. 

APPLICATIONS OF ASTRONOMY TO ASPECTS OF RELIGIOUS PRACTICE 

In Islam, the performance of various aspects of religious ritual has been assisted 
by scientific procedures. The organization of the lunar calendar, the regulation 
of the astronomically defined times of prayer, and the determination of the 
sacred direction towards the Kaaba in Mecca are topics of traditional Islamic 
science still of concern to Muslims today, and each has a history going back 
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close to fourteen hundred years. But the techniques advocated by the scientists 
of medieval Islam on the one hand and by the scholars of religious law on the 
other, were quite different, and our present knowledge of them is based mainly 
on research conducted during the past twenty years on one small fraction of 
the vast literary heritage of the Muslim peoples. To understand Muslim activity 
in this domain we must realize that there were two main traditions of astronomy 
in the Islamic Near East, folk astronomy and mathematical astronomy. 

The regulation of the lunar calendar 

The Islamic calendar is strictly lunar. The beginnings and ends of the lunar 
months, in particular of the holy month of Ramadan, and various festivals 
throughout the twelve-month 'year', are regulated by the first appearance of 
the lunar crescent. Since twelve lunar months add up to about 354 days, the 
twelve-month-cycles of the Islamic calendar occur some eleven days earlier 
each year, and the individual months move forward through the seasons. 

For scholars of the sacred law, the month began with the first sighting of 
the crescent moon. This observation is a relatively simple affair, provided that 
one knows roughly where and when to look and the western sky is clear. 
Witnesses with exceptional eyesight were sent to locations that offered a clear 
view of the western horizon, and their sighting of the crescent determined the 
beginning of the month; otherwise they would repeat the process the next day. 
If the sky was cloudy, the calendar would be regulated by assuming a fixed 
number of days for the month just completed. Also, the crescent might be seen 
in one locality and not in another. Unfortunately the historical sources contain 
very little information on the actual practice of regulating the calendar. 

Medieval astronomers, on the other hand, knew that the determination of 
the possibility of sighting on a given day was a complicated mathematical 
problem, involving knowledge of the positions of the sun and moon relative 
to each other and to the local horizon. The crescent will be seen after sunset 
on a given evening at the beginning of a lunar month if it is far enough away 
from the sun, and if it is high enough above the horizon not to be overpowered 
by the background sky glow. Conditions required to assure crescent visibility 
on most occasions can be determined by observations, but the formulation of 
a definitive set of conditions has defied even modern astronomers. The positions 
of the sun and moon must be investigated to see whether the assumed visibility 
conditions are satisfied, but, even if they are, the most ardent astronomer can 
be denied the excitement of sighting the crescent at the predicted time if clouds 
or haze on the western horizon restrict his view. 

The earliest Muslim astronomers adopted a lunar visibility condition which 
they found in Indian sources. It was necessary to calculate the positions of the 
sun and moon from tables and then to calculate the difference in setting times 
over the local horizon. If the latter was 48 minutes or more, the crescent would 
be seen; if it was less, the crescent would not be seen. In the early ninth century 
the astronomer al-KhwarizmI compiled a table showing the minimum distances 
between the sun and moon (measured on the ecliptic) to ensure crescent 
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visibility throughout the year, based on this condition and computed specifically 
for the latitude of Baghdad. During the following centuries Muslim astronomers 
not only derived far more complicated conditions for visibility determinations 
but also compiled highly sophisticated tables to facilitate their computations. 
Some of the leading Muslim astronomers proposed conditions involving three 
different quantities, such as the apparent angular separation of the sun and 
moon, the difference in their setting times over the local horizon, and the 
apparent lunar velocity. Annual ephemerides or almanacs, that is, tables dis
playing the positions of the sun, moon and five naked-eye planets for each day 
of a given year, usually gave information about the possibility of sighting at 
the beginning of each month. Sometimes the calculations were reproduced and 
a prediction was made for the evening of the first day of the civil calendar: the 
crescent will be seen clearly, it will be seen faintly, it will be seen with difficulty, 
it will not be seen. Alas our sources contain no indication whether these 
predictions conformed with what was actually observed, but we may be confi
dent that the astronomers were usually right. 

All of this activity regarding the regulation of the calendar took place on a 
local level. The crescent might not be sighted on a given evening in India but 
might be sighted on the same evening in the Maghreb. Then Ramadan would 
have been celebrated with a day's difference in the two places. Nowadays with 
the globalisation of the Muslim community this is regarded as problematic, 
and some standardisation is called for. A certain amount of confusion reigns 
each year at the beginning and end of Ramadan, but not as the fault of the 
moon, but rather as a result of the unwillingness of the religious authorities to 
listen to the astronomers. One proposal, not yet generally adopted, is that a 
universal Muslim calendar should be regulated by visibility at Mecca. 

The regulation of the five daily prayers 

The times of the five daily prayers in Islam are defined in terms of astronomical 
phenomena dependent upon the position of the sun in the sky. More specifically, 
the times of daylight prayers are defined in terms of shadows, and those of 
night prayers in terms of twilight phenomena. They therefore vary with ter
restrial latitude, and unless measured with respect to a local meridian, also 
with terrestrial longitude. 

Because the months begin when the new moon is seen for the first time 
shortly after sunset, the Islamic day is considered to begin at sunset. Each of 
the five prayers may be performed during a specified interval of time, and the 
earlier during the interval the prayer is performed, the better. The day begins 
with the maghrib or sunset prayer. The second prayer is the 'ishii' or evening 
prayer, which begins at nightfall. The third is the fajr or dawn prayer, which 
begins at daybreak. The fourth is the ?uhr or noon prayer, which begins shortly 
after astronomical midday when the sun has crossed the meridian. The fifth is 
the (a~r or afternoon prayer, which begins when the shadow of any object has 
increased beyond its midday minimum by an amount equal to the length of 
the object casting the shadow. In some medieval circles, the ?uhr prayer began 
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when the shadow increase was one-quarter of the length of the object, and the 
ca~r prayer continued until the shadow increase was twice the length of the 
object. These specific definitions for the ?uhr and the ca~r are found neither in 
the Quran nor in the hadfth or sayings attributed to the Prophet Mul).ammad, 
and they provide the clue to the origin of the institution of prayer in Islam. 

In the first few decades of Islam, the times of prayer were regulated by 
observation of shadow lengths by day and of twilight phenomena in the evening 
and early morning. Precisely how either the daylight or the nighttime prayers 
were regulated is unfortunately not clear from the available historical sources. 
Muezzins who performed the call to prayer from the minarets of mosques were 
chosen for their piety and the excellence of their voices, but their technical 
knowledge was limited to the basics of folk astronomy. 

On the other hand, the determination of the precise moments (expressed in 
hours and minutes, local time) when the prayers should begin, according to 
the standard definitions, required complicated mathematical procedures in 
spherical astronomy, that is, the study of problems associated with the apparent 
daily rotation of the celestial sphere. Accurate as well as approximate formulae 
for reckoning time of day or night from solar or stellar altitudes were available 
to Muslim scholars from Indian sources and these were improved and simplified 
by Muslim astronomers. Certain individual astronomers from the ninth century 
onwards applied themselves to the calculation of tables for facilitating the 
determination of the prayer times. The earliest known prayer tables were 
prepared by al-KhwarizmI for the latitude of Baghdad. The first tables for 
finding the time of day from the solar altitude or the time of night from the 
altitudes of certain prominent fixed stars appeared in Baghdad in the ninth 
and tenth centuries. The extent to which these tables deriving from mathemati
cal procedures were used before the thirteenth century is unknown. The earliest 
examples are contained in technical works which must have had fairly limited 
circulation; the muezzins certainly had no need of them. Only a professional 
astronomer could use the tables, together with some kind of observational 
instrument for measuring the sun's altitude and reckoning the passage of time. 

It was not until the thirteenth century that the institution of the muwaqqit 
appeared in mosques and madrasas (schools). These professional astronomers 
associated with a religious institution not only regulated the prayer times, but 
constructed instruments, wrote treatises on spherical astronomy, and gave 
instruction to students. In thirteenth-century Cairo, new tables were available, 
and these set the tone for astronomical timekeeping all over the Islamic world 
in the centuries that followed. In medieval Cairo there was a corpus of some 
200 pages of tables available for timekeeping by the sun and for regulating the 
times of prayer; in numerous copies the tables are associated with Ibn Yiinus. 

Impressive innovations in astronomical timekeeping were made in other 
medieval cities, especially Damascus, Tunis, and Taiz, although by the sixteenth 
century Istanbul had become the main center of this activity. Highly sophisti
cated tables of special trigonometric functions were compiled to solve problems 
of spherical astronomy for any latitude. Tables for finding the time of day from 
the solar altitude at any time of year were compiled for Cairo, as we have 
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mentioned, and also for Damascus, Tunis, Taiz, Jerusalem, Maragha, Mecca, 
Edirne, and Istanbul. In Cairo around the year 1300 Najm aI-Din al-Mi~rl 
produced a table for timekeeping both by the sun and any non-circumpolar 
star which would function for any latitude: his main table contains over four 
hundred thousand entries. Medieval tables for regulating the times of prayer 
have been found for a series of localities between Fez in Morocco and Yarkand 
in China. Such tables have a history spanning the millennium from the ninth 
century to the nineteenth. 

Astronomical tables for regulating the prayer times had to be used with 
instruments; only in this way could one ascertain that the time advocated in 
the table had actually arrived. The most popular of these instruments were the 
astrolabe and the quadrant. Hundreds of Islamic astrolabes and several dozen 
quadrants are preserved in the museums of the world, a small fraction of the 
instruments actually made by Muslim astronomers. An alternative means of 
regulating the daytime prayers was available to the Muslims in the form of the 
sundial. Many mosque sundials from the later period of Islamic astronomy 
survive to this day, though most are now non-functional. 

The determination of the sacred direction 

The Kaaba in Mecca was adopted as the focal point of the new religion since 
the Quran advocates prayer towards it. For Muslims it is a physical pointer to 
the presence of God. Thus since the early seventh century Muslims have 
faced the Sacred Kaaba during their prayers. Mosques are built with the prayer 
wall facing the Kaaba, the direction being indicated by a mi~riib or prayer niche. 
In addition, certain ritual acts such as reciting the Quran, announcing the call 
to prayer, and slaughtering animals for food, are to be performed facing the 
Kaaba. Muslim graves and tombs were laid out so that the body would lie on 
its side and face the Kaaba. (Modern burial practice is slightly different but 
still Mecca-oriented.) Thus the direction of the Kaaba, called qibla in Arabic 
and all other languages of the Islamic commonwealth, is of prime importance 
in the life of every Muslim. 

During the first two centuries of Islam, when mosques were being built from 
Andalusia to Central Asia, the Muslims had no truly scientific means of finding 
the qibla. Clearly they knew roughly the direction they had taken to reach 
wherever they were, and the direction of the road on which pilgrims left for 
Mecca could be, and, in some cases, actually was used as a qibla. But they also 
followed two basic procedures, observing tradition and developing a simple 
expedient. In the first case, some authorities observed that the Prophet 
Mu~ammad when he was in Medina (north of Mecca) had prayed due south, 
and they advocated the general adoption of this direction for the qibla. This 
explains why many early mosques from Andalusia to Central Asia face south. 
Other authorities said that the Quranic verse quoted above meant standing 
precisely so that one faced the Kaaba. Now the Muslims of Meccan origin 
knew that when they were standing in front of the walls or corners of the 
Kaaba they were facing directions specifically associated with the risings and 
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settings of the sun and certain fixed stars. The major axis of the rectangular 
base of the edifice is said to point towards the rising point of Canopus, and 
the minor axis is said to point towards summer sunrise and winter sunset. 
These assertions about the Kaaba's astronomical alignments, found in newly
discovered medieval sources, have been confirmed by modern measurements. 

In addition Arabic folklore associates the sides of the Kaaba with the winds 
and rain. These features and associations cast new light on the origin of the 
edifice, and in a sense confirm the Muslim legend that the Kaaba was built in 
the style of a celestial counterpart called al-bayt al-macmiir: indeed it seems to 
have been an architectural model of a pre-Islamic Arab cosmology in which 
astronomical and meteorological phenomena are represented. The religious 
association was achieved first by a number of statues of the gods of the pagan 
Arabs which were housed inside it. With the advent of Islam these were 
removed, and the edifice has for close to 1400 years served for Muslims as a 
physical focus of their worship. 

The corners of the Kaaba were associated even in pre-Islamic times with the 
four main regions of the surrounding world: Syria, Iraq, the Yemen, and 'the 
West'. Some Muslim authorities said that to face the Kaaba from Iraq, for 
example, one should stand in the same direction as if one were standing right 
in front of the northeastern wall of the Kaaba. Thus the first Muslims in Iraq 
built their mosques with the prayer walls towards winter sunset because they 
wanted the mosques to face the northeastern wall of the Kaaba. Likewise the 
first mosques in Egypt were built with their prayer walls facing winter sunrise 
so that the prayer wall was 'parallel' to the northwestern wall of the Kaaba. 
Inevitably there were differences of opinion, and different directions were 
favored by particular groups. Indeed, in each major region of the Islamic world, 
there was a whole palette of directions used for the qibla. Only rarely do the 
orientations of medieval mosques correspond to the qiblas derived by computa
tion. Recently some medieval texts have been identified which deal with the 
problem of the qibla in Andalusia, the Maghreb, Egypt, Iraq and Iran, and 
Central Asia. Their study has done much to clarify the orientation of mosques 
in these areas. In order that prayer in any reasonable direction be considered 
valid, some legal texts assert that while facing the actual direction of the Kaaba 
rayn) is optimal, facing the general direction of the Kaaba (jiha) is also legally 
acceptable. 

In various texts on folk astronomy, popular encyclopedias, and legal treatises, 
we find the notion of the world divided into sectors about the Kaaba, with the 
qibla in each sector having an astronomically-defined direction. Some twenty 
different schemes have been discovered recently in the manuscript sources, 
attesting to a sophisticated tradition of sacred geography in Islam. 

The earliest schemes of Islamic sacred geography date from the ninth century, 
but the main contributor to its development was a Yemeni legal scholar named 
Ibn Suraqa, who studied in Basra about the year 1000. Ibn Suraqa devised 
three different schemes of sacred geography, with the world arranged in 8, 11, 
and 12 sectors around the Kaaba. Each sector of the world faces a particular 
section of the perimeter of the Kaaba. Simpler versions of his 12-sector scheme 
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occur in such popular geographical works as the Taqwfm al-buldan of Yaqut 
aI-Rum! (ca. 1200) and the Athar al-bilad of al-Qazw!n! (ca. 1250) as well as 
the encyclopedia $ub~ al-a'sha of al-Qalqashand! (ca. 1400). From the fifteenth 
century to the nineteenth, we find a proliferation of schemes with different 
numbers of divisions between eight and 72 divisions of the world around 
the Kaaba. 

Muslim astronomers from the eighth century onwards concerned themselves 
with the determination of the qibla as a problem of mathematical geography. 
This activity involved the measurement of geographical coordinates and the 
computation of the direction of one locality from another by procedures of 
geometry or trigonometry. The qibla at any locality was defined as the direction 
of Mecca along the great circle on the terrestrial sphere. 

Muslims inherited the Greek tradition of mathematical geography, together 
with Ptolemy's lists of localities and their latitudes and longitudes. By the early 
ninth century observations were conducted in order to measure the coordinates 
of Mecca and Baghdad as accurately as was possible, with the express intention 
of computing the qibla at Baghdad. Indeed, the need to determine the qibla in 
different localities inspired much of the most sophisticated activity of the 
Muslim geographers (see below). 

Once the geographical data are available, a mathematical procedure is neces
sary to determine the qibla. The earliest Muslim astronomers who considered 
this problem developed a series of approximate solutions, all adequate for most 
practical purposes, but in the early ninth century, if not before, an accurate 
solution by solid trigonometry was formulated. The accurate formulae derived 
by the Muslim astronomers from the ninth century onwards are impressive, 
and are of course mathematically equivalent to the modern formula. Muslim 
astronomers also compiled a series of tables displaying the qibla for each degree 
of latitude and longitude difference from Mecca, based on both approximate 
and exact formulae, the first of these being prepared in Baghdad in the ninth 
century. 

Over the centuries, numerous Muslim scientists discussed the qibla problem, 
presenting solutions by spherical trigonometry, or reducing the three-dimen
sional situation to two dimensions and solving it by geometry or plane trigo
nometry. They also formulated solutions using calculating devices. But one of 
the finest medieval mathematical solutions to the qibla problem was reached 
in fourteenth-century Damascus: a table by aI-Khalil! displays the qibla for 
each degree of latitude from 10° to 56° and each degree of longitude from 1 ° 
to 60° east or west of Mecca, with entries correctly computed according to the 
accurate formula. This splendid table was not widely known in later Muslim 
scientific circles. The muwaqqits, or professional mosque astronomers, of later 
centuries wrote treatises about the determination of the qibla but did not 
mention this Syrian table. By the fourteenth century the correct values of the 
qibla of each major city had long been established (correct, that is, for the 
medieval coordinates used in the calculations). Simple qibla-indicators fitted 
with a magnetic compass and a gazetteer of localities and qiblas are known 
already from the thirteenth century and particularly in Iran in the eighteenth 
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and nineteenth centuries they were in widespread use. The modern variety 
represents a continuation of this tradition. 

Amongst the most important Muslim contributions to mathematical geogra
phy were various treatises by the early eleventh century scientist al-BlrfinI. Alas 
only two out of a dozen treatises by al-BlrfinI on this subject have survived; 
the rest are known only by their titles, and they clearly dealt with maps and 
with geographical coordinates. In one treatise that fortunately has survived, 
al-BlrfinI set out to determine for his patron the qibla at Ghazna (in what is 
now Afghanistan), first establishing the necessary geographical information and 
then calculating the qibla by different procedures. In the other surviving treatise 
the author deals with several cartographic mappings which were previously 
thought to have been first derived in Europe. We shall return below to one 
particularly impressive mapping which preserves direction and distance to a 
non-polar point. Although al-BlrfinI does not mention the use of such a 
mapping for Mecca-centred world maps there is some evidence that he was 
aware of such a mapping. 

The alignment of medieval mosques reflects the fact that the astronomers 
were not always consulted on their orientation. But now that we know from 
textual sources which directions were used as a qibla in each major locality, 
we can better not only understand the mosque orientations but also recognize 
numerous cities in the Islamic world that can be said to be qibla-oriented. In 
some, such as Taza in Morocco and Khiva in Central Asia, the orientation of 
the main mosque dominates the orientation of the entire city. In the case of 
Cairo various parts of the city and its suburbs are oriented in three different 
qiblas. The new Fatimid city of al-Qahira, founded in the tenth century, faces 
winter sunset, which was the qibla of the Companions of the Prophet who 
erected the first mosque in nearby Fustat some three centuries previously. The 
later Mamluk 'City of the Dead' faces the qibla of the astronomers. The 
predominant orientation of architecture in the suburb of al-Qarafa is towards 
the south, another popular qibla. The splendid Mamluk mosques and madras as 
built along the main thoroughfare of the old Fatimid city are aligned externally 
with the street plan, and internally with the qibla of the astronomers: one can 
observe the varying thickness of the walls when standing in front of the windows 
inside the mosque overlooking the street outside. This is an area of the history 
of urban development in the Islamic world which has only recently been studied 
for the first time, not least because, prior to the discovery of the textual evidence, 
it was by no means clear which directions were used as qiblas. Even if a qibla 
at variance from the true qibla was clearly popular, it was not known why. 
The first accurate longitude values of localities in the Islamic world became 
available only with the systematic scientific cartographic surveys of the eigh
teenth and nineteenth centuries. Thus most of the accurately-computed qiblas 
of the medieval astronomers could be judged as being in error by a few 
degrees anyway. 

The legal scholars of medieval Islam used methods for regulating the calendar 
and prayer times and for finding the sacred direction which were simple and 
adequate for practical purposes. Their ingenuity in coping with differences of 
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opinion never lost sight of the basic purpose of Quranic and Prophetic injunc
tions. Some of the greatest of the Muslim scientists dealt with the calendar, 
prayer times, and the qibla, and in these areas, as in others, their mathematical 
creativity and their quest for greater accuracy was impressive. In later centuries 
(after the thirteenth), competent astronomers were appointed to the staffs of 
major mosques in order to advise on these specific subjects. But the solutions 
developed by Muslim scientists were invariably too complicated for widespread 
application in the medieval milieu. Although the scholars of the sacred law 
and the scientists proposed different solutions for the same individual problem, 
there are few records of serious discord between the two groups in the medieval 
sources. The legal scholars criticized mathematical astronomy mainly insofar 
as it was used by some as the handmaiden of astrology, which was anathema 
to them. The scientists seldom spoke out against the simple procedures adopted 
by the legal scholars. 

OTHER APPLICATIONS OF SCIENCE TO DAILY LIFE 

The Islamic laws of inheritance, based on prescriptions in the Quran, are 
complicated, and their application involves some skill in arithmetic. Both legal 
scholars and certain mathematicians wrote on this subject, but only two or 
three simple works by legalists have been studied and until recently no research 
of consequence had been conducted on the numerous available sources. There 
is also a vast corpus of literature on weights, measures and arithmetical 
techniques. 

Muslims also developed geometric designs for the decoration of religious 
architecture and secular artefacts. The acceptability of such ornamentation is 
discussed by various legal scholars, but their writings have yet to be properly 
studied. Only two Muslim mathematicians are known to have included remarks 
on geometric design in their writings, a fact which confirms the suspicion that 
this was an art passed down amongst the practitioners. Recently a manuscript 
of an artisan's manual with guidelines for generating numerous patterns was 
discovered and has now been published. 

OBSERVATION PROGRAMS AND REGIONAL SCHOOLS OF ASTRONOMY 

al-Ma'miin's circle 

In the early ninth century the Abbasid Caliph al-Ma'mun patronized observa
tions first in Baghdad and then in Damascus, gathering the best available 
astronomers to conduct observations of the sun and moon. Some of the results 
were incorporated into a zIj called al-Mumta~an (tested), although the details 
of the activities at the two observation posts are somewhat confusing. The 
Mumta~an Zlj was apparently compiled in Baghdad by Ya~yii ibn AbI Man~ur, 
but upon his death, according to I:Iabash, the Caliph ordered his colleague 
Khiilid al-MarwarrudhI to prepare some new instruments and conduct a one
year program of solar and lunar observations in Damascus in order to compile 
a new zIj. According to I:Iabash this was done, but no such zIj is otherwise 
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known to have been prepared before I:Iabash's own Damascus Zlj. Simultaneous 
observations of a lunar eclipse were conducted at Baghdad and Mecca, and 
the longitude difference used, together with the newly-measured latitudes of 
the two localities, to find the qibla at Baghdad. 

These observations, like later ones, were mainly directed towards determining 
the local latitude and current value of the obliquity, and towards deriving 
improved parameters for the Ptolemaic planetary models and more accurate 
star positions. The armillary sphere, the meridian quadrant, and the parallactic 
ruler were known to the Muslims from the Almagest, and they added new 
scales and other modifications, often building larger instruments even when 
smaller ones would have sufficed. Our knowledge of the instruments used by 
al-Ma'miln's astronomers is meager. An armillary sphere used by Yal).ya in 
Baghdad was said to display markings for each ten minutes of arc, but even 
contemporary astronomers were not impressed by the precision of the results 
obtained using it. A mural quadrant made of marble with a radius of about 
five meters was used in Damascus, as well as a vertical gnomon made of iron 
standing about five meters high. AI-Ma'miln also patronized measurements of 
the longitude difference between Baghdad and Mecca in order to establish the 
qibla at Baghdad properly, as well as measurements of the length of one degree 
of terrestrial latitude. Most of what is known about the Baghdad and Damascus 
observatories is provided by Ibn Yilnus and al-BIrilnI (see below), and the 
available manuscript sources of the zIjes of Yal).ya and I:Iabash await detailed 
study. 

Other observational programmes 

Besides the officially-sponsored observations conducted in Baghdad and 
Damascus in the early ninth century, there are numerous instances of other 
series of observations conducted in different parts of the Muslim world. 

The two brothers called Banil Milsa made observations in their own house 
in Baghdad and also in nearby Samarra about thirty years after the Mumtal).an 
observations. They also arranged for simultaneous observations of a lunar 
eclipse in Samarra and Nishapur in order to determine the difference in longi
tude between the two cities. In view of their proficiency in mathematics, it is 
most unfortunate that neither of the two zIjes compiled by them has survived. 

AI-BattanI carried out observations during the period 887 to 918 in Raqqa 
in northern Syria. He appears to have financed his observational activity 
himself, and although we have no description of the site where he made his 
observations, the instruments mentioned in the iij based on his observations 
include an armillary sphere and mural quadrant, as well as a parallactic ruler, 
an astrolabe, a gnomon, and a horizontal sundial. 

The observational activities of the Baghdad family known as the Banil 
Amajilr were almost contemporary with those of al-BattanI in Raqqa. The 
father and two sons, and also a freed family slave, made observations, and 
each compiled a zIj, none of which survives. In the accounts of their eclipse 
observations recorded by Ibn Yilnus it appears that the place where they 
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conducted their observations had some kind of a balcony fitted with slits for 
observation, but the details are obscure. A particularly interesting account of 
a solar eclipse in the year 928 that they observed by reflection in water includes 
a remark that the altitude of the sun was measured on an instrument marked 
for each third of a degree. 

A large mural quadrant was erected at Rayy (near modern Tehran) about 
the year 950, but we have information only on its use to establish the local 
latitude and obliquity of the ecliptic. In Shiraz not long thereafter al-~ufi used 
an armillary sphere with a diameter of about five meters to derive the same 
parameters and to 'observe' equinoxes and solstices. Al-~ufi is best known for 
his work on the fixed stars, but it seems that this was based more on 'observa
tion', looking at the heavens, than on 'measurement', looking at the heavens 
with precision instruments and making estimates of positions. Another contem
porary astronomer who conducted observations on which we have no informa
tion other than the main parameters of his zIj was Ibn ai-A' lam. The 
observations of both aI-Sufi and Ibn ai-A' lam were patronized by the Buwayhid 
ruler 'A<;lud al-Dawla. 

In the late tenth century the distinguished mathematician and astronomer 
Abu' 1-Wafii' al-BuzajiinI made observations in Baghdad. Most of these appear 
to have been directed towards the determination of the solar parameters and 
the obliquity of the ecliptic and the latitude of Baghdad, although Abu' 1-Wafii' 
also collaborated with al-BIrunI in Khwarizm (modern Khiva in Turkmenistan) 
on the simultaneous observation of a lunar eclipse in the year 997. We have 
no information on the nature of the site where Abu' 1-Wafii' made his observa
tions, other than its location in a specific quarter of Baghdad. 

Contemporaneous with the activity of Abu' 1-Wafii' was the establishment 
in 988 of an observatory in the garden of the Baghdad residence of the 
Buwayhid ruler Sharaf al-Dawla. The organization of a building and pro
gramme of observations was entrusted to Abu Sahl al-QuhI, a mathematician 
of considerable standing. We know from historical records that a special 
building was erected for the observations, which in turn were witnessed by 
judges, scientists and scholars of note, astronomers, and engineers. In view of 
the favorable conditions under which this observatory was established, and the 
competence of its director, it is somewhat surprising that the two recorded 
'observations' that were 'witnessed' by so many dignitaries were the entry of 
the sun into Cancer and Libra in the year 988. AI-BlrunI describes the main 
instrument that was constructed as a hemisphere of radius 12.5 meters on 
which the solar image was projected through an aperture at the center of the 
hemisphere. Activity at the observatory stopped in 989 with the death of Sharaf 
al-Dawla, so that the institution lasted not much more than a year. 

In 994 al-KhujandI made a measurement of the obliquity using a meridian 
sextant of about twenty meters radius. This instrument was erected in Rayy, 
but al-KhujandI confessed to al-BIrunI that it was so large that the center of 
the sextant had become displaced from its intended position. 

The Egyptian astronomer Ibn Yunus made a series of observations of eclipses, 
conjunctions and occultations, as well as equinoctial and solstitial observations. 
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We are extremely fortunate to have not only his reports of these observations 
but also his citations of earlier observations of the same kind made by individ
uals such as I:Iabash and the Banu Amajur. Ibn Yunus' purpose in making 
these observations and recording them in the introduction to his Zlj is some
what obscured by the fact that he does not list those observations or present 
those calculations with which he derived his new solar, lunar, and planetary 
parameters. Neither does he mention any locations for his observations other 
than his grandfather's house in Fustat and a nearby mosque in al-Qarafa. The 
popular association of Ibn Yunus with an observatory on the Muqat!am Hills 
outside Cairo is, as A. Saytll has shown, a myth. Nevertheless, Ibn Yunus 
mentions at least one instrument, probably a meridian ring, that was provided 
by the Fatimid Caliphs al-<Azlz and al-I:Iakim. In a later medieval Egyptian 
source Ibn Yunus is reported to have received 100 dinars a day from al-I:Iakim, 
and it may be that such extremely high payments were made to Ibn Yunus 
when he was making satisfactory astrological predictions for the Caliph. 
AI-I:Iakim made an abortive attempt to found an observatory in Cairo, but 
this was after the death of Ibn Yunus in 1009. At some time during his reign 
there was an armillary sphere in Cairo with nine rings, each large enough that 
a man could ride through them on horseback. 

The observations of al-BIrunI were conducted between 990 and ca. 1025 in 
several localities between Khwarizm and Kabul. His recorded observations 
include determinations of equinoxes and solstices, eclipses, and determinations 
of the obliquity and local latitude. 

The corpus of tables known as the Toledan Tables was compiled in the 
eleventh century, based on observations directed by ~a<id al-Andalusi and 
continued by Ibn al-Zarqallu. Only the mean motion tables in this corpus of 
tables are original; most of the remainder were lifted from the Zljes of 
al-KhwarizmI and al-BattanI. 

In the thirteenth century there was a substantial observational program at 
Maragha. The results are impressive only in so far as theoretical astronomy is 
concerned. Otherwise the trigonometric and planetary tables in the major 
production of the Maragha astronomers were modified or lifted in toto from 
earlier sources. This is not a happy outcome for a generously endowed observa
tory fitted with the latest observational instruments, known to us from texts. 
In the early fifteenth century the scene had moved to Samarqand in Central 
Asia: there a group of astronomers directed by the astronomer-prince Ulugh 
Beg did impressive work. Only the 40-meter meridian sextant survives from 
the observatory. These men produced a set of tables which, however, it would 
be foolish to judge before they have been properly studied. The same holds for 
the astronomical tables produced at the short-lived observatory in Istanbul 
under the direction of Taqi aI-Din (1577). 

Regional schools of astronomy 

After the tenth century regional schools of astronomy developed in the Islamic 
world, with different interests and concentrations. They also had different 
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authorities (for example, in the furthest East al-Blruni and al-rusi, and in 
Egypt Ibn yunus). The main regions were Iraq, Iran and Central Asia, Muslim 
Spain, Egypt and Syria, the Yemen, the Maghreb, and later also the Ottoman 
lands. Over the past few years we have gained a more more reliable picture of 
the complex tradition of Muslim Spain (tenth to fourteenth centuries), the 
colorful tradition of Mamluk Egypt and Syria (thirteenth to early sixteenth 
centuries), the distinctive tradition of Rasulid Yemen (thirteenth to sixteenth 
centuries), the staid tradition of the Maghreb (twelfth to nineteenth centuries), 
and the still vigorous traditions ofSafavid and Qajar Iran, Ottoman Turkey and 
Mughal India (fifteenth to nineteenth centuries). 

Astronomical instruments 

Most Islamic observational instruments are lost and known to us only through 
texts. The state of documentation of the other, smaller Islamic astronomical 
instruments that do survive leaves much to be desired. Many of the most 
important instruments are still unstudied, and much that has been written on 
instruments is on a very amateur level. For these reasons a project is currently 
underway in Frankfurt to catalogue all Islamic instruments (and medieval 
European ones) to ca. 1550 as well as various historically significant later 
Islamic pieces. 

The most important writings on instruments also have not yet received the 
attention they deserve. For example, a hemispherical observational instrument 
for a fixed latitude was devised by the tenth-century astronomer al-Khujandi, 
the leading instrument maker of the early period, and this was modified in the 
twelfth century to serve all latitudes. There are no surviving examples, and the 
available manuscripts have yet to be studied. An important work on instru
ments was compiled in Cairo ca. 1280 by AbU 'All al-MarrakushI; this has yet 
to be SUbjected to a detailed analysis. The author simply collected all of the 
treatises on instruments known to him and incorporated them into his book. 
An exciting find of the 1980s was a treatise thought to be by the early fourteenth 
century Aleppo astronomer Ibn al-Sarraj, the leading instrument-maker of the 
later Islamic period. In this the author described every kind of instrument 
known to him as well as those he invented. This treatise has now been subjected 
to a detailed analysis and one finding is that the author is more probably 
Najm aI-Din al-Mi~rI, already mentioned for his enormous universal auxiliary 
table for spherical astronomy. 

Armillary spheres and globes 

In the eighth century al-FazarI wrote a treatise on the armillary sphere, called 
in Arabic dhiit al-~alaq, which means 'the instrument with the rings'. No early 
Islamic armillary spheres survive, but several other treatises on it were compiled 
over the centuries. The earliest treatise in Arabic dealing with the celestial 
globe, called dhat al-kursl (the instrument with the stand) or simply al-kura 
(sphere), was written by Qusta ibn Luqa in the ninth century. This treatise by 
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Qus!a, who was one of the most important translators of Greek works into 
Arabic, remained popular for a millennium. Of the various surviving celestial 
globes, which number over 100, none predates the eleventh century. 

The spherical astrolabe, unlike the armillary sphere and the celestial globe, 
appears to be an Islamic development. Various treatises on it were written 
from the tenth to the sixteenth centuries, and only one complete instrument, 
from the fourteenth, survives. I:Iabash wrote on the spherical astrolabe, the 
armillary sphere, and the celestial globe, as well as on various kinds of plani
spheric astrolabes. 

Astrolabes 

AI-FazMi also wrote on the use of the astrolabe (Arabic as!urliib). The tenth
century bibliographer Ibn al-Nadlm states that al-FazarI was the first Muslim 
to make such an instrument; he also informs us that at that time the construc
tion of astrolabes was centered in Harran and spread from there. Several early 
astronomers, including I:Iabash, al-KhwarizmI and al-FarghanI, wrote on the 
astrolabe, and introduced the features not found on earlier Greek instruments, 
such as the shadow squares and trigonometric grids on the backs and the 
azimuth curves on the plates for different latitudes, as well as the universal 
plate of horizons. Extensive tables were also compiled in the ninth century to 
facilitate the construction of astrolabes. 

Another important development to the astrolabe occurred in Andalusia in 
the eleventh century, when al-Zarqallu devised the single universal plate {§afl!!a) 
called shakkiiziyya and the related plate called zarqiilliyya with two sets of 
shakkiiziyya markings for both equatorial and ecliptic coordinate systems. The 
latter was fitted with an alidade bearing a movable perpendicular straight-edge 
(transversal). Several treatises on these two instruments exist in both Western 
and Eastern traditions of later Islamic astronomy; the Europeans knew of them 
as the saphea. Ibn al-Zarqallu's contemporary, <All ibn Khalaf, wrote a treatise 
on a universal astrolabe that did not need plates for different latitudes. This 
treatise exists only in Old Spanish in the Libras del Saber, and was apparently 
not known in the Islamic world outside Andalusia. The instrument was further 
developed in Syria in the early fourteenth century: Ibn al-Sarraj devised in 
Aleppo a remarkable astrolabe that can be used universally in five different 
ways. 

The astrolabes made by Muslim craftsmen show a remarkable variety within 
each of several clearly-defined regional schools. We may mention the simple, 
functional astrolabes of the early Baghdad school; the splendid astrolabe of 
al-KhujandI of the late tenth century, which started a tradition of zoomorphic 
ornamentation that continued in the Islamic East and in Europe for several 
centuries; the very different astrolabes of the Andalusian school in the eleventh 
century and the progressive schools of Iran in the thirteenth and fourteenth 
centuries; and the remarkable instruments from Mamluk (thirteenth and four
teenth centuries) Egypt and Syria. In the early fourteenth century Ibn al-Sarraj 
of Aleppo, a school unto himself, produced the most sophisticated astrolabe 
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ever made. After about 1500 the construction of astrolabes continued in the 
Maghreb, in Iran, and in India until the end of the nineteenth century. Many 
of these instruments, especially those from Isfahan during the period ca. 1650 
to ca. 1715, were beautiful objects of the finest workmanship. 

Quadrants 

Another category of observational and computational devices to which Muslim 
astronomers made notable contributions was the quadrant, of which we can 
distinguish three main varieties. Firstly there is the sine quadrant with an 
orthogonal grid. This instrument, in a simpler form, had already been described 
by al-KhwarizmI and was widely used throughout the Islamic period. Some 
Islamic astrolabes display such a trigonometric grid on the back. The grid can 
be used together with a thread and movable marker (or the alidade of an 
astrolabe) to solve all of the standard problems of spherical astronomy for any 
latitude. Secondly there is the horary quadrant with fixed or movable cursor. 
This instrument is described already in an anonymous ninth-century Iraqi 
source and was likewise commonly used for centuries (albeit usually without 
the cursor, which is not essential to the function of the device). A set of arcs 
of circles inscribed on the quadrant display graphically the solar altitude at 
the seasonal hours (approximately, according to an Indian formula). Other 
Islamic quadrants from the ninth century onwards had markings for the equi
noctial hours. The instrument can be aligned towards the sun so that the time 
can be determined from the observed altitude using the grid. Again this kind 
of marking was often found on the back of astrolabes. Thirdly there is the 
astrolabic quadrant displaying one half of the altitude and azimuth circles on 
an astrolabe plate for a fixed latitude, and a fixed ecliptic. The effect of the 
daily rotation is achieved by a thread and bead attached at the center of the 
instrument rather than by the movable astrolabe rete. (The attribution of 
this instrument to the late thirteenth century Jewish astronomer Profatius is a 
modern fiction.) The quadrant with astrolabic markings on one side and a 
trigonometric grid on the other generally replaced the astrolabe all over the 
Islamic world (with the notable exceptions of Iran, India, and the Yemen) in 
the later period of Islamic astronomy. 

Sundials 

We learn from Islamic tradition that the pious Umayyad Caliph' Umar ibn 
'Abd al-'Azlz (Damascus, ca. 720) used a sundial, probably a Greco-Roman 
one, to regulate the times of the daytime prayers in terms of the seasonal hours. 
The earliest sundials described in the Arabic astronomical sources are planar, 
usually horizontal, but also vertical and polar. The mathematical theory for 
computing the shadow for the seasonal hours at different times of the year and 
the corresponding azimuths was available from Indian sources, which seem to 
have inspired the Islamic tradition more than any of the available Greek works. 
The treatise on sundial construction attributed in the unique manuscript to 
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al-Khwarizmi, but recently shown to be by his more innovative contemporary 
1:Iabash al-1:Iasib, contained extensive tables displaying the polar coordinates 
of the intersections of the hour lines with the solstitial shadow traces on 
horizontal sundials for twelve different latitudes. The treatise on sundial theory 
by Thabit ibn Qurra contains all the necessary mathematical theory for con
structing sundials in any plane; likewise impressive from a theoretical point of 
view is the treatise on gnomonics by his grandson IbrahIm. 

The earliest surviving Islamic sundial, apparently made in Cordoba about 
the year 1000 by the Andalusian astronomer Ibn al-~affiir, displays the shadow 
traces of the equinoxes and solstices, and the lines for the seasonal hours as 
well as for the times of the two daytime prayers. There is a world of difference 
between this simple, carelessly-constructed piece and the magnificent sundial 
made in the late fourteenth century by Ibn al-Sha~ir, so devised that it can be 
used to measure time with respect to any of the five daily prayers. In the late 
period of Islamic astronomy a sundial was to be found in most of the major 
mosques. 

Miscellaneous 

Several multi-purpose instruments were devised by Muslim astronomers. 
Notable examples are the rule (mfziin) of al-FazarI (eighth century), fitted with 
a variety of non-uniform scales for various astronomical functions, and the 
compendium of Ibn al-Sha~ir (fourteenth century), comprising a magnetic 
compass and qibla indicator, a universal polar sundial, and an equatorial 
sundial. Of particular interest are two seventeenth-century Iranian world maps 
engraved on brass: these bear a cartographic grid with Mecca at the center, so 
devised that the qibla can be read off the outer scale and the distance from 
Mecca can be read off the non-uniform scale on the diametrical rule. These 
remarkable instruments appear to represent a tradition of Mecca-centered 
world maps that goes back at least to al-BlrunI in Central Asia in the early 
eleventh century, if not to 1:Iabash al-1:Iasib, who worked in Baghdad in the 
ninth century. It was also 1:Iabash who first devised an astrolabe, called the 
'melon astrolabe' because of the melon-shaped projection of the ecliptic, which 
was based on a projection preserving direction and distance to the centre, this 
time the celestial poles. This seems to be the only plausible explanation for the 
existence of these highly sophisticated world maps, the inspiration for which 
was beyond the capabilities of both Iranians and Europeans in the seven
teenth century. 

There are several Islamic treatises on eclipse computers and planetary equat
oria for determining the positions of the planets for a given date. With these 
the standard problems of planetary astronomy dealt with in zijes are resolved 
mechanically, without calculation. Treatises on eclipse computers are known 
from the early tenth century, and al-BirunI in the early eleventh describes such 
an instrument in detail. A newly-discovered manuscript (not yet researched) 
contains a treatise by the tenth-century Iranian astronomer Abu Ja'far 
al-Khazin describing an equatorium called Zij al-~afli'i~, meaning 'the Zij 
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engraved on plates'. The sole known example of this instrument, made in the 
twelfth century, is incomplete: it is in the form of an astrolabe with tables 
engraved on the mater and additional markings for the foundation of an 
equatorium. Otherwise the only known early Islamic treatises on planetary 
equatoria are from eleventh-century Andalusia. The most interesting aspect of 
the equatorium described by al-Zarqallu is the ellipse drawn on the plate for 
the center of the deferent of Mercury; it seems that he was the first to notice 
this characteristic of Mercury's deferent. AI-KashI, the leading astronomer of 
early fifteenth-century Samarqand, has left us a description of a planetary 
equatorium with which not only ecliptic longitudes but also latitudes could be 
determined and eclipses calculated. 

TRANSMISSION TO EUROPE 

The Europeans learned of Islamic astronomy through Spain, a region where, 
because of political problems and the difficulty of communications, the most 
up-to-date writings were not always available. This explains, for example, how 
it came to pass that the Europeans came across two major works of Muslim 
astronomers from the East, al-KhwarizmI and al-BattanI, at a time when these 
works were no longer widely used in the Islamic East. It also explains why so 
few Eastern Islamic works became known in Europe. None of the Eastern 
Islamic developments to Ptolemy's planetary theory were known in Andalusia 
or in medieval Europe. AI-BitriijI's unhappy attempt to develop planetary 
models confused Europeans for several centuries; he must be worth reading, 
they naIvely thought, because he was trying to reconcile Ptolemy with Aristotle. 
As far as astronomical timekeeping was concerned, this does not seem to have 
been of much concern to the Muslims in Spain; hence nothing of consequence 
was transmitted. 

On the other hand, some early Eastern Islamic contributions, later forgotten 
in the Islamic East, were transmitted to Spain and thence to Europe; they have 
been considered European developments because evidence to the contrary has 
seemed to be lacking. A good example is the horary quadrant with movable 
cursor (the so-called quadrans vetus), which was invented in Baghdad in the 
ninth century and (at least in the version with the cursor) virtually forgotten 
in the Islamic East thereafter; it came to be the favorite quadrant in medieval 
Europe. What, if any, astronomical knowledge was transmitted through Islamic 
Sicily remains a mystery, and nothing of consequence is known to have been 
learned about the subject by the Crusaders. Considerable mystery surrounds 
the highly ingenious device known as the navicula de Venetiis, an instrument 
(in the form of a ship) for timekeeping by the sun for any latitude, known only 
by some fourteenth-century English and various later examples, as well as some 
medieval texts of English and German provenance. If used properly, the instru
ment can be used to find the time accurately (within the limits of its size) as a 
function of the solar altitude, the solar declination and the local latitude. The 
origin of this instrument in Europe is highly doubtful, and it is surely significant 
that I:Iabash al-I:Iasib devised a companion instrument, this time shaped like 
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an astrolabe, for finding the time of night from the altitude of selected fixed 
stars. Like the navicula the device functions for any terrestrial latitude. One 
could argue that one does not make such a device for the stars if one has not 
already made one for the sun. Certainly this is true of the tables for timekeeping 
that were compiled in the ninth and tenth centuries: tables for the sun came 
first, and then, but only rarely, tables for the stars. 

In the European Renaissance there was no access to the latest Islamic works. 
So the Europeans contented themselves with new editions of the ancient Greek 
works, with occasional, almost nostalgic, references to Albategnius (al-BattanI), 
Azarquiel (al-Zarqallu), Alpetragius (al-Bi!rujI), and the like. A few technical 
terms derived from the Arabic, such as alidade, azimuth, almucantar, nadir, 
saphea, and zenith, and a few star names such as Aldebaran, Algol, Altair, and 
Vega, survived. When the Europeans did come to learn of some of the major 
Islamic works and to try to come to terms with them it was as orientalists and 
historians of astronomy, for by this time the Islamic materials other than 
observation accounts were of historical rather than scientific interest. Thanks 
to orientalists like the Sedillots in Paris, works that had been completely 
unknown to Europeans and mainly forgotten by Muslims were published, 
translated, and analyzed. Islamic astronomy was highly respected by such 
scholars and others, like the historian of astronomy J.-B. Delambre, who, 
innocent of Arabic, took the trouble to read what his colleagues had written 
about the subject. But Islamic astronomy, indeed Islamic science in general, 
received a blow beneath the belt from P. Duhem, a physicist and philosopher 
ignorant of Arabic who simply ignored what scholars like the Sedillots had 
written. His thesis, that the Arabs were incapable of scientific thought and that 
whatever merits their science may have had were due to the intellectually 
superior Greeks, still has many followers, but only amongst those ignorant of 
the research of the past 150 years. 

In the period after ca. 1500 Islamic astronomy declined. All of the problems 
had been solved, some many times over. Much of the innovative activity had 
led into a cul-de-sac, from which it would not emerge until modern times, 
thanks to investigations of manuscripts and instruments. Not that interest in 
astronomy died down. From Morocco to India the same old texts were copied 
and studied, recopied and restudied, usually different texts in each of the main 
regions. But there was no new input of any consequence. Astronomy continued 
to be used as the handmaiden of astrology and for the regulation of the calendar 
and the prayer times. Where there was innovation, such as, for example, in the 
remarkable devices made in Iran in the second half of the seventeenth century 
that correctly display the direction and distance of Mecca for any locality, one 
must suspect the existence of an earlier tradition. True some European 'zIjes', 
notably those of Cassini and Lalande, were translated into Turkish and their 
tables adapted for the longitudes of Istanbul and later Damascus. But the old 
traditions died hard, and Muslim astronomers for several centuries spent more 
time copying old treatises and tables than compiling new ones. 

* * * 
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During the millennium beginning ca. 750 and especially in the period up to ca. 
1050, although also in the ensuing period up to ca. 1500, Muslim astronomers 
did first-rate work, most of which was not known in medieval Europe at all. 
Those few Islamic works from the early period that were transmitted, notably 
the zIjes of al-KhwarizmI and al-BattanI (especially through the Toledan Tables) 
and the banal summary of the Almagest by al-FarghanI, convey only an 
impression of classical astronomy in Arabic garb. They were in no way represen
tative of contemporary Islamic astronomy in the East, and whilst the Europeans 
labored for centuries to come to terms with them, Muslim astronomers were 
making substantial contributions to their subject that have only been revealed 
by modern scholarship. 

There is a wealth of material relating to this subject that remains to be 
studied. Very few Islamic astronomical works have been published or have 
received the attention they merit. Not half a dozen out of close to 200 Islamic 
zIjes have been published in the optimum way (text, translation, and commen
tary). We have no published edition of the Arabic versions of the Almagest 
(except for the star catalogue) or of any Arabic recensions or commentaries. 
Many of the published Arabic scientific texts were printed in Hyderabad, most 
with no critical apparatus. Likewise most of the historically important Islamic 
astronomical instruments are still unpublished, although the catalogue cur
rently in preparation promises to make them better known. 

In 1845 L. A. Sedillot, whose privilege it was to have access to the rich 
collection of Arabic and Persian scientific manuscripts in the Bibliotheque 
Nationale in Paris, wrote: 'Each day brings some new discovery and illustrates 
the extreme importance of a thorough study of the manuscripts of the East.' 
Sedillot also realized the importance oflslamic astronomical instruments. Given 
the vast number of manuscripts and instruments now available in libraries and 
museums elsewhere in Europe, the United States, and the Near East, and the 
rather small number of people currently working in this field, Sedillot's state
ment is no less true nowadays than it was a century and a half ago. 
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Bon festival 399 
Boorong people (Australia) 57, 59, 

64-65, 74-75, 77, 80, 82 
Bosscha, K.A.R. 382 
Briihma school of Hindu 

astronomy 348, 359 
Brahma!las (Indian texts) 328 
Bronze Age, recumbent stone circles 35, 

42 

Buddhism 341,349,354,360 
burials 

African 458-459, 459-460 
Islamic 599 
Japanese 394-398 
orientation 37-40,45 

Bushman people (Africa) 33-34, 
460-462 

calabashes, Hawaiian 
cosmography 94-95 

calculations, Maya 232-233 
Calendar Round, Mesoamerica 228 
calendars 

Aborigines 64-65 
Chinese 361, 402, 411, 413, 418, 

423-424, 428-437 
Egyptian 480-484, 485 
Hawai'i 113-117 
Inca 217-218 
Indian 312 
Indonesia 371-376 
Islamic 596-597,619-622,631 
Japan 411-412,416 
Korean 411,413,418 
lunar 40-41, 42 
Maori 189-193 
Mesoamerica 227-233,259 
Mesopotamian 526-527 
Native American 293-296 
Pleiades conjunction 634-636 
Tibetan 350,360,361-362 

California Indians 22, 23 
Campbell, Joseph 17, 542 
canoes 

Aboriginal myths 58, 71-72, 79 
Hokule'a 108-114 
Maori mythology 169 
Polynesia 128, 129 
Tama-rereti constellation 182 

Canopus 33 
Aboriginal myths 74-75, 80 
African time reckoning 464-465 
Islamic astronomy 630-632 
Khoisan sky lore 460 
Maori 169, 182 
Navajo 285 

Capella 33, 460 
cardinal directions 

Chinese animals 394, 395, 402, 404 
Egypt 488, 490 
Islamic astronomy 639-640 
Mesoamerica 240, 242 
Native American 277, 278 

Cassiopeia 281 



Catasterismi 9-10 
cave art 39-40 

see also rock art 
ceilings, astronomical 496-498, 500-502 
celestial mythology see mythology, 

celestial 
cemeteries, Palaeolithic 37-39 
Central Inuit 32-33 

see also Eskimo 
ceques (Inca shrines) 199, 216-219 
ceremonies 289, 291-293, 304-305 
chi see qi 
Chichimec people (Mesoamerica) 225 
Chief's Council see Council of Chiefs 
China 

astrology 443-452 
calendars 361, 402, 423-424, 428-437 
cosmography 438-443 
cosmology 392, 425-428, 429 
influence on Japanese 

astronomy 386-388 
influence on Korea 409, 410, 413 

Cholula pyramid 241-243 
Chomsongdae (Star-Gazing Tower) 411 
Chong Yag-yong 418-419 
Choson period (Korea) 409,414-419 
Cicero 5, 537 
'circle of life' 19 
circumcision, Africa 467 
civil calendar, Egypt 482, 498, 502-503 
Classic Maya see Maya 
clepsydra (water clock) 410-411,415, 

424,487-488,489 
climate changes, New Zealand 170 
clocks 

clepsydra 410-1,415,424,487-8,489 
shadow 483,487,503-5,506 
star 484, 486 
water 410-1,412,415,487-8,489 

Coal Sack 
Aboriginal myths 70-71, 72, 82, 84 
Indonesia 372 
Maori mythology 187 

codices, Mesoamerica 234-238 
coffins, Egyptian 477, 479, 480 
cog mounds, Samoa 140 
cognition, prehistory 34-37, 50 
Colla people (South America) 200-201 
colonialism, Africa 468, 472 
Coma Berenices, Aborigines 75 
comets 

Aboriginal myths 86 
China 424-425, 449 
Egypt 507 

Halley's 133, 288, 425, 449, 507 
Inca history 198 
Indonesia 377 
Islamic astronomy 632 
Japan 403 
Korea 410, 412 
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Maori astronomy 177-179, 189-190 
Polynesia 133 

commensuration, Maya 
codices 234-235 

compass points 640 
compasses 

star 111-113 
stone star 118 

conjunction calendars 634-636 
conjunctions, naked eye 

planets 176-177 
constellations 

Aboriginal 58-59, 74-75, 77-79, 81, 
82-84 

African 459-460, 465 
Cassiopeia 281 
China 444-447 
Corona Borealis 276, 449 
Cygnus 20 
Egyptian 491,496-498, 505 
Hydra 59 
Indian 308 
Indonesia 371, 372, 378-379 
Inuit 33 
Islamic astronomy 629-630 
Lupus 133 
Lyra 64-65 
Maori 182-183 
Mesopotamia 533-536 
mythology 9-13, 16 
Native American 275,279,281,285, 

288, 294 
Orion 9-10,33,58,75-79,146 
Pleiades 465 
Scorpius 10-11,64,81,84 
Southern Cross 71-73, 378 
Ursa Major 24-26, 33,281,446-447, 

632 
Cook, Captain James 91,95, 103, 127, 

162 
Cook Islands 146-147 
Copan, Classic Maya site 229 
Copernicus 591 
Corona Borealis 276,449 
coronae, solar eclipses 173 
correlative cosmology 425-428 
cosmogony, Hawai'i 92-94 
cosmo grams, Mesoamerica 240 
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cosmography 
China 438-443 
Hawai'i 94-95, 96 
Hebrew 558,566-577 
Maori 167-168 
Western 438 

cosmology 
Aborigines 60-61 
African 466 
Andean 198, 199-201 
Chinese 392, 425-428, 429 
Greek 544 
Indian 331-337,347 
Indonesia 373-374, 376-378 
Mesopotamia 528 
Native American 271-279 

cosmovision 227,251,252,258 
Council of Chiefs 275,276,288,294 
Coyote, Native American 

mythology 279 
Coyote Star 279, 285 
Crab Nebula 425 
Creation myths 19 

Aborigines 54, 56-57, 67 
Creek Indians 6 
Hawai'i 92-94 
Hebrew 565 
Inca 200, 201 
Islamic folk astronomy 617 
Maori 167-169 
Navajo 277, 279 
Pawnee 17 
Skidi Pawnee 272-276 

Creek Indian mythology 6 
Crux, Indonesia 378 
Cuicuilco 230-231, 241, 244-246 
cultural astronomy 227 
cultural exchange 468-472 
culture 

Aborigines 53-56, 60 
Maori 166-167 

cuneiform 542 
Cuzco 197-198, 199,200,217 
cyclical renewal 18-20 
Cygnus 20 

Damascus 591 
dating 

Newgrange 44 
Stonehenge 46 

day/night mythology 6, 15 
days, Tibetan Kiilacakra 

astronomy 362 
death, Aboriginal myths 70, 72-73 
decade nomenclature 470 

decades, Egypt 482 
decans 4, 482-483, 496, 534 
deities see gods and deities 
De1mediggo, Joseph Solomon 566, 570 
determinism 88 
diagonal calendars, Egypt 484-485 
divination 

Islamic astronomy 643-646 
Mesopotamia 512, 519, 530-532, 

537-538 
rain 628-629 

Dogon people (Africa) 455-456, 459 
Dreaming, Aborigines 54, 86 
Dresden Codex, Mesoamerica 229,234 
Druids 337 
Earth Mother, Maori 168 
Easter Island (Rapa Nui) 

monuments 135-136, 148-152, 157 
Rapanui 148 
solar eclipses 132 

eclipses 
Aboriginal myths 68, 84-85 
Africa 466 
China 450 
Egypt 507 
Indian astronomy 320-321, 323 
Indonesia 376-377 
Islamic computers 610 
Korea 410, 412, 414 
lunar 174-175 
Mesoamerica 234, 237 
omens 549 
Polynesia 132-133 
solar 172-173 
Tibetan Kiilacakra astronomy 364, 

365 
Egypt 

astronomical knowledge 495-503, 
505, 507 

building orientation 488,490-491 
calendars 480-484,485 
comparison with Mesopotamia 517, 

519 
hour watchers 491-495 
instrumentation 503-505 
megaliths 43 
mythology 475-480 
Nabta Playa 458-459 
Opening of the Mouth 

ceremony 25-26, 27 
timekeeping 484-488 

Eliade, Mircea 17-18, 19 
Enuma Anu Enlil (Babylonian 

astrological tablet) 522-523, 527, 
528, 530, 535 



Enuma Elish (Babylonian creation 
epic) 519, 526, 535 

epagomenal days 482 
ephemerides 430,535, 593-594 
epicycles 327-330, 575-576 
equinoxes 

Inca 204, 211 
Indian astronomy 312 
Mesoamerica 240, 242-246 
trepidation 590-591 

Eskimo, ethnoastronomy 32-33 
Esoteric Buddhism 341, 349 
Ethiopia 471-472 
ethnoastronomy 32-34, 161, 385-407 
Europe, influence of Islamic 

astronomy 611-613 
Evening Star 272, 276, 288 

see also Venus 
extispicy 512, 518, 520, 538 

fertility, link with moon 70 
festivals 

Africa 466-467 
Inca 202, 206-209 
India 304-305 
Japanese 398-400 
Mesoamerica 250,251-252 
Mesopotamia 526 

Field Division theory 447-448 
Finno-Ugric people 20-22 
fire 36, 50, 85-86 
fire altars 313-314 
fireballs 98, 100, 180 
Firenze-Laurentiana 124 

manuscript 577 
'First Nations' 33-34 
first voyage (Indo-Malay region) 371, 

378-380 
Fishhook, Maui's 96-98 
fishing, Japanese star lore 394 
Five Phases (wu-xing) 426-428, 432, 

436 
folk astronomy, Islamic 588, 617-651 
food production, Neolithic period 42 
Foucault pendulum 1 
four-season model, Islamic 

astronomy 620, 637-638 
Frazer, J.G. 17 

gai tian (Chinese cosmography 
theory) 438-441 

Galilean satellites 176 
Gambier Islands (Polynesia) 142-143 
Geb (Egyptian god) 475,476 
gender, sun/moon 67-68 
Genesis 94, 548, 565 
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geometry, Indian astronomy 313-314 
Gilbert Islands 91-92 
gnomons 346-347 

China 439 
Egypt 490-491 
Islamic astronomy 642 
Korea 415 

gods and deities 
see also individual names 
Egyptian 475-480 
Hawai'i 92-94,98-100 
Inca 200, 202-203, 219 
India 318-321 
Japan 387, 389, 391, 394, 398-399 
Mesoamerica 228 
Mesopotamia 518, 520, 523, 528, 

534-535 
Native American 272-276, 277, 279, 

281 
gourds see calabashes 
Great Chain of Being 548 
Great Star Chant 293 
Greece 8, 347, 539-549 
Griffith Observatory 1-3 
gua (hexagrams) 427-428, 436 
Guide of the Perplexed 560, 562, 569 

Haida poles 7 
Hako ceremony 291-292 
Halley's comet 

China 425, 449 
Egypt 507 
Navajo 288 
Polynesia 133 

haloes, solar 173 
Hamlet's Mill 14, 311 
harmonics, China 435-436 
Hawai'i 

see also Polynesia 
archaeoastronomy 117-123 
calendrics 113-117 
cosmogony 92-94 
cosmography 94-95, 96 
monuments 152-157 
mythology 95-100 
navigation 100-113 
Sacred Calabash 106-108 
zenith stars 105-106 

Hawai'i-Loa 100-102 
Hawkins, G.S. 47-49 
Hebrew 

astronomical tradition 557-568 
cosmography 558, 566-577 
mathematical astronomy 577-584 

Hegira, Kalacakra astronomy 350, 353, 
357 
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heiau (Polynesian temple) 118-120, 122, 
128-129, 153-155 

heliacal rising 
Maori astronomy 183 
Mesopotamia 528 
Pleiades 12, 13, 22 
Sirius 481-482,483,495 

heliocentrism 328, 329 
Helios 5,9 
Hermetic Emerald Tablet 544 
Hermetic mysticism 545, 547 
Hesiod 11-12, 94 
hexagrams (gua) 427-428 
Heyerdahl, Thor 105, 130 
hieroglyphic writing, 

Mesoamerica 231-233,235 
Hijra see Hegira 
Hindu classical astronomy 348-349, 

358-359 
hogans 279, 297 
Hokule'a (Hawaiian canoe) 108-114 
Holy People, Native American 277, 279 
homes, alignment 456,458 
Hong Tae-yong 418 
horary quadrant 611 
horizon 

calendars 240,244-246,296 
dip 131 
Hawai'i 95 
solar markers 197, 199, 203-211, 

219-220 
horoscopes 347, 531, 541 
Horus (Egyptian god) 25-26,475 
Hottentot people 460-462 
hour watchers 484,486,491-495,503 
hours, Egypt 483-484, 487 
de Houtman, Frederick 371, 378-379 
huacas (Inca shrines) 200, 202, 216-218 
Huari people (South America) 197 
hula 122-123 
human sacrifice 201, 252, 259 
hun tian (Chinese cosmography 

theory) 438,441-442 
hunter-gatherers 32-34, 460-462 
Huri A Urenga, Easter Island 

ahu 149-152 
Hyades 59, 390-391 
Hydra 59 

Ibn al-Haytham 590 
Ibn al-Sha!ir 591 
Ibn Gikatilla, Joseph 562-563 
Ibn Qutayba 624, 626, 627 
Ibn Yiinus 593-594, 605-606 
idols 200 

immanence, astrology 516 
Inca 

ceques system 216-219 
cosmology 198, 199-201 
history 197-198 
horizon astronomy 203-211 
origin 202-203 
skywatchers and 

observatories 211-216 
solar origin myth 200-201 

India 
astronomy 342-360 
belief system 303-304 
ceremonies 304-305 
cosmology 331-337,347 
early astronomy 

development 303-340 
Esoteric Buddhism 341, 349 
influence of Mesopotamia 539-540 
influence on West 337-338 
Islamic astronomy 589 

indigenous astronomy, Inca 199 
Indo-Malayastronomy 371-382 
Indonesian astronomy 371-382 
initiation 

Aborigines 57-58,65-66, 81 
Africa 467 
Inca 202 

instrumentation 424,441, 599, 603-606, 
607-611 

Inti (Inca sun god) 200, 202 
Inuit see Eskimo 
Iron Age settlements 456-457 
Isis (Egyptian goddess) 4,475 
Islamic astronomy 

background 587-591 
eclipses 376 
folk 617-651 
influence on Europe 611-613 
instrumentation 607-611 
Kalacakra astronomy 349, 357-359 
mathematical 591-595 
observational programs 603-607 
religious practice 595-603 

Island of the Sun, Inca 200-201, 
207-211 

Izapa, Preclassic Maya site 229 

Japan 385-407,411-412,416 
Java 371-372, 382 
Jewish see Hebrew 
Ju/wasi, ethnoastronomy 33-34 
Judaism see Hebrew 
judicial astrology 644, 645 



Jupiter 
Egypt 505 
Indian astronomy 318, 319, 320 
Maori astronomy 175-176 
mythology 8 

jyoti~a (Indian astronomy) 304 

Kiilacakra astronomy 341, 349-365 
Kiilacakratantra (Indian Buddhist 

text) 341, 349-350, 354-356 
Ka'ba 599-600, 640 
Kaho'olawe 119-122 
kaJas (India) 316-317 
Kalaipahoa sorcery 100-101 
kalpa (day of Brahma) 322 
Kamakau, SM 94-95 
Kamilaroi people (Australia) 78 
Kane 92, 94, 106 
Kaua'i 122 
Kengyuu and Orihime (Japanese 

legend) 398-399 
Kenya 459-460, 462 
Khoikhoi people 460-462 
Khoisan people 460-462 
kingship, Mesopotamia 519,524,527 
Kitora Kofun 395-398, 410 
kivas, Pueblo buildings 296-297 
!Kung Bushmen, 

ethnoastronomy 33-34 
Kon Tiki 105 
Koran see Quran 
Korea 409-421 
Koryo period (Korea) 409, 412-414 
Kuiye (solar deity) 456, 458 
Kukaniloko (Hawaiian site) 118 
Kumulipo (Hawaiian text) 93-94,96 
Kwadji people (Australia) 85 

Lagadha 316, 322-324, 328 
language 6-7, 34-36, 50 
Lapita culture 165 
Large Magellanic Cloud see Magellanic 

Clouds 
latitude 106-107, 111 
Leonid meteor shower 179-180,288 
light, speed of 331-332,336-337 
linealism, Japan 389-390 
literature 

celestial mythology 13-15 
Mesopotamian astrology 513-514 

Loa'a boulder 120-121 
'Long Count' system, Mesoamerica 228, 

230, 232-233, 235, 246 
Lowell, Percival 421 
Lower Palaeolithic see Palaeolithic 

lunar calendars 
Egypt 482,498, 502-503 
Hawai'i 115-117 
Inca 217-218 
Islamic 596-597,621-622 
prehistory 40-41, 42 

lunar eclipses 
Aboriginal myths 85 
China 450 
Korea 412, 414 
Maori astronomy 174-175 
Polynesia 132-133 
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Tibetan Kalacakra astronomy 364, 
365 

lunar lodges 
Arab starlore 468-71, 588 
Chinese 423, 448 
Indian 308-313,317-318,342 
Islamic 623-629, 642 

lunar notation, prehistory 36-37, 50 
lunar occultations 175 
lunation 

Africa 462, 464 
China 442-443 

luni-solar calendars 
China 423,430-431 
Shixian 361 
Tibetan Kalacakra 362 
VedaI,lga astronomy 342 

luni-stellar calendars, Egypt 482 
Lupus, supernovae 133 
Luritja people (Australia) 59, 71, 85 
Lyra 64-65 

Machu Picchu, Inca 211-214, 220 
Madagascar 471 
Magellanic Clouds 

Aboriginal legends 79-81,83 
Khoisan sky lore 461 
Maori astronomy 187-188 

magic squares 645 
Maimonides 

cosmography 559-560, 563-564, 569 
Pythagoreanism 563 
rabbinic pronouncements on 

science/philosophy 564 
Makahokovalu, Tonga 138 
manazil (lunar lodges) 626-627 
Mangareva, Polynesia 142-143, 157 
manuscripts 

Islamic 587, 592, 612-613 
medieval Hebrew 568-577 

Maori people 
see also New Zealand 
astronomical observations 169-188 
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Maori people (continued.) 
culture 166-167 
mythology 167-169,173-174,175, 

178, 187, 190 
rock art 189 

maps 
Africa 457 
Australia 55 
direction of Mecca 610 
Island of the Sun 210 
Mesoamerica 226 
New Zealand 164 

maquetas 
see also megalithic sites; stone images; 

petroglyphs 
Mesoamerica 254-257 

mara'e (Polynesian temples) 128-129, 
135,141,144,146-148,156-157 

Maragha, Islamic astronomy 591, 606 
Marduk, Mesopotamia 518, 523 
Marquesa Islands 140-141 
Mars 

Egypt 505 
epicycle 575-576 
Indian astronomy 318, 319 
Maori astronomy 175 
Mesoamerica 228, 234 
mythology 4-5,8 
Native American 276 
synodic period 132 

Matariki (Pleiades) 134, 142, 183 
mathematical astronomy 587-615 
mathematical tables 593 
Maui 96-98, 138 
Maunder Minimum, sunspots 170, 171 
Maya 

calendars 228, 229 
codices 234-238 
lunar observations 229 
writing 231-233,235 

mean motions, Islamic astronomy 594 
measurement, latitude 106-107, 111 
mechanism, Western thought 88 
median quadrants 604 
Medieval Minor Minimum, 

sunspots 170, 171 
medieval period 561, 568-577 
megalithic sites 43-50,458-460 

see also stone images; maquetas; 
petro glyphs 

Meiji Reformation 386 
Melanesia 165-166 
men 

secret-sacred stories 57 
sexual conquest/submission myths 77 

menstruation 22, 70, 77-78, 464 
Mercury 

Egypt 505, 507 
Indian astronomy 318-320 
Maori astronomy 175 
mythology 4-5,8 

Meriam people (Australia) 62 
Mesoamerica 

archaeoastronomy 233-249 
calendars 227-233, 259 
history 225-227 
map 226 
nature observation 250-253 
ritual landscapes 253-258 

Mesopotamia 
astrology 511-555 
comparison with Egypt 517,519 
cosmology 528, 544 
gods and deities 518, 520, 523, 528, 

534-535 
history 514-515, 523-524 
influence on Western 

thought 539-549 
literature 513-514 
ritual calendar 526-527 

metaphor 
Aboriginal myths 65 
African 466 
cosmic 18-28 
Indian astronomy 306 
scientific 3 

meteorology, Korea 409, 415-416 
meteors 

Aboriginal myths 85-86 
China 449-450 
Hawaiian mythology 98, 100 
Indonesia 372 
Khoisan sky lore 461-462 
Leonid shower 288 
Maori astronomy 179-181,189-190 

Mexico see Mesoamerica 
Middle Palaeolithic see Palaeolithic 
Midrash (Hebrew commentary on the 

Scriptures) 558, 564 
Milky Way 

Aboriginal myths 61,70-71 
dark spaces 82-84 
Finno-Ugric mythology 20-22 
Islamic astronomy 632 
Khoisan sky lore 460 
Maori 169, 187-188 
Navajo 285 

Mithraism 540, 545 
Mitsu Boshi (Orion's belt) 390--394 
Mixtec people (Mesoamerica) 225 



moai (Polynesian monuments) 132-133, 
148-151 

Mo'ikeha legend 102 
Mongolia, Kalacakra astronomy 361 
months 

Africa 462, 464-465 
Hawai'i 115-117 
Indonesia 373-374 
Islamic names 621-622 
lunar 481-482, 498, 502-503 
Maori 190-192 
Mesopotamia 526 
nak~atra names 311 
Syriac names 622 

monuments, Polynesia 127-160 
moon 

see also lunar stations 
Aboriginal myths 68-70, 85 
African metaphors 466 
Chinese astrology 450-451 
date of Ramadan 373 
Hawai'i 98,115-117 
Indian astronomy 316-317, 321, 

322-323 
Khoisan sky lore 460-461 
literature 13-15 
Maori 168,173-175 
Mesoamerica 229 
mythology 8 
named nights 115-117,191-193 
Pleiades conjunction 

calendar 634-636 
Polynesia 131-132 
Ramadan 596-597 

Moon Man/Woman 67-69, 85, 174 
morality, Aboriginal myths 65-67 
morning star 272, 276, 467 

see also Venus 
mosques, orientation 599-602 
mountain worship, Aztecs 252-253, 258 
mrkht, Egyptian observational 

instrument 503, 504 
Ms. Firenze-Laurentiana 124 577 
Ms. Oxford-Bodley, 

Michael400 571-576 
Mul Apin (Babylonian astrological 

tablet) 24, 527-528, 529, 534 
Muller, Max 6,519 
music of the spheres 561 
mythology 

Aborigines 63-88 
celestial 1-5 
constellations 9-13, 16 
Egyptian 475-480 
Greek 8 

Hawai'i 95-100, 105-106 
hunter-gatherers 33 
Inca 200-203 
Indian astronomy 318-321,333 
Indonesia 376-378 
Japan 390, 391, 394, 398 
Khoisan people 460-462 
literature 13-15 
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Maori 167-169, 173-174, 175, 178, 
187, 190 

Mesopotamia 520 
metaphor 18-28 
Native American 6, 272-276, 277, 

279 
Polynesia 142 
religious response 7-9 
Roman 4-5, 12-13 
solar 5-6 

Nabta Playa 43-44, 51, 458-459 
nadir, sun 229 
NaJ?manides, Moses, Genesis 565 
Nahua people (Mesoamerica) 225,251, 

252 
naked-eye astronomy 

Aborigines 58-60 
Africa 462 
Maori 167, 175-176 
Mesoamerica 237 
sunspots 169-171 
white light solar flares 172 

nak~atra (lunar lodge) 308-313, 
317-318, 627 

Namoratunga 459-460 
Native Americans 

calendars 293-296 
California Indians 22, 23 
cosmology 271-279 
Creek Indians 6 
language families 270 
mythology 272-276, 277, 279 
Navajo 277, 279, 280-287, 292-293, 

295 
Pawnee 17 
Pueblo 277, 288-289, 295-297 
Skidi Pawnee 271-276,278,287-288 
symbols 277,279-289 

nature observation 
Indo-Malay culture 377-378 
Mesoamerica 250-253 
Native American 269-270,298 

Navajo, Native Americans 277,279, 
280-287,292-293,295 

navicula de Venetiis, Islamic 
astronomy 611-612 
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navigation 
Aborigines 62-63 
Eskimo 32-33 
Hawai'i 100-113 
instruments 106-108 
Maori 184 
Polynesia 129-130 

naw' see anwa' 
Neanderthal people 36, 38 
nebulae 187 
Needwonee people (Australia) 57 
Neolithic archaeoastronomy 35, 42-50 
new moon, Ramadan 373 
new year 

Japanese 392, 400-401 
Maori 191 
Pawnee 295 
Polynesia 113-114, 134 

New Zealand 
see also Maori 
climate changes 170 
geography 165 
map 164 
monuments 157 

Newgrange megalithic site 44 
Ngadadjara people (Australia) 82 
Ngadjuri people (Australia) 85 
nights of the moon 115-117, 191-193 
North American Indians see Native 

Americans 
North Star see Polaris 
notational systems, Maya 232-233, 235 
novae 185-187, 377-378, 424, 449 

see also supernovae 
Nstuanatsatsi 456-457 
numerology 436-437, 645 
Nut (Egyptian goddess) 475-480 

O'ahu 118 
Oaxaca, Valley of, calendrical 

inscriptions 230 
observatories 

China 424 
Griffith 1-3 
Inca 211-216 
Indonesia 379-382 
Islamic 603-606 
Korea 415,421 
Mesoamerica 244,247-248 
Native American 275, 297 
prehistoric 42, 47-51 

occultations, lunar 175 
ocean voyages see sea voyages 
Old Testament 548 
Olmec people (Mesoamerica) 225,240 

omens 
comets 179 
Egypt 507 
Mesopotamia 512, 519, 521, 522, 

530-532, 538-539 
meteors 179 
planetary conjunctions 176 
Renaissance thought 548-549 
Venus 547 

Opening of the Mouth 
ceremony 25-26,27 

optimism, Japan 389-390,404 
oral literature, Africa 456 
oral traditions, Aborigines 63 
orbs, cosmography 558-559, 561, 562, 

565-566, 567 
orientation 

see also alignment 
African buildings 456, 458, 459 
Egyptian buildings 488,490-491 
Inca ceques 218 
Islamic winds 639-641 
Japanese tombs 394-396 
ka'ba 640 
Mesoamerican architecture 238-240, 
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DANIEL MARTIN VARISCO 

ISLAMIC FOLK ASTRONOMY 

It was He that gave the sun his brightness and the moon her light. ordaining her phases that you 
may learn to compute the seasons and the years. He created them only to manifest the truth. He 
makes plain His revelation to men of understanding. Yiinus 10: 9 (Dawood, 1968: 64) 

When the Quran was revealed in seventh century Arabia as the basis for Islam, 
references were made to the sun, moon and stars as evidence of the creative 
power and practical foresight of God. The idea that God, or a particular god 
or goddess, had created the visible heavens was not unique. Creating stories 
about astronomical phenomena is as old as the first civilizations that appeared 
in the ancient Near East. Some of these survived, in highly edited variants, in 
the scriptures of Judaism and Christianity. As Muslim science evolved, a variety 
of religious and scientific knowledge from classical Greek texts, as well as 
Zoroastrian and Hindu sources, was encountered. While the influence of these 
classical and textual traditions on Islamic astronomy has been the focus of 
much previous study on the history of Islamic science, little attention has been 
paid to the oral folk traditions of peoples who embraced Islam. How ordinary 
Muslims viewed the same heavens visible to educated scientists or illiterate 
shepherds is the subject of this chapter. For practical reasons the focus here 
will be on the Middle East, especially the textual information on the pre
Islamic Arabs of the Arabian Peninsula and contemporary tribal groups in 
the region. 

WHAT IS ISLAMIC FOLK ASTRONOMY? 

It is unfortunate that many times the idea of 'folk astronomy' is understood 
mainly by what it is not. Astronomy as the formal science of the heavens is 
usually studied using historical texts on astronomical phenomena. Astronomy 
is said to begin with the earliest surviving documentation of observations, in 
Babylonia, ancient Egypt, Greece, India and China. What hundreds of earlier 
generations of ancestors thought or said about stars is obviously not recorded. 
Similarly, how everyday people viewed the heavens is largely undocumented 
or ignored and dismissed as unscientific superstition. 
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A standard treatment of the history of Islamic astronomy would cover 
theories about the celestial sphere, solar and lunar theory, measurement of 
star movements, planetary theory, and the extensive range of documentation 
and instruments. This formal astronomy assumes an evolving scientific 
tradition through translation and borrowing of ideas as well as the occa
sional brilliant astronomer who could initiate a paradigm shift. All of this 
would seem to be as far removed from the ordinary person of any period in 
the Islamic era as quantum mechanics is to the man on the street today. 
But it is hard to imagine any individual or cultural tradition without ideas 
and stories about the same basic subject matter of sun, moon, stars, planets, 
eclipses, weather and the like. The Arabs of Mui).ammad's day held theories 
about the stars, as we know from both the early Islamic texts which 
condemned some of these beliefs and the surviving pre-Islamic poetry. As 
Islam spread across North Africa to southern Spain and across the Arabian 
Peninsula to Iraq, Iran, Central Asia, India, and beyond, it was received by 
hundreds of different ethnic groups with an extraordinary variety of both 
formal knowledge and oral folklore on astronomy. The fact that so little 
survives about these folk traditions does not mean that they were unimport
ant or lacked influence on the evolving scientific traditions. 

Just because we do not have many texts to study does not mean that we 
can never know anything about what ordinary people thought. Archaeo
astronomical study in this century has established that much can be learned 
about the astronomy of ancient civilizations from monuments and artifacts 
without resorting to texts. Ethnographic accounts of so-called 'primitive' people 
show that there can be very sophisticated knowledge of the heavens even when 
people are not aware of modern science. A fundamental problem faced by 
those who collect oral folklore is knowing how authentic and how representa
tive the information is. One can easily sympathize with the traveler Jennings
Bramley (1906: 27) among the Sinai Bedouin: 'I have inquired whether they 
had any legends or beliefs connected with the stars and planets, and was told 
one very clever man, a Tenlbin, could tell me much, for he made them up 
himself.' How many people need to share a belief before we can consider it an 
authentic cultural tradition? 

It is important to examine comparative information from non-textual as 
well as textual sources in order to understand better the practical and 
esoteric views of ordinary Muslims from the seventh century to the present 
and from Arabia to the farthest reaches from the sacred geographical focal 
point of Mecca in modern Saudi Arabia. Folk astronomy in Islam is 
whatever Muslims thought about the heavens that the Quran indicates were 
created by God as a sign for anyone willing to understand. The Quran and 
traditions attributed to Mui).ammad did not outline a detailed formal 
astronomy; nor were Muslims required to abandon all the ideas they already 
held about the subject. It was assumed that knowledge of the heavens was 
as old as mankind itself. Some thought Adam named the stars (al-MawardI, 
1981: 43); others thought that astrology was founded by the early antedilu
vian Enoch (al-DamlrI, 1906: 25). 
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Previous study of the folk astronomy of Islam has been fragmented. No 
systematic survey of the subject has yet been attempted. The most obvious 
place to begin is with the information about astronomy in the Quran and the 
lJadlth (traditions), since these are the central texts shared by all Muslims. 
Fortunately, several Muslim scholars have written treatises on what the Quran 
says about astronomy. Some, such as Ibn Qutayba (d. 276/889) and al-MarziiqI 
(d.453/1061), provide information about the folk astronomy of the time. 
Specific information is available on the sun, moon, stars, planets, seasonal 
phenomena related to assumed astronomical influence, time reckoning and 
calendars, and navigation on land and sea. Islamic ritual needed astronomy 
for determining the prayer times, the start of the fasting month of Ramadan, 
and the orientation of Mecca for determining the qibla. Indeed, it appears that 
early beliefs about Mecca as the spiritual center of Islam involved continuation 
of a pre-Islamic Arab cosmology centering on this spot. No survey of Islamic 
folk astronomy would be complete without consideration of what we generally 
call astrology or the assumed occult influence of astronomical phenomena on 
the individual and society. This is all the more relevant in that early Muslim 
scholars condemned many uses of astrology and divination, yet at the same 
time certain forms of astrology, such as horoscopes, were accepted both at the 
local level and by political leaders. 

TIME RECKONING 

Era means a definite space of time, reckoned from the beginning of some past year, in which either 
a prophet, with signs and wonders, and with a proof of his divine mission, was sent, or a great and 
powerful king rose, or in which a nation perished by a universal destructive deluge, or by a violent 
earthquake and the sinking of the earth, or a sweeping pestilence, or by intense drought, or in 
which a change of dynasty or religion took place, or any grand event of the celestial and the famous 
tel/urian miraculous occurrences, which do not happen save at long intervals and at times far 
distant from each other. AI-BIriini (1879: 16) 

Time is relative. Given the modern world's reliance on formalized calendars 
and machines that define time for us, it is easy to forget that the expansion of 
Islam occurred at a time when telling time was not dependent on a formal 
science of astronomy. How time is measured is not only a practical issue but 
also a reflection of the desired interval of duration and the precision in defining 
it. Simple observation of the sun rising and setting, as well as its location, can 
easily yield calendars for determining hours, days, months and years. Similarly, 
the moon's phases made it a useful measure for the Islamic lunar calendar. 
Observations of movements by the stars, as well as the planets, also provided 
practical ways of measuring units of time both short and long. 

The 13th century North African scholar Ibn al-AjdabI (1964: 28) began his 
treatise on time reckoning (hisiib al-azmina) with the claim that all known 
peoples use four basic time divisions: hour, day, month, year. The hour (sii(a) 
is the division of day and night into 24 equal divisions. This in fact assumes 
knowledge of a formal calendrical system, since there was nothing in direct 
observation of the sun to mandate such a division. The day (yawm) comprises 
daytime (nahiir) and nighttime (layl), an obvious universal distinction. While 
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other peoples started the day at dawn, Ibn al-Ajdabi notes that the Arab 
Bedouins began the day at sunset. This use of 'Arab' time is still found through
out the region (for example, rural Yemen) alongside the standard reckoning. 
According to al-Bironi (1979: 5), the Arabs did this because their months were 
based on the phases of the moon, which become visible towards sunset. The 
month (shahr) could be either sidereal or synoptic, the latter regulating the 
Islamic lunar calendar. The year was defined by the basic seasonal change over 
the course of twelve months. 

Our understanding of how ordinary Arabs at the beginning of Islam mea
sured time is complicated by references in the texts that refer both to formal 
astronomical reckonings, which were not necessarily widely known or used, 
and folk knowledge. Ibn Qutayba (1956: 1-3) states that the traditional 
Bedouin Arabs of the peninsula did not divide up the year according to the 
formal four season model of the astronomers, but rather from what they knew 
locally about the timing of hot and cold weather and the presence and disap
pearance of plants and pasture. Thus, he notes, they began their year with the 
autumn rain called rabf" followed by a sequence of recognized rain periods. 
Other Arabs were said to separate the year into two parts: shita', which is male 
because of the rain in it, and ~ayf, which is female because of the pasture. The 
clear message is that telling time seasonally was adapted to local contexts and 
reflected a symbolism of natural fertility. A major problem in reconstructing 
such local seasonal systems with any degree of specificity is that the terms used 
may refer to different times or seasons from one system to another. Added to 
this is the general lack of information as to which tribe or group used a 
particular seasonal reckoning system. 

Comparative ethnographic findings suggest that how people reckon time is 
related to their needs as well as other systems they may have been exposed to. 
Arab pastoralists and farmers would have been primarily interested in seasonal 
patterns of weather, as we see reflected in the anwa' genre discussed below. 
Sailors would have been more interested in weather patterns that influenced 
the ability to sail and the presence of favorable winds. Fishermen and pearl 
divers would have their own interests, merchants and rulers theirs. Thus, we 
should not expect to find a discrete set of folk astronomical systems as we have 
come to expect from the formal science of astronomy. As Islam spread, Muslims 
would follow their own local traditions, adapt those of others with whom they 
came in contact, and build on the evolving literature of the religion and science. 

What makes the folk astronomy of Islamic peoples 'Islamic' is not simply 
that people were now Muslim. Reckoning time in the practical sense now took 
on an added dimension of a historical time frame in which the God of Abraham, 
Moses, Jesus and Mul).ammad dealt with the world. This Islamic rendering of 
history built on Judaism and Christianity, starting with the creation of Adam, 
and also covered the evolving Islamic polity of the caliphate, dynasties, military 
and missionary expansion. Not surprisingly, the eras of relevance to Muslims 
were at times defined according to astronomical events. The God who created 
sun, moon and stars for timekeeping purposes was also perceived as sending 
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signs for Muslims to interpret and metaphors for a better appreciation of what 
Islam should mean for the believer. 

ISLAMIC LUNAR CALENDAR 

The formal calendar of Islam is based on the phases of the moon, reckoning a 
month from one new moon to the next. There are twelve months with alternat
ing lengths of 30 and 29 days for a total some eleven days less than the solar 

1 year and seasonal round. Every 32"2 years these lunar months make a complete 
regression through the seasons. As a result their primary use is for setting 
religious festivals rather than seasonal activities on an annual basis. In Arabic 
the Islamic system is known as the hijri calendar, since it is said to begin from 
the time of MuJ:lammad's emigration (hijra) from Mecca to Medina. Dates from 
this calendar are indicated in English as A.H. (i.e., Anno Hijrae), in which 
1 MuJ:larram, A.H. 1 is equivalent to 16 July, AD 622, the traditional date of 
the hijra. 

The month names are derived from a pre-Islamic Arabic calendar, which 
added an intercalary month called a nasi' every third year to bring the months 
back in line with the seasons. This intercalation, which was supposedly derived 
from the Jewish calendar, was forbidden in the Quran (9:37). The standard 
etymologies of these names reflect Bedouin seasonal interests, as can be seen 
in Table 1. 

The Arabs began their lunar calendar in anticipation of the autumn rains 
rather than according to a specific astronomical event such as the equinox. 
There were other variants of these months (e.g., al-BlrunI, 1879: 71-73), in 
which the relevance to the tribal context is also evident. 

The Arabs determined the start of each lunar month on the evening of the 
first sighting of the new moon (hilal). That evening, along with the following 
two nights, was called the ghurra (literally, white spot on a horse's face) of the 
month. The pre-Islamic Arabs identified each set of three nights during the 
lunar month by name (Table 2), most of the term's meanings dealing with 

Table 1 Etymology of Islamic month names (al-BiriinI, 1879: 70-71) 

Month 

al-mu~arram 

~afar 

rabl' al-awwal 
rabl' al-akhir 
jumiida ai-ilia 
jumada al-ukhra 
rajab 
sha'ban 
rama4an 
shawwal 
dhil al-qa'da 
dhil al-hijja 

Etymology 

one of the four sacred months known as ~urum 
people procure their provisions for going out 
falling of rain and dew and appearance of plants 

water froze (jamuda) 

people formed the intention of traveling because it was safe 
tribes were dispersed 
stones roasted by the heat 
increase then decrease of the heat 
people stayed in their homes 
people performed the pilgrimage 
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Table 2 Pre-Islamic names for each three days of the lunar month (Ibn al-Ajdlibi, 1964: 85) 

Days of month Arabic name 

1-3 ghurr or ghurar 
4-6 nuqal 
7-9 tusa' 

10--12 'ushar 
13-15 bf~ 

16-18 dura' 
19-21 ~ulam 
22-24 ~anadis 

25-27 dadf' 
28-30 mu~aq 

being either dark or light depending on the waxing and waning of the moon's 
phases. The full moon (badr) occurred at the point of greatest waxing, laylat 
al-sawa' in Arabic. It is clear from the lexicons that many terms were used to 
indicate both the beginning and end of the lunar month. The last night of the 
month could be called sirar because the moon was about to hide itself, or 
fa~ama because there was no light in it, or bara' because the moon is clear of 
all sunlight, or na~r because it was the 'throat' of the month. 

SOLAR CALENDAR 

While the Islamic lunar calendar served liturgical purposes, in most areas 
where Islam spread the existing solar calendar was maintained for administra
tive and seasonal reckoning. The most commonly used system was the Julian 
reckoning, whether according to the Syriac month names or the Western 
Christian terms we commonly use today. The Julian reckoning lost about one 
day every 128 years, according to the seasonal round, and was not officially 
corrected until the Gregorian reform in AD 1582. In practice the Julian system 
was maintained in parts of the Middle East into the 19th century. In Egypt 
the solar Coptic reckoning was maintained. The start of the Coptic year was 
the month of Tilt, which began on VIII: 29 in the Julian calendar. In Iran the 
Persian calendar continued in daily use. Both of the latter two solar calendars 
have twelve months of thirty days, followed by an intercalation of five days. 

The Syriac month names, largely derived from Hebrew cognates, are as 
follows: Tishrln al-Awwal (October), Tishrln al-Thanl (November), Kaniln 
al-Awwal (December), Kaniln al-Thanl (January), Shuba! (February), Adhar 
(March), Nlsan (April), Ayyar (May), Ijazlran (June), Tammilz (July), and Ab 
(August), AylUl (September). There are numerous proverbs discussing the sea
sonal and agricultural phenomena of each month. For example, the rain falling 
in Nlsan (April) was considered to be especially beneficial and a sign of God's 
baraka or blessing (Westermarck, 1926: 1: 117). One famous proverb notes that 
a rain shower in April is better than a thousand laborers at the well (Ibn 
al-AjdabI, 1964: 155). In Palestine they say that one drop in April is worth the 
plow and yoke of oxen (Stephen, 1922: 162). 



ISLAMIC FOLK ASTRONOMY 621 

THE LUNAR STATIONS 

The lunar calendar is based on the phases of the moon, but it is also possible 
to plot out the stars along the moon's sidereal revolution, as seen from earth, 
of roughly twenty-seven and a third days. This can be viewed as a lunar zodiac 
in which the moon appears to station or lodge (yanzilu) among distinct stars 
each night. Since the moon's path is within five degrees of the ecliptic, the stars 
it stations in are almost all from zodiacal constellations. Early Islamic scholars 
describe a formal system of twenty-eight lunar stations (maniizil al-qamar) 
consisting of either single stars, pairs or larger asterisms (Table 3). 

In the formal reckoning the first asterism is shara!iin (~ y Arietis), representing 
the two horns of the Ram (~amal). The reason for selecting this as the first 
asterism is obviously linked to the start of the zodiacal year with the Ram at 
the vernal equinox, as noted by the astronomer al-~iifi (1954: 142). The second 
station, bu!ayn, is the belly of the Ram and the third station, the Pleiades 
(thurayyii), was considered to be the fat tail of the lamb. It was claimed that 
each zodiacal sign along the ecliptic comprised two and one-third lunar stations, 
a simple mathematical deduction with little relevance to actual observation. 

Table 3 Identification of the twenty-eight lunar stations 

Station Identification 

1 shara!iin p y Arietis 
2 bu!ayn E 1) P Arietis 
3 thurayyii Pleiades 
4 dabariin (J. Tauri 
5 haq'a A <pI <p2 Orionis 
6 han'a y ~ Geminorum 
7 dhirii' (J. P Geminorum 
8 nathra E y 1) Cancri 
9 !arf K Cancri, A Leonis 

10 jabha i.; y 11 (J. Leonis 
11 zubra 1) Leonis 
12 ~arfa P e Leonis 
13 (awwa( P 11 Y 1) E Virginis 
14 simiik (J. Virginis 
15 ghafr t K A Virginis 
16 zuMniin ()( P Librae 
17 iklil P 1) 1t Scorpii 
18 qalb (J. Scorpii 
19 shawla AU Scorpii 
20 naCii'im IT <p , s Y 1) E 11 Sagittarii 
21 balda 
22 sa'd al-dhiibi~ (J. P Capricorni 
23 sa'd bula' J.l E Aquarii 
24 sa'd al-su'ild c l Capricorni, P ~ Aquarii 
25 sa'd al-akhbiya Y 1t S 11 Aquarii 
26 al-fargh al-muqaddam (J. P Pegasi 
27 al~fargh al-mu 'akhkhar 1) y Pegasi 
28 barn al-~ilt P Andromedae 
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Indeed, astronomical texts often define each station as an equal amount of arc 
along the moon's course: each station covering 12 degrees 51 minutes (i.e., 360 
degrees divided by 28 stations). This results in a system of coordinates that 
could be applied in navigation and for telling the time at night. 

The origin of this formal system of twenty-eight lunar stations is not clear. 
A spirited debate evolved in the 19th century over whether the original lunar 
zodiac developed in India or China before diffusing to the Middle East. There 
is no evidence for this lunar zodiac in Babylonian astronomy or in classical 
Greek science. Despite wild claims to the contrary, such a system can not be 
found in the biblical records. The idea appears to have been borrowed by early 
Islamic scholars from India, probably via Sassanian Iran. Wellhausen's (1897: 
210, note 4) suggestion that the twenty-eight stations were borrowed from 
India and merged with Arab star lore still holds. 

The earliest Islamic texts uniformly claim a pre-Islamic origin for the stations 
from the weather lore associated with asterisms known as anwii' (naw " singular) 
in Arabic. The term naw' is well attested in the earliest Arabic lexical sources 
and defines a distinct genre of anwii' texts dealing with pre-Islamic folk astron
omy and prognostication. The primary astronomical definition of naw' is the 
cosmical setting of one of the twenty-eight lunar stations. Ibn Qutayba (1956: 
6) amplified this as follows: the setting of an asterism from the lunar stations 
to the west at dawn and simultaneous rising of another opposite it to the east 
(suqut al-najm minhii ft al-maghrib maca al-fajr wa-tuliY akhar yuqiibiluh min 
sii'atih ft al-mashriq). The sense here is said to be for one star setting as its 
opposite in the sky rises. Fahd (1966: 413) believes this opposition is common 
to the root meaning in earlier Akkadian and Hebrew. 

There is confusion in the medieval lexicons regarding how this meaning of 
a setting could have risen from a root form (n-w- ') that refers to rising (nuhii4 
or tulii'). Abu <Ubayd (quoted in Lisiin al-'Arab, article n-w-') argued that this 
sense of a setting only applied to naw' with regard to the lunar stations, because 
it is said the Arabs linked the coming of rain, wind, heat or cold to the influence 
of a setting star. Ironically, the surviving poetry and sayings on these anwii' 
indicate the opposite - that the rising of the star was the important reference. 
It is interesting to note that in the Indian Vedic texts the dawn setting of a 
lunar station marked the timing of certain religious acts (Kane, 1948: 5: 510). 

Ibn Qutayba (1956: 7-8) recorded both senses, setting and rising, for naw', 
but preferred the idea of setting because of the usage of the verbal form in 
surah al-Qa~a~ (28: 76) of the Quran. Some of the ingenious lexical solutions 
proposed to the contradiction appear to be contrived. Thus, Ibn Kunasa 
(quoted by Ibn Qutayba, 1956: 9) stated that the naw' arose or appeared as 
the star itself set. This agrees with al-BIrunI's (1879: 339) contention that the 
term naw' refers to the influence of a setting star rather than the setting per se. 
Another explanation is provided by Abu Is~aq al-Zajjaj, who claims that the 
verb nii'a indicates a rising with such difficulty it is as though it was inclined 
to sit. The key to this suggestion is the usage of nii'a hr al-~iml, explained by 
al-ZamakhsharI (1982: 475) as 'it inclined me to a setting' (mala br ilil al-suqut). 
A naw' in this sense refers to a rising under such a burden that it is inclined 
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downward, favorite examples in the lexicons being a camel with a heavy load 
or a woman with buttocks so large she has difficulty rising without falling back 
down. Why this sense should apply to the asterism is not clear. Lane (1984: 1: 
2861) suggested a similar figurative use of the term in which the rising and 
setting stars appear to be nearly overcome by the glimmer of dawn, but his 
sources for such a claim are not given. 

Despite the widespread use of the standard astronomical definition, authori
ties on Arabic usage disagreed whether naw' should refer to the setting or 
rising of the star. Ibn Majid (in Tibbetts, 1981: 79) remarks: 'Some say "nau" 
was its culmination, some its middle position, some its most easterly position, 
some its most westerly position, some make it its rising position. Some say it 
is when it appears at dawn and some when it appears in the twilight.' He then 
prefers the sense he finds useful in navigation, namely 'when the star appears 
at dawn for use in qiyas measurements and then sets and is in opposition for 
six months.' 

Part of the problem in the lexical discussion is the focus on a specific link 
to the root meaning of the term. Mu'arrij (quoted in al-MarzuqI, 1914: 1: 184) 
offers a variant interpretation in which naw' refers to the rain at the setting of 
a star because the rain rose up (naha~a) as the star set and that it was only by 
extension that the use of naw' became associated with the setting star itself. In 
fact the identification of naw' as rain is common in the Arabic sources and 
contemporary Arabic dialects. Sailors in the Mediterranean and Red Sea used 
the term naw' to refer to a storm or tempest at sea. The linkage with rain is 
clear, as Ibn al-A'rabI (quoted in Lisan al-' Arab, article n-w-C) stated that there 
can be no naw' without rain: if there is no rain with it, it is not a naw' (la 
yakUn naw' ~atta yakiin maCah matar wa-illafa-la naw'). The pre-Islamic Arabs 
did not expect rain at the risings and settings of all stars, but only those called 
naw'. AI-ZamakhsharI (n.d.: 4: 30) went so far as to suggest that the name of 
the pre-Islamic goddess Manat, mentioned in surah al-Najm (53: 21), may be 
derived from the same root as naw' because people sought rain from her. 

The formal astronomical model of the twenty-eight lunar stations is linked 
with the same asterisms as anwa' simply by plotting out these stations over the 
course of the solar year. In such a system each station constitutes a period of 
thirteen days with the exception of one period of fourteen days to round out 
the year (i.e., 27 stations x 13 days + 14 days = 365). In local folklore in Sudan 
it is believed that the 14th day is that on which Joshua called upon God for 
the sun and moon to stand still (Crowfoot, 1920: 271). While such a division 
is possible, it is not very probable as a viable seasonal calendar actually used 
by pre-Islamic Arab Bedouins, or anyone for that matter. There is no compelling 
reason why the year should be divided into equal units of thirteen days except 
as an adaptation of the twenty-eight lunar stations to the solar year. The 
commonly cited length of each naw' as thirteen days is contradicted in the 
anwa' texts, which record a length from one to seven days for each naw', 
apparently in reference to the time of influence. These lengths can hardly refer 
to the time for rain, since several of the stations occur when there could be 
no rain. 
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The anwa' texts describe the twenty-eight periods as a type of almanac for 
seasonal activities. Excerpts from pre-Islamic poetry mention the anwa' as 
markers of rain, but much of the information stems from rhymed sayings (saj') 
recorded, in several variants, for each naw'. While certain of the sayings may 
be pre-Islamic, there is no evidence that the sayings for all of the twenty-eight 
stations were original, as the authors of the genre imply. Indeed, examination 
of the sayings as a whole (see Pellat, 1955) indicates that the information is 
general rather than applying to a specific tribal group or part of the peninsula. 
It is also important to note that the rhymed sayings invariably refer to the 
rising of a naw' in contrast with the bulk of the lexical discussion. 

The type of information given for each naw' period is exemplified for the 
rising of bu!ayn at the beginning of May. Ibn Qutayba (1956: 21) relates that: 

When bu!ayn rose 
Debts were paid, 
finery appeared, 
the perfumer and the smith were pursued 
(idhii !ala'a al-bu!ayn 
uqtu~iya al-dayn 
wa-;:ahara al-zayn 
wa-uqtufiya bi-al-'a!!iir wa-al-qayn). 

At this time pasture begins to dry up and the nomads are forced to return 
to permanent water sources and larger camps. As the smaller herding units 
come together, the Bedouin pay their debts. They dress in finery and wear 
perfume because they are meeting old friends and relatives. This is also the 
time to ask smiths to restore tools used during the year. Ibn Is};aq al-Zajjaj 
adds that at this time the barley harvest is complete and the wheat harvest has 
started (Varisco, 1989b: 156). 

The term naw' in reference to asterisms does not appear in the Quran, but 
occurs in several traditions of the prophet. One of these expresses M u};ammad's 
denunciation of three pagan practices, one of which is divination through the 
anwa' (Ibn Qutayba, 1956: 14). The Prophet condemned those who attributed 
rain to the stars rather than to God. The pre-Islamic Arabs are said to have 
looked to certain stars as influencing the timing of rain, saying such things as 
'we were rained upon by the naw' of the Pleiades, Aldebaran or Arcturus' 
(Lisiin al-'Arab, article n-w- (). The most auspicious naw' was said to be the 
Pleiades, its dawn setting associated with the important autumn rains. The 
station following is Aldebaran, which is said to be the most detestable of the 
anwa', even though it was also associated with rain. 

There are two Quranic passages referring to the maniizil of the moon. The 
first reference in surah Yiinus (10: 6) reads (in Khan, 1971): 'He it is Who has 
made the sun a source of light and the moon shedding lustre, and ordained 
for it stages (maniizil), that you might learn the method of calculating the years 
and determining time.' The second citation is in surah Ya Sin (36:39): 'We have 
appointed stages (maniizil) for the moon, till it wanes into the shape of an old 
dry branch of a palm tree.' Most commentators think the reference in both 
verses is to the twenty-eight lunar stations. Ibn Kathir (1979/2/184), however, 
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suggests that the term maniizil refers in both passages to the waxing and waning 
of the lunar phases - the actual basis for the Islamic lunar calendar. The 
derivation of maniizil for the lunar stations is obscure and seldom commented 
on in the lexical sources. One can surmise that the singular manzil or manzila 
is that of a place of alighting (maw4t al-nuziil) in the course of a journey. As 
a manzil is where a man and his mount stop for the night, so it is also where 
the moon comes to rest at night. Thus, the term 'station' is preferable in 
translation to 'mansion' or 'lodge', which is sometimes found in the literature. 
Amazingly, there are in fact no references to this use of maniizil in the pre
Islamic poetry, where only anwii' is to be found. 

The claim that the formal model of twenty-eight lunar mansions originated 
as a set sequence of asterisms from a pre-Islamic star calendar cannot be 
sustained. Nowhere in the poetry excerpts cited in the anwa' texts is there a 
reference to the full contingent of twenty-eight asterisms. Further, the classic 
text of Ibn Qutayba acknowledges that several stations (#2,4,13,20) are not 
mentioned in the older poetry and several (#5,6,11,12) are only delineated as 
part of a larger asterism. An analysis of the poetic excerpts in his text shows 
that no poetry is provided for several other (#12,21,23,28) of the stations. If 
certain of the stations are not mentioned, or only found as parts of a larger 
asterism, then the rationale for the origin of the lunar zodiac fails. It should 
also be noted that a number of prominent stars known as markers of rain (e.g., 
Canopus, Orion, Spica, Arcturus) are not considered anwii', while Sirius is 
called a naw' in the poetry even though it does not figure in the lunar zodiac. 

Perhaps the most compelling evidence against the presence of a lunar zodiac 
among the pre-Islamic Arabs is the record of an alternative system of anwa' 
attributed to the Qushayriyun. AbU Zayd and Qu!rub, two of the early compil
ers, mention only thirteen or fourteen asterisms as anwa' (Table 4). In this 
reckoning the anwa' distinguish six main rain periods. The naw' here refers to 
the dawn setting in some cases but dawn rising in others; not all the stars 
mentioned are zodiacal. Clearly no attempt has been made here to divide the 
year up into discrete units of thirteen days each. 

Scholars have long speculated on the links between the Arab lunar stations 
and the system of 27 or 28 Hindu nak~atra, although there are minor variations. 
The choice of shara!iin as the first station parallels the start of the Indian 
system with Asvinf, the identical asterism. The astronomical definition of haqca 
as consisting of three stars in Orion is identical to the fifth nak~atra, but differs 
from the designation in the pre-Islamic excerpts. Both systems regard half the 
stations as auspicious and half as inauspicious, and an Arabic series of prognos
tications based on when the moon stations in each asterism is often said to be 
borrowed directly from Indian texts. But no doubt the main element borrowed 
is the concept of a lunar zodiac in which the stations represent equal units of 
arc along the moon's course (see Rodinson, 1962: 169). 

Knowledge of the Indian lunar zodiac may have reached the Arabian 
Peninsula in the century before Mu~ammad, since the Sassanians brought with 
them the Iranian lunar zodiac (Pingree, 1963: 241). During the conquests Arab 
scholars first began to assimilate the foreign sciences encountered in Iran and 
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Table 4 The Anwif of the Qushayriyun (Abu Zayd and Qutrub) 

Rain period 

wasmf 

shatawf 

dafa'f 

~ay/f 

~amfm 

kharlft 

Anwa' 

al-'arquwatiin 
al-mu' akhkharatiin 

Sharii! 
thurayyii 

jawzii' 
dhirii'iin or dhirii' 
nathra 

jabha 
'awwii 
~arfa 

simiikiin 

dabariin 

nasriin 
akh~ar 
al-' arquwatiin 

al-ulayiin 

Comments 

15 days for each asterism 

also part of shatawf and some say part of ~ay/f 
not mentioned by some 
not mentioned by some or perhaps a separate season 

40 day period 

20 day period, but some say no naw' at this time 

Altair and Vega 

later in India. By the 8th century, as the earliest known anwa' texts were being 
compiled, the Hindu Siddhiinta, which describes the nak~atra system, had been 
translated into Arabic. The earliest reference to the stations as a formal system 
appears to come from Malik ibn Anas (d. 179/795) in a tradition of the 
Andalusian philologist <Abd aI-Malik ibn l:Iabib (d. 238/852). The 9th century 
AD astronomer al-Farghanl, whose principal text was translated into Latin by 
John of Seville and Gerard of Cremona, listed the twenty-eight stations. Thus, 
the formulation of the lunar zodiac in Islamic science took place at a time 
when the influence of Hindu tradition was pronounced. 

The anwa' are best understood as originally part of a system for divining 
rain. That the Prophet felt it necessary to oppose it vigorously suggests that 
such practices were firmly engrained in Mecca. Certain idols set up in the kacba 
were said to be prayed to for rain (Ibn al-Kalbl, 1952: 7). There is also an 
account of a rain cult associated with the sacred geography of the ka < ba in 
which the rain reaching a certain door of the sanctuary would indicate rain 
and fertility for the land in the directions of that door (al-Jal:li~, 1968: 3: 43). 
Divining the rain and other weather phenomena would clearly have been an 
important part of pre-Islamic cults. But apparently the anwa' were associated 
with other aspects of life. AI-Marzuql (1914: 1: 178) claimed that the Arabs 
exceeded proper bounds in their oaths by the anwa' and attributed events to 
their influence until they deluded themselves into thinking that all fortune or 
misfortune, good or evil, profit or loss, was according to them. 

Why then did early Muslim scholars claim that the anwa' constituted a lunar 
zodiac? It is not that they sought to deliberately mislead; rather, they participa
ted in a milieu in which science was concerned with the harmonization of 
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information within an avowedly Islamic framework. In this respect, a scholar 
like Ibn Qutayba attempted to describe the anwii' without reference to the 
influence of foreign philosophy or scholarly astronomy. His goal was to make 
sense of what the Bedouins did, not in a straightforward documentation but 
in a kind of occult cleansing that would erase the pagan or magical elements 
not approved in Islam. To accomplish this the variant star calendars of actual 
tribes were unified in the neutral frame of a lunar zodiac, which God as creator 
was believed to have established. It was also necessary to assert that the 
practical use of the anwa' as a timekeeping system existed independently of the 
pagan practice of rain invocation. Thus a blatant pagan practice was purified 
and set into an Islamic cosmology that later generations accepted without 
question. 

SUN, MOON AND PLANETS 

The lexical sources in Arabic record hundreds of terms used for the sun and 
moon. Given their importance in timekeeping, these are the two planetary 
bodies most known to the average person. Linguistically, the main Arabic term 
for the sun (shams) is feminine, while the moon (qamar) is masculine. It is clear 
that the pre-Islamic Arabs, like other people in the region, were aware of the 
main planets known in antiquity. However, it is often difficult to separate 
indigenous Arab folklore from the other traditions encountered in the expansion 
of Islam. Those planets, including the sun and moon, which were thought to 
move relative to the earth, were known as sayara, distinguished from the fixed 
stars (thabita). The five recognized planets were referred to collectively as 
khunnas, a term also used for demons. In medieval Islamic cosmology the sun's 
course was in the middle. Above ranged, in ascending order, Mars (mirlkh), 
Jupiter (mushtarl) and Saturn (zuhal). Below were Venus (zuhra), followed by 
Mercury ('utiirid) and the moon. All of these celestial bodies were said to 
traverse the celestial sphere (falak) from west to east. 

Medieval Islamic astronomy borrowed heavily from earlier sources, especi
ally Ptolemy's classic Almagest, which mentions about 1,020 stars with their 
ecliptical coordinates and magnitudes for the time of AD 137. Many Arabic 
terms indicate borrowing of ideas from other traditions, whether after Islam 
or in the remote past, but the lexical sources also provide information about 
local star names. It is fair to assume that most people, even Bedouins on the 
desert, had a fairly limited knowledge of star names. Ibn Qutayba (1956: 2) 
remarked that several pre-Islamic tribes were known for their knowledge of 
the stars and others were not. While the risings and settings of prominent stars 
would have been used for local star calendars, the scientific delineation of 48 
specific constellations or 12 zodiacal constellations was primarily a textual act. 
Research among contemporary tribal groups in the region suggests that there 
was little need to know more than the few stars to set up seasonal calendars, 
and that some individuals would have been far more knowledgeable than 
others (Bailey, 1974: 595; Clermont-Ganneau, 1906: 362). 

The zodiacal constellations were referred to in Arabic as buriij, a term used 
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for fortifications and castles. Quranic usage (15: 16,25: 61, 85: 1) of this term 
is in the generic sense of a constellation rather than for the specific twelve 
zodiacal constellations (Table 5) later recognized in the astronomical texts. In 
his commentary on the surah entitled al-Buruj, Ibn KathIr (1979: 3: 622) 
identifies the term simply as stars (nujiim) before giving the standard link to 
the twelve zodiacal constellations. The myriad astrological and esoteric links 
between these constellations and other phenomena are clearly derivative; 
although some of this knowledge became widespread among the general public. 

Arabic star names are particularly interesting, since so many of them have 
survived in modern astronomical nomenclature (see Allen, 1963). Examples 
include: Achernar (al-akhir al-na~r), Aldebaran (dabaran), Altair (al-nasr al-ra'ir) 
and Vega (al-nasr al-waqi'). Many Arabic terms are simply direct translations 
from other languages, such as sararan (crab) for Cancer. Others indicate indige
nous Arabic terms, although it is difficult to say when-and how they entered 
the main language documented in the lexicons. The classical description by 
al-~ufi (1954) of the constellations compares the stars named in the Almagest 
with the names in Arabic sources, especially in the anwa' texts. There were 
often local variants, even for the best known stars. An example is the bright 
star Sirius, one of the few stars mentioned by name in the Quran (53: 49). It is 
called al-shi'ra al-'abiir or al-shi'ra al-yamanfya in the astronomical texts; the 
former refers to the fact that it crosses over ('abara) the Milky Way, the latter 
to its location in the south. In medieval Yemeni dialect Sirius was called bajis 
in the coastal region and 'ilb or 'alib in the highlands. Sometimes a star is 
known by a nickname, such as the Palestinian Arab reference to Aldebaran as 
najm al-gharara (the deceitful star) because it was often mistaken for the 
Morning Star (Conder, 1883: 337). 

An example of an important star that figures prominently in Islamic folk 
astronomy is Canopus (ex. Carinae), a bright red star of the first magnitude. 
The main Arabic term for this is suhayl, which is also used as a personal name 
(see al-ZabidI, article s-h-I for examples). Derivation of this Arabic term is not 
clear. Tha'lab (in al-MarzuqI, 1968: 1: 258) suggested the association with 

Table 5 Arabic names for the zodiacal constellations 

Arabic Identification 

~amal Aries 
thawr Taurus 
jawzil' Gemeni 
sararan Cancer 
asad Leo 
'udhra' Virgo 
mfzan Libra 
'aqrab Scorpius 
qaws Sagittarius 
jadf Capricornus 
dalw Aquarius 
~ilt Pisces 
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cooling, since the heat began to ease up or cool at its summer rising (Ii-anna 
al-~arr yashulu cinda !uliYih). This rendering is supported by the pre-Islamic 
poem and rhymed saying in which Can opus signals the end of the heat (Ibn 
Qutayba, 1956: 154-155). Some scholars link it to the root meaning of level, 
referring to a plain, because it rises so little above the horizon (Schoy, 1934: 
503). Bailey (1974: 586), apparently reflecting Bedouin usage, argues that it 
may be derived from the sense of rain falling at this time in a semantic link to 
the use of ishiil for diarrhea. Sailors refer to this important navigational star 
as 'the Green' (kha~r) (Serjeant, 1982: 122). In pre-Islamic poetry Canopus is 
sometimes referred to as a stallion (fa~l), because it is aloof from other stars 
as a stallion is aloof from other horses (al-ZabidI, article f-~-l). 

Bedouin on the Arabian Peninsula used Can opus as the primary indicator 
of south. It is said that Solomon followed this star in order to travel to Yemen 
and visit the Queen of Sheba (al-Tha'labI in Phil by, 1981: 89). Canopus was 
the important navigational marker of south for sailors (see Ibn Majid in 
Tibbetts, 1981: 129-136). Its rising point in the south was the astronomical 
marker for the blowing of the south wind, as well as the star to which the 
south axis of the kacba in Mecca is aligned. In the star compass or bussola of 
Arabian Gulf mariners, its rising point defines south-southeast and its setting 
point delineates south-southwest. 

People from all parts of the Arabian Peninsula cite the timing of its late 
summer rising in mid to late August as a seasonal marker for weather, herding 
and farming. Ibn Qutayba (1956: 96) noted that the pre-Islamic Bedouin began 
their pastoral cycle of leaving their summer water holes for desert pasture at 
the late summer rising of Canopus. This practice has continued on the peninsula 
for centuries (Musil, 1928: 8, Sowayan, 1985: 25-27). In the Arabian Gulf this 
has given rise to a Canopus calendar in which the year is divided into units 
following the rising of Canopus in August (Varisco, 1990: 12-14). In common 
usage time periods were divided roughly into ten-day units. The first forty days 
were referred to as 'the forty' (arbaCfna) and correlated with the autumn ~firf 
(~afarfya) period, a usage stemming back to the pre-Islamic Bedouins. Each ten 
day unit could be used to mark the appearance of certain plants, fish or weather 
events. About 110 days after the start of the Can opus calendar the cold period 
of mirbaCiinfya began. In practice this system appears to have been used mainly 
for the autumn and winter, although local scholars in their almanacs have 
extended the idea into a formal system for the entire year. In relevant areas 
proverbs link the rising of Canopus with rain (Bailey, 1974: 584; Musil, 1928: 
8; SarQan, 1981: 37; Varisco, 1994: 104). Other proverbs associate the rising of 
Canopus with the main time for picking dates (Bailey, 1974: 587, Dickson, 
1951: 257; Musil, 1928: 8; Sa'Idan, 1981: 2: 775). 

Although not mentioned in the Quran, there is a tradition from MUQammad 
that Suhayl was a tax-collector in Yemen who was so unjust that God trans
formed him into a star (Sa'Idan, 1981: 2: 775). Some medieval scholars attrib
uted this saying to CAlI rather than MUQammad (al-SuyiitI in Heinen, 1982). 
In a similar vein it was also said that Suhayl was one of the stars that rebelled 
against God, similar to the story of Lucifer in Judeo-Christian cosmology. A 
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proverb compares Can opus to a liar because it sets so soon after it rises, rather 
than staying for a long time in the night sky (Bailey, 1974: 583). 

Magical lore and occult knowledge about Can opus from other civilizations 
were grafted into Islamic cosmology. For example, there is a pre-Islamic 
Bedouin belief that a male camel who looks directly at Canopus will die 
(al-DamlrI, n.d.: 1: 33), while al-Mas'UdI (1861: 3: 317) states that in India they 
believe that a certain malady appears on camels when Canopus rises. Sinai 
Bedouin also fear the power of Can opus in their belief that for a certain 
medicinal plant to be efficacious it must be dug up on the side of the bush that 
is not shone upon by the star (Jennings-Bramley, 1906: 27). Probably borrowing 
from Hindu tradition, al-BlrunI (1879: 345) notes that some people believe a 
man who falls ill at the rising of Canopus will die. However, in Iran there is a 
belief that a girl will become pretty if Canopus shines on her face (Masse, 1954: 
172). Ibn al-Mujawir (1954: 81), quoting a certain Rabban ibn Jabir, noted a 
legend that the sea declined forty meters (i.e. dhirii C

) at the rising of Can opus, 
apparently in reference to the effect of the summer's heat. 

One of the important constellations among the Arabs was Ursa Major, 
known as the Great Bear, Big Dipper or Plow in English. This consists of 
seven stars, which are generally named First (awwal) through Seventh (siidis). 
The four stars in a square are referred to in classical Arabic as nacsh (the bier 
or litter). The three associated stars are said to be three girls (baniit) either 
pulling or trailing the bier. These terms relate to a legend about a man who 
was killed and his three daughters. Among the Sinai Bedouin, the bier bears 
the body of a man killed by Polaris. The girls are constantly seeking revenge, 
but they mistakenly blame Canopus (Bailey, 1974: 583-584). In a Tunisian 
variant, Polaris kills his brother (MarzuqI, 1984: 120). In a Sudan variant the 
three tail stars are maidens waiting to serve in the Sultan's bedchamber (Owen, 
1933: 68). This constellation is also portrayed as Noah's ark (Tibbetts, 1981: 69). 

The main Arabic term for the Milky Way is majarra, because it is like the 
tract along which something has been dragged. In much of the folklore it is 
referred to as the road on which the angels dragged the sheep to be slaughtered 
by Abraham instead of his son (Murray, 1935: 167; Westermarck, 1926: 1: 131). 
It is also associated with the heavenly path of Buraq, the Prophet MuJ:1ammad's 
steed (Monteil, 1949: 208). According to a proverb, when the Milky Way 
reached the middle of the sky in late summer, the dates of Hajar in Arabia 
were said to be ripe (Lane, 1984: 402). A comet was called mudhannab, referring 
to its tail (dhanab); there is a fair amount of Arabic folklore about comets 
(al-Samara'I, 1974). Some people thought of comets or shooting stars as darts 
thrown by God at an evil spirit (Lane, 1973: 223). 

THE PLEIADES AND THE PLEIADES CONJUNCTION CALENDAR 

The most famous star in Islamic folklore is undoubtedly the Pleiades. 
Commentators regard the reference in surah al-Najm (#53) of the Quran as the 
Pleiades; in fact the Arabs often referred to the Pleiades simply as al-najm (the 
star par excellence), a usage parallel to that in Sumero-Akkadian (Hartner, 
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1965: 8). In a well-known tradition, Mul;1ammad links the early summer heliacal 
rising of the Pleiades with the beginning of the heat, crop pests and illnesses. 
In another tradition, more political than weather-related, Mul;1ammad is sup
posed to have told his uncle Abbas (for whom the Abbasid caliphate was later 
named) that kings would come from his descendants equal to twice the number 
of stars in the Pleiades. This would imply that Mul;1ammad thought there were 
13 stars in the asterism, since the Abbasid caliphs numbered twenty-six (Ibn 
Majid in Tibbetts, 1981: 84). 

As one might expect for such an important star, there are numerous Arabic 
terms and poetic allusions. The standard classical term is thurayyii, a diminutive 
of the Arabic tharwa, which means many in number. This is usually taken as 
a reference to the many small stars in the asterism, but some scholars also link 
it to the abundant rain. In poetry this asterism can be styled a bird, bridle, 
bunch of grapes, cup, flag, ostrich egg, and she-camel. Ibn Majid (Tibbetts, 
1981: 83) remarked that because of the faintness of the stars, 'it trembles so 
that it has been said that it resembles the ghost in the death agony, or the 
earrings of a young girl trembling for fear of separation from a lover or a cup 
being passed around a gathering.' 

Most of the medieval sources claim that the Pleiades consists of 6-7 distinct 
stars with other faint ones in the asterism. Others think Mul;1ammad mentioned 
12-14 stars, depending on how one interprets the variants of the tradition on 
the number of Abbasid caliphs. There was disagreement among scholars if the 
Pleiades should be placed in Aries or Taurus. AI-BlriinI (1874: 343) noted that 
the Bedouins saw the asterism as the tail of Aries, but he preferred to associate 
it with the hump of Taurus. Ibn Qutayba (1956: 24) observed that the Pleiades 
occupied the middle of the sky in winter. 

As one of the anwa' stars, the Pleiades was an important seasonal marker. 
The dawn setting of the Pleiades in mid-autumn signaled the rain period known 
as wasmz on the Arabian peninsula. Folklore throughout the region associates 
the autumn rains with the Pleiades as a marker. Musil (1928: 9) commented 
that this was the most important rain for providing adequate pasture for the 
Rwala Bedouins. 

In much of the Middle East the Pleiades appears to disappear from view 
under the rays of the sun for about 40-50 days in early May. This is referred 
to by several terms, including dufun, ghiisiq, ghurub and istisriir. In Egypt this 
time marks the Forty Days of Summer (arbaCzn al-~ayf) or period of the khamszn 
winds (Klunzinger 1878: 301). The Rwala Bedouins have a proverb that says 
plants dry up due to the heat at its disappearance (Musil, 1928: 17). This is a 
most inauspicious time, which some commentators link to a reference to the 
night of evil mentioned in surah ai-Rum (30: 48) of the Quran. In Fezzan this 
period is a time for mourning (Paques, 1964: 100). In Sinai, according to 
Burckhardt (1831: 2: 91), the locusts only come during the disappearance of 
the Pleiades, because they fear it. According to al-BIriinI (1879: 251) a pre
Islamic fair was held at Dair C Ayyiib when the Pleiades reappeared after their 
forty days' absence. 

The dawn rising of the Pleiades, after disappearing from view, is a major 
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marker of heat and the onset of summer. The pre-Islamic anwii' rhymes mention 
that when the Pleiades rise, heat is vehement, pasturage is brittle and female 
donkeys bite each other. Another proverbial saying notes that this is the time 
when shepherds want to drink from their waterskins. Its rising is sometimes 
associated with hot and damaging winds which damage crops and bring pests 
and disease. For the Gulf waters, Dickson (1951: 24) noted that the wind of 
the Pleiades from mid-April to late May made it very dangerous to travel by 
sea. By contrast, the rising of the Pleiades indicated the time for the caravan 
to leave Timbuktu in North Africa and for the local pilgrimage to the tomb 
of Sidi Abdelqadir al-Jilali at the oasis of Aoulef el-Arab (Paques, 1964: 283, 
547). 

Observation of the rising and setting of the Pleiades is an important marker 
throughout the Middle East and Mediterranean for timing agricultural activi
ties. For example, the evening rising in autumn is a marker for dates to ripen 
on the peninsula (Ibn Qutayba, 1956: 31), sowing a variety of sorghum in 
Yemen's coastal zone (Varisco, 1994: 169), sowing fava beans in Morocco 
(Westermarck, 1926: 1: 130), and harvesting grains in Algeria (Champault, 
1969: 130). Sometimes the agricultural timing is mentioned in proverbs. The 
Sinai Bedouin, for example, say 'Planting time is Pleiades time' (Bailey, 1974: 
590). 

The magical significance of the Pleiades is frequently noted in texts and 
folklore. Because of the association of the Pleiades with the Prophet 
Mul).ammad, some scholars say that if a person gets sick at its rising, the 
disease will not result in death. Some physicians prohibited drinking water at 
night after the dawn rising because spirits could be in that water. AI-QazwlnI 
even noted that God gave the spirits (i.e., jinn) power over water at the rising 
of the Pleiades. This may be in reference to the rough waters on the 
Mediterranean at this time. This is also a time when waters are said to dry up. 

One of the indigenous calendars from the Arabian Peninsula is based on the 
monthly conjunction of the Pleiades with the moon. The moon conjuncts with 
the Pleiades about once every 27~ days. This conjunction was visible monthly 
from autumn through spring and occurred about the same time each year; thus 
it coincided with the main parts of the pastoral cycle on much of the Arabian 
Peninsula. According to Abu Layll (in al-MarzuqI, 1914: 2: 199), these conjunc
tions began at the time of the autumn wasml rain. This observation is still 
found among contemporary Sinai Bedouins (Bailey, 1974: 588). Ibn Qutayba 
(1956: 87) noted that when the moon conjuncts with the Pleiades on the fifth 
day of the lunar month, winter goes away. The new moon coincides with the 
Pleiades during the month of NIsiin or April during the naw' of simiik. This 
was considered to be one of the most fortunate star movements in the sky, 
perhaps because of its unique annual character. Shortly thereafter the Pleiades 
disappears from view at the start of the heat. 

In Yemeni folklore the first conjunction in the reckoning is called 19, because 
the conjunction of the moon and the Pleiades is on the 19th day from the new 
moon of the lunar month. It appears that the conjunction on the 19th night 
occurs at the end of the month of Aylill (September), following the rising of 
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the four stars of Ursa Major. After another lunation the moon conjuncts with 
the Pleiades two days closer to the new moon. This is because the difference 
between the orbit of the moon around the earth (which is 27~ days) and the 
cycle of the waxing and waning of the moon's phases (which is 291 days) is 
about two days. After conjunction 17 is conjunction 15 and so on until the 
completion of the reckoning. During the spring, around the start of April, the 
Pleiades conjuncts with the new moon; this was thought by the pre-Islamic 
Arabs to be a very auspicious time (Ibn Qutayba, 1956: 86). After the Pleiades 
conjuncts with the new moon, it soon disappears from view in what the Yemenis 
call 'the night with nothing else' (layla wa-la shay'). 

The Pleiades conjunction calendar defines a very important period to Yemeni 
farmers, as reflected in the almanac poem of the Yemeni poet I:Iasan ibn Jabir 
al-'AfIarI, who died in 1122/1710 (Varisco, 1997: 18-19): 

For the common people there is a second view to the east for a conjunction. 
That is, the Pleiades conjuncts with the moon, the first being conjunction 19. 
When the fifth of 'alliin [harvest season] comes, so easily known, is the start of the conjunction. 
According to them, when this conjunction comes, it distinguishes summer from autumn. 
On the nineteenth night these two conjunct every time. 
During it the leaves of the regional crops are stripped, and they gather the fodder grass of 'alliin. 
After this is conjunction 17; harvest, even if only some of the crop is ripe. 
The male sheep mount the females, so listen well to my system. 
For the conjunction on night IS be pleased for your sons because of the abundance. 
[Conjunction] 13 is the best you will ever have. Plowing is fortunate among the labors. 
When you hold back pruning your grapevines, be wise in [conjunction] 11. 
If you prune before this, then all that you prune will go through the general cold. 
Because in their branches are springs from which the hidden seed will emerge. 
In conjunction 9 the grapevines bud and from the springs quickly [?] a marvel begins. 
In conjunction 7 or the seventh when they go by, the six [days] of ~awiib come. 
They say in conjunction 5, know that is about the time for spring labors, so understand. 
If you sow ditM' [wheat and barley] in it, it will not go wrong, but the bread from its grain 

will come out tasty. 
[Conjunction] 3, the ones with experience say, is for whoever wants prominence in sowing 

sorghum. 
At this time the people of al-I:Iazm do not approve of the sowing of al-ditM', because it will 

turn white 
And then its seed will be thin, so know they have said exactly this. 
[Conjunction] 1 to them is like a [vain] boaster, during it is the conjunction of a night and 

then nothing. 
After a month the Pleiades sets and the rains set in and irrigate the land. 
It sets at the time of its setting and disappears continuously for 12 days in its absence. 
Then by its absence it is a divider of what is rightly between spring and ja~r [hot and dry period] 
Concluding all the spring labors as the rains set in with its going down. 

The nine months between September and May cover the most important 
work period for farmers in the Yemeni highlands. The conjunction month 
19 falls during the local season of 'allan, the beginning of the autumn sorghum 
harvest. In much of the Yemeni highlands sorghum stalks are stripped of their 
leaves about a month before the harvest of the heads, as mentioned in the 
poem. Advice is given on when to plow, prune grapevines and sow, as well as 
when to expect rain. 

The Pleiades conjunction calendar has been reported from various parts of 
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the Middle East, including Palestine (Dalman, 1928: 1: 23, Jaussen, 1903: 376) 
and Afghanistan (Bausani, 1974; Ferdinand, 1959). It is interesting to note that 
the conjunction of the moon and the Pleiades was used to determine the 
intercalary months in Babylonian astronomy (Hunger and Reiner, 1975). 
Timekeeping based on the conjunction of the moon and the Pleiades is also 
found in East Africa (Nilsson, 1920: 136). 

RAIN AND THE SEASONS 

The anwii' stars of the Arabs were primarily used as markers of rain. Nine 
different terms are commonly cited for the specific rain periods of pre-Islamic 
Arabia. These are often listed in a sequence, varying from four to eight periods 
(Table 6). Obviously there were variations in rainfall patterns in different parts 
of the Arabian Peninsula. Thus, no specific sequence preserved in the early 
lexical texts should be assumed to refer to the peninsula as a whole. 
Complicating this is the fact that the same terms were often applied to rain 
periods in the areas the Arabs expanded to - from Spain to India. 

Most of the sources indicate that the first rain of the year was the wasml, 
which was named for the fact that it literally marks (yasimu) the ground with 
vegetation (Ibn Qutayba, 1956: 115). Alternatively, contemporary usage in 
Palestine suggests that the term can also refer to the rain itself marking the 
ground (~arl.tiin, 1981: 36). Pastoralists considered the wasmI rain the start of 
the year, since this was when they could leave their summer camps in search 
of pasture (Ibn Qutayba, 1956: 96-97). In most of the anwii' texts and almanacs, 
the wasmi rain occurs at the beginning of Tishrin al-Thani (mid-November) 
and is usually associated with the dawn settings of stations aljargh 
al-mu'akhkhar through the Pleiades. Ibn Sida (1965: 80) claims that there was 
no wasmI rain after the naw' of the Pleiades. Among contemporary Bedouin 
in Sinai, the northern part of the Arabian Peninsula and Kuwait, the rain 
falling in October is called wasm al-thurayyii. This autumn rain was also 

Table 6 Sequence of rain periods in pre-Islamic Arabia (Varisco, 1987) 

A. wasmf, rabr', ~ayf, ~amrm (Ibn Qutayba, 1882: 1: 76) 
B. wasmf, rabr', ~ayf, kharfj or ~amrm (Qutrub) 
C. wasmf, waif, rabr', ~ayf, ~amrm (Al-Nuwayri, 1923: 1: 75) 
D. wasmf, kharif, shatawf, dafa'f, ~ayf, ~amrm (Abu Zayd in Cheiko, 1908) 
E. wasmf, shatawf, rabr', ~amrm, kharfj (Ibn al-Ajdabi, 1964: 98, Qutrub, al-KalarajI) 
F. wasmf, shatawf, dafa'f, ~ayf, ~amrm, kharfj (Lane, 1968: 1254; source not provided) 
G. wasmf, shatawf, dafa'!, rabr', ~ayf, ~amrm, kharfj (Abu Zayd in al-MarzuqI, 1914: 1: 198; Qutrub, 

al-KalarajI) 
H. wasmf, waif, shatf, dafa'f, ~ayf, ~amfm, rama~, kharfj (Abu l:ianIfa al-DInawarI in Ibn Sida, 1964: 

9: 79) 
I. kharif, wasmf. rabr', ~ayf, ~amrm (Al-A~ma<I in Lisiin al-'Arab, kh-r-f; al-NuwayrI, 1923: 1: 75) 
J. kharif, wasmf, rabf', ~ayf, ~amrm, rama~ (Abu 'Ubayd in Ibn SIda, 1965: 9: 87) 
K. ~ayf, waif, ~amrm, ra~ii', shamshf, wasmf. rabr' (A~mad ibn Mu~ammad al-JadalI) 
L. ~ayf, dafa'r or datha'f, ~amrm, rama~f, shamshf, wasmf, waif, rabr' (Dozy, 1961: 11) 
M. rabr', ~ayf, ~amrm, kharif, wasmf, waif, shitii' (Abu Isl;1aq al-Zajjaj) 
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significant for Syrian farmers, who plowed their land and planted grain during 
the wasml rains (al-Nuwayrl, 1923ff: 8: 55-256). 

Several of the sources recognize an important rain period called waif 
following the autumn wasmI rain. The term literally refers to a rain that follows 
(yam another rain. Ibn Qutayba (1956: 117) claimed that the wall rain was 
needed in order to continue the pasture started with the wasmI; otherwise the 
grasses would dry up. This rain is usually associated with the dawn settings of 
Aldebaran through haq'a. The medieval Yemeni almanacs record a wall rain 
at the end of Tishrln al-Thani (early December). 

In much of the peninsula winter contains little or no rain. The classical term 
for winter (shita') can even refer to a drought (qalrn because there is so little 
rain during the cold of winter (Lis an al-'Arab, article sh-t-'). Kuwaiti Bedouin 
use the term shita' for the season without rain between the autumn wasm and 
the spring rains (Dickson, 1951: 256). The Rwala Bedouin, however, recognize 
a shitwf rain after the autumn wasm (Musil, 1928: 8-9). In the formal model 
of lunar stations, the season of shita' generally falls from the dawn settings of 
han'a through far! 

The general term for spring in the four-season model adopted from the 
Greeks is rabf'. However, the pre-Islamic Arabs used this term to refer to the 
autumn season in which crops ripened (Lisan al-'Arab, article r-b-'). Ibn 
al-AjdabI (1964: 96) placed the rabI' rain at the end of the summer heat (qan). 
According to Abu Anlfa al-DlnawarI, the six cold months of winter (shita') 
were divided into a first rabI' of water and a second rabI' of plants. In another 
tradition the first rabl' was known for pasture and truffles, while the second 
rabI' referred to the ripening of crops. The distinction of two rabI' periods 
survives in the Islamic calendar as well. 

Part of the confusion over the seasonal reference to rabI' is that it can be 
used for any rain period (Ibn Qutayba, 1956: 118) and in some contexts refers 
specifically to the pasture generated by the rain (Musil, 1928: 13). In the formal 
system of lunar stations, rabI' refers to the dawn settings of han'a through 
~arfa. Abu Zayd and Qu!rub recorded the use of rabI' for all the rains from 
the wasmI to the dafa'f. AI-KaHirajI, however, limits the rabI' rain to the 
stations nathra through ~arfa. 

The term dafa'f is cited as a season of heat and possible rain after the cold 
of winter (Ibn Kunasa in al-MarzuqI, 1914: 1: 200). The term daf' in fact refers 
to heat (sukhuna) or the opposite of intense cold. The derivation of the term, 
however, is not from the Arabic d1-<' but rather from datha'f (Ibn Qutayba, 
1956: 113). This is a cognate of Hebrew, where it means the season of tender 
shoots in spring (de Vaux, 1965: 184), and South Arabic, where it refers to 
spring and spring crops (Rossi, 1939: 151). The South Arabian Himyarite 
month name equivalent to January is dhil al-ditM' (Varisco, 1994: 67). In the 
formal system of lunar stations, the dafa'f rain is linked to the dawn settings 
of jabha, zubra and ~arfa, while Abu Zayd and Qu!rub associate this rain just 
with jabha and ~arfa. 

The term ~ayf is used in the four-season model for summer, but it actually 
covers the period of spring in Yemen and among some pre-Islamic tribes (Lisan 
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al-'Arab, article ~-y-f). The term implies the appearance of heat; a day or night 
is called ~ii'if due to the heat (~arr) in it. Qu!rub defines ~ayf as the period of 
intense heat in the season of qay? In the formal system of lunar stations, the 
~ayf rain occurs between the dawn risings of 'awwii' through shawla. Abu Zayd 
and Qu!rub limit this rain to the forty day period in the variant naw' of 
simiikiin. The Rwala Bedouin place the ~ayfi rain between mid-April and early 
June, as the heat begins to dry up pasture (Musil, 1928: 16). Also associated 
with rain during the hot season are the terms shamshf, due to the intensity of 
the sun (shams), and rama4, which signifies the intensity of heat. 

The late summer or early autumn rain is generally called kharlf or ~amlm. 
Kharlf stands for autumn in the four-season model, although in Yemen and 
among some pre-Islamic tribes it referred to the summer. In the Himyaritic 
calendar of South Arabia the equivalent to the month of August was dhii 
al-khariif The term is derived from the fact that at this time crops are picked 
(tukhrafu); Ibn RaQlq specifies that this is the harvest (ikhtiriif) of dates, at the 
end of summer. In the formal system of lunar stations, the kharlf rain falls 
from the dawn setting of na'ii'im through al{argh al-muqaddam, while in the 
anwa' system of Abu Zayd and Qutrub the asterisms are nasriin, akh4ar and 
al-'arquwatiin al-iilayiin. Qutrub argues that kharlf was the Hejazi term equiva
lent to ~amlm in the dialect of Tamlm. The term ~amlm refers to heat and is 
sometimes used for the rain of the hot summer season of qay? (Ibn Qutayba, 
1956: 114). According to Abu Zayd and Qu!rub, the ~amlm rain occurs at the 
rising of Aldebaran for a period of 15-20 days. Ibn Qutayba (1956: 114) claims 
that this rain was not useful for pastoralists, because the pasture produced by 
it would immediately dry up because of the heat. 

Ethnographic documentation of contemporary Arab folklore on the seasons 
offers interesting parallels with the pre-Islamic systems recorded. The Rwala 
Bedouin, described by Musil (1928: 8), began their year with the rains associated 
with the evening rising of Can opus, at which time the Bedouin would venture 
into the inner desert for a period of forty or fifty nights. This was followed, at 
the evening rising of the Pleiades and later that of Gemini, by the period 
known as ~afarf, a period with similar meaning in the anwa' literature (Varisco, 
1994: 121). Following this were the forty days of winter (shitii') proper, marked 
by the evening rising of Sirius. The next period of about fifty days was signaled 
by Arcturus, followed by the spring (~ayf) from mid-April to the beginning of 
June. The last part of the year was the hot and dry season of qay? for about 
four months, during which time the Bedouin congregated near water sources. 
Attempts were made to link these periods to the formal system of thirteen-day 
anwa' periods, but this was usually based on local observations of stars, 
regardless if they were zodiacal or not. Examples have been recorded for Arabia 
(Philby, 1928: 60), Egypt (Murray, 1935: 164) the Gulf (Varisco, 1990: 14), 
Sudan (Owen, 1933: 67) and Yemen (Varisco, 1993). 

Despite the fragmentary nature of the information on rain periods in pre
Islamic Arabia, several conclusions can be drawn with comparison to ethno
graphic data from contemporary Bedouins and Arab groups in the region. 
First, the terms reflect a pastoral bias, especially the concern with temperature 
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at the time of rain. As Musil (1928: 9) observes for the Rwala Bedouin, plants 
nourished by rain in a hot season can be scorched by the sun and withered 
more than if the rain had not occurred at all. Only two of the rain periods, 
dafa'! and kharIf, have a link to agriculture. The choice of the wasm! rain as 
the start of the year also indicates a pastoral setting for the cycle of pasture 
after summer's heat. Secondly, the link between rain periods and the observa
tions of stars is confused in the lexical sources. Contemporary Bedouin groups 
routinely link the onset of a rain period to the local observation of the rising 
or setting of a star. While this will clearly vary according to location, the 
general identification of autumn, spring and late summer rains could be 
extended to much of the region. However, the idea that rain could fall during 
any naw' is clearly wrong. This makes it very difficult to reconstruct a specific 
seasonal cycle for any particular pre-Islamic group based on the conflicting 
information in the surviving sources. 

WIND AND THE STARS 

The winds figure prominently in Islamic legend. According to a tradition of 
Mul).ammad, God is said to have created the horse from the south wind, clay 
and fire. God sent a gale force wind (al-sakfna) to guide Abraham to Mecca in 
order to build the ka'ba (aI-Tabar!, 1987: 70). God is mentioned as sending 
the lawaqih winds, those that carry moisture (surah al-IJijr, 15: 22). Solomon, 
the wise king of Israel, was given control over the winds, according to the 
Quran (38: 37). The Quran (surah al-IJaqqa) also mentions the story of God's 
destruction of 'Ad with a fierce roaring wind (rf~ ~ar~ar Catfya). 'Ad was an 
ancient tribe, living between the days of Noah and Abraham, that worshipped 
idols and refused the message of God's prophet I:Iiid. When God held back 
rain from their land for three years, the tribe sent a delegation to pray for rain. 
Instead God sent dark clouds with a violent wind which blew for seven nights 
and eight days, destroying the whole tribe and everything they had. AI-Tabar! 
(1987: 40) relates: 'When God punished 'Ad with the wind which castigated 
them, it tore up huge trees by the roots, and smashed their houses down upon 
them. Whoever was not in a house was blown by the wind until it split the 
mountains with him, and thus all were destroyed.' The description of the wind 
as ~ar~ar indicates that it was either very cold (Lisan al'Arab, ~-r-r) or had a 
powerful sound (aI-Tabar!, 1987: 40). Many commentators identify the wind 
that destroyed 'Ad as a west wind. Further, when Noah's ark landed, it is said 
that the three sons went off to repopulate the earth in accord with the wind 
directions. According to al-TabarI (1987: 19), Ham and his descendants settled 
along the course of the south and west winds, while Japheth headed along the 
course of the north and the east winds. 

The medieval texts often use the four cardinal directions to define the basic 
winds: east (qabul or ~aba), west (dabur), north (shamal) and south (janub). Any 
wind that blows between these is technically called nakba', although sometimes 
this term is reserved for a southeast wind (aI-Hamdan! 1884: 154). The orienta
tion of the major winds is aligned according to the location of relevant stars. 
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Ibn al-A (rabi (in Ibn al-AjdabI, 1964: 127), for example, oriented the south 
wind as blowing from the coordinates between where Canopus (suhayl) rises 
and where the Pleiades sets. The east wind blows from the place where the 
Pleiades sets to where Ursa Major (banal naCsh) rises. The north wind comes 
from the rising place of Ursa Major to where Altair (al-nasr al-!a'ir) sets. The 
west wind blows from the coordinates of where Altair sets to where Canopus 
rises. 

In the formal Islamic sciences the wind directions are also defined according 
to the basic compass points (Table 7), a system clearly derived from classical 
tradition (Pseudo-Apollonios, 1979: 137). 

There is a wealth of folklore on the winds among the pre-Islamic Bedouin 
and among various Islamic groups. Pioneering work by David King (1982, 
1985) shows that the astronomical alignments of the sides of the ka(ba shrine 
in Mecca are linked with the directions of the four winds (Figure 1). 

The Arabic terms commonly used for the winds suggest an orientation of 
someone standing at the ka(ba and facing the sunrise, as noted by early Arab 
scholars (al-A~ma(I in Ibn al-AjdabI, 1964: 128). Thus, the east wind (qabiil) is 
so named because it is from the front (min qubul) as one faces east and the 
west wind (dabiir) is thus styled because it is from the back (min dubur). In this 
orientation, to the left would be the wind of the north (shamal), which literally 
means 'left'. One of the winds designated as a hot summer wind from the north 
is called bawari~, in part because it comes from the left of the ka (ba 
(al-QalqashandI, 1913-1919: 2: 407). And to the right would be the wind from 
the south (yaman), which refers to the 'right' (yamin) side. Significantly, the 
black stone of the ka (ba is located in the southeast corner of the sacred enclave 
in Mecca. Thus, it faces the east as determined by the summer sunrise and the 
south as determined by the rising point of Can opus. 

The anwa' texts, as well as a few lexical sources that discuss terms for wind 
(e.g., Ibn Khalawayh in Kratschkovsky, 1926), yield considerable information 
on where certain winds blew, their role in the local climate, whether they were 
useful or not and their timings. Much of this information has survived in local 

Table 7 Formal classification of winds by compass points (ai-Ashraf in Varisco, 1994: 112) 

Term Direction 

janiib south 
~ar~ar south by southwest 
~irr southwest by west 
dabiir west 
'ii~if west by northwest 
'aqfm northwest by north 
shamiil north 
~abii north by northeast 
'ii~if northeast by east 
qabiil or ~abii east 
samiim east by southeast 
nakbii southeast by east 
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Figure I The astronomical alignments of the axes of the Ka'ba as described in the medieval Arabic 
sources, showing their relationship to the four winds (from King, 1982: 307). 

folklore in the region. Ibn al-Ajdabi (1964: 131), for example, observes that the 
south wind is important for the people in the Hejaz because it brings rain but 
is not useful for most other areas. The west wind, on the other hand, is said 
to be the least useful for bringing rain or pollinating plants. The hot summer 
winds, known by a variety of terms in the region, were often called bawiiri~ 
and said to blow strongly after the dawn setting of zubiinii (i.e., after April 29). 
In Egypt these violent winds are called khamsln or khamiisln (plural) and begin 
with a festival called shamm al-naslm, a popular time for outings before the 
blistering heat of the summer winds for about fifty (i.e. khamsln) days (Lane, 
1973: 488). Hot summer winds known as the samum or samii'im (plural) were 
linked either to the dawn rising of the Pleiades (ca. May 16) or the midsummer 
rising of Sirius (ca. July 6), similar to the French canicule or English 'dog-days' 
of summer. The timing and direction of winds for navigation by sea was also 
an important subject (see Ibn Majid in Tibbets, 1971). 

FOLK ASTRONOMY AND ISLAMIC RITUAL 

Astronomy was relevant to Muslims in large part because of several of the 
ritual duties proscribed in the Quran and Islamic tradition. The three most 
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important of these are determining the beginning of the fasting month of 
Rama<jan, reckoning the times for the five daily prayers, and determining the 
proper direction of the qibla or sacred direction toward Mecca. While Muslim 
astronomers later worked out mathematical solutions to some of these prob
lems, correct timing and orientation could be achieved by those untrained in 
astronomy and with virtually no computation skills beyond simple arithmetic 
(King, 1985: 194). 

The primary means of fulfilling the timing or direction for rituals was based 
on observation. The start of fasting in Rama<jan was tied to the appearance of 
the lunar crescent, which could often be directly observed. In the case of bad 
weather one technique used was to count months of roughly 2~ days each in 
pairs (Renaud, 1945). Timekeeping for the five required daily prayers differed 
according to whether it was day or night. There was considerable discussion 
in the religious law as to when each prayer should be performed. AI-Mi~rI 
(1991: 110-111), a 14th century jurist of Shiifici law, said the morning ~ub~ 
prayer was to be done between what was called 'true dawn', when the sky 
around the horizon begins to grow light, and actual sunrise. The time for the 
noon prayer (?uhr) was after the sun's zenith and before an object's shadow, 
minus the length of its shadow at the time of the sun's zenith, equals the 
object's height. The midafternoon ca~r prayer starts after the period for the 
noon prayer, but the preferred time ends when an object's shadow minus the 
length of its shadow at the sun's zenith is twice as long as the object's height. 
The sunset or maghrib prayer begins after the sun has completely set. The time 
for the evening cishii' prayer begins when the red of sunset leaves the sky until 
true dawn, although the preferred time ends after a third of the night has passed. 

One of the folk methods used for determining the daylight prayers was based 
on the observation of shadow lengths (King, 1990). This was commonly done 
by use of a gnomon or measuring one's own shadow according to one's own 
feet. As shown in Figure 2, ?uhr begins shortly after midday as the shadow is 
observed to increase, while ca~r starts when the shadow has increased over its 
midday minimum by the length of the gnomon (n). The end of the period for 
the ca~r prayer, as noted in the legal texts, is when the shadow has increased 
by twice the length of the gnomon. The most common Islamic base for the 

1 2 gnomon length was 7 foot-lengths, although measures of 6, ~ and ~ were also 
used. This length was thought to be equivalent to the ratio of the height of a 
man (qama) to the length of his foot (qadam). Sometimes these measurements 
are made for each of the 13-day periods defined by the 28 lunar mansions. 

Observation on a given night of the rising and setting of the lunar stations 
yielded an approximate clock for time reckoning when stars were visible. This 
was based on the idea of each station representing about 130 of arc along the 
ecliptic. Thus, a pure horizon of 1800 would allow 14 or half of the 28 lunar 
stations visible in the night sky at anyone time. One observes the first station 
rising after sunset and tracks its course through the night; theoretically a new 
station arose each ~ of an hour, i.e. 14 stations rising over the course of 12 hours. 
Obviously, this was an approximate system, but it served a useful function 
before more accurate scientific measures were available. 
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Figure 2 The standard definitions of the times of the beginning of the ;uhr z and the beginning a 
and end b of the 'a~r. (from King, 1990: 197) 

A major stimulus to the growth of mathematical astronomy was the need 
to determine the qibla or direction of Mecca from all the places Islam was 
spreading to. A wide variety of nonmathematical means were used, including 
observation of the rising and setting points of the sun, moon and stars, as well 
as orientation according to the winds. In his survey of early Islamic texts, King 
(1985: 320) has documented a variety of these folk methods. For example, it is 
said that the qibla in northwest Africa is toward the rising of the sun at the 
equinoxes, in Egypt toward the rising of the sun at midwinter, in Yemen 
towards the direction from which the north wind blows or the Pole Star, in 
Syria towards the star Canopus, in Iraq towards the setting of the sun at 
midwinter, and in India towards the setting of the sun at the equinoxes. In 
various regions there were disagreements over how to determine the qibla. To 
read more about the mathematical methods used, see David King's article on 
Islamic Scholarly Astronomy in this volume. 

ASTROLOGY AND DIVINATION 

The modern distinction between astronomy as the scientific study of the heavens 
and astrology as pseudo-science and irrational is not appropriate for under
standing the history of Islamic science, especially at the folk level. In the 
evolving Islamic perspective the key distinction was whether or not knowledge 
of any type about the stars and planets fit within the framework of the one 
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God revealed through the Quran and interpreted through the words and deeds 
of the Prophet MulJammad. There are a number of traditions in which 
MulJammad condemns those who attribute power or magical influence to the 
stars rather than God. Indeed, there was a significant attack by theologians 
against much of the judiciary astrology (a~karn al-nujurn) widely practiced in 
the Islamic world throughout the medieval period (see Livingston, 1971). 
Astrology was largely seen as something introduced from outside Arab culture. 
Ibn Sa'id al-Andalusi (1982: 1: 73), for example, noted that the southern pre
Islamic Arabs produced kings but neither philosophers nor astrologers. But 
while astrology may not have been an honorable profession for Arab Muslims, 
many other Islamicized people were available. In late 19th century Palestine, 
for example, peasant villagers resorted to itinerant astrologers who were gen
erally foreigners from other parts of the region or Africa (Baldensperger, 
1893: 310). 

Historical evidence suggests that practical astrology was widely accepted in 
the medieval Islamic world (Saliba, 1992: 66). AI-A~ma(i (quoted in Fahd, 1995: 
107) noted that even religious officials were chosen by astrological means 
during the Ummayid period. During the Abbasid period, under Persian influ
ence, court astrologers were appointed. The 11th century Ibn al-Jawzi (1980: 
275) lamented that most people of his time did not travel, wear new clothes 
or begin an activity without consulting an astrologer. A number of scholars 
saw astrology as a legitimate science, embracing the idea that the planets and 
stars operated according to the principles set in motion by God. Consider the 
justification given by late 9th century physician Ibn al-~alt: 

To conclude, astrology is, as we described, the science of the visible planetary movements and 
their energies which become manifest in this world as is testified by many non-experts and 
experts by means of general experience or profound knowledge, i.e., testified by evidence of 
vehement heat, coldness, moisture or dryness which may happen at any time or season of the 
year when the planets change their movement or pass a certain quadrant of their orbit. Thus 
the movements of the planets, their natures, and the natures of the seasons exert an incessant 
influence upon this world, as is proven by experience. This knowledge is the fruit of experience 
of savants well-versed in astrology and has been acquired by savants and philosophers from 
philosophy, science and detailed considerations of these subjects like the word .. .' (Klein
Franke, 1984: 126). 

Ibn al-~alt says that if errors have occurred in astrology, it is because of the 
shortcomings of those who practice it. Thus, he makes a cogent plea for 
practicing medicine alongside competent astrology. By this, of course, he meant 
a thorough study of the ancient texts rather than the folk versions readily 
available in the market. 

A variety of practices loosely labeled as astrological, divinatory, or magical 
were practiced throughout the expanding Islamic world. These stemmed from 
a mixture of ancient and classical traditions, translated from earlier texts in 
Greek, Sanskrit, Pavlavi and Syriac. A number of influential texts in Arabic 
spread this esoterica to wherever Islam reached. One of the most famous 
sources, still widely available in Arabic-speaking countries, is the 9th century 
AD Book of Thousands of AbU Ma'shar (Pingree, 1968). The Book of Nabatean 
Agriculture, attributed to the 10th century Ibn WalJshiya, is frequently cited 
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for a variety of zodiacal and prognosticative lore. An important source of wider 
scope on the occult sciences is the 12th century AD Shams al-ma'arif al-kubra 
of al-Bunl (see Lagarde, 1981). 

Virtually everything traditionally associated with medieval and modern 
astrology can be found in texts written and consulted by Muslims. The two 
main branches were natural astrology, which dealt with the influence of astro
nomical bodies on nature, and judicial astrology for understanding human 
destiny. Judicial astrology consisted of genethlialogy (mawalid) for matters 
concerned with individual fate and hemerology (ikhtiyarat) for determining the 
auspicious (sa'd) from the inauspicious (na~s). The practical focus of many of 
these texts is on zodiacal and planetary astrology, including the making of 
horoscopes and charms. Due to the medieval cosmological penchant for associ
ation and the widespread humoral view of nature, almost any esoteric practice 
eventually related in some way to stars and planets. 

A relevant illustration of the broad array of links in medieval Islamic 
astrology is provided by the three-fold magic square (Figure 3) of Jiibir 
(McDonald, 1981: 153). This square represents the first nine cardinal numbers 
arranged so that they total 15 in either a horizontal, vertical or diagonal 
direction. This can be indicated by numeral or by the Arabic letter equivalent 
in the abjad ordering. This square is also referred to as budii~ in Arabic, an 
anagram coined from the letters at the corners of the square. In terms of the 
magical properties of the numbers, by separating the top horizontal row and 
far right vertical row, the square is divided into two parts. These two rows 
equal 28, the same as the lunar stations, while the other four numbers equal 
17; both numbers were significant in medieval Islamic alchemy. In alchemical 
terms this square was associated with the planet Saturn (zu~al) and the metal 
lead. Some medieval scholars traced the origin of the square back to Adam, 
but it came to be known as the seal of al-Ghaziill, after that scholar was said 
to have used it for an occult system of number symbolism ('ilm al-~uriif) that 
was especially popular among Shj'a Muslims. The magic square was commonly 
used in written charms. In contemporary folklore it has been used to protect 
against certain diseases and even to insure the arrival of letters and packages. 

A major thrust of this occult astrological knowledge was to determine 
auspicious from inauspicious times, about which there are hundreds of extant 
treatises. Examples include direct references to the position or conjunction of 
heavenly bodies, including the lunar stations (Varisco, 1995) and the appearance 

By numeral By letter 

4 9 2 q ~ b 

3 5 7 j h z 

8 I 6 ~ a w 

Figure 3 The three-fold magic square of Jabir. 
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of astronomical or meteorological events at certain times. For example, a solar 
eclipse during the Islamic month of Rajab prognosticates war, locusts and 
drought for three months (al-TIfiishI, 1980: 337). The magical practices of 
alchemy and geomancy also involved references to astronomical phenomena 
(see Savage-Smith and Smith, 1980). The bulk of this astrological knowledge 
was noHndigenous to Arabia, but the popUlarity of medieval texts suggests 
that it quickly caught on in most parts of the expanding Islamic world. 

GUIDE TO REFERENCES FOR ISLAMIC FOLK ASTRONOMY 

Almanacs 
For a bibliography of Arabic agricultural and seasonal almanacs, see Varisco (in press, 
Manuscripts of the Middle East). Among the important medieval almanacs in translation are: 
Calendar of Cordova (Dozy, 1961), Ibn al-Banna' (Renaud, 1948), Ibn Masawayh (Sbath, 
1933; Troupeau, 1968) and aI-Malik ai-Ashraf (Varisco, 1994). Pellat (1986) edits and translates 
several Egyptian Coptic almanacs. Recent almanacs have been compiled for the Arabian Gulf 
(al-An~arI, 1957-1990; al-'Uyiini, 1960-61; Varisco, 1990). 

Astrology 
For a general survey, see Fahd (1995). The classic text of Abii Ma'shar was translated by 
Pingree (1968). Elwell-Sutton (1977) translates a Persian horoscope and provides an excellent 
glossary of terms. Lagarde (1981) translates excerpts from several occult Islamic texts, including 
those of al-An!aki (1951) and al-Biini (n.d.). One of the most influential early sources was the 
Nabatean Agriculture attributed to Ibn WaJ:!shiya (1993-1995). For the acceptability of 
astrology in Islam, see Livingston (1971). The symbolic religious use of astrology is analyzed 
by Burckhardt (1977). Saliba (1992) discusses the role of the astrologer in medieval Islam. 

Astronomical Alignments 
King (1982, 1984) 

Comets 
al-Samara'i ( 1984) 

Folk Astronomy 
General: Casanova (1902), Fahd (1966), Heinen (1982), Noiville (1928), Shami (1980) 
Afghanistan: Bausani (1974), Ferdinand (1959) 
Bedouins: Bailey (1974), Henninger (1954), Musil (1928) 
Egypt: Casanova (1902), Murray (1935) 
Gulf States: Dickson (1951), Sa'idan (1981), Varisco (1990) 
North Africa: Monteil (1949), Paques (1964), Westermarck (1926) 
Oman: Wilkinson (1974) 
Palestine: Canaan (1923), Dalman (1928-42), ~arJ:!an (1981), Stephen (1922) 
Sudan: Crowfoot (1920), Owen (1933) 
Yemen: Gingrich (1994), Glaser (1885), Serjeant (1954), Varisco (1985, 1989a, 1993, 1997) 

Lunar Stations 
For a bibliography of early sources, see Sezgin (1979: 322-370). Explanation of the origin of 
the system is amplified in Varisco (1987, 1991). The more famous early anwa' texts include: 
Abii IsJ:!aq al-Zajjaj (Varisco, 1989b), Ibn al-Ajdabi (1964), and Ibn 'A~im (1993), and Ibn 
Qutayba (1956). Pellat (1955) provides a study and translation of the anwa' proverbs. 
K unitzsch (1991) reviews the literature on the manazil. 

Moon 
Rodinson (1962) examines the classical sources and Renaud (1945) discusses the folklore. 

Navigation 
Tibbetts (1981) 
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Shadow Schemes 
King (1990,1993), Wensinck and King (1993) 

Star Names 
The best source for scientific identification is still Kunitzsch (1961), based on the medieval 
text of al-~ufi (1954). There are few reliable sources in English; Allen (1963), originally 
published in 1899, is out of date, but the obscure lurdak (1950) is useful at times. For medieval 
Arabic sources, see especially Ibn Qutayba (1956), Ibn SIda (1965) and al-MarziiqI (1914). 

Star Worship 
Henninger (1954) gives a concise overview of the main Arabic sources and relevant travel 
literature. Seidensticker (1986) provides a more recent analysis. For worship of Venus, see 
Noiville (1928). 

Time Reckoning 
A major medieval survey of the various time reckoning systems is provided by al-BIriinI 
(1879), available in English translation. Wensinck and King (1990) survey medieval Islamic 
timekeeping. 

Wind 
Hess (1926), King (1982,1984, 1985), Kratschkovsy (1926); Schmidl (1999) 
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