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Astronomy: from the beginning



The incredible story of how we learned about the Universe, from the earliest prehistoric observations to the first telescopes.




Early astronomy ranks among the greatest achievements of the human intellect.




But how did astronomers of the pre-telescopic era make accurate observations of the Sun, Moon, and planets, and predict their movements? And how can we uncover the ancient knowledge of societies that left few or no written records? The answers are in this fascinating book, which explores the history of astronomy, from prehistoric times to the Renaissance and the birth of modern science. Written by the author of a major guide to prehistory, it is even-handed, accessible, and avoids sensationalism. While aimed at the general reader, it is also fully referenced for students and academics.




Among the topics discussed, you will discover:


★ Why some archaeologists believe that Stonehenge and other Neolithic stone monuments served astronomical functions ranging from lunar and solar markers to ‘megalithic observatories’, which tracked the movements of Sun and Moon with great precision.


★ What evidence there is that present-day constellations including Taurus and Orion were depicted in Upper Palaeolithic cave art.


★ How a ‘void’ zone in the star maps of the ancient world – corresponding to stars not visible from the Mediterranean – suggests that many constellations were devised by late Bronze Age sailors as an aid to navigation.


★ How the early Babylonian, Indian, Chinese, and Maya civilisations all developed advanced astronomical methods, for needs ranging from the compilation of reliable calendars to the prediction of eclipses and other ominous celestial phenomena.


★ How ancient Greek astronomers and mathematicians sought to explain as well as predict the movements of celestial bodies; and how their efforts culminated with Ptolemy’s pivotal Almagest, which set out the ‘Theory of Everything’ of the ancient world.


★ Why Islamic Golden Age scholars did far more than simply keep alive the ancient world’s intellectual tradition during the medieval period; and how they refined it and laid the mathematical foundations for the Copernican revolution.


★ How Copernicus demoted the earth from its place at the centre of the universe; and how Kepler, Galileo, and Newton went on to bring about an essentially modern understanding of the Solar System and the laws that govern it.


CHRISTOPHER SEDDON is the author of Humans: from the Beginning, a unique and fully researched guide to our prehistoric past, spanning the vast interval of time from the emergence of the first apes to the rise of the first cities.
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Introduction


The Concise Oxford Dictionary provides a suitably concise definition of the word ‘astronomy’ – “the scientific study of celestial bodies”. In a present-day academic sense, it includes such fields as cosmology, astrophysics, celestial mechanics, planetary science, and astrometry. All these are underpinned by the physical sciences and mathematics – but the history of astronomy predates any of these disciplines. Ask people what they associate with astronomy and they are likely to reply ‘telescopes’, but the telescope dates to no earlier than the early seventeenth century. The Concise Oxford Dictionary definition refers to a tradition of scientific enquiry that dates to ancient Greece in the sixth century BC – but astronomical traditions probably go back much further.


As far back as the Neolithic (‘New Stone Age’) period, early astronomers sought to understand the movements of the Sun and Moon, and mark their rising and setting points with megaliths. Much earlier, possibly as long as 40,000 years ago, Upper Palaeolithic (‘Later Old Stone Age’) people were recording the phases of the Moon. It is also possible that the enigmatic cave paintings of Ice Age Europe could have incorporated star maps and calendrical data.


As Neolithic societies gave way to the first cities, so astronomers were more likely to have been full-time specialists. They now tried to understand and predict the movements of the heavenly bodies, and there was a particular emphasis on predicting eclipses. The Babylonians devised complex mathematical models for this purpose. Later, the Greeks not only produced models that represented the motions of the Sun, Moon, and planets with great accuracy; they also sought to understand just how the Solar System worked. The Greeks were probably the first to realise that the Earth is spherical; they also obtained a reasonably accurate result for the diameter. Greek cosmology placed the Earth at the centre of the Solar System, where it would remain for the next 1,500 years. India and China also developed a rich astronomical tradition, as did the Arabic scholars of the Islamic Golden Age. Meanwhile, uninfluenced by and completely unaware of developments in the Old World, the Maya of Mesoamerica developed their own distinctive astronomy, underpinned by their unique calendrical systems.


This book is a history of astronomy from the Upper Palaeolithic to Sir Isaac Newton. It begins in Ice Age Europe, where our distant ancestors – people every bit as intelligent and capable as ourselves – quite possibly constructed lunar calendars and star maps. As this is intended to be the story of astronomy before the telescope it should, strictly speaking, end with Johannes Kepler. But Kepler’s life largely overlapped that of Galileo, and he actually improved upon the latter’s telescope. If there is to be a ‘natural break’ in the narrative, it does not lie between Kepler and Galileo, nor indeed immediately thereafter. Instead, I have chosen to end this book with Newton, who, as we shall see, really was standing on the shoulders of giants when he drew together the breakthroughs of the previous century and a half into his epochal Principia.


To understand the phenomena studied and recorded by early astronomers, the reader will need to be familiar with the movements of the Sun, Moon, planets, and stars as seen from Earth. All of these go through cycles of varying complexity that are explained in an appendix, The Celestial Clockwork, and I have also included a glossary. Terms in bold type have glossary definitions. The reader might additionally want to make use of planetarium software such as the free open source Stellarium, which can show the appearance of the heavens from any point on Earth at any desired time, from 100,000 years in the past to 100,000 years in the future.


I am aware that the late Professor Stephen Hawking was once warned that every equation included in his best-selling A Brief History of Time would halve the sales, but to do justice to the subject matter of this book, a certain amount of mathematics in some of the chapters is unavoidable. However, the mathematics involved is reasonably straightforward (GCSE level and below) and – I would hope – enjoyable.
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The splendour of the heavens


Look up into the heavily light-polluted skies of London on a clear night, and there will be very little to see. Depending on the time of year, you will be able to make out the Plough, Orion, Taurus, and fragments of a few other constellations. First-magnitude stars such as Sirius, Arcturus, and Vega will be clearly visible, as will the Moon and any planets that happen to be above the horizon – but that will be about it. In Europe and North America, around 70 per cent of the population lives in areas where brightness at night is at least three times natural levels. From a dark rural area, up to 3,000 stars can normally be seen with the naked eye, and those with keen eyesight can see as many as 7,000. However, in many urban areas today this number has been reduced to around 50 or even fewer1. Objects once readily visible to the naked eye, such as the Milky Way, are forever hidden by sky glow from cities in some cases 150 – 300 km (100 – 200 miles) away2. Concerns about light pollution go back to the early nineteenth century, soon after the introduction of gas lighting3.


In absolute terms, though, light pollution is a recent phenomenon. For all but the last two hundred of the 300,000 years that modern humans have existed, the splendour of the heavens was available to all. How long have humans been looking up at the skies, and what might they have made of what they could see when night fell on clear, moonless evenings?


Early modern humans


Modern humans (Homo sapiens) emerged in Africa around 300,000 years ago, during the earlier part of the Middle Palaeolithic period4. These earliest representatives of our species retained archaic traits including moderately developed browridges and a long, low cranial vault, and their cognitive abilities, like those of our cousins the Neanderthals, remain disputed. However, by 200,000 years ago, the modern globular cranial shape, and by implication the modern brain shape, had emerged5. Though we lack hard evidence, it is likely that these by now fully anatomically modern people were also behaviourally modern, i.e., they possessed modern language, and their thought processes were fundamentally no different from ours. By 190,000 years ago, modern humans had ventured beyond Africa6, reaching China by 100,000 years ago7, Australia by 65,000 years ago8, and the New World by 18,500 years ago9. As they spread through Eurasia, they encountered and interbred with archaic humans: Neanderthals, Denisovans, and almost certainly others.


Archaic humans first reached Europe over 1,200,000 years ago10, but the first modern humans did not arrive in large numbers until 46,000 years ago11, rapidly displacing the indigenous Neanderthal population12. The archaeological record is marked by a dramatic discontinuity that spread from the Balkans across the whole of the continent in just 5,000 years11. Below the transition point are the largely utilitarian objects of the Neanderthals, but above are artworks that are undisputedly the work of modern minds: spectacular polychrome cave paintings of horses, cattle, herds of deer, and other animals that roamed the steppes of Ice Age Europe. In addition, there are portable objects including statuettes of animals, human and anthropomorphic figures, representations of both male and female sex organs, and so-called ‘Venus’ figurines13,14. The period saw four major tool-making industries, which partially overlapped in time: the Aurignacian (43,000-28,000 years ago), the Gravettian (37,500-15,000 years ago), the Solutrean (22,000-15,000 years ago), and the Magdalenian (18,000-12,000 years ago). Thousands of kilometres away, in Borneo and Sulawesi, Upper Palaeolithic dates have now been assigned to cave paintings once thought to be far more recent15–17.


Throughout the Upper Palaeolithic, humans lived as hunter-gatherers. Only at the end of the last Ice Age, 11,600 years ago, did warm, stable climatic conditions make it possible for agricultural economies to emerge in several parts of the world. These in turn gave rise to increased social complexity, from which the first urban societies emerged after around 3500 BCE. It should be stressed that hunter-gatherer people were not ‘primitive’ or ‘savages’. They were every bit as intelligent as we are. They lacked our technologies and social complexity, but in all other aspects, they were no different to us. They would have had views of the heavens unspoiled by light pollution, which must surely have influenced them – but in what way? What can we learn about the astronomical knowledge and belief systems of people who lived tens of millennia ago?


What might the earliest astronomers have observed?


We can begin by asking what astronomical phenomena the first anatomically and behaviourally modern humans might have observed, and what deductions they might have been able to make. Those living in middle latitudes would have been aware that nature followed the regular cycle we call a year, and that in higher latitudes (though not in the tropics) the year divides naturally into four seasons:







	•
	Summer, when days are long and hot, and deciduous trees are in leaf.



	•
	Autumn (fall), when days grow shorter and leaves turn brown and fall from the trees.



	•
	Winter, when days are short and cold, and trees are devoid of leaves.



	•
	Spring, when days are lengthening, and the leaves return.








It is reasonable to suppose that these people would have noticed a link between the seasons and the behaviour of the Sun: that in summer, it rises and sets well to the north of where it rises and sets in winter, and that it climbs much higher in the sky and is above the horizon for longer in summer than in winter. It is also perfectly feasible that they would realise that the Sun moves cyclically between northern and southern rising and setting limits, reversing direction whenever it reaches one of these limits, i.e., that they were aware of the summer and winter  solstices. It is also possible that they would have noted that when the Sun reached the mid-points of these limits, day and night were of equal length (the  equinoxes), although as we shall see in subsequent chapters, this is less likely.


At night, early skywatchers would have seen the myriad points of light we refer to as stars, many of which are bright enough to form distinctive patterns in the sky, and they would have seen the misty band of light we know as the Milky Way. A casual observer would notice that while the stars move from hour to hour, they remain fixed in relation to one another, and the patterns they form in the sky do not change. 


They would soon have realised that the stars all circle around a fixed point in the sky. For those in Eurasia, the fixed point is the north celestial pole, and for their counterparts in Australia, it is the south celestial pole. Any star lying close to either celestial pole (as Polaris currently is to the north celestial pole) will remain motionless in the sky. Some constellations, close to the celestial pole, never set ( circumpolar). Anybody who familiarised themselves with night skies would soon recognise that non-circumpolar constellations rise earlier each night, so different constellations are prominent at different times of the year. A constellation rising in the east soon after sunset in winter will disappear into the western twilight as summer approaches.


The behaviour of the Moon is rather more complex. It is obvious that it changes its appearance from night to night in a regular manner, waxing from a slim crescent in the western skies after dusk to a full disc that rises at sunset, before waning back to a slim crescent seen in the east just before dawn, and then disappearing entirely for a few days. Anybody taking an interest in the phases of the Moon would also be aware that it rises later each night. They would probably also notice that:







	•
	The Moon’s rising and setting positions, like those of the Sun, move cyclically between northerly and southerly limits, but over a lunation rather than a year.



	•
	The full Moon rises very high in winter, but it remains low in the sky in summer.



	•
	The Moon moves against the starry background, its movements readily perceptible over a few hours.



	•
	Its movements are always confined to the same narrow band of the night sky.



	•
	For a given phase at a given time of year, the Moon will always be seen against the same background of stars – for instance, in midwinter, the full Moon will be in or close to the constellation we now call Gemini.








Much less obvious are the opening and closing of the Moon’s northerly and southerly rising and setting limits over its  nodal cycle of 18.61 years, but there is no reason to believe that early skywatchers could not have been aware of them. In higher latitudes, they would notice that in some years the summer full Moon remained even closer to the horizon than usual.


How familiar might our Palaeolithic ancestors have been with the visible planets, and were they aware that their behaviour differed from that of the stars? They would certainly have been aware that on occasions a very bright star-like object (Venus) could be seen in the western skies at sunset, or in the eastern skies before sunrise. This object was sometimes bright enough to cast shadows. Did they realise that the morning and evening ‘stars’ were both the same object? Did they ever notice that on rare occasions, a second, much fainter object (Mercury) could also be seen in the evening twilight or predawn skies?


We can be sure that they would have noticed Mars, Jupiter, and Saturn, which are all very prominent in the night sky. Observation over time will readily show that they do not remain fixed against the stars and move in the same narrow band as the Moon, albeit at a far gentler pace – but were early skywatchers aware of this? Again, there is no reason to believe that they were not.


Lunar and solar eclipses would have certainly been as awe-inspiring to people of these times as they are to us. Lacking our understanding, they would likely have found these phenomena rather more disconcerting. From any point on Earth, lunar eclipses will be seen roughly once a year assuming good weather, but only around 40 per cent will be total, and only around half will be visible from start to finish. Nevertheless, at intervals usually no longer than a few years, people would witness what to them must have been a very disturbing phenomenon as darkness gradually fell over the full Moon, followed by it turning dark red. This phenomenon would be short-lived, usually lasting around an hour but never more than two hours, before the mysterious darkness retreated and the Moon resumed its normal appearance.


Although solar eclipses are more frequent than lunar eclipses, totality affects only a very small region, whereas a lunar eclipse can be seen from anywhere where the Moon is above the horizon. The wait time for a total eclipse of the Sun from any one point on Earth is of the order of three or four centuries, and most people would never see one. However, some groups might have had legends of an even more terrifying phenomenon than the ‘blood moon’ where a darkness that was not a cloud moved across the face of the Sun, turning day into night, and causing the stars to become visible for several minutes. 


Partial solar eclipses are visible over a much wider area, and it is possible that among groups there were individuals who claimed to have seen a dark chink appear in the Sun, or even a sizeable ‘bite’ taken out of one side. If so, it is to be hoped that they did not stare directly at the Sun, or that they noticed the eclipse through light clouds. At some point, it might have been noticed that a solar eclipse could only happen during the few days each month when the Moon is absent from the skies.


Finally, we might want to ask if there are any of the present-day constellations that are so distinctive that the same or very similar groupings were recognised by Upper Palaeolithic peoples (the imperceptible proper movements of the stars through space did not bring them into the configurations we now recognise until around 30,000 years ago). It could be argued that there are at least three:








	•
	Ursa Major (the Great Bear) contains the seven second-magnitude stars making up the Plough or Big Dipper, all of which are circumpolar in the northern hemisphere and prominent at all times of the year.



	•
	Taurus (the Bull) contains the compact but highly noticeable open clusters of the Pleiades (the Seven Sisters) and the Hyades, with the latter combining with the first-magnitude star Aldebaran (α Tauri) to form a prominent V-shape.



	•
	Orion (the Hunter) contains three bright, equally spaced stars in a row (the Belt), with the naked-eye Orion Nebula to its south, and flanked by the first-magnitude stars Rigel (β Orionis), Betelgeuse (α Orionis), and Bellatrix (γ Orionis).








All three can be easily seen on a clear night, even from heavily light-polluted locations such as London.


There is absolutely no doubt that Palaeolithic people could have observed and recorded most of the phenomena outlined above. The questions are, did they, and if so, for what purposes – and how can we, tens of millennia later, hope to find an answer to these questions?


There are two main lines of enquiry that we can pursue. The first is the archaeological record. The Upper Palaeolithic of Europe presents us with a dramatic ensemble of both parietal (cave) and mobiliary (portable) art, and it has been suggested that the people of these times recorded astronomical phenomena including constellations and the phases of the Moon. Two questions that might not seem so obvious from a modern perspective are, firstly, given that they lacked writing, did the people of that era have the concept of making records, and secondly, did they have the concept of counting or numbers? This brings us to our second line of enquiry, the ethnographic record. By examining ethnographic data on cultures that might have resembled those existing in the Upper Palaeolithic, we might gain an insight into the roles played by astronomy among the latter.


External memory devices


To a present-day amateur astronomer, a notebook is only slightly less important than a telescope. No telescope is required to note and record the phenomena previously outlined, although longer-term phenomena such as the regression of the lunar nodes (opening and closing of lunar standstills) require observations over several decades. The ability to make records of such observations is essential. Although writing did not appear until the Bronze Age, there are other means by which people living in earlier times could have recorded astronomical phenomena. Yet as we shall see, the archaeological evidence for Upper Palaeolithic notation systems and record-keeping is not widely accepted.


The existence of Upper Palaeolithic record-keeping, if proven, would imply that humans began recording and storing data on a medium external to the brain many millennia before the invention of the first writing systems. Cognitive researchers use the term ‘external memory device’ to describe physical devices specifically designed to record, store, and recover information. Although it is widely accepted that such devices predate the invention of writing, little is known about their origins and early stages of development. Their use implies the presence of modern language, without which the symbols used to record data could not be created nor understood. Such systems represent an important stage in the development of both human cognitive abilities and social complexity - an expansion of memory necessitated by the emergence of societies with information requirements too great to be stored and handled by the brains of individuals18,19.


Numeracy and counting systems


In addition to some form of notation system, Upper Palaeolithic astronomers would have required at least basic numeracy and counting systems. The ability to use numbers is so essential to our everyday lives that we tend to assume it has always been the case: for example, we see no reason to think that an Upper Palaeolithic hunter, on coming across a group of six bison, would not have been able to make a report to back to their fellows that they saw “six bison by the stream”. The ability to enumerate or count either verbally or in writing requires a certain level of social complexity, in addition to language and the use of symbols. Upper Palaeolithic people might have lacked the concept of the number ‘six’. Similarly, while they might have recognised that their hands and feet each have the same number of digits, they might not necessarily have had a word for ‘five’20.


Spoken numerals are of two types: atoms and syntagms. An ‘atom’ in this context is a single morpheme (indivisible unit of language) and syntagms are composites derived from atoms. Their creation involves three components: atoms, a base (which is typically an existing atom used serially to derive larger numerals), and arithmetic operations. For example, in English, 2,521 is derived as two × thousand + five × hundred + two × ten + one, and the spoken syntagm is two thousand five hundred and twenty-one. Here, thousand, hundred, and ten are bases, and two, five, and one are atoms. In French, quatre-vingts-neuf (89) is derived as quatre × vingt + neuf. Here, vingt is the base, and quatre and neuf are atoms. Bases can themselves be derived from operations and atoms. For example, hundred and thousand are derived from ten. Alternatively, bases can be from unrelated roots. For example, in the Yuchi language spoken by the Native American Yuchi people, the base for 100 means ‘road’ and the base for 1,000 means ‘road large’. In many languages, the word for ‘five’ is the same as that for ‘hand’. The most common bases are quinary (five), decimal (ten), vigesimal (twenty), and combinations of vigesimal and decimal21.


American linguist Patience Epps, and colleagues22 surveyed the numeral systems of 193 languages spoken by hunter-gatherer and low-level food-producing groups in North America, South America, Australia, and Africa. They found that hunter-gatherer numeral systems are not always small and simple, nor when compared with systems of neighbouring agricultural groups, are the latter necessarily complex. Factors such as numerical limits (i.e., the largest number that can be expressed), bases (values and multiplicity of bases, for example, ten, hundred, thousand, etc.), and the transition points from atomic to derived numeral terms tend to correspond primarily to geographical region. Numerical complexity and subsidence type are correlated only weakly, if at all. In Africa and South America, there is a tendency for hunter-gatherer numeral systems to have low overall limits, and correspondingly low uppermost bases, whereas systems with larger overall limits and higher uppermost bases are more common among agriculturalists. However, restricted numeral systems are also widespread among agriculturalists in South America. No evidence was found for any correlation in North America. Hunter-gatherer systems also tend to be influenced over time by the systems of neighbouring groups, including agriculturalists. Australia (which has no native agriculture) and South America (where most groups are low-level food producers to some extent) both tend toward restricted numeral systems. In Australia, where there was little or no contact with agriculturalist languages before the European arrival, none of the 122 languages surveyed had numeral terms above twenty. Despite the enormous variation among numeral systems in contemporary hunter-gatherer languages, such restricted systems were possibly far more common throughout much of human history.


Ethnographic data and ethnological studies


If we accept the existence of notation systems and numeracy in the Upper Palaeolithic, the next question is, were these used to record astronomical phenomena if indeed astronomical phenomena were observed at all? If so, the next question is, why? One line of investigation is to examine ethnographic data on cultures that might have resembled those existing in the Upper Palaeolithic, an approach that is not without its pitfalls23,24. Only uncontacted peoples are entirely uninfluenced by modern civilisation, and by definition, obtaining ethnographic data about such peoples is problematic. Another issue is the considerable difference between the landscapes, fauna, and flora of the Late Pleistocene and those of the Holocene. Late Pleistocene societies could have faced problems that have no Holocene equivalent. Therefore, we cannot automatically assume that the social organisation and belief systems of Upper Palaeolithic people have analogues among present-day hunter-gatherers.


With these caveats in mind, Canadian archaeologists Brian Hayden and Suzanne Villeneuve25 conducted an ethnological study (a comparative study of ethnographic data) to assess the plausibility of claims for Upper Palaeolithic astronomy. They began by distinguishing between ‘simple’ and ‘complex’ hunter-gatherers and drew up a list of differences between the two types of society.


Complex hunter-gatherers are generally characterised by the following important traits:







	•
	Relatively high population densities (0.2 - 10.0 people per square kilometre).



	•
	Seasonal or full sedentism.



	•
	Private ownership of products and some productive resources by individuals or families.



	•
	Storage is controlled by individuals or families.



	•
	Significant socioeconomic differences within communities (often reflected in burials).



	•
	Manufacture and trading of prestige goods based on surpluses.



	•
	Competitive displays and elaborate feasting activities based on surpluses.



	•
	Bride prices or dowries.



	•
	Attempts by elites to control access to the supernatural.



	•
	Hierarchical and heterarchical socio-political organisations based on economic production.



	•
	Complex counting systems that extend into the hundreds or thousands.








By contrast, simpler, more egalitarian hunter-gatherer societies are characterised by the following traits:








	•
	Lower population densities.



	•
	Obligatory sharing.



	•
	Communally owned resources.



	•
	Simple counting systems that are limited to ten to twenty numbers.



	•
	Minimal socioeconomic inequalities or prestige objects.



	•
	Negligible economic-based competition, feasting, or marriage payments.








Complex hunter-gatherer societies are known in North America (California, Northwest Coast and Plateau, and Alaska), Siberia, and Japan. Could such societies have existed during the Upper Palaeolithic, for example, in the most productive Eurasian environments such as the Périgord region of southwestern France?


Upper Palaeolithic groups in Europe exhibited relatively high population densities and were able to establish seasonal or even fully sedentary communities lasting several years in favourable locations. These groups stored large quantities of food, had surpluses of resources in sufficient quantities, and had sufficient time to manufacture prestige goods to trade for shells, amber, and other exotic items from distant locations. The surpluses produced appear to have underpinned socioeconomic inequalities between families. Certain individuals were lavishly buried, for example, two adolescent children were buried with extensive grave goods at Sungir 200 km (120 miles) east of Moscow. Their status must have been inherited, as they were too young to have earned it in their own right. There is evidence for competitive feasting in the form of prestige eating utensils made from antler and ivory, and thick concentrations of animal bones at some caves. Much Upper Palaeolithic cave art is located deep underground, which thus limits the ritual experiences associated with them to a privileged minority. By contrast, though simple hunter-gatherer groups do sometimes produce images, they are hardly ever produced in deep parts of caves. Based on this evidence, Hayden and Villeneuve concluded that complex hunter-gatherer societies did exist during the Upper Palaeolithic.


The next task was to survey the ethnographic record for evidence of astronomical activities, with the caveat that ethnographers might not have collected all the relevant data. Hayden and Villeneuve considered 82 groups: 7 simple groups and 75 complex groups. This is rather lopsided, but perhaps fewer records were available for the simple groups.


The survey reviewed the following:







	•
	The degree to which various groups monitored solar or lunar movements, how and why monitoring was carried out, and information on the social context associated with solstices where available.



	•
	Whether various groups had calendars, the organisation of their calendars, how they were determined, and what celestial monitoring was involved.



	•
	Whether various groups recognised constellations, and which stars were included in these constellations.








The ethnographic data showed that almost all hunter-gatherer groups, both simple and complex, have a degree of astronomical knowledge. Simple hunter-gatherer groups are broadly aware of the northerly and southerly limits of solar movements, but they do not typically determine the specific days of the solstices, nor do they mark them with special ceremonies.


Of the complex hunter-gatherer groups, 63 out of the 75 monitored solstices. No information was available regarding the remainder, but there was no evidence to suggest that they explicitly ignored solstices. All 63 considered the winter solstice to be important: as the start of the new year, as a time for holding rituals, dances, and feasts, or in some cases starting food restrictions. The summer solstice was generally considered to be of lesser importance: only 23 groups gave it equal status with the winter solstice. With one possible exception, there was no evidence that any of these groups monitored or attached any importance to the equinoxes.


The solstice observations typically involved specialists making careful and accurate monitoring of solar rising and setting positions with tree, post, or rock alignments viewed from special locations. The role of solstice monitor was often held by shamans or other ritual specialists, for example, ‘sun priests’, ‘old men’, ‘wise old men’, ‘calendar experts’, ‘calendar keepers’, or ‘official elders’. Their job was often highly political, as it also involved setting a date for ceremonies, rituals, feasting, and dances. Given the competitive nature of these events, it was vital to get the date right. Differences of opinion over the correct date often led to acrimonious disputes, but errors of four or more days were not uncommon. Disputes over timing even form part of the mythology of some groups. However, the need for accuracy probably drove refinements in astronomical monitoring.


Both simple and complex hunter-gatherer groups showed an awareness of stars and constellations: they played a part in mythology, were used for navigation at night, and as indicators of the time of year. However, to recognise the ecliptic and to construct a zodiac to monitor solar, lunar, and planetary movements requires far more sophisticated astronomical concepts, and it has often been suggested to be beyond the reach of all but literate state-level societies such as those of ancient Mesopotamia. Therefore, it is something of a bold step to propose that such a system existed in the Upper Palaeolithic.


For this part of the survey, Hayden and Villeneuve considered 26 hunter-gatherer groups. Eighteen constellations were mentioned in the literature, but all but four consisted of only small portions of the generally recognised constellation, or indeed of single stars, for example, knowledge of Taurus was restricted to the Pleiades and Aldebaran. Only three zodiacal constellations were referenced (Taurus, Leo, and Gemini), suggesting that this region of the sky was not of particular importance. There was widespread awareness of Orion and Ursa Major, along with the Pleiades, the Milky Way, and Venus, but other constellations were recognised by only three or fewer groups. It would suggest that most ‘constellations’ were purely local constructs.


Hayden and Villeneuve suggested that hunter-gatherer constellation concepts tend to be quite different from those familiar to present-day astronomers. Individual stars most commonly represent individual people, animals, or things in a mythological story, while clusters of stars tend to represent groups of animals or people.


The distinctive Pleiades were recognised by a wide range of hunter-gatherer and agricultural societies worldwide. They were almost always viewed as a group of individuals: sometimes as a group of women, sometimes chased by another star or cluster representing a man or men, while others viewed them as children. Their importance cross-culturally strongly suggests that they would have been similarly notable in the prehistoric past.


Australia


The astronomical traditions of Aboriginal Australians may provide an insight into Upper Palaeolithic astronomy. Humans have lived in Australia for at least 65,000 years and probably longer8. Throughout that time, they have lived as hunter-gatherers. Barring claims for limited food production in the Murray Valley between Victoria and New South Wales26, Australia is the only inhabited continent where indigenous agriculture never arose.


Aboriginal Australian culture remained continuous until the arrival of the British in the late eighteenth century and is one of the oldest cultures anywhere in the world. At the time of the British settlement, there were about 300 distinct Aboriginal language groups with nearly 750 dialects. The songs, stories, and belief systems of each were distinct, though most were based on the concept that the world was created by ancestral spirits whose presence can still be seen on the land and in the sky. According to tradition, these spirits provided a holistic philosophy of how people should live and interact with one another and the environment. The Warlpiri people of the Northern Territory use the word Jukurrpa to describe the creation period and the philosophy, which is inaccurately referred to as the ‘Dreaming’ or ‘Dreamtime’ by English speakers. The arrival of the British colonists did, of course, have a catastrophic effect on Aboriginal cultures, particularly in southeastern Australia. However, there are still some groups in northern and central Australia that retain much of their precontact language and culture. It has been possible to obtain much information about the astronomical traditions of these groups27.


Aboriginal cosmology centres on other realms within their cultural landscape to which they can travel in spirit form. These realms are the Skyworld (the heavens) and the Underworld (where the Sun Ancestor spends the night). The Skyworld is a reflection of the everyday landscape, with many plants and animals shared between both realms. Many of the planets and constellations were considered to be the Ancestors of living people28.


The songs, stories, art, and ceremonies of many Aboriginal Australian cultures refer to the Sun, Moon, planets, stars, and the Milky Way. Aboriginal constellations include the Southern Cross, which variously represents the footprint of an emu, a stingray, a possum in a tree, or a red river gum tree. The emu is also represented in many Aboriginal cultures by dark nebulae stretching from Scorpius to the Coalsack Nebula close to the Southern Cross. Orion frequently represents a young man or group of young men, chasing the Pleiades, or paddling a canoe across the sky27,28.


Aboriginal calendars tend to be more complex than Western calendars, and in the north of Australia, they are often based on six seasons. Some Aboriginal groups mark them in terms of the stars which appear during these seasons. For example, the appearance of the Pleiades in the dawn sky in late May marks the start of winter. The appearance or disappearance of stars or constellations also plays a role in planning the collection of seasonally available food sources. For example, when the star Spica (α Virginis) sets in the evening sky just after the Sun, the Yolngu people of Arnhem Land know that it is time to gather the tubers of the lotus lily. These are edible and are an important food source for the Yolngu. Similarly, the Boorong people of Victoria make use of the disappearance of Lyra from the evening sky in October, which coincides with when the eggs of the malleefowl (a ground-dwelling bird about the size of a domestic chicken) are laid and ready to be collected. To the Boorong, the constellation of Lyra represents a malleefowl rather than a lyre29.


In addition to such practical considerations, Aboriginal Australians also sought to understand the motion of celestial bodies and such phenomena as eclipses and tides. For example, the traditions of the Yolngu describe the Sun-lady (Walu), who lights a stringybark tree every morning and then carries it across the sky to her camp in the west. Some coastal believed that when the Sun leaves the Skyworld at the end of the day, it enters the Underworld via the western seas. Conversely, many inland groups believed that the setting Sun enters a cave or a hole in the west similar to those left by a large tree burned in a bush fire, and the next morning, the rising Sun emerges from a similar hole in the east. The Yolngu had an interesting explanation for the phases of the Moon. Originally, the Moon-man (Ngalindi) was a fat, lazy man (corresponding to the full Moon), but his wives attacked him with axes (resulting in the waning Moon). Ngalindi managed to escape by climbing a tall tree to follow the Sun, but he died from his injuries (the new Moon). After three days, he was reborn, growing round and fat (the waxing Moon), until, after two weeks, his wives attacked him again. The cycle continues to repeat every month. The Potaruwutj people of South Australia have a different explanation. To them, the Moon-man (Mitjan) was the male Ancestor of the Quoll (Native Cat) totemic clan. He attempted to steal the wife of another being, but he was driven away. Left wandering alone, he was at times well-fed (when the Moon is waxing) but at other times starving (when it is waning)27–29.


At least three groups (the Euahlayi, Yolngu, and Warlpiri) recognise that the Moon is responsible for solar eclipses: all interpreted it as the Sun-woman being hidden by Moon-man as he has sex with her. In the Warlpiri account, the Sun-woman was sent away by the sky spirits because she attempted to seduce the Moon-man. Given the rarity of total solar eclipses in any one location, this explanation implies a remarkable continuity of knowledge passed between generations. People must have seen a solar eclipse, related it to a story passed to them from several generations previously, and then passed the account on to future generations27,29.


Rock carvings in Ku-ring-gai Chase National Park, Sydney, depict a man and a woman reaching towards a crescent with its horns pointing downwards. Conventionally, the couple are interpreted as reaching up towards a boomerang, although it is not clear why they should do so, nor is a boomerang typically crescent-shaped. Another possibility is that the crescent represents the Moon, but the horns-down configuration only ever occurs in the morning (waxing crescent) or afternoon (waning crescent) when the Sun is high and the Moon is barely visible. The likeliest explanation is that the carvings represent a solar eclipse with the Moon-man partially covering the Sun-woman just before totality27.


The Warlpiri also attribute a lunar eclipse to the Moon-man being chased by the Sun-woman, who eventually catches up. To realise that an alignment of the Sun and the Moon is responsible for a lunar eclipse is an impressive feat of visualisation. The Yolngu, for their part, noticed the connection between the Moon and the tides, and that spring tides occur when the Moon is new or full. When the tides are high, water fills the Moon as it rises. As the water runs out of the Moon, the tides fall, leaving the Moon empty for three days. Then the tide rises once more, refilling the Moon27,29.


Also impressive is the Yolngu’s apparent understanding of the movements of Venus, which they refer to as ‘Banumbirr’ during its morning apparitions. They believe that Banumbirr is tethered by a faintly visible rope to the mythical island of the dead, Baralku, which lies to the east. This rope allows the living Yolngu to communicate with their ancestors on Baralku, and it also prevents Banumbirr from rising high in the sky. The rope has been interpreted as the zodiacal light (a faint glow caused by sunlight reflected off dust particles in the plane of the Solar System), which is clearly visible in Arnhem Land. The Yolngu stage an elaborate ceremony for communicating with their ancestors, which begins at dusk and climaxes when Banumbirr appears in the predawn skies. Considerable planning is required, in turn implying knowledge of when Venus is going to rise before dawn27,29.


There is absolutely no reason to suppose that these rich traditions and sophisticated astronomical knowledge could not have existed for a very long time, quite possibly for as long as humans have lived in Australia. Equally, there is no reason to suppose that comparable knowledge and traditions did not exist among Upper Palaeolithic people in other parts of the world. As we shall see, there is evidence to suppose that this was indeed the case.
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Lunar and lunisolar calendars


The word ‘calendar’ derives from the calends (Kalendae) of a month, which in Roman times was the first day of the month. Kalendae in turn is derived from the Latin word calare (‘to call or proclaim’). The Romans originally used a lunar calendar, and the start of each month was proclaimed after the first sighting of the new crescent Moon in the evening sky. This is the same system used in the traditional Islamic calendar; other examples of lunar calendars include the Jewish and Chinese calendars, although these mostly no longer rely on the actual sighting of a new Moon.


The earliest calendars are thought to be lunar. The cycle of lunar phases provides a simple, easily observable means of tracking convenient intervals of time. An important consideration is that the tropical year (365.242189 days) is not a whole number of synodic months (the time for the Moon to go through a full set of phases, i.e., 29.531 days), so lunar calendars typically rely additionally on observation of other astronomical events such as solstices and the insertion of intercalary or ‘leap’ months as required to keep them in step with the seasons. Such calendars are known as lunisolar. When might prehistoric people have first used a lunar calendar?


Alexander Marshack and The Roots of Civilization


In the 1960s, American science journalist and independent researcher Alexander Marshack (1918-2004) claimed that lunar calendars originated during the Upper Palaeolithic. He proposed that the notches and lines carved on some portable Upper Palaeolithic artefacts were notation systems for recording the phases of the Moon, and he put forward his ideas in several publications, most notably a 1972 monograph entitled The Roots of Civilization1.


Marshack became interested in prehistoric astronomy in 1962 after being commissioned to co-author a book with physicist Robert Jastrow, head of NASA’s theoretical science division and former chair of the Lunar Exploration Committee. The book would describe how science had advanced to the point where it was now possible to plan a Moon landing, and also explain some of the technical problems involved.


The project occupied Marshack throughout 1963, when he met hundreds of American and Russian scientists and engineers. While trying to write a few pages about the earliest history of astronomy, he became struck by the notion that all the major human advances were supposedly marked by “a series of ‘suddenlies’.” The sciences, writing, and state-level societies had all appeared ‘suddenly’ in various parts of the world; before that, agriculture had appeared ‘suddenly’, and art and decoration had appeared ‘suddenly’ during the last Ice Age, about 40,000-30,000 years ago. Despite lacking any relevant academic qualifications, Marshack became a research associate at the Peabody Museum of Archaeology and Ethnology at Harvard University, Cambridge, MA, with the support of archaeologist Hallam Movius. This gave him access to state and university archaeological collections that would otherwise have been unavailable.


We now know that Marshack’s scepticism about the ‘suddenlies’ was entirely justified and that all these developments had a lengthy gestation. The origins of agriculture, for example, preceded the end of the last Ice Age by more than ten millennia. However, Marshack was writing at a time when it was widely believed that modern human behaviour was a comparatively recent phenomenon that only emerged 40,000-30,000 years ago, well after the emergence of anatomically modern Homo sapiens. This view was based on the sudden appearance of cave art in Europe during that period. It was argued that before then, anatomically modern humans might have seemed the real deal, but mentally, they had not quite ‘got there’. To our way of thinking, they were simple-minded and probably lacked our complex syntactic language.


In a landmark paper, anthropologists Sally McBrearty and Alison Brooks2 argued that the notion of what biologist Jared Diamond3 termed the Great Leap Forward was based on an overly Eurocentric reading of the archaeological record. They suggested that the emergence of what we term ‘modern human behaviour’ was a gradual process that had begun tens of millennia earlier in Africa with the emergence of ‘archaic Homo sapiens’ around 300,000 years ago. Subsequently, evidence from Africa and elsewhere suggested that McBrearty and Brooks were right, and that behavioural modernity emerged well before 40,000 years ago, probably at the same time as full anatomical modernity. However, Marshack4–7 was advancing similar arguments more than two decades earlier and was well ahead of then-current thinking.


Marshack considered the then-current theories about the origins of agriculture and other developments, and he was rightly sceptical. He correctly viewed agriculture and inventions such as the calendar as products of “an exceedingly long development” in human culture. While searching for evidence of early calendars, Marshack considered what he termed ‘time-factored activities’. These were activities that required planning and extended over significant periods. For example, hunting and agriculture are both time-factored processes. Agriculture requires ‘storied’ information to anticipate the demands for labour and equipment for the various times of the year. Marshack believed that ‘stories’ related to subsistence strategies must have existed for thousands of years for agriculture to have come about, as without them, the specific needs for a successful harvest could not have been anticipated. Similarly, hunter-gatherers would have required ‘storied’ information about the seasons to plan fishing expeditions to the coast, harvesting fruits and berries, or exploiting annual herd migrations. His view was that the ability of Upper Palaeolithic people to carry out time-factored activities around the changes of the seasons led to the subsequent emergence of agriculture and the rise of complex societies8,9. 


Marshack believed that the earliest evidence for human use of time-factored skills might be found in the mobiliary and cave art of Ice Age Europe. In June 1962, he wrote to French anthropologist André Leroi-Gourhan asking whether the cave paintings depicted seasonal or periodic phenomena: mating or rutting behaviour of herds, migration times, seasonal rains, etc. Leroi-Gourhan’s reply was surprisingly equivocal, claiming there was “some evidence for the seasonal character of the cave visits”. In fact, there is ample evidence of the type Marshack requested: at the 18,000-year-old Lascaux cave complex in the Dordogne, animals are depicted in seasonal coats corresponding to their mating periods: horses at the end of winter and early spring, aurochs in summer, and stags in autumn10.


In a short paper in the journal Science, Marshack11 described examples of ‘lunar notation’ from two rock paintings associated with the Mesolithic Azilian culture of Spain, a piece of carved mammoth ivory from Ukraine as the Late Upper Palaeolithic Magdalenian culture, and an engraved reindeer bone from the former Czechoslovakia associated with the earlier Upper Palaeolithic Aurignacian culture. The idea that there were any form of notations or tallies in the Upper Palaeolithic was contrary to the prevailing academic opinion, and it is by no means universally accepted to this day.


The term ‘notation’ was introduced by Marshack, and describes the processes involved in compiling records in a pre-arithmetic context. Anthropologist Judy Robinson12 defines ‘notation’ as a two-stage process: firstly, the recognition of a given quantity by an individual, and secondly, the systematic representation of this quantity. ‘Tallying’ is a form of non-numerical counting and hence a notation. Ethnographic and historical evidence suggests that the most common method of recording a quantity or establishing an equivalence between two quantities is by making distinguishable marks on a surface. Thus, records can be kept and subsequently be read by others. The idea that Upper Palaeolithic people kept tallies goes back to the nineteenth century, when French archaeologist Édouard Lartet suggested that notches on the sides of bones were marques de chasse, or marks denoting hunting kills.


While the notation proposed by Marshack in his 1964 paper does not follow any consistent format between the artefacts (as might be expected for artefacts widely separated both in time and space), he claimed that there is a common theme in that the numbers 29 and 30 are represented, either as a total number of notches or as part of a repeating pattern. This equates to the synodic month. Marshack believed that Upper Palaeolithic people could not count and had no concept of numerals, for example, three notches did not equate to our concept of the number three. Rather, they equated to an interval of time, such as the days from the last sighting of the morning crescent Moon to the first sighting of the evening crescent Moon, with a notch being recorded for each night of the Moon’s absence.


In The Roots of Civilization, Marshack1 continued in a similar vein and performed detailed examinations of many Mesolithic and Upper Palaeolithic artefacts. These included a bone tool with a quartz point from Ishango in the former Belgian Congo (now the Democratic Republic of the Congo). The bone was then thought to be Mesolithic, with a date no earlier than 6500 BCE, but it is now known to be around 20,000 years old, dating to the later Upper Palaeolithic. Marshack interpreted it as a lunar calendar, recorded over a period of about five and a half months. 


He drew similar conclusions about other artefacts, including a 35,000-year-old Aurignacian engraved bone from Abri Blanchard in the Dordogne, France, and a late Upper Palaeolithic Magdalenian bone baton from Le Placard Cave at Charente, Nouvelle-Aquitaine, France. The Abri Blanchard bone is a small ovoid-shaped bone plaque measuring 110 mm (4.33 inches) in length. At one end is a 52 mm (1.75 inches) engraved area containing a serpentine pattern of small circular, crescent, and kidney-shaped marks known as punctuations, which are aligned in gradually changing directions. The marks were made by a technique known as a power turn, which involves applying the sharp point of a stone tool and rotating it in one direction through an angle of 90 – 130°. This deepens the shallow depression made by the initial application of the tool point. This technique was first recognised in the 1930s and has been seen on many Aurignacian artefacts13. Marshack interpreted the Abri Blanchard bone as representing the phases of the Moon recorded over two-and-a-quarter months and the Le Placard baton he saw as an extremely close lunar tally, with changes of point, stroke, grouping, or side denoting changes of lunar phase.


In later work, Marshack continued his interpretation of Upper Palaeolithic artefacts as lunar calendars. These included the La Marche antler from Lussac-les-Châteaux14 and a small bone plaque from La Grotte de Thaïs, Drôme. The latter, dating to the late Magdalenian period 14,000 years ago, he viewed as a lunar/solar calendar, which recorded solstices in addition to lunar phases. Marshack believed this refinement was the culmination of an evolving tradition that had begun 20,000 years earlier15.


Marshack15 suggested that when Neolithic farmers moved into Europe from Southwest Asia, they made use of indigenous hunter-gatherers’ non-arithmetical observational astronomical skill and lore, and a seasonal economic and ritual calendar that dated to Upper Palaeolithic times. Megalithic lunar/solar calendars might have their origins in observational lunar/solar calendars such as that represented by the La Grotte de Thaïs bone plaque, themselves the end product of a tradition of non-arithmetical astronomical observation and record-keeping going back to the Aurignacian period.


In addition to his study of artefacts from the Upper Palaeolithic, Marshack considered ethnographic data, in particular a nineteenth-century calendar stick originally belonging to Tshi-zun-hau-kau, a chief of the Winnebago of Nebraska. Until the twentieth century, the stick had been in the possession of Winnebago families. It reached the collection of the Cranbrook Institute of Science, Michigan, via a local collector. Marshack8 conducted a detailed examination of the 1.32 m (4 ft 4 in) hickory stick and concluded that it contained two years of lunar notation. He claimed that his analysis documented the notation of a precise, non-arithmetic, observational lunar year of twelve months. There was also evidence for subsidiary months, suggesting the use of an intercalary month every three years to keep the calendar in line with the tropical year. Marshack also proposed that similar to the early Neolithic farmers, the Winnebago had derived their calendrical tradition from the Upper Palaeolithic hunter-gatherers who initially settled the New World after crossing the land bridge that then linked Alaska to Siberia. Marshack believed that there was a widely distributed tradition for the use of calendar sticks by Native Americans, and this demonstrated that complex day counts, lunar cycles, and seasonal calendars could be, and were, kept by non-literate societies with relatively simple socio-political organisations. Other researchers have concurred that groups such as the Zuñi and Hopi do indeed keep such calendars16.


As previously noted (see Chapter 1), there is an enormous variation among numeral systems in contemporary hunter-gatherer languages, but many of these groups do not live in isolation from agriculturalists. Possibly, the restricted systems were far more common throughout most of human history. In a world before agriculture, there may only have been very restricted numeral systems, as Marshack suggested.


Why calendars?


Brian Hayden and Suzanne Villeneuve noted that the traditional explanation for astronomical calendars is so that ritual elite experts can advise farmers when to plant their crops. Such an explanation would be inapplicable to Upper Palaeolithic hunter-gatherers, but Hayden and Villeneuve17 further noted that the explanation itself has been challenged. For example, South African archaeologists David Lewis-Williams and David Pearce18 believe that farmers must have realised that the annual cycle of the seasons was driven by nature and not by ritual specialists. Lewis-Williams and Pearce noted that people in small-scale present-day societies around the world are capable of using non-astronomical cues to know when the change of the seasons is imminent. Hayden and Villeneuve also noted that given variations in the weather from year to year, planning agricultural activities around precise calendrical dates would not have been conducive to producing good harvests.


An alternative explanation is that during the Upper Palaeolithic, the elite of complex hunter-gatherer groups used calendars to plan feasts and the accompanying ceremonials and rituals. Such events require much planning, and preparations often take a year or more. Major feasts entail much more than just food preparation: they also involve complex debts, obligations, and social relations, and there is an associated competitive element in staging a bigger, better feast than everybody else.


In the absence of refrigerators, the huge amount of food required for a major feast cannot be produced and stored by one household alone. Instead, it is necessary to borrow surpluses from other households on the understanding that such debts will be repaid with interest within an agreed timescale. To arrange loans, call in debts together at a specific time, marshal labour, and avoid dates that conflicted with the feasts others were planning were all essential for staging large feasts. All of this involves timing, and for this reason, it seems likely that considerable effort was devoted to establishing calendars, monitoring solstices, and tracking lunations.


Hayden and Villeneuve conclude that based on this ethnographic data, Upper Palaeolithic groups probably did use some form of notational system. They believe that it is highly likely that some of these systems resulted from and were used for monitoring solar and lunar movements. The motivation for accurate monitoring of such celestial phenomena was likely for scheduling major events such as winter ceremonials. Notational systems might have also been to keep track of debts associated with feasts.


The ethnographic record shows that in the majority of recent complex hunter-gatherer societies, elite aggrandisers systematically promote their self-interests above those of the community as a whole, and use competitive feasts, prestige goods, and secret societies to further their aims. This pattern could have begun with the hunter-gatherers of the Upper Palaeolithic. However, there is as yet no archaeological evidence for feasting that can be associated with solstitial or calendrical evidence.


Hayden and Villeneuve noted a detailed study by anthropologists Travis Hudson and Ernest Underhay19 of the Chumash of Southern California. Elite members of these people were specialist astronomers who belonged to a secret society known as the ‘antap. They acquired supernatural power and knowledge from celestial beings while on vision quests to the upper world, and their detailed knowledge about the movements of the Sun and other celestial bodies was regarded as esoteric and never shared with commoners. They claimed that only they could understand and influence the celestial system upon which Chumash life depended. If there were such secret societies in the Upper Palaeolithic, then possibly detailed knowledge of solar and lunar movements formed a part of their esoteric knowledge.


Criticisms of Marshack


Although Marshack’s radical ideas won praise20, academic opinion has been divided, and his methodologies, theoretical perspectives, and ethnographic parallels have been questioned12. Hayden and Villeneuve17 note that the groups Marshack considered in his ethnographic studies included agriculturalists such as the Winnebago, Hopi, and Highland Maya. Such peoples do not provide an appropriate comparison to the purely hunter-gatherer groups of the Upper Palaeolithic.


Hayden and Villeneuve suggest a few of the engraved artefacts Marshack considered do seem to show sequences of counts that could conceivably have been related to day counts of lunar cycles, but other examples such as the La Grotte de Thaïs plaque involve so many line counts that it is difficult to imagine that they represented lunar calendars. They could have been notational counts of something else – possibly tallies of debts and gifts associated with major feasts.


Robinson12 notes that of the large number of Upper Palaeolithic artefacts Marshack has examined, no two examples fit his lunar scale the same way. Marshack’s method is to impose the 29/30-day scale upon the artefacts under consideration – thus, if there are 45 marks, that is one and a half lunations, 57 is two lunations, 73 is two and a half lunations, etc. As the counting system is non-arithmetic, minor discrepancies can be disregarded, so marks totalling 27 or 32 can be identified as a ‘month’ with or without the Moon’s period of invisibility. The problem is that almost anything can thus be made to fit. Also, it might be expected that the months recorded would be separated from one another by some form of delimiter such as a line, or that there would be a special indicator for the full Moon – but this is not the case for any of the examples Marshack describes. Robinson also questions the need for lunar calendars to ‘evolve’, especially over such a long timescale. Tallies of a phenomenon that produces the same pattern every 29 to 30 days could have been developed in isolation on many occasions.


Even if we accept that the artefacts encode a repeating pattern varying from 27 to 32 days in duration, there might be an explanation other than the lunar calendar hypothesis and for variations Marshack8 attributed to cloud cover preventing timely observation. The human menstrual cycle averages 28 days (the similarity to the lunar cycle is pure coincidence, albeit one responsible for the common origin of the words ‘moon’, ‘menstruate’, and ‘measure’ (time)), but it varies from 24 to 38 days. Could this be what was being recorded rather than the phases of the moon? The advantages of knowing when that time of the month is approaching are obvious, and that was probably also the case 35,000 years ago. However, Marshack9 rejected this explanation.


Marshack has also been challenged on methodological grounds. He did not back up his assertions with statistical methods, which modern researchers consider essential21. He also never proposed a formal definition of a system of notation that could enable such systems to be identified in the archaeological record22,23, and he did not give proper consideration to alternatives to his calendrical hypothesis24.


A strong critic was Italian cognitive researcher Francesco d’Errico. Marshack’s lunar interpretation relies on the view that differences between marks reflected them being produced at different times with different tools25. D’Errico26 carried out experimental work with limestone pebbles and demonstrated that it is possible to see with an electron microscope the direction in which the incised lines were made, the order in which superimposed marks were made, and whether all the marks were made by the same tool. By contrast, Marshack never attempted to reproduce his supposed calendars experimentally. He also failed to present experimentally verified microscopic evidence that data was recorded with several distinct engraving/notching operations over a relatively long period, and he did not demonstrate the use of multiple tools. D’Errico’s own experimental work showed that morphological changes between two engraved lines or groups of lines, which Marshack attributed to a change of tool, could also result from other causes such as a variation in the tool’s orientation, or a microfracture in its path27. Marshack14,28 robustly defended his views and pointed out that he had already rejected some of the artefacts that d’Errico examined as containing examples of notation. 


In 2012, an Aurignacian limestone slab was recovered at Abri Blanchard. The slab is engraved with a complex composition combining an aurochs and a large number of aligned punctuations similar to those of the bone plaque analysed by Marshack. Examination has shown that the marks were all made with a single tool in a single sitting13. It was accordingly suggested that Marshack’s lunar calendar theory could be dismissed, but there is no reason to draw such a conclusion. The 2012 slab is ornamental rather than a calendar, and there is no reason to suppose that the same ‘power-turn’ technique could not have been used for both calendrical and non-calendrical objects.


Marshack’s theories cannot be dismissed but also cannot be proved with the existing evidence. There is nothing intrinsically implausible in the idea that Upper Palaeolithic people made observations of lunar phases, although deciphering the notations might not be as straightforward as Marshack’s interpretations imply29. The criticisms of Marshack outlined above are valid, and the evidence presented so far has failed to conclusively demonstrate the existence of calendrical records from Ice Age Europe.


Support for Marshack


In 2004, a series of twelve pits dating to around 8000 BCE was identified at Warren Field in Aberdeenshire, Scotland. The pits were identified on aerial photographs taken in the 1970s for the Royal Commission on the Ancient and Historical Monuments of Scotland. Excavations over the next decade suggested that the pits were linked to synodic months and that a marker was used to indicate the current month. At the time in question, as viewed from the central pit, Pit No. 6, the winter solstitial sunrise occurred over a ‘notch’ in the low hills on the southern horizon. This notch would have been used periodically to reset the calendar30.


Warren Field demonstrates the existence of lunisolar calendars in the Mesolithic period. Admittedly, this is several thousand years after the period that Marshack principally considered, but such a calendar is consistent with the earlier tradition of lunar observation he proposed. Furthermore, based on the ethnographic evidence, it is likely that complex hunter-gatherer societies existed during the Upper Palaeolithic and were aware of lunar and solar phenomena. Systems of notation likely existed for monitoring these phenomena, as well as for other purposes. The search for evidence to support Marshack’s claims should continue.
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Upper Palaeolithic cave paintings


The first Upper Palaeolithic cave paintings were discovered at the Cueva de Altamira in Cantabria, Spain, in 1868 by a local man named Modesto Cubillas. Some years later, the find came to the attention of amateur archaeologist Marcelino Sanz de Sautuola, who first visited the cave in 1875. In 1880, he published an account of the find and his view that it was prehistoric, only to be met with widespread scepticism. It was not until further discoveries of cave art were made at the start of the twentieth century that the Altamira paintings were accepted as genuine1. Since then, around 400 sites have been discovered, around 320 of which are located in the Franco-Cantabria region of northeastern Spain and southwestern France. Many of these sites, including Lascaux and Chauvet-Pont d’Arc in southwestern France, and Altamira itself, are now UNESCO World Heritage Sites2,3.


Many theories have been proposed as to why cave art was created. An early theory was that it was l’art pour l’art and the caves were Upper Palaeolithic art galleries, created and appreciated by people with time on their hands for activities beyond the daily necessities of hunting, gathering, and toolmaking. But much of the art is located in the inaccessible depths of caves. At Lascaux, for example, the Shaft of the Dead Man is, as its name implies, a narrow shaft some 6 m (17 ft) deep, only capable of holding a few people at a time3.


A later explanation, popular during the first half of the twentieth century, was that the caves were associated with totemism. In totemic belief systems, clans are represented by particular species of animals or plants. The problem is that the caves invariably portray multiple species rather than just one, as might be expected for totemic cultures. Other proposed explanations were based on hunting magic, which is a belief that an image of an animal or person can influence the subject portrayed. Hunting magic is a belief common in traditional small-scale societies. Such a purpose is implied by making images deep underground, where they cannot be readily viewed. To ensure successful hunting, what was important was the making rather than the viewing of the images1–3.


Structuralism is a philosophical movement that originated early in the twentieth century with the work of the Swiss linguist Ferdinand de Saussure. It was applied to anthropology by the French anthropologist Claude Levi-Strauss, who proposed that the language, kinship systems, and mythology of any human culture can be explained in terms of ‘binary opposites’ (for example, up/down, life/death, and male/female), and the relationships between them. Subsequently, French archaeologists Andre Leroi-Gourhan and Annette Laming-Emperaire looked for binary opposites in cave art. They saw the images both of animals and abstract designs as either male or female symbols, for example, horses and stags are male symbolisations whereas bison and aurochs are female. Similarly, line or arrow-like figures are male, and broader triangular designs are female, in both cases representing genitalia1.


More recently, South African archaeologist David Lewis-Williams1 has proposed that Upper Palaeolithic cave art was created as part of a shamanistic belief system. He believes that the universal belief in a multi-tiered cosmos is rooted in the very structure of the human brain and that in altered states of consciousness, people can experience journeys to realms other than that of our everyday existence. While such altered states are associated with psychotropic substances, they may be induced by other means including intense concentration, chanting, clapping, drumming, prolonged rhythmic movement, and hyperventilation. Sensory deprivation, of the type that may be experienced in the depths of the cave networks, also induces hallucinations.


A shamanistic interpretation of the cave art is consistent with the intriguing, but controversial claim put forward by several researchers that there is astronomical data encoded in cave paintings. It has been suggested that some Upper Palaeolithic cave paintings can be interpreted as star maps, which depict actual star groups as they appeared in the skies of Ice Age Europe.


An astronomical interpretation of cave art


Pentagonal ‘tectiform’ images from cave paintings have often been identified as tents, but they could represent the constellation Auriga (the Charioteer), which lies adjacent to Taurus. Ethnographic ritual practices provide a possible insight into the significance of these tectiform images. Shamans of the Ojibwa and Algonkian hunter-gatherer groups of the Lake Superior region erect a special ‘shaking tent’, which they use for travel to a ‘Hole in the Sky’. When the bottoms of these structures are covered with vertical sheets of bark, they take on a slightly elongated pentagonal shape. The ‘Hole in the Sky’ is identified by the Ojibwa as the Pleiades. Shaking tents also feature in the shamanic seances of the Cree of Quebec, and Siberian groups also construct tents for shamanistic journeys to other realms4.


The belief systems of many present-day hunter-gatherer groups involve shamanistic travel to specific constellations or stars to contact the spirits of the Upper World, and it might well have featured in Upper Palaeolithic shamanistic practices. Possibly, Upper Palaeolithic shamans were leading members of secret societies analogous to the ‘antap of the Chumash (see Chapter 2), and their cosmological concepts were encoded in some of the cave art. These might have included the ‘stargates’ used for journeys to the other realms4.


The Hall of the Bulls


The Hall of the Bulls is a vaulted rotunda in the Lascaux cave complex, which contains a wrap-around mural depicting aurochs, horses, and stags. The mural is thought to be 18,000-19,000 years old, dating to the Solutrean or Early Magdalenian period. Several commentators, including Luz Antequera Congregado5, Frank Edge6, and Michael Rappenglück7, have noted that a pattern of six dots above the mural’s dominant animal, known to archaeologists as Bull No. 18, resembles the Pleiades. They have also identified a V-shaped set of dots on its face with the Hyades open star cluster and the bright star Aldebaran (α Tauri) with the bull’s eye. These are all constituents of the present-day zodiacal constellation of Taurus (the Bull)4, and if the correlation is intentional, then the association of Taurus with a bull is very ancient indeed.


A strong proponent of the astronomical theory is German researcher Michael Rappenglück, who has published extensively on the subject. He has used planetarium software to mimic the effects of precession and reproduce the skies as they would have appeared to observers at various stages of the Upper Palaeolithic between 45,000 and 15,000 years ago. Rappenglück believes that the cosmology of Upper Palaeolithic people recognised their deep links to nature. They associated the terrestrial annual cycles of birth, growth, death, and rebirth with the annual cycle of the night sky. He follows Lewis-Williams in ascribing a shamanistic interpretation to cave art but also believes there is an astronomical dimension.


In an article on the Hall of the Bulls at Lascaux7, he suggests that the cave complex was a Palaeolithic planetarium and was an example of a worldview based on shamanistic and totemic concepts. He notes that from the hill above the cave, the view of the night sky would have been excellent, and it would have been surprising if the changing view of the heavens over a year had not influenced the cosmology of the Lascaux people.


In the cave complex, many rock pictures of animals depict certain seasons. For example, horses, bison, and ibex appear in both their winter and summer coats, indicating the change from winter to spring. Similarly, a rutting stag indicates the coming of autumn, and a pregnant mare indicates
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