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Introduction

It was 21 December 1969. A few minutes before dawn in Newgrange, Ireland.
Archaeologist Michael J. O’Kelly carefully checked that his latest discovery,

a narrow opening located directly above the entrance to the tomb, was unobstructed
by any pieces of wood or debris. Then, he closed the door, walked up the corridor
to the end room and sat down. He waited. Shortly afterwards, the Sun appeared on
the horizon, filtered through the window, reached the chamber and cast a ray. In this
way, an appointment between stars and stones that had been set up 5000 years
previously was finally attended again. And a new science, archaeoastronomy, was
officially born.

Since then archaeoastronomy has undergone a long and sometimes arduous
development, gradually leading up to the comprehensive, well-grounded scientific
discipline that it is today. However, all the ingredients were already in place at that
moment: a monument built by knowledgeable architects, a shining star, and a
scientist, eager to understand how and why those ancient architects connected their
building with the sky.

This book is intended as an up-to-date, easy-to-follow presentation of the sub-
ject. As a second, but equally important aim, it also intends to arm the reader with
the necessary set of instruments that will enable him to distinguish between serious
archaeoastronomical research and the vast amount of pseudo-archaeological clap-
trap masquerading as archaeoastronomy which is readily available on the Web and
in bookshops. The volume is self-contained and can therefore be approached by any
curious person, from the archaeologist or astronomer interested in the applications
of this discipline to the general reader. However, it has been designed basically as
an undergraduate textbook and is the fruit of my eight years experience of teaching
the archaeoastronomy course at the Faculty of Civil Architecture in the Politecnico
of Milan (indeed it is the only course of its kind offered in an Italian university).
And of course, any academic book worth its salt would not be complete without a
section of exercises at the end.

The material is organised as follows. I have with some reluctance included the
concepts that are essential for grasping technical aspects of the subject—for example,
in learning how to carry out the archaeoastronomical analysis of a site—in Part I.

xi



The reason is that any self-respecting course in archaeoastronomy must first deal
with at least the basics of such notions. As a result, from the very first pages the
reader will be faced with technical material, such as astronomy with the naked eye,
positional astronomy and data analysis. This part may be potentially off-putting for
even the most ardent reader, and my suggestion is that the author's order need not be
strictly respected. One possibility may be to start studying only Sects. 1.1–1.6 of
Chap. 1 (basic astronomy with the naked eye of the Sun and the stars, and precession)
and then proceed, considering the rest of Chap. 1 as a handy reference guide if a
particular concept needs to be explored. Chapters 2 and 3 can then be browsed
through briefly, and the bulk of Part I left to be studied at the end, in order to have a
complete overview and tackle the final exercises and/or fieldwork. A similar line
could be followed (and it is actually followed by myself) in teaching the same
material.

Part II is divided into three chapters. Chapter 4 discusses at some length the birth
of the relationship between astronomy and architecture and can be omitted at a first
reading. It shows how the two have developed side by side since ancient times, and
seeks to demonstrate that they actually started together. The reasons behind this
connection are explored at length in Chap. 5, which is devoted to the nexus between
religion, power, astronomy and architecture. Key concepts such as hierophany and
sacred (or cosmic) landscape are introduced and discussed against the historical and
anthropological background of archaeoastronomy. Chapter 6 then explores the
scientific foundations of archaeoastronomy as well as its relationship with the
humanities. The goal is essentially to emphasise the ways in which this discipline
can be used as a tool in understanding some significant aspects of the past civili-
sations, but also to warn against the dangers of indiscriminate or possibly naive use.

Part III is devoted to the detailed description of a dozen or so significant places.
The choice of the sites has been made with the objective of giving a sample of
achievements made but also of explaining some of the problems inherent in this
discipline; the list contains several well-known, spectacular monuments and land-
scapes but also less famous ones which are, nevertheless, fascinating and instructive
from various viewpoints. There is of course no aim at completeness, and I apologise
in advance to any reader who might be disappointed at not finding a particular
country or site mentioned. However, after studying this book the reader will be able
to read the relevant literature on any place or site that has piqued his interest and
seek it out, both virtually and in reality. Further, most of the places that I have only
touched on briefly in the book are discussed—concisely but effectively—in the
entries of the recent Handbook of Archaeoastronomy and Ethnoastronomy, edited
by Clive Ruggles (2015).

As mentioned, the book ends with a series of exercises which the reader can
attempt using free astronomical and virtual globe software. Of course, there is no
substitute for field experience, which is recommended to all readers whenever they
have the opportunity. However, this software allows us to simulate fieldwork on our
own PCs, and this greatly facilitates teaching—and learning—archaeoastronomy.
Besides, leaving aside the Sun, the appointments fixed with the other stars are no

xii Introduction

http://dx.doi.org/10.1007/978-3-319-22882-2_1
http://dx.doi.org/10.1007/978-3-319-22882-2_1
http://dx.doi.org/10.1007/978-3-319-22882-2_1
http://dx.doi.org/10.1007/978-3-319-22882-2_2
http://dx.doi.org/10.1007/978-3-319-22882-2_3
http://dx.doi.org/10.1007/978-3-319-22882-2_4
http://dx.doi.org/10.1007/978-3-319-22882-2_5
http://dx.doi.org/10.1007/978-3-319-22882-2_6


longer valid today, due to the phenomenon called precession, and therefore have to
be recreated with a computer anyway.

Well, without further ado, let me lead you into this book by borrowing two
verses from a Italian poet whose identity, I believe, is not infernally difficult to
guess. The verses, supposedly pronounced at dawn a few days after the spring
equinox of 1301, read: Ma seguimi oramai che ’l gir mi piace/ché i Pesci guizzan
su per l’orizzonta, that is (author’s translation): But now follow me, because I would
like to go/since the Fishes are already quivering on the horizon.
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Chapter 1
Astronomy with the Naked Eye

1.1 The Celestial Coordinates

Today we explore the sky with powerful instruments and we know that there are
millions of galaxies in the universe, each containing billions of stars. We are
accustomed to thinking about the universe from an “unprivileged” point of view.
We know, moreover, that the Sun is only one among billions of stars, and a pretty
bog standard one at that, and that it occupies a relatively insignificant position in
one of the branches—itself quite bog standard—of one of those galaxies: the Milky
Way.

Many ancient cultures acquired a profound knowledge of the sky independently,
but the celestial bodies available for their observations were only those visible with
the naked human eye. Furthermore, their point of view was always that of an
observer who is located on an object—the Earth—which is subject to a complex
series of motions of its own. The continual changes in the sky observed by them
were, therefore, for the most part, due to apparent movements. In spite of this,
many ancient astronomers devised ingenious methods of observation and made
highly accurate measurements, which were reflected and exploited in the projects of
the monumental architecture of their historical epochs. Thus if we want to under-
stand these (in some cases fundamental) aspects of architecture, we must first study
and understand astronomy as they did: with the naked eye, and from the Earth’s
surface.

The centre of mass of our planet moves on an ellipse, with the Sun located at one
focus. The plane which contains the Sun and the orbit of the Earth is called the
Ecliptic. The Earth’s axis is not perpendicular to the Ecliptic, but is (today) inclined
by 23°30′; this angle is called obliquity and denoted with the Greek letter ε. Since
the Earth’s axis wobbles slightly, the value of the obliquity is not strictly constant. It
varies between 25° and 22°, currently diminishing at a rate of about 48″ per
century, so that it was 30′ greater 4000 years ago (Aveni 2001).

© Springer International Publishing Switzerland 2016
G. Magli, Archaeoastronomy, Undergraduate Lecture Notes in Physics,
DOI 10.1007/978-3-319-22882-2_1

3



Consider now a fixed observer on the Earth’s surface. The observer sees all
heavenly bodies move as a consequence of his own movements, in particular, the
daily terrestrial rotation. The observer’s viewpoint is a classic example of a very
poor frame of reference in Mechanics, since the complicated amalgam of our
planet’s movements give rise to quite complicated relative dynamics (a much better
viewpoint would, of course, be from a spacecraft that is stationary in relation to the
solar system).

To become acquainted with a reference system, one needs a system of coordi-
nates, that is, a set of numbers which allows one to identify unambiguously the
position of any object. The observer on the Earth sees the sky as a spherical surface,
the celestial sphere. In other words, he is generally unable to discern if, for instance,
two stars which appear to be close in the sky are really close in the radial direction
or not. Since to fix a point on a sphere only two numbers are needed (for instance,
latitude and longitude on the Earth), each system of celestial coordinates will
associate two numerical values to any object seen in the sky at a certain time. There
are two systems of coordinates which are commonly used (and useful) in
archaeoastronomy. The simpler one is the azimuth-altitude system; to visualise it,
imagine first projecting the course of the Earth axis onto the celestial sphere. There
will be a ideal point of intersection in the sky which we shall call the celestial pole
(north or south depending on the hemisphere of the observer; but to simplify
matters, unless otherwise specified, I shall refer to the north pole from now on).
This ideal point is of fundamental importance; indeed, since our own reference
system is rotating around the Earth’s axis, we see everything in the sky rotating
around the pole. Now, we should imagine lowering the perpendicular to the horizon
from the celestial pole. In this way, we can identify a point on the horizon and a
direction on the ground towards it: these are known as geographical north and the
meridian. Given a point S in the sky, whose coordinates we wish to find, we now
imagine tracing the vertical plane which passes through this point. This plane
intersects the horizon of the observer at a point, say S*; the azimuth A is the angle
between north and the point S* on the horizon, counting positively from north to
east (in other words, clockwise), and the altitude a is the angle measured on the
vertical circle from S* to S (Fig. 1.1). In particular, the altitude reached by a star
when it passes the celestial meridian, that is, the ideal projection of the observer’s
meridian into the sky, is called culmination. Of course, the celestial pole is located
on the meridian; it thus has a constant azimuth (zero) and a constant altitude which,
as is easy to see, equals the latitude of the observer.

The second system of coordinates we need to use does not depend on the choice
of our terrestrial observer. This system is easily understood if one imagines mea-
suring the latitude and longitude of a point on the celestial sphere. The angular
distance of the point from the celestial equator gives an angle called declination; the
analogue of the longitude is called right ascension, and it is conventionally mea-
sured from a point (the vernal equinox) along the celestial equator to the maximal
circle passing through the pole and the point (Fig. 1.2).

The right ascension-declination system has, for the archaeoastronomer, two
important advantages. First of all, to know where an object was located in the sky in
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a certain period in the past, only one number is needed, namely, declination.
Furthermore, declination is independent from the latitude of the observer, while the
azimuth is. It is, therefore, important to be able to treat experimental data (usually
acquired using the azimuth-altitude system) in terms of declinations. This is done
using mathematical formulae which connect the two systems; one very useful
formula for us is the one giving the (sinus of) the declination δ of a star as a function
of azimuth and altitude, once the latitude λ of the observer is known:

sin d ¼ sin a sin kþ cos a cosA cos k:

Fig. 1.1 The altitude/azimuth
coordinate system. Both
coordinates of a star change
continuously

Fig. 1.2 The right
ascension/declination
coordinate system. Stars
move on circles of fixed
declination δ
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1.2 The Apparent Motion of the Sun

A stable star, of which there are billions in the universe, can be broadly described as
a huge sphere of plasma, that is, a (globally neutral) medium where all the particles
are unbound and charged. Gravity tends to shrink (the technical term is collapse)
the object, but thermonuclear reactions take place, which in turn produce a radiation
pressure which balances the contraction. As a consequence, a standard star is in a
stable state that might well last billions of years, until its nuclear fuel has been
consumed. An example of a stable star is, unsurprisingly, the one that assures life
on Earth, the Sun.

Understanding the apparent motion of the Sun is of fundamental importance in
archaeoastronomy. Let us, then, proceed very slowly. For a reason that will soon
become clear, it is useful to fix ideas on the movement of the Sun by considering two
different examples, at different latitudes. One such latitude must be greater than the
obliquity of the Ecliptic ε (=23° 30′ in present times), so we could have our base, for
instance, at Stonehenge; the other must be lesser, so for instance in this case we could
be located in a Maya town of the Yucatan. In both cases, we assume for the moment
that our horizon is perfectly flat and disregard any atmospheric effect.

Let us start to watch Sunrise from Stonehenge on an arbitrary day, say the 1st of
October, and see what happens. The Sun’s first limb rises on the eastern horizon at
an azimuth of *95°, that is an azimuth 5° south of the east. Our star makes an arc
in the sky culminating, at local noon, at due south with an height of 32°, then sets in
the west with an azimuth *265°, that is 5° south of west. The segment between the
rising and setting points is thus orthogonal to the meridian or, to put it another way:
the setting azimuth equals 360° minus the rising azimuth, something which is in
fact always true, at least in ideal conditions (zero horizon, zero atmospheric effects,
as mentioned) every day of the year.

Now we let the days pass. We experience the Sun rising more and more to the
south of east (so the rising azimuth increases) and culminating lower and lower (so
culmination altitude decreases). In fact we might even start to panic that the Sun
will eventually fade away at due south and vanish. But the process also slows
down, so that the rising azimuths on successive days finally differ by such a small
amount that it becomes very difficult to distinguish between different positions on
the horizon. Gradually we will come to realise that the movement of the rising Sun,
seen as a point on the horizon in successive days, has inverted its direction. The
southernmost azimuth was reached on 21 December, the day we call the winter
solstice. So we are reassured and can resume following the Sun rising on the
horizon. The rising azimuth decreases, the culmination angle increases, and the Sun
again takes up its previous positions on the horizon on dates which are symmetrical
in comparison with the previous ones. Finally, the Sun rises at due east, thus
assuming a declination equal to zero: the (astronomical) equinox. Then the rising
azimuth is seen to decrease more and more. Once again, however, we also expe-
rience a slowing down until we reach the point where we are unable to distinguish
different positions from each other, and finally an inversion occurs on the 21 June,
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the summer solstice. On this day, the rising azimuth is symmetrical, with respect to
due east, to that of the winter solstice, and the culmination of the Sun is the highest
possible, *61° 30′ at Stonehenge. After the solstice, the Sun will retrace its steps,
moving towards the Autumn equinox (Fig. 1.3).

To sum up, there are 4 days which can naturally be singled out: the two solstices
and the two equinoxes. A natural way of dividing the year would thus be into four
quarters; but due to the fact that the Earth’s orbit is elliptical, the equinoxes are not
separated precisely by an equal number of days from the solstices. As a result, the
astronomical definition of equinox can be misleading in the historical sense, since it
is more likely that ancient civilizations were interested in marking quarters days of
the year, i.e. midpoints in time between the solstices, dividing the days between the
two solstices into quarters of 91 days each (plus one day). These intermediate days
fall very close, but not exactly on, to the equinoxes (they fall on March 23 and
September 21, ±1 day, in relation to equinoxes on March 20 and September 22/23).
In any case, we must not make the mistake of thinking that only solstices and
possibly equinoxes (or quarter days) were considered important in antiquity: in other
words solar archaeoastronomy is not just “talking about solstices and equinoxes”,
since other solar dates might have been equally, if not more, important for cultural
reasons (e.g. the date of foundation of Rome in the Roman world, or the zenith
passages of the Sun in tropical zones, as defined below). With regard to solstices, it is
worth stressing that the Sun never stops at the solstices, in other words, the solstice
azimuth is strictly reached only once; it is, however, difficult to distinguish the

Fig. 1.3 The path of the sun during the year, viewed by an observer at a latitude above the tropic,
with a flat horizon
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azimuths between—say—the solstice and three days before or after, because the rate
of change of the azimuth is very low (in the order of 1 prime of arc per day). On the
contrary, this rate increases when the Sun is closer to the equinoxes, where the
difference in two subsequent positions of the Sun at the horizon reaches 25′, that is,
almost a solar diameter (the solar diameter is 30′ as seen from the Earth).

A similar behaviour in terms of declination corresponds to this sinusoidal change
in the azimuth. In fact a useful formula for the change in declination of the Sun is
the following:

sin d ¼ sin e cosw

where w = 0.986 n and n is the number of days that have elapsed since the June
solstice expressed in degrees (so that for n = 0, cos w = 1 and δ = ε). When we
approach the equinox, declination goes to zero (and indeed for n * 90, cos w * 0)
while for n = 180, cos w * −1 and we are close to the opposite solstice (δ = −ε).
Finally, a useful quantity is the measurement of the arc (symmetrical with respect to
true east) of the possible rising points of the Sun in the course of the year, or solar
amplitude; it diminishes with decreasing latitude, being (with a flat horizon) in the
order of 78° at Stonehenge, 64° in Rome, and 56° in Cairo (Fig. 1.4).

Correspondingly, the height of the Sun at culmination on the summer solstice
increases, up to a latitude where our star passes directly overhead at the solstice.
The corresponding parallels are called the Tropic of Cancer and the Tropic of
Capricorn respectively; the reason is that these two zodiacal signs corresponded to
the Sun at summer solstice in the two hemispheres about 2000 years ago (today,
due to precession, it is not longer so, as will be clear in Sect. 1.6).

It is the existence of the Tropics that prompts the need to look carefully at the
Sun’s motion from tropical latitudes too—that is, latitudes between a tropic and the
equator.

Fig. 1.4 The rising-setting
azimuths of the sun
corresponding to Fig. 1.3
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Let us now move to Chichen Itza’ in the Yucatan, an ancient Mayan town where,
as we shall see, astronomy played a significant role (Fig. 1.5).

The movement of the Sun on the horizon of Chichen Itza’ is the same as at
Stonehenge, the only difference being that the solar amplitude is smaller. The
culmination of the Sun, on the other hand, is subject to a qualitative change. The
reason is that, as at Stonehenge, the nearer we get to the summer solstice, the higher
the Sun will be at culmination; however, here on April 20, the height is already 80°,
on May 18 it is 89°, and eventually the Sun reaches 90° on May 20. On this day, the
Sun thus passes the zenith, that is, it sits directly overhead an observer at noon: the
observer has no shadow. Logically, the day after the Sun should culminate higher
than this, and this of course means that it culminates to the north of the observer.
After the summer solstice, the Sun at the horizon retraces its steps, and therefore at
culmination it approaches the zenith again; eventually we experience a second
zenith passage on the symmetric day. Clearly, if we move to even lower latitudes,
the interval of days between the two passages will increase, up to the equator where
the zenith passages will occur at the equinoxes (Fig. 1.6).

Fig. 1.5 The path of the sun
during the year, viewed by an
observer at northern tropical
latitude, with a flat horizon

Fig. 1.6 The rising-setting
azimuths of the sun
corresponding to Fig. 1.5. The
azimuths of the zenith
passages are highlighted
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In connection with the zenith passages, a curious fact can be mentioned. If we
project the azimuth of the Sun on the days of zenith passages towards the western
horizon, we get an azimuth to the south of west which corresponds to the setting of
the Sun on two days between the autumn and the spring equinox. On these two days
nothing especially noticeable happens in our hemisphere—in particular, the cul-
mination of the Sun is not at the minimum, which always occurs at winter solstice.
However, it is easy to see that, at midnight on these days, the Sun is passing at the
zenith in the opposite hemisphere. For this reason, these two days are sometimes
called nadir passages.

To conclude this discussion, we need to ask: what is the origin of this relatively
complicated apparent motion of the Sun? Let us take for a moment the point of
view of the observer outside the solar system, and look at the path our planet
follows round the Sun. During one year the Earth (considered, for simplicity’s sake,
as a sphere, ignoring the slight flattening at the poles) moves on its orbit keeping
constant the angle of the axis inclination in relation to the Ecliptic. This means that
there will be, on the orbit, a point at which the tilt towards the Sun is maximum for,
say, the northern hemisphere. This corresponds to the day of the summer solstice, as
the angle formed by the the sun’s rays (which are all to be considered as being
parallel to each other) is maximal. The opposite situation will be the winter solstice
(when it is the summer solstice for the southern hemisphere). Of all the intermediate
situations, there are two points at which the direction of the tilt and the direction to
the Sun are perpendicular: these are clearly the equinoxes. Finally, the Sun’s rays
can be perpendicular at noon on certain days (which are the zenith passages) only at
points on the Earth which lie at latitudes lower than the obliquity; the Tropics
therefore correspond to latitudes (north and south respectively) equal to ε, and this
is why their location is not strictly constant in time but varies along with the
variation of the obliquity.

Since the intensity of sunlight over the course of the year conditions the climate,
it can be said that the presence of the seasons on the Earth (and probably of human
life itself) is due to the inclination of the Earth axis. Yet defining—as we modern
humans tend to do—the starting days of the seasons using equinoxes and solstices
does not really make sense, since the path of the Sun in the sky in—say—the first
decade of August is virtually the same as that of the second decade of May. The
ancients knew this very well, so, for example, for the Romans the seasons usually
had their midpoints, rather than starting days, around solstices and equinoxes.

1.3 The Apparent Motion of the Stars

There is an unimaginable number of stars in the universe. Yet only a tiny per-
centage of these astral bodies are visible, even on a clear night, with the naked eye
(all naked-eye visible stars are physically similar to each other and to the Sun). The
visible stars are at widely varying distances from us, but it is impossible to
appreciate this fact. The brightness of the stars may be misleading in this respect:

10 1 Astronomy with the Naked Eye



for instance Deneb and Pollux share a similar brightness but Deneb is 500 times
farther away than Pollux. Distances in the universe are difficult for the human
imagination to cope with—just to have an idea, sunlight takes more than eight
minutes to arrive on the Earth, and the closest star beyond the Sun, Proxima
Centauri, is at 4.2 light-years from us (it is not bright enough to be visible with the
naked eye, though; the closest visible one is Alpha Centauri, at 4.37 light years).

To measure the brightness of a celestial object as seen from the Earth—the only
brightness of concern to us here—it is customary (essentially for historical reasons)
to use a rather clumsy and laborious measure called apparent magnitude.
Unfortunately we have to make its acquaintance, since it is of universal use. The
apparent magnitude is a dimensionless number m, which is such that the brighter an
object appears, the lower m will be. Clearly, the Sun will thus have the lowest
possible magnitude, which is fixed at (don’t ask) −26.74. After the Sun, there are
the Moon, Venus, and the brightest star, Sirius. Magnitude is measured on a log-
arithmic scale which has the following effect: an increase of 1 in the magnitude
scale corresponds to a decrease in brightness by a factor of about 2.5. For instance,
the star Vega (magnitude zero) is about 2.5 brighter than the star Antares (mag-
nitude one).

Since we are interested only in naked eye observations, it is important to
establish the limit of human visual perception. It is generally assumed that a very
experienced astronomer in very favourable conditions is able to distinguish a 6
magnitude star. This is, however, to be considered as an ideal limit; normal people
(including yours truly) actually have difficulty in distinguishing stars of magnitude
5, even in very favourable conditions (it goes without saying that from populated
areas or towns the best we can hope to see are the first magnitude stars). In any case,
in a clear sky there are typically hundreds, and sometimes thousands, of stars below
magnitude 6. It follows that the sky of our ancestors was spectacularly ablaze with
brilliant stars.

Today we employ a rather standardised and aseptic way of counting and naming
the stars: by convention each star is identified by a progressive Greek letter plus the
name (or abbreviation of the name) of the corresponding constellation, separated by
a hyphen; usually, the alpha star of a constellation is also the most brilliant one.
A great deal of stars, however, also have their own individual names, many of
which derive from old traditions. For instance, the names of the brightest stars—in
order of increasing magnitude—are Sirius (alpha-canis major), Canopus
(alpha-carinae), Rigil (alpha-centauri), Arcturus (alpha-bootes), Vega (alpha-lyrae)
and Capella (alpha-aurigae).

To understand the motion of the stars, we have to realise that stars move in
relation to each other and also in relation to us, but that we cannot appreciate such
movements in a human lifespan or even over the course of a human civilisation (at
least for the periods they lasted in the past…) since even the most appreciable of
such “proper” motions can be measured from the Earth in terms of a few arcminutes
per millennium. So the movement of the stars as seen from the Earth is only
apparent, due to the rotation of the Earth itself, and as such it is rigid: the relative
distances between stars remain constant. To understand how the stars are perceived
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to move, let us first look north. If we are in a historical period during which the
north celestial pole is located in an area where there is a star, this star will be seen as
fixed. Then we enlarge the view concentrically from the pole. All stars which are
sufficiently near the pole—so that their maximal altitude does not exceed double the
pole altitude—are seen to rotate around it, never going beyond the horizon in their
rotation. These stars are termed circumpolar, and are visible the whole night, every
night. This immediately implies the existence of a group of stars which are suffi-
ciently near the opposite pole, and which accordingly never rise. In other words, the
visible portion of the heavenly vault depends on the position of the observer, and all
the non-circumpolar stars visible to an observer rise and set. It follows that on
certain days a certain star may only be “visible” during the hours of sunlight, or, we
might say, be in conjunction with the Sun, thus effectively being invisible due to the
presence of the sunlight. Stars consequently have an invisibility period (which can
shrink to practically zero days, for stars very near the circumpolar ones, or be, on
the contrary, extremely long, for stars rising close to due south) (Fig. 1.7).

Themovement of a generic star over the course of the year is therefore characterised
by a series of “heliacal phenomena”. To understand the meaning of this let us follow a
star starting from the day of the heliacal rising, i.e. the day when the conjunction with
the Sun ends and the star is visible for a few moments, low on the eastern horizon, in
the glow of pre-dawn. Every day, the star will rise a little earlier. The day after heliacal
rising, the star will thus be visible a little longer, the next day a little longer than that,
and so on, as the time of rising starts to move towards the time of sunset. On a certain
day of the year, the rising is no longer visible, as the star is already seen at a certain
height when the Sun sets. The setting time then moves towards the hours of sunset up
to the final day, when the star can only be seen to set shortly after sunset. This is called
heliacal setting. The cycle of visibility/invisibility then will resume.

The day of a star’s heliacal rising was of interest to many ancient cultures. Today,
the phenomenon can be defined in strictly technical terms. In practice, though, it is
very difficult to identify a single specific day of the year on which heliacal rising
occurs, since visibility depends (apart from the local horizon, of course) on atmo-
spheric factors, on the skills of the observer, and on the presence/absence of the
Moon. It is therefore much better to think always in terms of a span of a few days.
A rule of thumb which can be used to understand when an m-magnitude star is
undergoing heliacal rising is to ascertain on which day the star is at its minimal visible
altitude (which is greater than zero in general, see Sect. 1.10) and the Sun is (of course

Fig. 1.7 The apparent motion
of the stars
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under the horizon) at an altitude−4m. For instance, the bright (m = 1.5) star Castor of
the constellation Gemini is (theoretically) first visible at about 1.5° of altitude when
the Sun is about 6° below the horizon. The first visibility will, however, usually be a
few days later than the day thus identified, and at a slightly greater altitude (so—and
this matters in archaeoastronomy—also at slightly greater azimuth).

1.4 Constellations

While watching the diurnal sky, it is natural to identify forms and images in the
shapes of the clouds. Similarly, during the night, images can be identified by joining
the bright dots of the stars. In this way, a series of stylised figures, the constella-
tions, are formed. Constellations are clearly useful for mapping out the sky and
therefore for communicating related information (e.g. for orientation purposes), so
that vitually all human groups developed a common pictorial image of a certain
number of constellations. Our own tradition originated from the cultures of the
ancient Mediterranean, notably the Near East (Mesopotamia) and Greece. From the
Near East in particular we have a variety of written and iconographic sources, but
the first attempt at a complete classification of the sky appears, as far as we know, in
the poem Phaenomena by the Greek poet Aratus, who in turn refers to a work by
Eudoxos, written in the fourth century BC, but which has not survived. These
constellations were later codified by Ptolemy, who mentions 48 of them. During the
Renaissance, many others were added, and finally, in 1922, the International
Astronomical Union fixed the division of the celestial sphere into 88 constellations.
All of them are referenced (besides pictorial images) using “skeletons” of segments
and also, more simply, quadrangular zones of the sky, since of course modern
astronomical instruments can see scores of stars in areas where the naked eye sees
nothing, and such stars also are assigned to a constellation. The names and images
of the original constellations codified in the Mesopotamian-Greek tradition and
passed on by Ptolemy have been retained, adding others whose modern origin is
sometimes quite evident, such as Telescopium.

Studying the constellations identified by a specific culture is very important, as
the lore of the sky forms an important cultural memory. It usually contains a great
deal of information about the imaginary world, as well as about religion, myth, and
wisdom. However, identification of ancient constellations has proved to be prob-
lematic. The first problem lies in the fact that stars which we assign to different
constellations can actually belong to the same constellation in another tradition,
and, vice versa, stars belonging to the same constellation in our tradition can be split
into different constellations by other cultures. Further, constellations identified by
the same group of stars as in our tradition have often been seen in a completely
different way by other cultures, so that it can be difficult to recognise them. For
instance, the Egyptians saw a Bull foreleg in Ursa Major, the Mayans a turtle in
Orion, and the Incas a plough in Scorpio. Finally, though rarely, we can discover
close similarities in both star identification and interpretation: for instance, the

1.3 The Apparent Motion of the Stars 13



Mayan constellation of the Scorpion was probably the same as that of the western
tradition (Figs. 1.8 and 1.9).

Of particular importance among the constellations are those located on the
ecliptic, the circle described by the Sun in the sky, which can be used to monitor the
motion of the Sun. These constellations in fact form a background to the Sun as
seen from the Earth, since our star shifts from one constellation to another in the
course of the year. Of course, as for any other constellation, they may differ from
culture to culture; for us, this set is traditionally made up of the twelve constella-
tions called the Zodiac, but the Maya had thirteen zodiacal constellations (as we
really should too, since also our constellation Ophiucus crosses the ecliptic).

Many constellations, and in particular the zodiacal ones, were identified in very
ancient times. In my opinion, it is marvellous that scientists continue today to use
images dating from such far-off antiquity and we are happy and proud to use them
in this book too. However, the zodiac was developed at a time when no distinction
was made between astronomy and astrology. The subject of astrology is a complex
framework of arcane theories according to which the personality and personal
destinies of people are influenced by their “birth sign” that is, the zodiacal con-
stellation in which the Sun was located at the moment of their birth, and by the
configurations of the Sun, Moon and the planets relative to it. Such a thing has no

Fig. 1.8 An early 18th century map of the constellations of the northern sky
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scientific basis whatsoever—it is a pure fantasy. Indeed, “birth signs” are contin-
uously skewed, out of sync, from the very outset by the existence of the phe-
nomenon called precession (see Sect. 1.6); and besides, the only physical effect
exerted on us by the celestial bodies is gravity. The gravitational force, though
directly proportional to the mass, decreases with the square of the distance. This
means that, for example, the gravitational force exerted on a baby by—say—Mars
at its minimal distance from the Earth is less than the gravitational force exerted by
a 60-kg obstetrician located at 50 cm from the very same baby (both two forces
being, of course, ridiculously small in themselves).

Having said that, we shall occasionally be dipping into ancient astrological lore,
because in some cases (for instance, in Imperial Rome), a comprehension of it
contributes considerably to understanding some key aspects of the relationship
between power, architecture and astronomy.

1.5 The Milky Way

The stars, like our Sun, are grouped into galaxies. There are billions of galaxies,
which are gravitating systems—usually shaped like a disc—where stars rotate
around a central nucleus. The Sun is no exception, so we all belong to a particular
galaxy, the same one that all the stars we can see with the naked eye belong to as
well. Because we are inside this galaxy, and because it is shaped like a disc, when

Fig. 1.9 Western Thebes. Some of the ancient Egyptian constellations as depicted on the ceiling
of the tomb of Pharaoh Seti I in the Valley of the Kings
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we look at it we see a relatively narrow band of diffused luminosity traversing the
sky: this is what we call Milky Way.

The Milky Way is not flat, but it is a sort of flattened object, so that a main
(theoretical) galactic plane can be defined. This galactic plane is inclined by about
60° with respect to the ecliptic, so that the Galaxy and the Ecliptic as seen from the
Earth cross two times, between Scorpio and Sagittarius and between Taurus and
Gemini (the direction from the Sun to the centre of the galactic plane—where with
all probability a silent, gigantic blackhole assures the stability of the whole system
—passes through Sagittarius).

The luminous band of our galaxy as seen from the Earth with the naked eye has a
maximal width around 12°, and it is not uniform: inside there are “branches” (points
where the luminous stream divides into two) and dark regions, such as the so-called
Great Rift and the Coalsack, where there are no visible stars and/or light from distant
stars is blocked by the interstellar clouds. Leaving aside the brilliant stars which are
seen within, or close to, the Milky Way (such Cygnus, Scorpio and Centaurus) the
Milky Way itself is not very bright. However, in good weather conditions and with
low light pollution (say, when stars of magnitude 4.5 are plainly visible) our galaxy
becomes a prominent presence, a sort of celestial river which slowly flows, dividing
the celestial sphere into two regions. Indeed, the resemblance of the Milky Way to a
celestial river was noted by many cultures, for instance, the ancient Egyptians and
the Incas. In particular, for the Incas the Milky Way was constituted of the same
water that would later fall to earth as rain, and the dark zones in it were interpreted as
images of animals forming “dark constellations” (see Sect. 6.3).

1.6 Precession

The Earth, like all rigid bodies free of constraints, has three rotational degrees of
freedom which correspond to three rotational movements. These are the revolution
around the axis, which completes in 24 h, and two others, precession and nutation,
of much longer duration (to visualise them the easiest way is to think of a spinning
top, with the axis circling around the vertical—precession—and describing a reg-
ular oscillation—nutation—while the top spins around the axis).

Of these two movements, precession—which completes a (almost closed) rev-
olution every 25,776 years—is of fundamental importance for archaeoastronomy
(Fig. 1.10).

In fact, although it has no effect on the apparent motions of the Sun, the Moon
and the planets, precession changes—slowly but inexorably—the declinations of
the stars. Therefore, taking precession into account is essential for a reconstruction
of the nocturnal skies as ancient peoples saw them. To understand what happens, let
us start from the north celestial pole. Since the Earth axis describes a circular cone,
the pole moves along a circle; in a certain epoch it may or may not pass near the
position of a brilliant star. What we call the pole star today is actually the specific
star close to which the north pole is today; during the first half of the third
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millennium BC another star, Thuban of the constellation Draco, was the pole star,
while in the period in between no pole star existed at all: the north celestial pole was
in a dark zone (the south pole is always in a dark zone, as its path never intersects a
brilliant star) (Figs. 1.11 and 1.12).
Without wishing to repeat myself ad nauseam, I should stress again that it is not the
background of stars that moves, but it is the polar axis that points to different regions
of the sky. Clearly, the declinations of all the stars are subject to this precessional
shift; in particular, some constellations can be brought under the horizon by pre-
cession thereby proving to be, in certain epochs, constantly invisible from a certain
latitude, and eventually becoming visible again with the passing of time.
One important example is the Cross-Centaurus group, a prominent asterism of the

Fig. 1.10 The path described
by the North celestial pole in
the course of a precessional
cycle

Fig. 1.11 The position of the
north celestial pole with
respect to the stars in
2500 BC: there is a pole star,
Thuban
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southern hemisphere, which was still visible from the Mediterranean—although low
on the southern horizon—up to the last millennium BC.

As precession changes the declinations of the stars over the centuries, one of its
effects is that it changes the background to the stars where the Sun rises on a fixed
day of the solar year; in particular, of course, this occurs at solstices and equinoxes.
For instance, in the centuries around 1AD the winter solstice was moving from
Capricorn to Sagittarius (repetita juvant: this statement means that the winter sol-
stice sun was starting to rise against the background of Sagittarius), and the spring
equinox from Aries to Fishes. It is from the shift of the constellation housing the
Spring equinox that the term “precession of the equinoxes” originates, sometimes
used as a (potentially misleading) synonym for precession (Fig. 1.13).

The issue of when was precession discovered is quite delicate. Indeed, it is very
likely that some specific effect was noticed by ancient cultures long before the
official scientific discovery which occurred within the framework of Greek science

Fig. 1.12 The position of the
north celestial pole with
respect to the stars today:
there is another pole star,
Polaris

Fig. 1.13 Schematic representation of the rising sun as seen from the earth in the background of
the zodiacal constellations during the year
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Magli (2009). However, and in spite of worldwide “New Age” claims (the pre-
sumed New Age should be precisely the one that is triggered by the spring equinox
going from Pisces to Aquarius in our own era), there is no evidence that any special
relevance was attached to this discovery in ancient times. Another point which is
sometimes misunderstood is that modern-day constellations are defined as regions
of the sky with definite boundaries, so one can confidently state today if the Sun is
rising in one constellation or another on a certain day. Equally, one could even
specify precisely in which year the equinox moves from a constellation to another.
Clearly however, this has no sense in naked eye astronomy, as the Sun can be in a
region deprived of visible stars between two constellations for many decades, or
even centuries. For instance, as we shall see in Sect.10.3, Emperor Augustus chose
as his personal icon the sign of Capricorn because it was culturally associated with
the winter solstice as a sign of renewal, although—as mentioned above—the
midwinter Sun was at those times already rising in the region between the visible
stars of Capricorn and those of Sagittarius.

1.7 The Apparent Motion of the Moon

The Moon moves around the Earth on an elliptical orbit. The plane containing the
Earth and the Moon orbit is not the ecliptic, but forms with it an angle—usually
denoted by i—of 5° 9′; the two points of intersections of the orbit of the Moon with
the Ecliptic are called nodes. The period of revolution of the Moon is equal to its
period of rotation so that an observer on the Earth can see only one face of the
Moon (actually slightly more than one half). So, incredible as it may seem, the first
time that humans were able to view the other side of the Moon was as recent as
1959, with the photographs taken by the Russian probe Luna 3.

Of course, one half of the lunar surface is always illuminated by the Sun. This
means that, of the face of the Moon “reserved” for us, we can see on each day only
that part belonging to that half which is illuminated by the Sun. This provokes the
lunar phases, with a cycle of approximately 29.5 days (Fig. 1.14).

The sidereal month of the Moon lasts, on the contrary, 27.2 days, in the course of
which the rising point of the Moon on the horizon follows a cycle similar to that
made by the Sun over the course of a solar year, that is, with one rising extreme
located north of east and the other, symmetrical, at the south of east. So we can talk
about northern and southern lunar “standstills”, in analogy with the two solstices.
Unlike with what happens to the Sun, however, (for which the declinations at the
extrema are always equal to ±ε) the declinations of the Moon at standstills vary. As
a result of various physical factors, in fact, the line of the nodes revolves clockwise
in relation to the Moon, completing a cycle every 18.61 years. Thanks to this
phenomenon, the declination of the Moon at the northern lunar standstill oscillates
from a maximum equal to ε + i (today thus equal to 28° 39′), to a minimum equal to
ε-i (today 18° 21′). Analogously, the declination of the Moon at the southern
standstill oscillates between −(ε + i) and −(ε − i). Accordingly, we can speak about
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north and south major and minor lunar standstills or lunistices (a small effect called
wobbling causes a further variation in declination with an amplitude of nine arc
minutes and a period of 173 days). The last major standstills were reached in 2006
and therefore will be reached again in 2024. The azimuths of the Moon at the
standstills of course depend on the latitude; however, it is always the case that the
rising azimuth at the major northern standstill is to the north of that of the Sun at the
summer solstice, and that of the minor northern standstill is to the south of it (a
symmetrical situation will occur for the southern lunar standstills and the winter
solstice) (Fig. 1.15).

The long-term variation of 18.61 years in the Moon’s rising points overlaps with
the cycle of phases in a complicated way. This means that a standstill can even
occur at a new Moon and thus be unobservable. However, in the year of the
lunistice, the Moon will have monthly maximal and minimal declinations which—
although these correspond exactly to those of the lunistices once only—are all very
close to them. Now, due to the characteristics of the motion of the Moon, an
interesting phenomenon occurs. In fact, it always happens that the full Moon closest
in time to the summer solstice is at the minimal declination, and similarly, the full
Moon closest in time to the winter solstice is at maximal declination. Both spec-
tacles are really worth seeing in the lunistice year. The full Moon near the winter
solstice—the longest night of the year—culminates very high in the sky (higher
than the Sun at summer solstice, in particular) and remains in the sky the longest; it
can even become circumpolar at high latitudes. The full Moon near the summer
solstice—the shortest night of the year—culminates at its lowest altitude ever.

Fig. 1.14 A schematic, two-dimensional representation of the phases of the Moon. The phases are
generated by the different illumination of the half of the Moon which can be seen from the earth
(since in reality the Moon, the earth and the Sun do not belong to the same plane, we do not
experience eclipses every lunar month, as instead the image could suggest)
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When we consider the possibility that ancient astronomers and architects might
have been interested in the extreme positions of the Moon, it looks advisable to
think of a kind of general interest in these (fully visible and spectacular) phe-
nomena, rather than of extremely precise measurements of lunar azimuths at
standstills and/or to different phases (see however Sims 2011) (Fig. 1.16).

Other spectacular events associated with the Moon are of course the eclipses. In
a solar eclipse, the Moon passes between the Sun and the Earth. A solar eclipse can
thus occur only if the Moon passes a node around the time of new Moon, since it is
the illuminated face of the Moon that forms the shadow on the Earth. In a lunar
eclipse the Earth casts a shadow on the illuminated face of the Moon, so it can only
occur if the Moon passes a node around the time of a full Moon. Solar eclipses are
generally witnessed only as a portion of the Sun’s disk being covered by the Moon,
or partial eclipses. However, by a curious coincidence, the apparent sizes of the
Moon and of the Sun from the Earth are roughly equal, and therefore there usually
exists a relatively narrow (not more than 250 km wide) strip of the Earth’s surface
(called the path of totality) where the Moon projects its full shadow and the Sun is
totally eclipsed (sometimes the Moon’s apparent size—due to the slight variation of
its distance from the Earth—is too small to cover the Sun completely and a
so-called annular eclipse takes place). Unlike solar eclipses, lunar eclipses are
long-lasting and easy-to-view phenomena.

Eclipses are irrelevant with regard to the alignments of buildings; however, there
is no doubt that many ancient cultures had an interest in them: they were accurately
recorded (for instance in Chinese annals) and the Mayans devised methods to
predict on which days eclipses were likely to occur (see Aveni (2001) for a com-
plete discussion).

Fig. 1.15 The rising-setting
azimuths of the moon at a
certain latitude, with the solar
arc also highlighted.
Independently from the
latitude, the minimal lunar
amplitude is always smaller
than the solar arc, and
corresponds to the minor
lunar standstills (m). The
maximal lunar amplitude is
always greater than the solar
arc, and corresponds to the
major lunar standstills (M)
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1.8 The Apparent Motion of the Planets

As far as archaeoastronomy is concerned, the only planet for which any kind of
connection with astronomically oriented buildings has been reasonably argued is
Venus. However, for completeness, a brief overview of the motion of all the visible
planets will now be given.

The solar system is a complex collection of objects, none of which emits its own
light, all gravitating around the Sun. Some have a relatively simple, elliptic orbit (I
will say, with a measure of astronomer’s licence, that such objects move around the
Sun) while others have a more complicated orbit, such as the Moon, which moves
around the Earth while the Earth moves around the Sun. The planets are the greatest
of the “simple-moving” objects; in order of distance from the Sun they are:
Mercury, Venus, Earth, Mars, Jupiter, Saturn. The remaining planets Uranus,
Neptune and Pluto are not visible with the naked eye (Uranus is on the threshold of
visibility at m = 6). The planes containing the orbit of each planet (and thus the
planets and the Sun) are inclined with respect to the ecliptic, but the inclinations are
small; the greatest are those of Mercury (7°) and Venus (3° 24′).

The planets themselves are vastly different from each other. For instance,
Mercury has a very eccentric orbit, is as dense as the Earth, and is otherwise similar
to the Moon, while Venus displays little eccentricity, has a composition similar to
that of the Earth, but also a formidable atmosphere of dense carbon dioxide, with
clouds of sulphuric acid. But for our purposes the main point here is to note the
distinction between inner and outer planets. Indeed, since we are on the Earth, the
motions of the inner planets Mercury and Venus, and that of the outer planets,
Mars, Jupiter and Saturn, share special features.

Let us begin with Venus. The time it takes Venus to make a complete revolution
on its orbit around the Sun (sidereal period) is 225 days, but clearly the Earth also
revolves around the Sun, so from our viewpoint the planet actually reappears in the
same configuration in relation to the Sun after a different period, called synodic.
This period is approximately 584 days (583.92 days). During each cycle, Venus
will be invisible every time the Sun’s light is in conjunction with it; one would be

Fig. 1.16 The relative position of the Ecliptic and of the Moon orbital plane. Eclipses can only
occur near the nodes, namely the intersections of the two planes
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tempted to say, every time it is behind or in front of the Sun, although of course this
does not mean that they lie precisely on the same plane (sometimes Venus really
does eclipse the Sun as a black dot passing over the Sun’s surface). The periods of
disappearance from sight are about 50 and 8 days, respectively. The two periods of
visibility correspond to the planet appearing as the Evening Star, located in the west
immediately after sunset, and as the Morning Star, located in the east before
sunrise, for about 268 and 258 days respectively (Fig. 1.17).

In the course of this cycle Venus as seen from the Earth is subject to a change of
declination and, therefore, of azimuth at rising. The inclination v = 3° 24′ of the
plane of the Venus orbit has the effect of enabling the planet to attain a
maximal/minimal declination of ±(ε + v), that is, ±27° today, increasing a little (due
to the variation of ε) in the past. To such declinations correspond azimuths which
lie between the azimuths of the Sun at the summer/winter solstice and those of the
Moon at the major northern/southern standstill. Due to various physical effects,
however, Venus attains the maximal possible declination only once every five
synodic cycles; since 584 × 5 = 365 × 8, it can be said that the Venus extreme
declinations have a cycle of 8 years. During the last four millennia, both the
maximum and the minimum declinations have been attained during the planet’s
evening visibility (so that the corresponding azimuths were observable at setting),
and have been seasonally related, in the sense that they usually occurred in late
April/early May, a period which is of the utmost importance the agriculture in
Mesoamerica, marking as it does the onset of the rainy season. There are texts
which unquestionably show the interest of Mesomaerican cultures in the cycle of
Venus, and also convincing cases of orientations to this planet, as we shall see in
Sect. 9.1. As far as Mercury is concerned, its behaviour is qualitatively similar, but
the planet can only be seen for shorter periods of time Kelley and Milone (2005).

Fig. 1.17 Schematic,
bi-dimensional representation
of the cycle of
visibility/invisibility of Venus
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The alternating behaviour of Venus as the Morning/Evening star, shared also by
Mercury, is certainly the main characteristic of its apparent motion. The most
evident behaviour which characterises the motion of the outer planets visible to the
naked eye, Mars, Jupiter and Saturn, is another one. Consider, to have a clearer idea
of the concepts in play, Mars. This planet also has a period of conjunction with the
Sun, and therefore of invisibility (about 120 days). After invisibility, it is subject to
heliacal rising and rises progressively earlier, like a star. At a certain point, the Earth
passes between the planet and the Sun, that is, our planet runs a section of its orbit
that lies between the Sun and the planet’s orbit. This is the period in which Mars is
both closest and brightest. The Earth then eventually overtakes Mars. Both of
course continue to proceed forward on their orbit, but what the observer on the
Earth will actually see is a little odd. In fact, like any celestial object, Mars con-
tinues to regularly travel from east to west each night. However, if we project the
sight line of the Earth’s observer beyond Mars, we see that the star’s background

Fig. 1.18 Schematic
explanation of the retrograde
motion of a exterior planet.
The lines represents the line
of sight from the earth to the
planet in subsequent, few
days; they “hit” the fixed stars
background in the
corresponding numbered
points
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“turns back”. If, therefore, the Earth-based observer keeps a note of the background
of the stars each night, Mars will be seen to “move back” for a certain number of
days, until the overtaking is complete. This period lasts about 75 days and is the
so-called retrograde motion (Fig. 1.18).

The ideal centre of retrograde motion occurs when Mars is opposite the Sun; if
the position of the planet is plotted as a function of the days, the corresponding
curve is a loop in the sky covering about one half of a zodiacal constellation.

As far as the rising/setting positions of planets apart from Venus are concerned,
as mentioned, we have no architectural evidence of any interest on the part of
ancient cultures; indeed, it would be difficult to have any such proof since the
maximal declinations of these planets are reached irregularly and are too close to
that of the Sun to imply relevant distinctions in azimuths, and therefore a hypo-
thetical alignment towards—say—the maximal declination of Jupiter would be
virtually indistinguishable from a summer solstice alignment to the Sun. However,
we do have quite convincing written evidence of a connection of the planets with
power and religion in many ancient cultures, from the Babylonians to the Mayas.

1.9 Calendars

As we shall soon see, the control of the flow of time through the establishment of,
and constant attention to, a calendar was not only fundamental for practical (e.g.
agricultural) reasons, but was deeply and intimately connected with the exercise of
power in many ancient cultures. As a consequence, the history of the anthropological
and cognitive aspects of calendrics is a delicate topic which, in my view, still awaits
a comprehensive, global study. Certainly this is not the place for this, but it is
impossible to learn about archaeoastronomy without having a grasp of the basics of
the history of calendars, and especially of that of our calendar, the Gregorian,
because, naturally, we need a common language to discuss dates in various places
and epochs. So, let us first seek to understand how the Gregorian works.

The time that the Sun takes to return to the same position, as seen from Earth, is
called a tropical year. It seems obvious for us to measure it in terms of days, but it
may be equally obvious that there is no reason whatsoever it should last an integer
number of days and indeed, it is not so: the tropical year lasts 365.2421897 days. If
we want to count time with a calendar tuned to the cycle of the Sun, we need an
approximation. This leads to the Julian calendar, introduced in Rome by Julius
Caesar: a calendar of 365 days per year in which each four years a “leap” year of
366 days is added (giving an average of 365.25–365 days 6 h—for the tropical year).
Due to the approximation made, the Julian calendar drifts with respect to the solar
cycle by about 10 min per year, that is, about one day each 144 years, so it took many
centuries for the difference to become macroscopic. The Julian was replaced by the
current Gregorian calendar by Pope Gregory XIII, who introduced it in 1582. This
calendar, which corresponds to an average length of the year of 365.2425 days
(365 days 5 h 49 min 12 s), is practically perfect over the span of several millennia,
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so we can safely speak of Gregorian dates as coinciding with tropical dates
throughout the whole of human civilisation (note, however, that most astronomical
software uses the Julian calendar for dates before the Gregorian reform; moreover,
they use a “proleptic” Julian calendar—that is, reversed—for dates before the
introduction of the Julian). The way the adjustment of the Gregorian years is effected
is very ingenuous: the Julian leap years are retained, but reducing the number of
them in four centuries from 100 to 97, thereby gaining 3 days less each 400 years.
The rule by which it is decided which leap-years are to be skipped is: centurial years
are leap years only if they are exactly divisible by 400 (so that the years 1700, 1800,
and 1900 were not leap years, whereas the year 2000 was).

The Julian and Gregorian calendars were devised by astronomers who wished to
synchronise the count of the days of the year with the tropical year and hence with
the seasons. Yet theoretically one can schedule and manage all the important
activities associated with seasons—e.g. harvesting and sowing the fields—by
means of other instruments, for instance, using astronomical alignments which
point to the rising or setting of the Sun, or using other celestial phenomena, such as
the Heliacal rising of bright stars. This is not always clearly explained in works on
calendars, since our conception of calendar as a count which is strictly underpinned
by the physical reality of the solar cycle is taken for granted as the most “evolved”.
It is, therefore, important to stress that there is absolutely nothing that obliges a
human civilisation to have a solar-tuned calendar, nor is there any reason why a
solar-tuned calendar should be considered more evolved or sophisticated than any
other. As a matter of fact, many great civilisations of the past—including the
Egyptians and the Maya—opted for a calendar consisting of a fixed number of
days, 365. Such a calendar very rapidly wanders out of sync with the seasons,
taking some 1460 years to realign, but this was unimportant for them, as we have
ample proof that both these civilisations had a very clear conception of the frac-
tional length in days of the tropical year as well as efficient ways of keeping the
shift of the calendar under control when necessary for practical applications.

Besides the Sun, other recursive celestial phenomena are suitable for keeping
track of the passing of time; in particular, those connected with the Moon. A lunar
calendar is most naturally based on the phase cycle, although a calendar based on
sidereal months may also be devised. In a phase-based calendar the fundamental
cycle is a lunation, which naturally defines a lunar month. A purely lunar calendar
might of course have a year comprising an arbitrary number of such months.
However, most lunar calendars devised in antiquity are actually luni-solar that is,
add a mechanism of correction to re-align them with the solar year. A way of doing
this is to observe that 12 lunations correspond to 354.37 days, so that a delay of
about ten days will be accumulated each solar year. Therefore, many luni-solar
calendars have 12 lunar months but add a thirteenth months each 3 years; this
occurs, for instance, in the Chinese and the Hindu calendars (the Islamic calendar,
although also based on 12 months, is purely lunar). The beginning of the month of a
lunar calendar can be identified in different ways; for instance, the first day of a
month might be the day after the full Moon or that of the new Moon itself, or also
that of the first sighting of a lunar crescent.
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1.10 The Observation of Celestial Bodies on the Horizon

When speaking about naked-eye astronomical observations we have always
assumed “perfect” conditions of visibility. The Earth, however, is surrounded by
the atmosphere: a mixture of gases (mainly nitrogen 78 % and oxygen 21 % but
also water vapour, 1 % on average). About 80 % of this gaseous mass is con-
centrated in the first layer, the troposphere, which is only 12 km thick. The
atmosphere acts as an optical lens, whose physical properties are not constant as
they depend on temperature and pressure. Furthermore, the physical characteristics
of the atmosphere were drastically altered (and are still being altered) by humanity
by the spread of large-scale pollution following the industrial revolution.

The atmospheric effects on the light coming from a celestial source depend
strongly on how much of the atmospheric lens the light rays have to travel within.
Since the atmosphere is very thin, it is clear that these effects will become smaller
the higher the celestial object whose light we are observing is, becoming fully
negligible at, say, 20° of altitude. However, in archaeoastronomy we are interested
mainly in horizon phenomena, so the section of atmosphere the light has to travel in
is the maximal one. This leads to two important effects, extinction and refraction.

Extinction is the absorption and scattering of electromagnetic radiation—that is,
light—by the atmospheric gas. It affects the color of the source—which becomes
redder—and the perceived brightness, the apparent magnitude. Extinction is mea-
sured by an extinction coefficient k which varies in accordance with many factors
such as the altitude (being higher at sea level) the latitude, the temperature and so
on. High values of k—in the range 0.20–0.25—are observed in polluted areas and
lead to very strong attenuation in magnitude for objects close to the horizon; it is,
however, reasonable to suppose that (average) conditions were superior in the past
(in particular, before the industrial revolution). Therefore, in archaeoastronomy, it
would seem acceptable to use a lower range (from 0.14 in optimal conditions, to
0.17), which can today be attained only in very special observation places. Having
said this, we need a way of taking extinction into account without, of course, having
any way of knowing what real atmospheric conditions were like when the align-
ments we are studying were devised. To this end, Alexander Thom proposed the
following rule of thumb: the altitude in degrees at which an object can be first be
seen with the naked eye—that is, the altitude at which his magnitude corrected by
extinction is less than 6—is equal to the apparent magnitude expressed in degrees.
For instance, a 1 magnitude star is visible at 1°, a 4 magnitude star (or group of stars
having an overall magnitude equivalent to this, such as, for instance, the Pleiades)
would be visible at an altitude not less than 4°. Thom’s rule must be taken as a
optimistic limit—that is, a star will certainly not be visible at a lower altitude if we
refer to this rule Schaefer (1986).

A second effect caused by the atmosphere is the deviation of light rays, called
refraction. Refraction is the phenomenon experienced, for instance, when one sees
the apparent bending of a oar in water. Atmospheric refraction tends to lift the
image of the source above the horizon, so that celestial objects appear higher in the
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sky than they are in reality. There is, therefore, an additional refraction correction to
the altitudes, which also affects the values of the azimuth. Refraction, like extinc-
tion, depends on local atmospheric conditions and on latitude, and a precise esti-
mate is not easy to make. In any case, it is again negligible at high altitude, reaching
some 10′ at 5° and a maximum at the horizon, where the correction is of +34′.
Incidentally, since 34′ is greater than the diameter of the Sun, when we see our star
rising, the unrefracted Sun is still actually below the horizon.

A final effect which has to be taken into account for observation at the horizon is
parallax, which is caused by the displaced position of the observer on the Earth
surface in relation to the direct line to the celestial object. For the purposes of
naked-eye observations, parallax correction is (very) important for the Moon,
because of its proximity to the Earth. The parallax correction to the altitude of the
Moon at the horizon is 57′.
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Chapter 2
Acquiring Data

2.1 Archaeoastronomy Fieldwork

Ancient peoples’ attitudes towards, and relationships with, the natural environment
and the landscape were often completely at odds from ours. Two fundamental
concepts must be borne in mind, in particular. The first is that ancient man was a
religious man, and the second is that religion was bound up with the natural cycles,
and these natural cycles were bound up with power. We shall gradually gain more
insight into these fundamental concepts as this book progresses, but it is essential to
take account of them when engaged in fieldwork because they were reflected in the
landscapes. Typically the monuments which are the object of study of
archaeoastronomy are immersed in landscapes which were of special, sacred sig-
nificance for the people who built them. Therefore, the first step in any kind of
archaeoastronomy fieldwork is to look around carefully, trying to understand how
the ancient configuration of the surroundings might have been. This might be
relatively easy if the environment has remained unspoilt or, on the contrary,
depressingly difficult if humans have modified the landscape beyond recognition.
Furthermore, we must try to imagine the landscape and the sky as a whole, since it
is in this way that ancient people perceived the Cosmos around them. This may also
be problematic, due to environmental pollution, light pollution, and—last but not
least—precession. Fortunately, as we shall see in the next chapter, computers may
be of enormous assistance in tackling these tasks through the use of virtual globes
and planetarium software.

The second main point, after seeking to appreciate each site as a whole, is to
make an accurate relief of the visible horizon. This has an obvious technical pur-
pose, namely, to allow the calculation of the declinations relating to directions of
interest through alt-azimuthal coordinates. In this respect, the role of this relief is
fundamental: it may happen, for example, that an azimuth which is many degrees to
the south of the azimuth of the rising Sun at the winter solstice with a flat horizon
may correspond precisely to the solstice if the horizon itself is occupied by
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mountains high enough to hide the climbing Sun behind them, up to when our star
has an altitude—and therefore an azimuth—much greater than those at rising (see
the example of Aosta in Sect. 10.3) (Fig. 2.1).

The relief of the horizon is also important for another reason, since prominent
features may be of cultural/sociological interest, such as sacred mountains, or
special profiles which were considered sacred in ancient times. Additionally, the
horizon may be occupied by other monuments that are culturally interrelated, and
profiles may display typical breaks (notches or peaks) that might have been used as
distant foresights to observe astronomical phenomena.

The third main point is to pay attention to as much detail as possible. Bring an
old-fashioned paper notebook, and make sketches of anything that grabs your
attention, taking notes as you go along. Bring a digital camera and take pictures
from all angles; more generally, try to record all things which might turn out to be
significant in the follow-up analysis. Even armed with all this, however, further
visits will inevitably be necessary after the first data analysis of a site has been done.

Finally, you are ready for the relief of the possible alignments using the tech-
niques described below. For this relief, whatever instrument you use, the first step is
to find north. The second step is to be sure you have found north. The third step is
to be really, really sure that the direction you have found and you are currently
calling “north” is the true north (of course, within the expected range of errors).
Now, take as many measurement as possible, repeating them with different means
whenever possible. For instance, always have a look at the Google Earth ruler on
your PC, even if you are making a high precision on-field relief with a theodolite.
Be careful about the significance you attach to a site in terms of alignment. Indeed,
if you have a well-preserved Greek or Egyptian temple, then it will be easy to
determine the main axis of the temple and this alignment will obviously be the
principal one to be measured. But if the monument is in a poor condition, it may not
be so easy. Also, in restricted areas it is better to identify ranges rather than single
alignments; for instance, if you are measuring a row of a few megaliths, it is not

Fig. 2.1 The effect of a non
flat horizon on the local
observations of the rising sun
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easy—or it may even be impossible—to define a single line of sight which “crosses
the centre” of all the stones (Ruggles 1999).

It might be in order here to explain few notions relating to the acquisition of
experimental data in physics. It should be said that nothing can be measured with
absolute precision. First of all, any instrument has an intrinsic limit, beyond which
we cannot measure. For instance, if we measure the side of a table with a ruler
graduated in centimetres, we can only claim to know its length within ±1 cm. In any
measure, one defines accuracy as the degree of proximity of the result to the true
value of the sought quantity. Accuracy is different from precision which is the
degree to which repeated measures in the same experimental conditions give close
values. A diligent experimenter must do his best to improve both by eliminating
sources of error. To understand this, we can use a simple analogy. If I am a good
archer, my arrows will all reach the target in a restricted zone (high precision). But
if my bow is not perfectly balanced, this zone will not be in the centre of the target
(low accuracy). Correspondingly, there are two different sources of errors operating
here. One is systematic: it is the fact that the bow is not balanced. The other is
random error: on the basis of factors which vary slightly with each bow, even the
most skilful archer will not send all the arrows exactly to the same point. Balancing
the bow will thus be in order, and making several shots will identify better the area
of the target. Analogously, in archaeoastronomy it is always advisable to repeat
measurements several times, and to attempt to eliminate all systematic errors.

2.2 The Magnetic Compass

The Earth possesses a magnetic field which effectively makes our planet a huge
magnet. The poles of this magnet correspond broadly to the Earth poles, and the
force lines of the magnetic field roughly correspond to the meridians. Since the
magnetic field is neither constant nor uniform, an iron needle rotating freely on the
Earth’s surface aligns in a direction—called magnetic north—which depends on the
position of the observer as well as on time. The deviation of the direction of
magnetic north with respect to the geographical north, in a certain place and at the
certain time, is called magnetic declination (Fig. 2.2).

A (magnetic) compass is an instrument based on a magnetised pointer turning
freely upon a pivot, in air or in a stabilising fluid. When the compass is held level,
the needle turns until it stabilises, pointing toward magnetic north. The compass is
equipped with a circular grade scale which allows for the determination of azimuths
in relation to the magnetic north. For archaeoastronomy, a bearing compass—that
is, a magnetic compass mounted in such a way that it allows taking the bearings of
objects by sighting them with the lubber line interposed—is worth using.

The compass is a very simple, relatively cheap and pocket-sized instrument,
which works without any specific preparation, under any atmospheric conditions,
and as such it should be an inseparable companion for any archaeoastronomer. It
allows us, in particular, to have a first snapshot of the orientations on a site. What is
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more, if used with due caution, it can also be employed for scientific surveys.
Caution should be taken with the following:

– as with any instrument of measurement, your compass might have a
non-negligible intrinsic error (nothing to do with the error due to magnetic
declination, which is addressed below). Check for the presence of an intrinsic
error by making a double-blind measure of a trial azimuth with a high accuracy
method (such as a theodolite, or using an already well-measured alignment).

– as with any measurement, always repeat the bearings several times and take
averages. For instance, if you want to measure the axis of a temple, measure
from both extremes; if you are working with a colleague, take four measure-
ments, and so on.

– the compass is sensitive to iron. Iron can be naturally present in the soil and may
cause magnetic anomalies, and consequently, wrong readings. Also beware of:
iron bars in fencing around archaeological sites, metal bars in restoration
scaffolding, iron in the archaeoastronomer’s wristwatch or glasses etc. The
compass is also sensitive to electromagnetic fields of any nature (which may be
generated by electric wires or personal computers). Information about the
possible presence of local magnetic anomalies should be obtained, and the
utmost care taken to avoid any distorting influences.

Once a set of compass measurements has been carefully obtained, the database
must be accurately adjusted for the systematic error due to magnetic declination.
Sometimes the value of magnetic declination appears on official maps, together
with an estimate of future variations. This kind of information is, however, seldom
reliable and in any case insufficiently accurate for archaeoastronomy studies. Just
do not use it. Fortunately, the National Geophysical Data Center of the National
Oceanic and Atmospheric Administration of the United States provides a very
efficient free online calculator, which—on the basis of a mathematical model of the

Fig. 2.2 The magnetic
declination
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Earth’s magnetic field—provides the magnetic declination once geographical
coordinates and time have been inserted. Suppose, for example, that the value given
for the time the measurements were taken is 4 degrees east. This means that any
reading you took indicated an azimuth with a “zero” point 4° greater than the true
zero; accordingly, you must add 4° to any measure. If the declination is, say, 5°
west, the bearing exceeds the true one so, in other words, you must subtract 5° from
any measure.

2.3 The Clinometer

The second set of data required in archaeoastronomy fieldwork is the altitude of the
visible horizon in relation to all the azimuths of interest. In archaeoastronomy we
are not so concerned with the distance of objects, but rather, we need to know to
what extent they occupy the view. In other words, we are interested in angular
heights: a hill which is 100 m high but is very near can block the view much more
than a distant lofty mountain. To measure such apparent heights one needs to
measure angles of sights. A clinometer is a simple instrument for measuring such
angles, which works—like the compass—under any climatic conditions, and as
such is quite adequate for a preliminary and/or quick survey of a site (sometimes
compass and clinometer are combined in a tandem instrument) (Fig. 2.3).

Essentially, a clinometer is a goniometer used vertically, and indeed a simple
clinometer can be constructed by using a half-goniometer (a graduated semicircle).
Fix the base of the semicircle on a stick and let a plumb cord hang freely from the
centre of the circumference. Then place the stick in line with the eye and point at (or
to be more exact, look through) the edge of the object you want to measure. Then
the cord will “cross” the graduated semicircle at a certain value. The apparent
altitude in degrees of the sighted object is obtained by subtracting this value from
90°. Professional clinometers employ the same principle, but work with a disc
which is able to rotate freely in an oil bath. Standard professional clinometers (such

Fig. 2.3 A clinometer is
essentially a goniometer used
vertically, as shown in this
picture
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as those which can be purchased combined with professional compasses, like
precision compass-clinometer instruments), if used carefully, can attain a precision
of ¼°. It goes without saying that it is better to repeat several times also height
measurements, recalling however, of course, that they depend on the position from
which they were taken. For instance, while you can measure the azimuth of a
straight line (like the axis of a temple) from any point along it, the horizon height
will be different from point to point.

2.4 The Theodolite

One may often chance to see on roads or in construction sites (and also in
archaeological excavations) two people who are working, one with an optical
instrument mounted on a tripod, the other with a marked post equipped with a
reflection signal. They are performing a survey using a theodolite, an optical
instrument for measuring angles in horizontal and vertical planes.

A theodolite is essentially a telescope which is turnable both horizontally and
vertically, fitted with scales which allow the measurement of both angles relative to
the sighted point with a excellent precision, typically better than one arc minute. In
today’s theodolites, readings are usually electronic, and an integrated electro-optical
distance measuring device, generally infrared-based, allows the measurement of
distances and thus a 3D mapping. These integrated instruments are called total
stations. Data can be registered electronically and downloaded in external devices.

Clearly a theodolite is the most suitable instrument for archaeoastronomical
measurements (azimuths and horizon heights) (Aveni 2001). However, it can
provide very reliable results only if the data, which a priori refer to the instrument’s
arbitrary reference system of coordinates, can be related to geographical data, that is
—yes—if true north has been ascertained accurately. So, without wishing to state
the obvious, it should be reiterated that using a very precise instrument like a total
station is useless in archaeoastronomy if the geographical north has not been
determined with comparable precision. Since, however, an approximate north
usually suffices for standard theodolite uses in civil engineering, it may be the case
that even trained theodolite surveyors are not acquainted with the methods used for
a precise determination of true north. So I shall briefly describe how to proceed with
such a determination (Aveni 2001).

The idea is based on the fact that it is possible to discover with great accuracy the
position of the Sun in the sky at any time with the tables called ephemeris, where
the Sun’s azimuth and altitude are tabulated at any place for any given date and
time, or with appropriate computer software. Therefore, by knowing at what instant
of time a measurement of the Sun is taken, we immediately know at which azimuth
in relation to true north the reading corresponds and, accordingly, set the zero of the
instrument. It follows that the theodolite can effectively be used only on days in
which at least a good twenty/thirty of minutes of sunshine, most preferably close to
noon, are available on the site. Moreover, a radio-chronometer will be needed.
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In practice, one first determines an arbitrary zero-scale by measuring the azimuth of
a fixed, possibly distant and elevated object (antenna, electric wire, bell tower or the
like). All measurements will be taken, with the high precision of which the
instrument is usually capable, in relation to this arbitrary zero. Once the true
azimuth of the reference object is known with respect to north, this value will be
used to correct all other measures. To watch the Sun, the instrument must be
equipped with a specifically guaranteed sun filter on the lens; looking directly at the
Sun any other way is potentially harmful both for the instrument and for the
surveyor’s eyes. It is always advisable to perform this procedure during the central
hours of the day. Indeed, because of refraction, measurements in the first/last hours
of the day may be subject to errors. In this respect, it is important to remember that
time is conventionally the same on each time zone, but the true time at which the
Sun culminates—the local noon—varies within the time zone and depends on the
specific latitude. It is, therefore, essential to have a precise determination of the
geographical coordinates of the site, which can be obtained through GPS reading
(see below). Once everything is ready, the operator centres the Sun in the theodolite
viewing grid while watching the chronometer or, even better, while an assistant
calls out the time from the chronometer. Successive readings can now be taken and
averaged to obtain the azimuth with maximum accuracy.

2.5 The Global Positioning System

The Global Positioning System (GPS) is a free-access navigation system based on a
cluster of satellites orbiting the Earth and completing one revolution in 12 h. The
satellites (currently 32) are distributed on six different orbital planes. The system
has been specifically devised in such a way that on any point of the planet’s surface
it is, in principle, possible to receive the signals from a number of satellites varying
between five and eight. Each satellite transmits continuously two sets of data: time
and satellite position at that time. To access the system one needs a GPS receiver.
The receiver computes the distance to each satellite. Then, using these distances and
a relatively simple algorithm, its software is able to identify the receiver’s own
position on Earth: latitude, longitude as well as altitude (navigation systems, such as
those used in cars, also apply other algorithms, which allow the determination of
other parameters like receiver speed and direction of motion). Obviously, the
greater the number of satellites the receiver can track, the more accurate the mea-
surement will be.

Several phenomena affect the precise synchronisation between each satellite and
the receiver, producing errors in positioning. Of course, in archaeoastronomy we
need the greatest possible accuracy, and there are techniques—based on data
analysis and/or the use of differential systems correcting the incoming signals by
means of data from reference receivers—which enhance the accuracy of standard
GPS positioning. Another way to improve accuracy is to use an instrument able to
connect both to GPS and to the Russian cluster of satellites GLONASS (which
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works much in the same way as GPS). The standard error of a normal GPS is a few
metres, which can be reduced by up to few centimetres by proper data processing. It
should be said that—even when a single economical GPS is used—it is always
expedient to try to work with as many satellites as possible (traceability of satellites
depends, for instance, on the presence of woods), and to let the instrument, held in a
fixed position, acquire data for several minutes.

In considering the application of GPS in archaeoastronomy fieldwork, and thus
the measuring of azimuths with the aid of a GPS, two different situations must be
distinguished. First of all, consider the case of long distance measures—in the
order, say, of several hundreds of metres or more, as might be, for example the
straight roads of a Roman town, or a long ceremonial road, such as the “Street of
the Dead” in Teotihuacan, Mexico. In such cases, a direct measurement with a GPS
is certainly reliable: the instrument can be used to obtain the geographical coor-
dinates of the two extrema of the alignment considered, and preferably also a few
readings along the same line. Then simple trigonometry formulas (the so-called
Puiseux-Weingarten transformation) can be applied to find the azimuth (Muller
2012).

Obviously, the same procedure can, in theory, also be used for buildings: for
example, to measure the axis of a Greek temple. However, the error in measurement
increases the shorter the distance is between the extrema, so in such cases the GPS is
best applied together with another device. Again we should remember that the main
point of any measurement campaign is firstly to find geographic north. To this aim
GPS can be used to find the azimuth of a fixed direction (and consequently, north)
using the technique described above for long alignments. It is often sufficient to
identify a prominent far-off point or landmark—but one that is visible and accessible
from the site in question, for example, a water reservoir, or a bell tower—and to
GPS-measure this alignment first (the optimal target should be at a distance of
several kilometres). The azimuth thus obtained can then be used to calibrate locally
another instrument, a theodolite or even a magnetic compass.

To conclude, a few words about the choice of the most suitable instrument are in
order. If used correctly, a good compass can give azimuths within ½°, while a
theodolite or a differential GPS can give results within 1′ (or even less, but efforts to
reduce errors further would be frankly exaggerate, since a direction originally
determined by the naked human eye—and therefore with a resolution of at most 2′—
is being measured). When and where it is advisable to use the first or the second
method? The answer is that the magnetic compass is a cheap, handy instrument that
can always be used, in any weather conditions and in any situation. This means that it
should always be used. The problem, rather, is knowing when it will be enough
(Belmonte and Hoskin 2002). This would happen in cases where the geometry of the
monuments cannot be ascertained with exactness (think for instance of the axis of a
partly ruined megalithic tomb) and/or where there are hundreds of monuments to be
studied in a limited amount of time (such as dozens of tombs in a necropolis).
Equally, if the position of the monument allows a very clear determination of the
direction that has to be measured—let us say, the sides of a Greek temple or the main

36 2 Acquiring Data



urban axis of a town—then it is certainly wise to use at least one more refined
instrument. This is particularly important if there is a strong likelihood that ancient
surveyors were working with a very high degree of accuracy, as is the case, for
instance, with the Giza pyramids (Sect. 8.1).

2.6 Virtual Globe Software

The use of Virtual Globe Software is of enormous assistance both in studying and
researching archaeoastronomy. At the moment of writing, the most diffused free
software of this kind available is Google Earth, on which I shall concentrate here
(another very useful one is World Wind).

A virtual globe is essentially an extremely accurate computer version of a world
globe. It maps out the Earth, area by area, by superimposing images obtained
mainly from satellite imagery. It also provides 3D reconstructions of buildings and
street-view navigation. The resolution is in most cases good and gives a fairly good
picture of a site. Obviously, personal visits to sites are fundamental in archaeoas-
tronomical research, but the program can be of great help to a student who wants to
study, for instance, the urban layout of a Maya town without being able to fly off to
visit it. The use of virtual globes is also recommended in archaeoastronomical
research. Indeed, some sites may be inaccessible due to hazardous conditions
prevailing locally, such as conflicts. What is more, landscape and visibility at many
sites were different in ancient times, and these programs allow us to study visibility
lines that are today lost or broken up by intervening obstacles. By way of example,
as we shall see in Sect. 8.3, the main axis of the Necropolis of Giza points to the
opposite bank of the Nile, towards a place (the Temple of Heliopolis) from which
the huge pyramids of the plateau were plainly visible in ancient times. Today, alas,
they are irrevocably hidden from sight owing to the encroachment of the buildings
of modern Cairo as well as atmospheric pollution.

The tools an archaeoastronomer needs to use in Google Earth are simple:

(1) the ruler option, which allows the calculation of distance and azimuth between
two fixed points.

(2) the elevation profile option which visualises the elevation between the two
extrema of a chosen path and thus the projection of the line between the two
points previously selected (Figs. 2.4 and 2.5).

The ruler thus gives the azimuth of desired directions: main axes of towns, sides
of buildings, and the like. The elevation profile allows us to deduce the horizon
height from a fixed observation point. A note of caution: the image shown—which
is by default the one most recently acquired by the database—is not always the best
one available for the area (for instance, a site might have been covered over for
conservation reasons). To check previously archived images use the “show his-
torical images” option.
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It is a good idea to treat the program working space as an experimental field:
repeat measures, always take them in both directions, and so on. If used correctly, in
many cases an instrument as simple as the ruler gives such a good result that it can
be used as an additional check of measurements obtained on field. Furthermore, it
can be used to geo-rectify maps obtained by conventional means and/or found in
old published works; it may frequently happen that such maps are badly oriented
(that is, the north shown is not geographic north), not through negligence on the

Fig. 2.4 Selinunte. Satellite view of Temple E, with the Google Earth ruler showing the azimuth
of the building (Image courtesy Google Earth, drawing by the author)

Fig. 2.5 Selinunte. Satellite view of Temple E, with the Google Earth ruler showing the azimuth
of the building projected for several kilometers up to the hill at the local horizon (see Sect. 10.1 for
details on this temple). Altitude profile is shown (Image courtesy Google Earth, drawing by the
author)
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part of the surveyor but because magnetic north was used. A simple procedure
allows us to superimpose the scanned image of the map in the program machinery
and thus identify true north on the map with a reasonable approximation.
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Chapter 3
Data Analysis

3.1 Reconstructing the Ancient Sky

Since all the objects in the sky obey to the deterministic laws of physics, their past
and future movements are in principle predictable with the use of mathematical
equations, especially for the exceedingly short (as compared to the life of the
universe or even of the solar system) periods that are the focus of archaeoastron-
omy, let us say—to embrace comfortably the most ancient temples of humanity at
Gobekli Tepe—the last 12,000 years. Traceability is also important for those few
movements (the so-called “proper motions”) that relate to single bright stars over
the course of millennia (e.g. Sirius and Arcturus), which, if necessary, can be
calculated with a reasonable degree of confidence. Up to the advent of personal
computers, mathematical astronomy was a tedious chore, due to the difficulties of
performing long equations by hand. Fortunately, today astronomical software does
the job.

An astronomy software, or digital planetarium, is an instrument which calculates
and consequently simulates the appearance of the sky at any chosen time; instead of
projecting the sky on a dome, as in a real planetarium, it reproduces the sky as
images on the computer screen. Such software applications are usually meant for
use by astronomers equipped with (more or less powerful) telescopes, and therefore
the programs’ databases contain an enormous quantity of stars, usually hundreds of
thousands. Of course, such catalogues are of no use in archaeoastronomy, and we
should actually take care not to load them setting the upper limit to the magnitude
of the objects displayed by the program to a reasonable human-eye threshold, say 5
(or at most 6). The software permits the choice of the observer’s location (via
geographical coordinates or by using names) and the time (including the year,
typically for many millennia in both directions). With a digital planetarium we can
simulate all phenomena of interest like sunrise and sunset on chosen days or the
heliacal rising of stars. Constellations can be identified as boundaries and also as
stick figures; sometimes pictorial representations are available. Atmospheric effects
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can be simulated too. The most useful and relevant default options for archaeoas-
tronomical purposes, besides the magnitude limit, are:

– a flat horizon (without panoramas), only outlined. In this way heliacal risings
can be studied by checking the altitude of the Sun under the horizon

– azimuthal or polar grid
– equinoxes and solstices (when available) highlighted

The best way to learn the use of these software resources (and to simultaneously
acquire the rudiments of astronomy with the naked eye) is to practise, trying to
reproduce with them the apparent motions of the celestial bodies described in
Chap. 1 and solving the corresponding exercises at the end of the book (Fig. 3.1).

3.2 The Reconstruction of Visual Alignments
and the Horizon Formula

As we shall soon learn, modern archaeoastronomy is not just the science of astro-
nomical alignments but is a much wider-ranging discipline suitable for studying any
kind of potentially intentional alignment between structures. Indeed, in many cases
ancient monuments were interconnected with each other or with landscape features
by visual lines that stemmed from symbolic considerations, forming sacred land-
scapes which fall well within the realm of archaeoastronomy.

Some such alignments are very clear and immediately recognisable, but some
others are very long, and may be so long, in fact, that they are no longer effective

Fig. 3.1 Planetarium simulation of the Heliacal rising of Sirius at Cairo in 2700 BC
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today, due to pollution or other reasons. In any case, since the Earth is round, two
points can be claimed to have been intentionally aligned only if they are (or were)
inter-visible. Unfortunately, however, the web is full of alleged “alignments”
between sites which can even stretch for hundreds of kilometres and are drawn as
straight lines on the spherical surface of our planet…(as air pilots know very well,
the only concept of a “straight line” between two points that has any sense on the
Earth’s surface is the arc of the maximal circle between the same points, because it
is the shortest path; of course, ancient civilizations could hardly have developed
such a concept on the ground). Fortunately, there exists a very simple mathematical
tool which allows us to distinguish truly visual—and thus possibly non-coincidental
—alignments from all the rest. It is the Horizon Formula, which is actually a
straightforward follow-on of the Pythagorean theorem.

Given a point P located at vertical height h with respect to the Earth surface, the
farthermost point W that can theoretically be seen from P of course is the point
where it passes the tangent to the Earth circumference from P. Clearly then the

distance d between P and W satisfies to d2 ¼ ðrþ hÞ2 � r2 so that d =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ð2rh + h2Þ
q

where r is the Earth radius. If the heights are very small with respect to r we can
safely discard h2 (to see this, rewrite as d ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2rhð1þ h=2rÞp

and observe that h=2r

is much smaller than 1) so that by all practical means it is d ¼ ffiffiffiffiffiffiffiffiffiffiffið2rhÞp

. Since
2r * 13,000 km, we arrive at the above mentioned “horizon formula”: the visible
horizon d in kilometres equals with fair approximation the square root of 13 h if h is
expressed in metres (Fig. 3.2).

This is a very handy, easy-to-use formula. It shows, for instance, that a person
2 m tall has a visible horizon d � ffiffiffiffiffi

26
p

km, that is slightly greater than 5 km, while
a Maya pyramid 70 m tall (as is the so-called “Temple 4” at Tikal, Guatemala)

Fig. 3.2 The geometry needed for the horizon formula. Given a point P located at vertical height h
with respect to the earth surface P′, the farthermost point W that can be seen from P is the point
where passes the tangent to the earth circumference from P. The horizon formula is an estimate of
the distance d = PW valid when h is small with respect to the earth radius
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is theoretically visible from a distance d� ffiffiffiffiffiffiffiffi

910
p

km so from about 30 km (in case
of two tall objects, the heights—not the distances!—must be added). It should,
however, be noted that local atmospheric conditions may reduce visibility
significantly.

3.3 Graphical Tools

Using an astronomy software application, one can identify the celestial phenomena
the builders of a monument in question might have been interested in. To compare
the results with the experimental data (azimuths and horizon heights) there are two
particularly simple instruments: orientation diagrams and histograms (Fig. 3.3).

The orientation diagram is a simple graphical tool, typical of archaeoastronomy
studies, which can be used as a first approach in dealing with a set of data. To
obtain an orientation diagram, draw a circle and bisect it with two orthogonal lines
parallel to the sides of the sheet (or the virtual sheet on a computer screen). These
will be the south-north (north on top) and east-west lines. Now from the centre draw
a line level with each azimuth you have found on field. If the horizon is flat or
nearly flat, the result will provide quite decent, albeit only indicative, information
about the behaviour of the data which, if the orientation is not random, will be seen
to concentrate in specific sectors. In many cases, it may also be useful to draw the
solstitial axes in the diagram, highlighting them with a different colour or a type of
drawing; other azimuths of astronomical interest (of the Moon, or of bright stars, or
whatever) can be highlighted as well.

A histogram is a standard graphical instrument which helps in assessing the
presence of non-casual peaks in the distribution of a set of experimental data (Fig. 3.4).

Fig. 3.3 An example of the use of orientation diagrams in archaeoastronomy: the orientation of 28
Greek temples of Sicily. Only two azimuths fall outside the solar arc of the Sun at rising (data from
Aveni and Romano 2001)
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In archaeoastronomy, one can use azimuth or declination histograms. To construct a
histogram, the first step is to divide the range of the possible values into boxes—or
intervals—of fixed dimensions. If we want to construct a azimuth histogram, the full
range of 360° can be conveniently divided into, say, boxes of 5° or less. Then, the
number of values that fall into each interval is counted. A rectangle is drawn with
height proportional to the count and width equal to the size of the boxes. Another
possibility is to “normalise” the data, dividing each item by the total number and
therefore displaying relative frequencies. However in archaeoastronomy the quantity
of data is usually small, so I do not recommend carrying out this normalisation since it
may conceal the fact that peaks may have actually been generated by too small a
number of matches.

Both the orientation diagram and the azimuth histogram may have serious dis-
advantages. The first is the fact that the horizon at the site being studied may be
uneven, and therefore azimuths referring to the same astronomical event may be
different; the second (which may be tied up with the first) intervenes if data from
different sites are put together. If indeed the latitude differs too much, the azimuths
of the same astronomical events will also differ. The solution is to switch the data
into declinations and use declination histograms—declinations take into account

Fig. 3.4 An example of the use of histograms in archaeoastronomy: azimuth histogram of the
orientation of 210 megalithic sepulchres in Almeria, Spain. Almost all the data fall in the sector of
the sun rising (the solar arc, between the two solstices rising azimuths) or climbing in the sky
(between the winter solstice rising azimuth and due south) (data from Hoskin 1998)
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both horizon and latitude, giving an “absolute” result. Of course, at a given site only
a restricted range of values of declinations correspond to the whole visible sky, and
this range has to be calculated before putting the data on the histogram.

3.4 Statistical Tools

The statistical analysis of experimental data is a fundamental task in any applied
science. Statistics can—and must—be similarly applied to sets of archaeoastron-
omy data. However, as we shall see, the cultural/sociological nature of data here
means that we have to apply statistics in archaeoastronomy in a very prudent and
responsible way (Ruggles 1999).

Let us suppose to have a building which exhibits a certain number of alignments
(e.g. different windows), or a set of buildings in which we have measured a
potentially interesting feature (e.g. the entrance corridors of a group of tombs).
A first note of warning must be sounded immediately. Statistics is an extremely
evolved science that provides a series of complex and sophisticated mathematical
instruments for the purposes of data analysis. And yet, in archaeoastronomy, it is
difficult to have datasets with more than a few dozen values; as a consequence, it is
advisable to use rather elementary statistical approaches as the one I am about to
describe here. A second note of caution. Sometimes, an effect called data selection
can undermine any statistical reasoning right from the outset. To avoid data
selection one must take great care in measuring and considering any possible
alignment at a site (for instance, between stones in a megalithic monument), not just
choosing those which are likely to have an astronomical interpretation. Similarly,
one should preferably decide a priori which astronomical targets might have been
of interest for the builders, and not a posteriori. It is, in fact, easy to match a certain
azimuth with a star, especially if one juggles around with the allowed error, or with
uncertainties in the date of construction, or with both (see also Sect. 6.2). All in all,
the definition of targets of potential interest must be based on reasonable cultural
arguments. A (non-exhaustive) list of targets to be considered as eligible might be
the following:

– the four cardinal directions
– the two solstitial axes
– the arc of the Sun between the solstices
– the arc of the Sun climbing in the sky (from the azimuth of the winter solstice to

due south)
– the major lunar standstills
– the rising/setting of brightest stars, at least in all cases in which a cultural interest

in them is soundly documented (for instance in ancient Egypt) and a reasonable
date for construction is known

– slightly less obvious targets, if there are historical/cultural reasons for them.
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Examples: the Zenith passages of the Sun for the pre-Columbian cultures of
Mesoamerica, the Pleiades for the Incas; Venus for the Mesoamerican cultures; the
Pleiades and also faint but culturally relevant constellations such as Delphinus for
the Greeks, and so on.

Once a satisfactory definition of potentially interesting targets has been agreed
on, we have still to agree on the allowed error, in other words, we have to define
what matching targets means. This is quite a delicate point, since there are two
completely different things—confusingly, with the same name—going on. The first
is the modern error, the one which is intrinsic to our measurements. If we used a
magnetic compass, it can be quite substantial, as we have seen (not less than ±½°).
So if the azimuth matches the target within the modern error, it, of course, matches.
But another error, which we cannot really foresee or control, is present: the original
one. As a matter of fact, ancient surveyors also used an instrument (the naked eye,
backed up with natural or artificial foresights) and therefore committed an error. It is
thus usually necessary to have an idea of how much the original error might have
been. For instance, for observations made on the flat horizon of the jungle in the
tropical area of the Mayas we would not expect the original error to have been less
than ±1°, while we have incontrovertible proof that Roman surveyors were able to
measure the meridian within 10′, and that the ancient Egyptians oriented the
pyramids of Khufu and Khafra at Giza with even greater precision (to the point that
measuring the side of the Khufu pyramid with a magnetic compass would be useful
only if we want to use the measure to have an estimate of the error of the compass).

Once all of this has been carefully considered can we finally seek an answer to
the question: are the astronomical correspondences that have been found merely
fortuitous, or do they reflect the explicit intentions of the builders? To solve this
problem we can use probability. To start with, let us consider a marksman who fires
randomly n times, without looking. What are the odds of him hitting exactly k
targets? If p is the probability of hitting a target with a single shot, probability P is a
function of n and k given by the Binomial distribution

P ¼ n!
k!ðn� kÞ! p

k ð1� pÞn�k

where the “factorial” symbol ! after an integer means that the product of all positive
integers less than or equal to that number must be taken, for instance,
4! ¼ 4� 3� 2� 1 ¼ 24.

To apply binomial distribution in archaeoastronomy, suppose that in measuring a
site, out of n total alignments, we have found k pointing to astronomical targets.
What are the odds that this result has come about by chance? To calculate this we
must first estimate the probability p of a single alignment occurring. Then, we can
use the binomial distribution formula to estimate what the probability is that the
result—k out of n—is down to a chance, and express the result in the form of a
fraction. For example, we may find that there is a 1/1000 probability of getting the
result by chance, or 3/100, or 1/25, or whatever. The smaller these fractions are, the
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higher the chances for non-coincidental orientations (see e.g. Polcaro and Polcaro
2006).

Of course, naturally, if we had found a number of alignments greater than k, we
would have tried to interpret this information in the same way. This means that we
are not quite approaching the issue in a correct manner, as we should be considering
the probability of reaching k or more targets, not exactly that. Clearly, this cumu-
lative distribution will always give greater probabilities as compared to simple
distribution. By adding up the single probabilities appropriately, such a distribution
can be calculated relatively easily. For the sake of simplicity, I use here only the
standard binomial formula; the results actually do not differ qualitatively each time
the single shot probability is significantly less than, say, ½, as usually occurs in
archaeoastronomical applications.

Imagine now that a chance probability has been obtained, and that this proba-
bility is “small”. We have two problems. First of all, even if we accept that the
orientations are definitely not coincidental, the astronomical interpretation might
not be correct. A trivial example might be that of a cluster of tombs excavated in a
rock wall. The common orientation clearly is roughly orthogonal to the wall, for
geo-morphological reasons, but it may, by chance, coincide with an astronomical
target. A much less banal example would be that of buildings orientated towards
natural features of the landscape, such as, for instance, a mountain. In the first
example, our analysis if no use, as the alignment is due to geo-morphological
reasons, but in the latter it may reveal that the mountain was sacred, and deliber-
ately selected.

Another issue is whether we have any way to give a mathematical meaning to
the concept of “small” probability. For instance, to what extent are we prepared to
believe in an astronomical hypothesis if the probability is 1/1000, or 3/100, or 1/25?
The answer must come from the establishment of a common agreement on the
threshold which allows us to claim that a phenomenon is not random. Since this
problem is shared by all the sciences, it is certainly not the job of archaeoastronomy
to establish this threshold, but, rather, we should conform to the methods commonly
adopted in all the other sciences. This method is based on the obvious fact that the
further a result deviates from the mean, the greater the chance it will be statistically
significant. To measure this distance the concept of standard deviation can be
introduced.

For the binomial distribution the mean is given by the product np between the
number of cases and the single probability, and the standard deviation is

r ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

np ð1� pÞ
p

It can be shown that 68 % of the values of a binomial distribution fall within one
standard deviation from the mean, 95.5 % within two standard deviations from the
mean, and that as many as 99.7 % fall within three standard deviations. Therefore, a
common—and quite natural—convention is to assume that data start to be signifi-
cant if they are at least “at the 2σ level”—that is, their distance from the mean is
greater than 2σ—and that they are at a high level of confidence if they pass 3σ.
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The threshold at 2σ is, however, by no means universal: for instance, C14 dating
used in archaeology is often given only at a worrying 1σ level of confidence, while in
frontier experiments in fundamental physics, levels of confidence of 5σ are some-
times required. What about archaeoastronomy? As a matter of fact, seeking a 3σ
level by default (as some would advocate, see e.g. Schaefer 2006) is simply a way of
destroying the credibility of much of this discipline, given that the data samples are
usually very limited. For example, it can easily be seen that any assertion of
intentional alignment at a single site (like a row of megaliths) would thus be auto-
matically rejected. Indeed, even considering only the solstitial and the cardinal
directions as significant, one has eight possible azimuths which, allowing 1° of error,
give a probability for a chance alignment along one of them of 4.4 % (since
16/360 = 0.044), which is just below 2σ level and very far from the 3σ. Clearly then,
such a drastic approach cannot be accepted. Actually—and amazingly—what hap-
pens in many cases is that only alignments which would have no need for the use of
statistics to be considered as intentional by any sane-of-mind person can be claimed
to be accurate at the 3σ level (we shall see two examples in this book: the claims that
the Greek temples of Sicily are oriented towards the rising Sun, and that the
megalithic sepulchres of Iberia are oriented within the arc of the Sun’s
rising/climbing).

To conclude, the statistical approach must always be considered with reference
to the special characteristics of archaeoastronomical data: a physicist who is
unconvinced of his experimental results at 2σ level can repeat the experiment to
improve statistical analysis, but we cannot erect new megalithic tombs to extend our
samples. Of course, on the other hand, iniquitous use of statistics through data
selection, target selection and the like must be strenuously avoided. Finally, as far
as single sites are concerned, I personally would argue for the right for
archaeoastronomy to study single, unique sites and to come up with some very
reasonable conclusions, with or without any σ level that might be applicable. We
shall see examples of such one-off sites in this book, and three of them are—I
repeat, at least in my view—among the most outstanding successes of archaeoas-
tronomy in absolute, as well as being among the most beautiful and complex
monuments ever created by the human mind: the Pyramid of Khufu at Giza, the
Castillo at Chichen Itza’ and the Pantheon in Rome.
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Part II
Ideas



Chapter 4
Astronomy and Architecture at the Roots
of Civilization

4.1 From Homo Sapiens to Homo Sapiens

Nowadays most of us do not look at the sky.
Nevertheless, most people know “what star sign they belong to”. And yet the

vast majority of people do not know what “belonging to a zodiac sign” actually
means and have never seen their “sign” in the night sky. Indeed, hardly anyone ever
glances at more than a few stars at night—for most people the issue simply never
arises.

Once upon a time, it was not so.
People did look at the sky, and the sky appeared much more brilliant and densely

populated than it does today, viewed from almost anywhere on earth. This, one
might surmise, is due to modern pollution. Modern pollution is indeed a problem,
but—leaving aside the cases of some extremely polluted cities—this is not the
greatest problem. The chief one is light pollution: the presence of ubiquitous,
disproportionate artificial light. To understand how light pollution affects our view
of the sky, we need only think that even the light from one street lamp can destroy
the view of the Milky Way, or that the lights of a distant town on the horizon will
usually restrict the visibility of the stars less brilliant than the small number of
1-magnitude ones. So, if we want to see the sky as it was before the spread of
large-scale electric illumination we have to go to very special places: isolated—like
mountain summits or, even better, mountain highlands with a high horizon all
around—or places kept in the dark for particular reasons (like, for instance, the
Akumal beach in Mexico, where lights are turned red and kept to a minimum to
facilitate turtle nesting). In any case, there is nothing—believe me, nothing—
guaranteed to gladden a skywatcher’s heart like a total blackout with a clear sky.

So the ancient sky was once an overwhelming, dominant presence at night.
Thousands of stars could be seen, and a celestial river flowing with the very same
velocity as each star turnaround occupied a wide band all along the firmament. But,
apart from the aesthetic aspect, why and when did people start to look at the sky?
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The answer is far from simple. The great Roman poet Virgil once wrote that
humans became really human only when they started counting the stars in the sky,
and perhaps he was right. But to obtain more insight into this, it is first necessary to
recall a few fundamental points in human history.

People defined as “anatomically modern humans”, that is, Homo Sapiens, are
attested to in Africa from around 200,000 years ago. As far as we can judge from
material remains, their intellectual behaviour underwent a profound change at the
beginning of the period defined as Upper Palaeolithic, which, very broadly, spans
the years between 50,000 and 10,000 BC. It is certain that the first half of the Upper
Palaeolithic marked some kind of breakthrough in human history (notice that the
use of the words “human evolution” would be completely out of context here, since
we are speaking of our own species). Archaeological records show two funda-
mental innovations. The first was a process of geographical expansion, triggered off
for (so far) unexplained reasons, which led humans to settle in Europe during the
millennia around 40,000 BC. Europe was at that time inhabited by another human
species, the Neanderthals. There is absolutely no proof whatsoever that these
humans were “less evolved” than we were. Rapidly, however, and for no clear
reason, the Neanderthals became extinct. This happened precisely during the mil-
lennia following the arrival of the Sapiens, so that one possibility, which appears to
be supported by genetic evidence, suggests that the two species were fertile and that
the Neanderthals actually merged with the Sapiens, thus contributing to our present
DNA.

The second breakthrough, probably commencing previously in Africa before the
expansion, was an explosion of technical and artistic skills. It was, firstly, a sort of
technical revolution, documented archaeologically in the division of stone artefacts
into dedicated instruments (engraving tools, knife blades, and so on). Secondly, it
was an explosion of a variety of different arts. For instance, refined statuary in
stone, ivory and bone appeared. The art of painting was invented, apparently from
scratch, by artistic geniuses who started to decorate the interior of caves with
(mostly naturalistic) images. Thirdly, pottery was invented with a purely symbolic
aim—that of creating female statuettes, presumably of divinities.

We do not know the reasons for such a boom, which might be defined as a
cognitive revolution; some have tentatively suggested that it was in this period (and
not before) that abstract language appeared, so that the increasing complexity
apparent in the archaeological data we have stems from a corresponding complexity
in human-human interaction with regard to concepts. Others reject as unacceptable
the sudden appearance of “modern” behaviour, contending that only a
millennia-long process—though this is not supported in the records—could produce
this, invoking thus a linear concept in human development. This theory appears
unsound, however, also judging from a number of other historical considerations. In
fact, up to the first half of the nineteenth century, the development of new human
capacities was always deemed to be what a physicist would call a linear process. A
trial-and-error succession of approaches which progressively leads to improvement,
without any recognizable break, step, or leap, and—often—without recognisable
cause-effect mechanisms. For instance, the numerous depictions of human hands,
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obtained by pressing freshly-painted hands onto the walls of Palaeolithic caves,
were considered to be the first attempts at “art”, obviously preceding the painting
masterpieces of world-famous sites such as Lascaux or Altamira (Lawson 2012)
(Fig. 4.1).

Similarly, the invention of pottery was considered as having a functional use in
agriculture (which, as we shall see, came later), and therefore was not really pos-
sible in the Upper Palaeolithic period.

Then a series of recent discoveries, together with the development of Carbon
Dating, shattered this view of human sensibility in the Palaeolithic. Let us start by
considering cave paintings. In the spring of 1994, the archaeologist Jean-Marie
Chauvet, exploring the Ardeche Gorge in south-eastern France in the company of
some friends, discovered a previously unknown frescoed cave. The artist or artists
who worked there painted more than four hundred figures of animals: mostly lions,
horses, oxen and rhinoceroses. The pictorial technique is splendid and shows a firm
grasp of perspective. So it would be logical to attribute the cave to the same period
as the other known masterpieces of cave art, say around 15,000 BC. However,
incredibly, carbon samples from the Chauvet cave yielded dates of around 30,000
BC. Consequently, any idea of the snail’s pace development of artistic capacities
was now to be discarded. The reason is simple: human thought is non-linear, and
does not necessarily require long drawn out processes to achieve outstanding
results. Furthermore, invention does not necessarily have to be stem from purely
functional considerations. Here the key example is, as mentioned above, pottery.

Fig. 4.1 Lascaux. The hall of the bulls in the (reconstructed) Lascaux cave
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A simple, reassuring way of understanding the development and the widespread use
of pottery was to attribute it to the functional needs of the first sedentarists (who
needed it to store seeds in). Today we know that this is categorically untrue, as
pottery vessels are documented in China thousands of years before the birth of
agriculture, and were created in many places (like the Jomon civilization of Japan)
around 10,000 BC, if not before. But this is not far enough back. Pottery was
actually invented in the Upper Palaeolithic Age. The first examples of baked pottery
are female statuettes from Dolní Věstonice in modern-day Czech Republic, dated to
the period 29,000–25,000 BC.

So, it can be seen that any attempt at constructing a gradual evolution model to
explain the astonishing progress of Homo Sapiens is doomed to failure. It is much
better to accept that human thought is ultimately nothing more and nothing less than
a very complex physical process, and can therefore proceed non-linearly. So, a
linear progression can—but need not—be at the basis of a new idea, invention,
thought, or even of an entire science. This is probably also true for astronomy,
which seems to have been born—together with arithmetic—in the Upper
Palaeolithic as well (Rappenglueck 2008, 2011). A first, albeit controversial, hint is
given by the possible presence of calendars in artefacts of the period. This has been
the subject of a wide debate since Marshack (1972) identified series of notches on
incised bones as calendrical marks connected with a lunar count. Among these, in
particular, a bone dated to about 28,000 BC from Abri Blanchard (Dordogne,
France), where the dots are interpreted as a count of successive phases of the moon.
Marshack’s work has been much criticised on the grounds that the markings did not
accumulate on subsequent days, but were only made on few occasions (D’Errico
1989). It is, however, also true that someone may have incised the marks repre-
senting, rather than counting, a cycle; in any case, the evidence is not conclusive
and a complete re-analysis of the available records might be worthwhile (D’Errico
and Cacho 1994; Rappenglueck 2012).

The situation becomes clearer if we look for proof, in the same period, of a less
specialised interest in time, limited perhaps to the seasonal sequence. Seasons are
indeed signalled by images of specific animals carved on bones, and animals
relating to seasonality and time are also frequently found in cave art. Some of such
depictions appear to have an “almanac” content, with different animals associated
with different seasons, and dots perhaps representing calendar counts. Furthermore,
some artworks might be interpreted as depictions of asterisms in the sky
(Rappenglueck 1998). In particular, in the so-called Hall of Bulls of Lascaux, the
depiction of a bull with six dots arranged in two rows above the shoulder and other
dots surrounding the head as a V-shape clearly resembles our way of representing
the constellation Taurus (the six dots would be the Pleiades). Similar
constellation-like images are found in other caves, including Tête-Du-Lion
(Ardeche, France). Of course, to be absolutely certain of the astronomical signifi-
cance of this kind of depiction it is necessary to presuppose cognitive continuity in
the perception of the sky as well as in the popular imagination (Pazstor 2014).
However, some astronomical interpretations of Palaeolithic cave art can be placed
within a fairly sound cultural framework. This framework is that of shamanistic
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cosmology. As we shall see, we have clear indications that the religion of the Upper
Palaeolithic and of the Neolithic was of shamanistic type (Sect. 5.3) and we know a
great deal about shamanism from contemporary anthropology. As a convincing
example of shamanistic interpretation we might consider the famous and enigmatic
painting which is located in a small room, or shaft, of the Lascaux cave (Fig. 4.2).

The Lascaux cave has many features which point to its use as a place where
people gathered for cults, especially the magnificent frescoed Hall of the Bulls,
mentioned previously. The shaft is a recess, a sort of holy of holies not easily
accessed. Here the frescoed wall shows a therianthrope, a half-man/half-animal
creature with the head of a bird and body of a man, with erect phallus. The right hand
of the bird-man seems to be holding a stick, though there is no contact between hand
and stick. The handle of the stick is also carved in the form of a bird, perhaps a dove.
To the bird-man’s left, a large bison lies dying, shot full of arrows. A woolly rhi-
noceros and a horse complete the scene. To interpret this enigmatic depiction as a
representation of the sky, we must recall that—because of precession—the sky
above the painters of the Lascaux cave was very different from ours. In those days,
the north celestial pole was crossing the Milky Way. It was not close enough to any
“pole” star, but it was not far from Delta Cygni, and so the great bird of the sky was
seen to rotate closely tied to the pole. The Bird Man might thus be a celestial figure
stretched across the Milky Way, the upper part constituted by stars from those
constellations we call Cygnus and Vulpecula, while the lower part includes stars
from our Aquila, Serpens, Hercules and Sagitta. The bird-headed staff may represent
the polar axis (Rappenglueck 1998). If this is accepted, then the other figures also
come to life as constellations: the three animals that surround the scene—a bison, a
woolly rhinoceros and a horse—are indeed recognisable as three large constellations
associated, respectively, with the north-west (autumn), north-east (spring) and south,
with the horse corresponding to the constellation we call Leo. The sky depicted in

Fig. 4.2 Lascaux. The bird-man fresco in the (reconstructed) Lascaux cave
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this way is likely to be that visible from the top of the Lascaux hill, around midnight,
at the summer solstice in the years around 14,500 BC (Fig. 4.3).
The shamanistic interpretation of this scene is suggested because, as we shall see in
the next chapter, a fundamental duty of shamans is to act as intermediaries, putting
humans into communication with the divine through a “cosmic” voyage in a trance
state. Shamans usually hold sticks, their iconography is often related to birds and in
some cases they even claim to be able to transform themselves into birds during
trance. The scene thus fits in neatly with the representation of the cosmic voyage of
a shaman.

To conclude, although single cases might be disputed and definitive evidence is
still lacking, it is being increasingly suggested that there was considerable focus on
the sky during the Upper Palaeolithic period. Perhaps even the choice of specific
caves might have been inspired by astronomical considerations, as for instance for
the Cova del Parpalló, one of the most important Palaeolithic Sites of the
Mediterranean coastline of the Iberian Peninsula, where the innermost chamber of
the cave marks the coming of the vernal equinox (Lull 2014). Such a focus might
well have arisen for functional reasons: the presence/absence of moonlight was
needed for nocturnal activities, the cycle of the seasons was needed to follow the
migration of animals and maturation of various fruits, the stars were needed for
orientation purposes, and so on. However, it is likely that the symbolic world of
these people also included references to the sky.

This becomes abundantly clear when we move a little closer to our times, and
pass to that game-changer in human history: the invention of agriculture.

Fig. 4.3 Lascaux. The region of the North celestial pole as it appeared around 15,000 BC. The
pole is close to the star delta-Cygni
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4.2 From Hunters-Gatherers to Herders-Peasants

The birth of agriculture is placed chronologically at the end of the Upper
Palaeolithic period. It is of fundamental importance here to specify what kind of
human society existed in those times. All human groups living in the Upper
Palaeolithic are unanimously defined as “hunter-gatherer” societies: their con-
sumption of flesh derived from hunting, their consumption of vegetables derived
from gathering.

It is essential to stress that the term hunter-gatherer must not be taken to mean
“primitive”, although such a meaning is often bandied about and accepted. Actually
the definition “hunter-gatherer” was coined to distinguish between human groups of
people who live without fixed, stationary dwellings and sedentarist groups of
people. In fact this terminology was actually drawn up by sedentarist people (yes,
us!). It would thus be quite fair to denote ourselves with an equivalent term—
namely “herder-peasants”. Sources of human food in fact have not really changed
since prehistory, and we can have the most industrialised society in the world
complete with international space station and worldwide web, but we still depend
on farming and herding. This should remind us, for once and for all, that there is no
reason to suppose that the brains or intellectual abilities of hunter-gatherers were
inferior to ours. And indeed, a hunter-gatherer does not hunt and devour any old
beast that stumbles into his line of his sight, but must develop hunting techniques
and be an expert in animal behaviour, reproduction, and migration. Likewise a
hunter-gatherer does not gather and devour any old edible thing he comes across,
but must become an expert in the cycle of seasons and of the growth periods and
location of edible plants and fruits: hunter-gatherers were well-versed in natural
history (Lewis-Williams and Pearce 2005). Hunter-gatherers were the people who
first developed art, knowledge and religion long before the invention of agriculture,
and these were the people who, as we shall shortly see, developed the first mon-
umental architecture and—probably—also the idea of connecting this architecture
with the sky. For these reasons, the term hunter-gatherer will no longer be used in
this book.

The process relating to the introduction of agriculture is usually referred to as the
Neolithic revolution. Humans began to form farming communities and to establish
permanent settlements around 8000 BC. A process was set in motion which rapidly
induced humans to become sedentary through the invention and introduction of
agricultural techniques and the domestication of animals. Our understanding of the
details of these processes today is, however, rather vague and nebulous compared to
what was considered gospel only a few decades ago (Runciman 2001). Indeed, rigid
diffusionist ideas pervaded almost all fields of ancient history study. There existed—
it was thought—a sort of perennial cradle of civilization in the near east. From there a
revolution bringing magic discoveries—splendid agricultural sedentarism and the
wonderful techniques of animal domestication (seen as vast improvements in the
quality of human life)—spread in every direction. A clear parallel was made with the
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idea that, several millennia later, a cultural revolution bringing the advances of the
Sumerian civilisation—for instance, writing and elaborate architecture—allegedly
spread from Mesopotamia throughout brutal, barbarian Europe. In particular,
megalithic monuments like Stonehenge were thought of as reflections of the Bronze
Age Mycenaean culture of Greece, itself in turn influenced by oriental
enlightenment.

Such an idea was out by some two millennia. Today we do know that cultural
diffusionism did not occur, and many—myself included—also think that the above
mentioned ideas on a similar diffusion of the Neolithic revolution have to be
radically reconsidered. This reassessment is necessary both from a technical point
of view—as many hints show, for instance, that the agricultural revolution spread
too rapidly in some areas to be considered a real diffusion, while delayed millennia
in others, including Neolithic northern Europe, where only pastoralism is really
documented—but also, and this is our main focus here, from a cognitive point of
view.

To understand this, we start from a question whose answer has been taken for
granted for decades. Are we really sure that sedentarian life is better? The work of
the farmer is hard, and life is subject to the whim of nature at least equally, if not
more so, than the life of the gatherer. Domesticated plants are vulnerable to the
spread of diseases, and crops are sensitive to rain regimes. Fields can exhaust their
harvesting potential, and the development of hydraulic and irrigation systems is
usually a necessity. In actual fact, we can by no means be sure that this revolution
perhaps was nothing more than—yes—an error. Perhaps, however, the error was
not a real choice: climate change and population growth may well have influenced
it. Yet, there is another possibility. As we shall shortly see, we do know that the
formation of a complex system of religion and symbolic beliefs (connected to, but
probably somewhat different from, those of the Palaeolithic period) occurred pre-
cisely during those millennia. So it may be, as is usually assumed, that this system
was developed as a consequence of the dramatic change in the structure of the
society brought about by sedentarism.

But, then again, it may well be the opposite.
In other words, there are indications that lead us to think that the stabilisation of

human nuclei occurred, at least in some cases, prior to the adoption of agriculture.
So what triggered the need for local production, herding and sustenance might have
been a choice arising from sedentarism, and not vice versa. Agriculture and pas-
toralism may just be a by-product. But a by-product of what? The answer might be
at once childishly simple and breathtakingly complex: religion (Cauvin 2000).
A possible alternative view thus is that the revolution of the Neolithic period was
primarily a symbolic one. The emergence of collective cults and behaviour, the
birth of cult centres of attraction and pilgrimage and the foundation and spread of
cult practices based on animal sacrifice, might have been the real impetus that
prompted the formation of more aggregated societies, which were concentrated
close to ceremonial centres and needed local means of sustenance and domesticated
animals for food and offerings.
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A very similar scenario can be posited for the development of astronomy, and
this is why this issue is so crucial for us here. One might in fact think that
sedentarism led to the need for a precise calendar for agricultural timing, and this in
turn prompted astronomical observations. But one might equally think that the
development of a complex religion, strictly connected with the celestial cycles by
means of symbolic icons and the management of temporal power, led to the
development of astronomical knowledge.

The keys to these questions are perhaps still partly buried in some special places
which we are now about to visit.

4.3 The Birth of Monumental Architecture

Up to a few years ago, after the odd ideas about diffusionism had been consigned to
the dustbin of history, the beginning of monumental architecture was thought to have
virtually coincided with the onset of megalithic culture in Europe. In this book, we
shall examine in detail some of the masterpieces of this culture, such as Stonehenge,
the monuments of the Bru na Boinne valley, and others (Chap. 7). The age of such
monuments is prodigious, but if we go back to the end of the fourth millennium BC,
we find the existence of even older megalithic monuments (Fig. 4.4).

Fig. 4.4 Malta. The megalithic temple of Mnajdra
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First of all, there are the temples built on the islands of Malta and Gozo (Trump
2002). The construction of these buildings began in the so called Ggantija phase
(3600–3200 BC) and continued up to 2500 BC, before ending as abruptly as it had
begun. The exterior of these temples presents a monumental portal façade, while the
interiors are based on a architectural unit which is replicated two or more times; in
many cases additions based on the same unit were made over the centuries. The unit
is based on twin lobes, with a central axis usually perpendicular to the entrance.
A huge exterior wall encircles the building (sometimes entailing the use of hun-
dreds of tons of material) masking the complexity of the interior. The sequence of
apses can vary but suggests a modular evolution. In some cases, however, entire
new temples—albeit almost identical in layout—were built alongside the
pre-existing ones, with changes in the orientation. For example, this occurs at
Ggantija, where the temple complex comprises two very similar structures built at a
distance of several centuries from one another. Here the basic module is a trilobate
cloverleaf form, with an ovular entryway that leads inside by way of a small
corridor delimited by giant facing stones. A similar example is Mnajdra, near the
sea, while not far off, but located uphill, the temple of Hagar Qim shows accu-
mulated additions to the same edifice (Fig. 4.5).

The guiding logic behind these buildings is truly unique, and at a first glance
seems to elude any attempt at interpretation. The key must be sought in the cults
which were practised there. They are represented in particular by a number of

Fig. 4.5 Malta. The megalithic temple of Hagar Qim
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statuettes with highly exaggerated, opulent feminine features, and by a huge statue
of the same type. Such images have been ubiquitous in the Mediterranean area since
the beginning of the Palaeolithic Age, and are related to the goddess usually
identified as Mother Earth or Mother Goddess (Gimbutas 2001). Unfortunately, we
do not understand much of the symbolism and of the rites associated with her,
although there were undoubtedly connections with fertility rites, as well as with the
sky, as we shall see in next section. Traces of what were probably animal sacrifice
rituals have been found in the temples, and archaeologists have discovered further
evidence of religious activity in the so-called oracular windows, round holes cut
through certain wall slabs which are thought to have been used for oracular and
confessional purposes.

The temples are therefore interpreted as shrines, or oracular shrines, to the
Mother Goddess. Although not all archaeologists share this view, the iconography
of the Goddess is the most likely key to the plan of the temples. In fact, the meaning
of the internal lobed layout becomes obvious when one realises that it is none other
than the silhouette of the body of the Goddess, seen from above. The temples are
types of giant replicas of the divinity, following a symbolic mechanism that we
shall discuss in general terms in the next chapter (Fig. 4.6 and 4.7).

An even older group of megalithic monuments than the Malta temples is to be
found, again, in continental Europe. For instance, in the area of Carnac (Brittany),

Fig. 4.6 Plan of the two Ggantija temple, Malta
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megalithic activity was already in progress at the beginning of the fifth millennium
BC. The oldest megalithic structures of Brittany are passage graves, like the
tumulus tomb of Kerkado, Carnac, dated to about 4800 BC. Equally old are some
stone circles in Portugal, such as the impressive oval of Almendres (Figs. 4.8, 4.9
and 4.10).

We are thus slowly moving back in time towards the limit of the Neolithic
“revolution”. However, all the structures we have described so far were built by
sedentarist people, after that agricultural style had taken firm hold in Europe. Since
these megalithic buildings were considered to be the oldest structures ever, as is
natural, the linear idea comforted historians with regard to the birth of monumental
architecture: that people first became sedentarist farmers, then started aggregating in
stable settlements and societies, and finally these societies started to build
monuments.

This theory is wrong, as evidence that humans were able to conceive of and
build complex structures long before becoming sedentarists is today overwhelming.

First of all, some very ancient structures, albeit not built in stone, have been
documented in central Europe. These structures (generically called circular enclo-
sures although only a few are strictly circular) are made up of one (or more,
concentric) earthwork separated by causeways and enclosing wood buildings, of
which the postholes remain. There are more than 100 such enclosures, and others
are being discovered by means of aerial photography. Perhaps the best known is the

Fig. 4.7 Malta. Statuette representing two seated goddesses
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so-called Goseck circle in Saxony-Anhalt, Germany. Gosek appears to have been in
use for a relatively short period between 4900 and 4700 BC. It consists of con-
centric ditches which were inter-walled by palisade rings; there were three openings

Fig. 4.8 Carnac. A view of the alignments at Kermario

Fig. 4.9 Carnac. The tumulus of Kerkado
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allowing access to the site. The function of the structure was probably ritual;
excavations yielded what seem to be the traces of such rituals and perhaps also of
human sacrifice. It is likely that even more ancient structures will be come to light
in future: one example is the excavation at Warren Field, in the River Dee valley of
Scotland’s Aberdeenshire, where a series of postholes dated to about 8000 BC,
probably having a symbolic use, were discovered. To the same astonishingly
remote period of 8000 BC circa belongs also what was considered up to the 1990s
the first stone structure ever: the Tower of Jericho. It is a 8.5-m-tall stone structure
which is actually part of an entire circuit of walls discovered at Jericho in the first
half of the twentieth century. At the time of discovery these structures were
(understandably) attributed to the town described in the Bible and therefore dated to
the middle Bronze Age (around 1500 BC). It was only later, at the beginning of the
1960s, that the attribution to a much more remote period was firmly established.
The town of Jericho precedes the “revolution” and as such it is a structure which in
a sense should not exist, or rather, should not exist if the fallacious idea of the linear
evolution of civilisation is strictly adhered to. One of the consequences of such a
belief, which—I am afraid—we shall never manage to shrug off completely, is that
poor Jericho, along with the slightly later-dated town of Çatalhöyük in Anatolia, is
usually categorised as a proto-city.

Be that as it may, the tower of such a proto-city is a rather refined building fitted
with an internal staircase of twenty two steps, with walls approximately 1.5 m thick.
It belongs, as mentioned, to the circuit wall of the settlement. The wall might have
been planned for defensive or anti-flood reasons. No suggestion of warfare,

Fig. 4.10 Almendres. The stone circle
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however, has been found at the site; in any case a specific defensive purpose for the
tower itself looks doubtful. A symbolic explanation, as we shall see, would make
more sense.

If Jericho is dated so astonishingly early, the actual date of the beginning of
monumental architecture is, incredible as it may seem, older: the tenth millennium
BC. This occurred in Gobekli Tepe, a remote hill in the province of Urfa in
south-eastern Turkey (Schmidt 2001, 2006, 2010; Dietrich et al. 2013). Here, some
12,000 years ago, elaborate architectural projects were devised, with the construc-
tion of stone enclosures endowed with huge, T-shaped megaliths. Unfortunately, up
to now only a few of these monuments, whose dramatic importance and longevity
were recognized in the 1990s, have been excavated (geophysical prospection shows
the presence of many others, giving a total of at least thirty) (Fig. 4.11).

The project of each enclosure at Gobekli is based on a circular or oval wall
precinct in which several T-shaped monolithic pillars, usually finely engraved, are
nested. Two further pillars stand in the centre of each enclosure, parallel to each
other and fixed in sockets carved into the bedrock. Similar, but smaller, rectangular
enclosures are also present, relating to a later stage. The monoliths, each weighing
several tons, were extracted from a quarry on the hill, where many, unfinished, still
remain. As mentioned, materials associated with the structures of Gobekli Tepe
yielded amazing dating results: indeed the first buildings date back to a period
known as Pre-Pottery Neolithic A (PPNA): the tenth millennium BC. The site was
apparently frequented for a couple of millennia, and then backfilled with earth,
stones and rubble before being abandoned.

Fig. 4.11 Gobekli Tepe. View of the enclosures from the south-east
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The actual discovery of such complex architecture dating back to such a remote
period of time is in itself astounding, but this is only the beginning.

Most of the Gobekli pillars are embellished with artistic masterpieces. These
include geometric-shaped symbols, and abstract, or at any rate highly stylised, rep-
resentations of humans. In particular the central pillars appear to represent anthro-
pomorphic beings, with arms and suggestions of clothing, like loincloths. But the vast
majority of the art at Gobekli is naturalistic. The reliefs depict animals, represented as
single units or engaged in relatively complex scenes, and include mammals (lions,
bulls, boars, foxes, gazelles), snakes and arthropods. A special role is played also by
birds, several species of which appear. Moreover, figurative art at Gobekli was not
limited to carvings, as several standing statues (especially of bears) as well as statues
of animals rising in 3D, as it were, from theflanks of the pillars have been found. In the
second stage of Gobekli, circular enclosures gave way to rectangular ones, but the
figurative art remains; for instance a pair of central pillars exhibits two magnificent
carvings of lions, though with more abstract and oblong traits.

Gobekli Tepe is amazing by any standards. It is a complex place, clearly con-
ceived of as a sacred destination and frequented by people from a wide geo-
graphical area, well before the “invention” of sedentarism and agriculture. It is
obvious that some sort of centralised power, or at the very least a religious influ-
ence, must have prevailed at the site, and it is patently obvious that the societies
who were able to construct these first temples of humanity were also capable of
investing a considerable number of man-hours in a purely idealistic, non-utilitarian
project.

As mentioned above, for reasons that have never become clear, this sacred place
was meticulously buried, filled in so efficiently as to preserve it as a time-capsule
for posterity. In spite of its almost miraculous state of preservation, however, it is
difficult to gauge the significance of Gobekli Tepe. The place might have been
associated with the dead and the cult of the ancestors, as the anthropomorphic
pillars suggest; however, no graves have as yet been found. The presence of nat-
uralistic depictions calls to mind cave art, but dangerous non-mammal beasts (like
scorpions and snakes) are unique to Gobekli. What looks certain is that Gobekli was
a centre of attraction and pilgrimage; it has even been suggested that domesticated
grain might have been first obtained from wild wheat originating in Karaca Dag,
which is close by. So perhaps one day we shall really have the proof that it was
monumental architecture that triggered sedentarism, and not vice versa.

4.4 The Birth of Astronomically Anchored Monumental
Architecture

Having thus reconstructed what we know about the origin of monumental archi-
tecture (without ruling out possible dramatic future discoveries that could push it
even further back into the mists of antiquity) let us turn to the problem of the birth
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of astronomically anchored architecture, that is—when did people start to incor-
porate astronomical knowledge into their buildings? Well, the answer seems to be
that architecture was linked to astronomy at such an early time that the history of
architecture and history of astronomy are virtually inseparable.

Let us proceed along the same path we followed in the previous section. We
started with the idea that the megalithic architecture of Europe was the most ancient
in the world. The presence of astronomy is undeniable in such places; for instance
at Stonehenge and Newgrange (as we shall see in detail in Chap. 7). Going back in
time to the middle of the fourth millennium we encounter the temples of Malta.
Among them, one can be singled out immediately as being astronomically related:
Mnajdra Temple 2. The axis here runs straight east-west up to the west wall, where
a central altar is to be found. To the left and right there are two similar monolithic
slabs, and the upper external corners of the two slabs define two alignments which
pass through the access to the temple and point north of east and south of east in
such a way that the window which they span corresponds to the path of the sun on
the horizon throughout the year. Thus, Mnajdra works as a solar calendar: the sun
rising at the winter solstice creates a flag-like (or axe-like) figure on the right slab
(Albrecht 2001). Over the course of the seasons, one can follow the movement of
the sun, which rises at the horizon, observing day by day at which point the light
strikes the altar in the recess of the temple. In particular, the equinoctial sun rises in
alignment with the axis, while when the axe figure is re-formed on the opposite
slab, the sun has reached its midsummer rising point. So, astronomy was clearly in
operation in Malta; the orientation of almost all other temples is also most likely
astronomical, as it is restricted to a region of the horizon which lies between the
winter solstice sunrise and due south, and there is the distinct possibility that in
some cases—for instance in Ggantija—the builders followed the stars of the
Cross-Centaurus constructing a new temple when, due to precession, the previous
one got misaligned with them (Foderò Serio et al. 1992).

Let us now proceed further back in time. Even older than the Maltese temples are
some of the megalithic structures of northern Europe: the passage graves of
Neolithic Brittany, for example, Kerkado. Again, such structures exhibit a clear use
of orientation, as all of the 68 measurable passage graves face the sun as it rises or
climbs in the sky (Hoskin 2007). Equally clear is deliberate orientation in the stone
ovals of southern Portugal, like Almendres. There are, in fact, twelve surviving
monuments and all are orientated very close to due east (Pimenta and Tirapicos
2008).

Moving further back in time: we have already touched on the enclosures of
central Europe, like Gosek. The Gosek circle has three openings or gates, aligned
with the sunrise/sunset of the sun at midwinter and with the north direction. Much
ink has been spilt in hailing Gosek as “the first observatory”; such claims are
extremely dubious, but the fact remains: that the builders of Gosek—and apparently
also of several other enclosures—were interested in astronomically relevant
directions (astronomical correlation has been claimed also for Warren Field, where
it has been suggested that the alignment of pits was deliberately oriented to sunrise
at the winter solstice; Gaffney et al. 2013).

4.4 The Birth of Astronomically Anchored Monumental Architecture 69

http://dx.doi.org/10.1007/978-3-319-22882-2_7


Winding back the clock even further, we come across the Neolithic town of
Jericho. Recently, a symbolic, astronomically-related function has been proposed
for the Jericho tower (Barkai and Liran 2008). Indeed, it has been noticed that, at
sunset during the summer solstice, the tower is the first element of the town to be
touched by the shadow of nearby mountains; the internal staircase actually gives
access to a commanding view of the most prominent peak of the mountain ridge. It
has therefore been suggested that the monument was used as an
astronomically-related symbol, equipped with a time-keeping function, but also
meant to create cultural identity, in line with a mechanism connecting the sky with
monumental architecture (which we shall discuss in general terms in next chapter).

So, what we need to conclude our parallel list of the birth of architecture and the
birth of astronomy is the place where, as far as we know, monumental architecture
actually came into being: Gobekli Tepe. For the sake of completeness, I shall briefly
discuss the possible role of astronomy in this place. I stress, however, that this
interpretation of the last piece of the puzzle is only very tentative: it is in fact an
astronomical reading which I have personally put forward knowing the orientation
of only a few enclosures, for the simple reason that all the others still await
excavation (Magli 2015; Ananthaswamy 2013). In my defence I can only say that it
may take centuries to complete the picture, given the present speed of the ongoing
archaeological digs.

The azimuths of the central axis of the three oval enclosures excavated so far
(very similar in conception and probably built successively to each other) are all
close to due south, but show a slight decrease. Simulating the sky in the tenth
millennium BC, it is possible to see that a quite spectacular phenomenon occurred
at the latitude of Gobekli Tepe at that time: the “birth” of a new star, which started
to be visible very low on the southern horizon and had heliacal rising close to the
summer solstice. What is striking is that it was the brightest star of the sky, Sirius,
that was placed below the horizon by precession in the years around 15,000 BC.
After reaching the minimum, Sirius started to approach the horizon and it became
visible again towards 9300 BC. Of course extinction effects lowered its magnitude
by a significant amount (although much less compared to what it would be today,
after the industrial revolution) but the appearance of a new star which became
brighter and brighter and culminated higher and higher over the course of the
centuries would have been a noticeable phenomenon, and this was apparently
followed over the centuries by decreasing the azimuths of the axes of the enclosures
(Magli 2015) (Fig. 4.12).

The image of the “birth” of Sirius might also be present in the iconography at the
site—to be exact, on one of the most elaborate of the pillars, Megalith 43 of
structure D. Curiously enough, this pillar has many similarities to the (of course
much later) Babylonian boundary stelae, called kudurru, which contained detailed
references to the sky. In particular, these stelae contained a register (one of the
bands into which the stelae are divided) with “box” altars devoted to the gods of the
sky which are very similar to the “bags” appearing in the upper register of
the Gobekli pillar. Several constellations were depicted in the lowermost register of
the Kudurrus (Iwaniszewski 2004), again in a way similar to the Gobekli pillar if
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the figures there—a scorpion, a goose, a fox and a beheaded ithyphallic man—are
taken to be constellations. Besides this analogy, what is really impressive is the
scene in the middle register of the Pillar. In front of a rectilinear band of small
squares and v-shaped motifs we find a vulture who seems to be raising a circular
object and two wader-birds, the lower one perhaps being newborn (a serpent or
phallic symbol, and two bone-shaped or H-shaped carvings complete the scene).
There is no doubt that the vulture has human-like features: the expression resembles
a smile and the way it stretches its wings is unnatural for a bird but would be very
natural for a man wearing fake wings. So it is likely that the image depicts a
therianthrope (a hybrid human-animal creature) or, more simply, a shaman wearing
a vulture costume. Vultures are connected with the dead and appear together with
decapitated human bodies in the art of Catal Huyuk, which is chronologically not so
remote from Gobekli. However, the vulture has also been repeatedly associated
with the sun in many cultures (an obvious case being ancient Egypt). For this
reason, I proposed that the scene might represent the “birth” of Sirius, borne aloft
by the sun. The day may be the summer solstice, since in the centuries around 9300
BC, the summer solstice was on the point of leaving Scorpio and was therefore just
above the head of the animal. Of course Scorpio was invisible at the solstice, being
just below the horizon, under the sun: in a sense Scorpio was in the realm of the
dead, as indeed it is on the stela, along with a decapitated man, in the register
beneath the main scene (Figs. 4.13 and 4.14).

It goes without saying that future discoveries at Gobekli could modify or even
invalidate this interpretation, which therefore must remain in the realms of specu-
lation for the time being. What is certain, though, is that sooner or later we are due
to be dazzled when some thrilling new information comes to light. In fact, Gobekli
is not unique. There are other centres located in the outskirts of the Urfa plain which

Fig. 4.12 Gobekli Tepe, 10 Millennium BC. Sirius starts to be visible
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Fig. 4.13 Gobekli Tepe.
Pillar 48

Fig. 4.14 A Boundary stone
(kudurru) from southern Iraq,
12th century BC. The text
records the granting of lands
to a man called Gula-eresh.
Nine Mesopotamian gods are
invoked to protect the
monument, with a series of
celestial references. In the
upper register the solar disc
(the sun-god Shamash), the
moon crescent (the Goddess
Sin) and Venus (Ishtar). The
boxes beneath represent altars.
In the lower register appear 3
constellations, Draco, Lio and
Scorpio (Courtesy © Trustees
of the British Museum)
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are certainly contemporary with Gobekli, all furnished with T-shaped monolithic
pillars whose heads barely emerge from the unexcavated terrain (Celik 2001; Güler
et al. 2012).

To conclude then, our poor non-sedentarist, pre-revolutionary people who lived
in what we clinically call the “Pre-Pottery Neolithic A” were blissfully unaware that
they were living in a period that was later merely classified as “pre-”something.

Even so, they have only just started to reveal their secrets to the smug seden-
tarists of today.
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Chapter 5
Astronomy, Power, and Landscapes
of Power

5.1 Sky and Cosmos

The connection between astronomy and daily life in ancient times—at least after the
definitive establishment of sedentarian life—was far more complex than a simple
understanding of natural cycles. We can be sure of this because the sky was linked
to a fundamental mechanism of social dynamics: the management of power. To
grasp the connection between astronomy and power, however, first we must make a
detour to understand the concept of worldview.

Human beings need a worldview, a Weltanschauung. Our worldview includes a
scientific explanation for a series of things which at first glance appear mysterious
and inexplicable: earthquakes, eclipses, viral epidemics and so on. In spite of this,
most of humanity is of religious inclination, and this means that our worldview also
encompasses the belief in “another” world. In ancient times, religion was the only
available key to the inexplicable, and above all, the key to the mystery of human
illness and death, the incomprehensible and the deep-seated refusal to accept the
end of life. As a consequence of the centrality of this notion, religion also acted as a
key to temporal power. Accordingly, as we shall see, the monuments which are the
object of study of archaeoastronomy were built to serve as witnesses to power. The
connecting thread that underpins this, which we shall now study in some depth, is,
however, very simple and can be put in a nutshell.

From nature, a worldview is built, and from this worldview, power is legit-
imised; monumental architecture is then created to act as explicit witness to the
legitimacy of power. As a consequence, it has to be explicitly related to the natural
cycles which regulate the worldview. It follows, thus, that it usually incorporates a
series of symbolic references to the sky.

To understand how a worldview is formed, we start from a simple fact. Human
life happens to be located on earth, but humans do not accept the earth as the only
place where their whole sphere of existence, everything relating to their own life, is
located. They prefer to think, rather, that their place is in the Cosmos. The Cosmos
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is a space-time entity, since it is a place—a cosmic, or sacred, place—where life is
regulated according to an appropriate, cosmic time. Both cosmic space and cosmic
time are related to the sky.

Cosmic time derives from the observation of the celestial cycles. As a matter of
fact, although there exist extraordinary phenomena in the sky which are difficult or
impossible to predict such as eclipses or meteors, most celestial phenomena are
eminently predictable: it is sufficient to study them for a suitable amount of time
and with suitable precision. This is the only way to interact with the sky: fore-
casting. Forecasting an event confers power on the one predicting it and affords
comfort to the one awaiting it—for example the heliacal rising of a star which
returns in the sky at the predicted time.

Scheduling events in a reassuring cyclical succession thus puts order into time.
Time ordered in this way then becomes sacred, as it has been properly inserted into
the worldview. The natural cycles by which cosmic time is marked are naturally
divided into two: diurnal and nocturnal. In the diurnal sky, the sun marks the
rhythm of the seasons and thus governs the swings between hot and cold, rainy and
dry seasons, sowing and harvesting. The cycles of the Earth and that of the Sun are
indeed connected. By following the movement of the sun on the horizon day after
day, one soon realises that our star rises more and more to the south of east when
approaching the winter solstice. This might even prompt the idea that the sun is
heading south irrevocably and doomed not to rise again, but—reassuringly—the
velocity with which the rising sun goes south slows down to zero at the solstice; for
a few days the difference in the rising point (which is nonetheless present, since the
extremum is reached only on the day of the solstice) is too small to be appreciable,
until finally the sun is seen moving again towards the east. This process is naturally
correlated with a similar seasonal process of dying and rebirth of the natural cycles,
the amount of daylight throughout the year, health, and so on. As a consequence,
the winter solstice was viewed as a harbinger of rebirth, possibly even of a suc-
cessful earth-sky re-fertilisation, and the timing of the solstices was in many cases
the fundamental marker of cosmic time.

If, on one hand, keeping track of the sun’s behaviour is basic to human activity,
on the other, the man who understands and predicts the solar cycle becomes an
intermediary, the guarantor of the annual repetition of the cycle. In turn, the night
sky has two principal bright objects: the moon, whose movement over a month
seems to imitate the sun’s over a year; and Venus, whose behaviour alternates
between announcing the sun’s rising and following the sun’s setting. Furthermore,
there is the regular, perennial motion of the stars. It is during the night that the gates
to the afterworld are ideally opened, and so yet again, the man who controls
nocturnal cycles can credit himself with being an intermediary with the sky.

Cosmic space is closely connected with the sky. In fact, cosmic space is an
ordered—typically quadripartite—place, and the rule on which it is founded is
based on the celestial cycles. The first main axis, the north-south one, comes
naturally from the observation of the night sky. Accurate observation of the star’s
turnaround leads us in fact to conclude that there exists a fixed point, a centre of the
heavens (which may or may not coincide with a star, depending on the epoch), the
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celestial pole. This point allows us to define a privileged axis, an axis mundi, as it is
sometimes defined, as the direction from the observer to the pole. Finally, this
direction can be projected on the ground to find the meridian, which is thus
associated with the stars, and consequently with the night. The orthogonal direction,
east-west, is instead usually associated with the sun and hence with the daylight. It
can be found by taking the perpendicular to the meridian, but it can also be found
independently by observing the sun’s movement during the day, and connecting his
rising/setting point (if the horizon is flat). Analogously, the south (in the northern
hemisphere) can be found independently from nocturnal observation by bisecting
the rising/setting direction of the sun, measured on a circle, or by following the
shadow of a stick around noon.

The result of these operations is a division of the world into four parts, which is
both symbolic and practical. It is a “cosmisation” procedure, in which space
becomes ordered, a place which has been founded and prepared for human life. The
historian of religion Mircea Eliade (1959) was probably the first to understand these
mechanisms in details. He wrote:

The Experience of Sacred Space makes possible the founding of the world: where the
sacred manifests itself in space, the real unveils itself, the world comes into existence. To be
inhabited, the world must first be founded.

Since the world is divided into four parts, there is a point at which the axes
intersect and the four parts become one. It is a privileged point, a centre, the navel
of the world. Each culture had its own cosmos, and therefore each culture had its
own umbilicus: all Roman roads led to Rome, all Inca roads led to Cusco, while for
Dante Alighieri, Jerusalem was at the centre of all lands.

The navel of the world is naturally a special place, the ideal place for commu-
nicating with other levels, the place where power resides and manifests its identity
physically. So, it is often also a place where the cosmos is represented, even
replicated, as well as the elected place for embarking on the afterlife. In some tombs
of Maya rulers, for example, the walls of the chamber are frescoed with glyphs of
the cardinal points, and similarly, the Egyptian pyramids were precisely oriented to
the cardinal points, and the Egyptian tombs had “magic bricks” placed in the walls,
one for each of the cardinal points.

5.2 Cosmos and Afterworld

The afterlife is a structural component of any worldview, since the cosmos must
accommodate a solution for the afterlife. As a consequence, the cosmos is “tiered”,
organized into levels. Of course one then needs gates, allowing transition between
levels. During the Palaeolithic period, for instance, natural caves may have assumed
the significance of symbolic places of rebirth, and consequently places of power.
With the birth of monumental architecture, monumental replicas of caves began to
be built, in the form of chambered cairns and tombs. In a sense, however, these
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places—as transitional, and therefore potentially dangerous, places—have to be
isolated, as indeed the caves are. This may have been achieved by the use of water,
filling moats encircling the graves, or even with specific choices of location in the
landscape, such as the bend of the river Boinne (Sect. 7.2), which naturally offers a
sort of promontory where Newgrange and other Neolithic tombs were to be built.

With the birth of monumental architecture, then, the sky and the earth, the
underworld and the cosmos meet in specially prepared places. The word “tomb”
may be reductive here: monumental graves like Newgrange were probably also
sites of pilgrimage, and many of the temples associated with the great pyramids of
Egypt functioned as shrines of worship of the corresponding divinised Pharaohs for
many centuries. What must always be remembered is that burying the dead, wor-
shipping ancestors and the like were actions directed towards the living. Places
built to act as an interconnection between levels actually became physical inter-
mediaries between the sacred space and the sacred itself, so that the pyramids of
Egypt—for instance—were artefacts aimed at assuring the afterlife of a ruler and
consequently the correct and predictable progression of the life of the living
thereafter.

As a good example of the simultaneous operation of all these mechanisms we
might cite the so-called Temple of the Inscriptions in the Maya site of Palenque,
Chiapas (Fig. 5.1). The monument was built during the reign of King Pacal (603–
683 AD) and is one of the masterpieces of Mayan architecture, a nine-stepped
pyramid with a small structure on top (Schele and Freidel 1990). The Maya
afterworld or Xibalbà was tiered into a complex geography of nine levels, a clue
that the temple probably had something to do with this. This was not known,
however, until 1952, when the Mexican archaeologist Alberto Ruiz discovered that

Fig. 5.1 Palenque. The temple of the inscriptions
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the temple was also the tomb of the king, who was buried in a chamber located at
the base of the monument and accessed through a staircase from the top. The tomb,
which had been constructed before the erection of the pyramid and was therefore
part of a single architectural design, was intact. Pacal was resting in a stone sar-
cophagus, sealed with an elaborately inscribed lid. The image depicted on the lid,
possibly the most famous Mayan work of art, shows the king amid a scene that
bursts with complex astronomical-cosmological significance (Fig. 5.2). Pacal is
depicted at the centre of the scene, which is traversed by a cross-shaped figure
probably representing the intersection between the Milky Way and a band sym-
bolising the Ecliptic. Beneath him there is the entrance to Xibalbà, the Kingdom of
the Dead, guarded by a monster-like mask and represented materially by the nine
tiers of the building constructed above the tomb. But the death of the King must
also be a rebirth, since his son has to reign after him and his people have to live on.
To understand how Pacal is associated with rebirth we need to make the following
observation. The two zones in which the Milky Way crosses the Ecliptic mark,
naturally, the rising of the sun on two days of the year. Due to precession, these two
dates vary over the course of the centuries, but during the classical Maya period
these dates were not far from the solstices. Hence Pacal is ideally placed at the

Fig. 5.2 Palenque. The lid of
Pacal’s sarcophagus. Usually
depicted with the longest side
set horizontally, it is instead
easier to understand if viewed
vertically as here, actually the
same view allowed by the
entrance to the tomb
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solstitial point, so that his death might be identified with rebirth, in analogy with the
resumption of the solar cycle and thus of agricultural activities, particularly the
cultivation of maize (as an explicit reminder of the connection between the
deceased and the rebirth of the solar cycle, close to the days of the winter solstice—
looking from the plaza and the palace in front of the building, the sun sets behind
the Temple of Inscriptions, ideally descending into the crypt). Interestingly,
although the tomb was completely inaccessible after the king’s interment (the
descending staircase was filled with earth and rubbish) a sort of magical liaising
with the world of the living and the world of the spirits was nevertheless assured by
means of a small shaft which runs parallel to the staircase and was supposed to
allow Pacal’s spirit to emerge and manifest itself. This intriguing image is repre-
sented explicitly in a panel of one of the temples built by Pacal’s son, the so-called
Group of the Cross. The image makes it clear that communication with the dead
occurs in an altered state of consciousness, triggered by the use of drugs, and this
leads us to another fundamental point, namely, the ways of mastering the Cosmos.

5.3 Mastering the Cosmos

Individuating the Cosmos—directions, celestial cycles, axis mundi, and the like—
and opening up communication between cosmic levels are thus fundamental
operations for human societies. The performance of such operations, consequently,
yields power (Krupp 1997).

Keeping track of the annual solar cycle links power with the calendar and the
regular succession of the seasons. Monitoring the cycles of the night stars links
power with the regular development of the hours of the night in expectation of the
return of the sun. Establishing the cardinal axes and their centre links power with
the very heart of human existence. Managing the calendar for the festivities of the
Gods and the worship of the ancestors links power with religion and the afterlife.
And so on.

We must now study very carefully the identity and the role of the people who
mastered such powers since, of course, these same people were also the originators
of the projects of sky-oriented power architecture. Perhaps we should call them
priest-astronomers. Here, we shall use the traditional term shamans.

The historian of religion Mircea Eliade defined shamanism as a technique for
generating religious ecstasy (Eliade 1964). A Shaman is in fact a person who claims
to be a mediator between the human and the supernatural worlds. The shaman can
gather information which is forbidden to common people, and is able to have
contact with the “other world” as well as to convey to the world of the spirits
requests from the humans such as, for instance, the desire to recover from illnesses
or for rains to return after a drought. It is important to stress at this point that there is
no need for the reader to believe in the existence of any special shamanistic power
(as far as the author is concerned, as a physicist I do not believe in any
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“paranormal” powers whatsoever). What matters here is only what shamans claim
about themselves and what people are prepared to believe about them.

Shamans claim to reach their higher levels of communication through experi-
encing altered states of consciousness, typically induced by drugs. To understand
these practices, ethnological-anthropological documentation regarding present day
people’s experiences is invaluable. In fact, practices very similar to present day
ones are archaeologically and historically documented in numerous parts of the
world. For example, shamanistic practices involving hallucinogenic-induced states
of ecstasy were practised in Mesoamerica, and there is overwhelming evidence to
support the fact that the religion of the Upper Palaeolithic-Neolithic period was also
a form of shamanism. The latter idea is mainly based on the images which appear in
chambered tombs (see Sect. 7.2). These include geometric carvings—mostly spirals
and ovals—which are indistinguishable from those inspired by altered states of
consciousness in modern-day populations who make use of hallucinogenic sub-
stances, and from depictions produced by volunteers in experimental tests
(Dronfield 1995) (Fig. 5.3). Moreover, in cave art there are representations of
therianthropes (half man-half animal beings), and these recur also in modern day
descriptions of visions induced by hallucinogens.

Let us analyse then what is known about shamanistic practices. The trance state
allows the Shaman to “open the gates”, and even—it is thought—to leave his
temporal body and to travel in the supernatural world. This travelling usually occurs
through the sky, so that birds and men-birds feature prominently in the shamanistic
iconography. In his cosmic journeys the shaman uses maps which, at least in

Fig. 5.3 Newgrange. Spirals and other “abstract” carvings on kerbstone 52
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principle, encompass the whole universe. In particular, the link with the axis of the
world is central to the shaman’s iconography, so shamans usually carry a wooden
stick. Other status-symbols objects or paraphernalia are also common, for example,
the drum. The drum is associated with musical rhythm, and the generation of
obsessive, cadenced melodies helps in creating a suitable atmosphere for altered
states of consciousness.

As an example of shamanistic rites, consider the Altaic populations of central
Asia (Eliade 1964, 1971). For these people the sky is the kingdom of a god, called
Bai-Ulgan, and it is divided into nine levels, each of which is assigned to a sister of
the god. This celestial kingdom can be visited by the shaman via a mystic flight in
trance state, during which the shaman imitates the duck’s call. A birch pole carved
with nine notches is placed at the centre of the shaman’s tent and represents the
central axis of the world, the ideal extension of the polar axis. So, the shaman’s tent
is an idealised replica of the heavenly vault, and the point at which the axis passes
into the earth is the centre of the world: in a sense, this provides certainty that the
world exists and is thus able to be inhabited: the Altaic people can be certain of
living “in the right place”.

As intermediary between the human and the other levels, the shaman is the
elected custodian of celestial matters. He is therefore usually also the custodian of
the calendar. He directs the rhythms of rites and celebrations, and is in a sense
responsible for the cyclical renewal of nature. Consequently, his role usually implies
knowledge of a great deal of notions, a grounding in natural sciences and a sprin-
kling of traditional lore, all of which the shaman acquires during his apprenticeship
with a senior shaman and which help him in carrying out his duties. For example, the
shaman acts as healer with the sapient use of medicinal herbs and plants.
Furthermore, the ability of the Shaman to communicate with the supernatural, in
many cases linked with his knowledge of astronomy, reveals another aspect of his
powers: divination. The production of omens is thus another typical duty—and
power—of priest-astronomers. For example, in China there exist records of astro-
nomical divination that can be traced back to the Shang dynasty (1766–1123 BC).
These texts show that divination was practised at the imperial court and that it was
deemed to be a matter of state, capable of influencing decisions at the highest level.
Similarly, court astrologers/astronomers capable of extremely precise observations
were fundamental in Mesopotamia (Steele 2007). Among the Maya, the surviving
codices tells us that astronomy and astrology were deeply interlinked and that, in
particular, a special role with regard to warfare was played by omens connected with
the cycle of Venus. The importance of omens can be traced on up to Greek and
Roman times, especially in the form of horoscopes, to the point that many Roman
emperors had personal astrologers—according to historians—and based their deci-
sions on omens indicating whether a day would be auspicious or not.

This finally leads us to a delicate matter, that of understanding the relationship
between shamanism and temporal power. This problem appears to have been
somewhat overlooked in anthropological literature, but for our purposes the key
elements are clear. Power must be conferred by someone else. In a democracy,
power is (in principle at least) conferred by the people, but with a kingship the only
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way to receive it is by investiture from above. Therefore, the foundation of power
and the Cosmos are inextricably connected. Since the shaman is the intermediary
with the cosmos, kings and shamans are likewise connected. The power of the
shaman and temporal power are usually distinguished by their very nature, since
shamanistic power is transcendent, and only very rarely did temporal power suc-
ceeded in re-uniting both aspects in a single figure. One striking exception is to be
found in ancient Egypt, in the cosmovision devised for/by the Pharaohs: here the
king is identified with a living god, automatically conferring shamanistic powers on
the king himself as an intermediary with the gods (Fig. 5.4).

5.4 Cosmic Machines

The underlying ideology behind shamanistic power and religion is inevitably and
invariably the same: power asserts itself by forging a bond with nature. The need
then arises to exploit such a bond and make it tangible. This is in part attained with
transitory, occasional events. For instance, special one-off public ceremonies (like
the coronation of a new king or the funeral of a dead one) and recurrent public
rituals and feasts, connected to the calendar. It is also effected by the creation of
shared, easily recognisable symbols or images, like banners, insignia, coats of arms,
uniforms and also with oral or written traditions and myths. But this is not enough.

Fig. 5.4 Edfu. The Pharaoh
and the Goddess of
knowledge Seshat put in place
together the foundations of
the Edfu temple. The texts
says that they are looking at
the northern stars

5.3 Mastering the Cosmos 83



Establishing cultural—or perhaps I should say corporate—memory, in which the
established (and establishment’s) worldview is accommodated also requires the
cosmovision to be made tangible, immanent, in a perennial (or purportedly so)
form. Monumental architecture thus stems from—and is a symbol of—power, and
has to be explicitly connected with the cycles of the cosmos. It is here that
astronomy comes into play, through a mechanism which had previously been
understood in broad terms within the history of religion, independently from the
development of archaeoastronomy: the hierophany (Eliade 1964).

A hierophany (from a combination of Greek words, meaning “the sacred reveals
itself”) is an explicit manifestation of the sacred: of a god, of a message from a god,
or also of a divine aspect of nature. Simple examples of hierophanies are just the
various means of communication with divine power. For instance, in official fes-
tivals the power of the gods is symbolically renewed, and in cosmological myths a
fusion between human and divine (an irruption of the sacred into the immanent,
Eliade would say) is usually present. The hierophanies of myths have a pedagogical
content, since the manifestation of the sacred is used for the construction of models
which have to be imitated, or even of models which power is seen to imitate. These
models can be approximated or “returned to” through religious life and collective
religious behaviour. The concept of hierophany is not, however, exhausted by these
examples. In fact, the sharp distinction between the sacred and the profane worlds,
which is slightly blurred in these examples, can be dramatically shattered by a far
more spectacular kind of event. To understand this, notice that the distinction
between the sacred and the profane was perceived also at the level of physical space
and of the human environment. As we have seen, space is validated and has to
deserve to be lived in, only if it conforms to patterns and rules determined by the
sacred, such as orientation. In a sense then, the only true space is the sacred space.
But if the space is sacred, then it is also an arena where the divine can—or even
must—manifest itself. So, a hierophany can be a truly physical, tangible manifes-
tation of the sacred in the place that is worthy of allowing such a manifestation to
occur. Eliade wrote:

When the sacred manifests itself in any hierophany, there is not only a break in the
homogeneity of space; there is also a revelation of an absolute reality, opposed to the non
reality of the vast surrounding expanse…the hierophany reveals an absolute fixed point, a
center.

Hierophanies can therefore appear as abrupt flashes occurring in sacred spaces:
architecture is the means by which they are brought to the highest level of emo-
tional participation, and astronomy is the tool for engineering such events. An
architectural hierophany can therefore be described as a mechanism whereby
appropriately designed elements combine with celestial elements. Consider, for
example, a building aligned with the sun that rises or sets in a particular direction,
and consider it together with the sun itself in its constant motion as a single entity, a
mechanism made up of different gears. When the gear in motion (the sun) becomes
aligned with the given, fixed direction, the mechanism is set in operation. As a
result, a special phenomenon occurs; for example, the sunlight penetrating an
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otherwise dark corridor. If this mechanism has a religious connotation, one can
view these phenomena as divine manifestations. In a way, then, despite being
objects produced by human endeavour, sacred buildings take on a life of their own
at the very moment they become the instruments of such manifestations. As we
shall see in greater detail later on, these spectacular events can be divided into three
main groups:

– hierophanies directly related to symbols of temporal power with a sacred value
(like, for instance, the hierophany occurring in the Pantheon on the day of the
mythical foundation of Rome, Sect. 10.4).

– manifestations of the renewal of a god’s powers in line with natural cycles (like
the alignment to the winter solstice sunrise of Karnak’s temple in Egypt, Sect. 8.
4, or the Serpent Equinox at Chichen Itza’, Sect. 9.2).

– symbols of renewal relating to the afterlife (like the alignment of Newgrange,
Sect. 7.2, or the Akhet hierophany at Giza, Sect. 8.2) (Fig. 5.5).

The final category are the most frequently occurring. Many hierophanies were in
fact bound up with the only event that power was not capable of foreseeing or
controlling: death. Thus, those in power chose the message of the hierophany to
demonstrate the ability to communicate, control and even survive after death.

In any case, in all such examples, it is the cyclical behaviour of the celestial
gears that assures the rigorous, reassuring repetition of the hierophany. The regu-
larity of each cycle is a manifestation of sacred time, and this aspect was also first
pointed out by Eliade, who stressed the idea of a “eternal return”. Cyclic

Fig. 5.5 Giza, summer solstice. Akhet, the name of the Great Pyramid, is re-written once a year
from 4500 years on the Giza plateau, by one of the most complex and spectacular hierophanies
ever conceived (see Sect. 8.2 for details)
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hierophanies are a recalling of, or even a repetition of, mythical events, which act as
sacred promises (for instance of a good harvest) stipulated with the gods. In some
cultures the entire year was even seen as a replica of an entire mythical age, and so
the entire cosmos ideally underwent a complete cycle, from birth to rebirth, over the
course of a year.

An important aspect connected with this comforting cyclical view of the cosmos
was the cyclical repetition of pilgrimages and, in many cases, the occurrence of
hierophanies as a core feature in them. A pilgrimage is therefore an important social
activity linked with monumental architecture and astronomy. From the anthropo-
logical point of view, pilgrimages can be interpreted in two, almost antithetical,
ways. In Durkheim’s (1965) view, religious behaviour is induced by political
processes; in other words, they are one of the reflections of the way power
manipulates the worldview to legitimise itself. This view appears as the most
appropriate in those cases in which pilgrimages were regarded as “state affairs”,
organised and stage-managed at the highest level. Owing to our lack of information
on the subject it is difficult to apply this model to the Neolithic period, but it is very
evident in other significant settings, such as the Inca state pilgrimage site of the
Island of the Sun (Sect. 9.4).

Another viewpoint with regard to the birth and development of some pilgrimage
sites exists, however (Turner 1969). These writers see pilgrimage as a challenge to
the establishment—state, or religion, or both—in that people with a “pilgrim status”
can more easily evade censuses and slip between social castes. At any rate, a
fundamental characteristic of a pilgrimage is its “liminality”, its sense of the
extreme: a pilgrimage is an arduous endeavour, it involves physical preparation,
suffering and privation, it involves travelling in hostile and/or unknown places, and
so on. Clearly then, experiencing hierophanies as a culmination of a pilgrimage will
render it an even more potent and awe-inspiring experience.

5.5 Cosmic Landscapes

One feature of sacred space is its association with cultural memory. If a place
becomes sacred, for whatever reason, the collective memory of the community will
tend to preserve this concept of sacredness over time—and hence, typically, the end
use of the site and the traditions linked with it. If hierophanies are associated with
power at a certain time in a certain place, power will subsequently tend to confirm
that very same place as having its own natural right to hold sway. All this led to an
important development: the fact that some places first acquired and then conserved
for centuries or even millennia their reputation as sacred—and therefore powerful—
places. As a consequence, each ruler wished to associate his name and his memory
with that place, so that the landscape was modelled, modified, reconstructed and
re-interpreted with this aim in mind over the years or the centuries. The result is a
sacred, cosmic landscape: it is a place where the religious element is crucial, and so
is made to merge with the natural surroundings, enhanced by human construction.
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Usually, specific rules would be established to regulate the development of the
landscape in accordance with worldview criteria—in particular, topographical
and/or astronomical rules—and such rules were observed down the centuries.

The reasons behind the selection of such places are often difficult to pinpoint. In
some cases, however, it is nature herself who can take responsibility for indicating a
place as sacred (Devereux 2010). For instance, the Chumash Indians identified the
access to the earth in a natural vagina-shaped formation, the so-called Painted Rock
(Krupp 1997). In the Balamkanchè cave of the Yucatan, the Maya discovered a
huge subterranean room with, at its centre, a natural column created by the joining
of a stalactite and a stalagmite over millennia of water percolation (Fig. 5.6). This
natural formation bears an impressive resemblance to a Ceiba, the sacred Maya tree.
As a consequence, the place became a shrine, and people brought offerings in the
form of ceramic vessels bearing depictions of the mask of the Rain God, which can
still be seen in situ as, miraculously, the cave escaped the iconoclastic wrath of the
Conquistadores. A further example is the already mentioned Island of the Sun on
the Titicaca lake, which the Incas identified as their place of origin. Here, huge
natural etchings on the rock resemble giant footprints and were seen by the pilgrims
as “footprints of the sun” not far from the sacred rock where the sun itself had
allegedly been born (Fig. 5.7).

Similarly, some famous sacred places in the classical world were apparently
chosen for their natural characteristics. This holds, for instance, for the most
important sanctuary of the classical age, the oracle of Apollo at Delphi. The oracle

Fig. 5.6 Balamkamche. The “Ceiba tree” formed by natural concretions in the main ambient of
the cave
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was incarnated by a priestess, the Pythia, who received pilgrims in a cavity located
beneath the main temple; here she produced her (notoriously ambiguous) omens in
a state of trance. The historian Plutarch writes that the place had been discovered by
pure chance and that a sort of perfume could often be detected in the oracle’s lair.
As a matter of fact, recent research has shown that, under the temple, the friction
between two geological faults produces hydrocarbon vapours which can cause a
state of euphoria, or even altered states of consciousness (De Boer 2014) (Fig. 5.8).

Finally, this kind of sensitivity to a “naturally sacred” landscape might have
played a role in the choice of sacred sites as far back as the Palaeolithic period. For
instance, the choice of the Chauvet cave—among dozens present in the area—for
the execution of stunning cave paintings masterpieces might have been influenced
by the nearby presence of Pont d’Arc, a peculiar rock formation spanning the
Ardeche River, 60 m wide and 54 m high. It is a somewhat unique natural feature
and, what is more, when seen from a distance it resembles a standing four-legged
animal—or by a stretch of imagination, a lion.

The final result of the cosmisation process of an entire landscape is that the
human environment is modelled, modified, reconstructed, even created afresh, in
such a way that the explicit adherence to rules implies sacredness: human and
otherworldly planes communicate through topographical and astronomical align-
ments. In some cases, all this occurs through replicas: the human level reflects the
cosmos and becomes a copy of it.

We are touching on a delicate issue here since many of the inane theories
available in the (alarmingly vast) pseudo-archaeoastronomy section of
pseudo-Archaeology are based on an over-interpretation or misinterpretation of this
idea. For instance, it is supposed that the temples in a site, or the pyramids in a
Necropolis, or even very distant, non-inter visible cathedrals were arranged on the
ground in the same manner as (opportunely selected) stars of some handy

Fig. 5.7 Island of the Sun,
Titikaka Lake. The footprints
of the sun

88 5 Astronomy, Power, and Landscapes of Power



constellations. Actually, we have no proof whatsoever that this kind of global “copy
of the sky” was ever attempted and, ironically enough, it is usually much more
complicated than this. It is not possible to extract a map from the sky and then use it
as a handful reference to read the meaning of a site. It was, in fact, the interest in the
natural elements as a whole that led to the conception of sacred landscapes that
would in some way replicate the cosmos. The role of astronomy in such a mech-
anism was in many cases fundamental but not the only one in connecting the
various elements, as we shall now illustrate with a few examples, the first being a
very special place called the Heart of Neolithic Orkney.

The Orkney are a group of small islands located where the North Sea and the
Atlantic Ocean meet. The largest, on which we shall focus here, is called Mainland.
The islands are fertile and were populated by Neolithic people around 4000 BC.
These people developed a complex society whose religious and social heartland
was located in western Mainland, which is characterised by two huge sea inlets, the
“lochs” of Stenness and Harray, divided by the Ness o’ Brodgar, a short strip of
land. The main structures in this area have miraculously passed down to us virtually
intact, so that the ensemble has been declared a Unesco World Heritage site under
the above mentioned umbrella name of the Heart of Neolithic Orkney. This sacred
centre—which remained in use up to the Bronze Age—was made up of huge
ceremonial meeting points, monumental tombs, and villages (most probably for the
priests). The main ceremonial places are the Standing Stones o’ Stenness and the
Ring of Brodgar (Fig. 5.9).

Fig. 5.8 Delphi. View of the upper terrace of the temple
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Stenness was a circle of 12 huge stones (only four remain standing) located by
the south-eastern shore of the loch. Excavations have dated the site to about
3100 BC. The monument was a henge, that is, a circular ditch enclosed in a bank,
with the ditch excavated directly from the rock surface. It was probably accessed
from the north, through an entrance which points towards the contemporary set-
tlement called Barnhouse. In the centre, a stone hearth was placed. The Ring o’
Brodgar, strategically located on the Ness between the two lochs, was probably
built later. It is a 104 m wide stone ring, of which 27 stones remain. The megaliths
are smaller than those of Stenness, but the diameter of the monument is the third
largest to be found among the stone circles of the British Isles. The greatest con-
struction effort was put into excavating the rock-cut ditch, which originally had two
entrance causeways. The position of the monument is quite dramatic, and it was
even more so at the moment of construction, since the lochs were not so uniformly
extended, and the area more of a bog dotted with pools of water. Among the tombs,
the most important is the Maeshowe mound, 8 m high and 35 m wide. Inside runs a
corridor built with slabs of stone weighing up to 30 tons each. It terminates in a
large central chamber surrounded by three smaller cells. The scant human remains
found in one of the cells allow us to date the tomb to around 2700 BC. Interestingly,
the monument was surrounded by a ditch and raised bank similar to that of the
henges. When filled with water, the ditch would then have had a function of
“symbolic insulation” between the world of the living and that of the dead
(Fig. 5.10).

The people who supervised the management of this complex ceremonial centre
lived in Barnhouse, a neolithic settlement consisting of various buildings, one of
which—built at a second stage—probably served a ritual purposes. Certainly
connected with the activities of this area was also the village of Skara Brae, which

Fig. 5.9 Mainland. The Ring of Brodgar
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lies a few kilometres to the north-west and probably was the main dwelling area of
the priest-astronomers who were in charge of the sacred structures of Mainland.
What is undeniable is that the place conveys a sense of austere, almost monastic
order, on account of its meticulous “urban” planning.

This almost intact, concentrated series of monuments gives us some under-
standing as to how the cosmic landscape of a Neolithic ceremonial centre was
created. First of all, there is the issue of inter-visibility. The monuments indeed
“speak to each other” through visibility lines which ideally criss-cross the whole
area. In particular, at Stenness, a combination of slabs seems to form a window
which, when looked at from the centre of the stone circle, pinpoints Maeshowe as a
sort of magic portal connecting the two. Second, of course, there is astronomy. The
corridor at Maeshowe is in fact correlated with the setting of the midwinter sun in a
curious way. Looking from inside towards the western horizon, about twenty days
before/after the winter solstice, the setting sun disappears behind the crest of a
distant hill (Ward Hill, on the island of Hoy), then, however, reappears (“rises
again”) for some minutes at the base of the same hill before setting definitively.
This beautiful phenomenon occurs because the sun’s trajectory carries our star
behind the hill’s shoulder-like protuberance, interrupting the line of sight from
Maeshowe; but if the day is sufficiently close to the solstice, the trajectory will be
stretched sufficiently so as to make the sun visible again for a while. In a sense,
then, the place where Maeshowe was built—probably on a pre-existing henge—
was chosen because precisely there the sun would set and then rise again, giving
both a relatively accurate determination of the solstice and a remarkable hierophany
(Figs. 5.11 and 5.12).

Fig. 5.10 Mainland. The Maeshowe mound from the south-west
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Fig. 5.11 Mainland, December 1. The sun viewed from maeshowe sets behind Ward Hill at
3:02 pm (Courtesy V. Reijs)

Fig. 5.12 Mainland, December 1. The sun viewed from Maeshowe rises again for a few minutes
at the base of Ward Hill at 3:09 pm (Courtesy V. Reijs)
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When viewed from behind, with the hills at the horizon, also the shape of the
Maeshowe mound in itself seems to recall that of the distant mountains to which it
is astronomically connected. Perhaps this is a seeming effect connected with the
present state of the mound, but in any case there is no doubt that a key element of
the cosmic landscape of Mainland is the direct replication of nature. Indeed, as we
have seen, the ditches of the henges were excavated in the bedrock and therefore
functioned as natural pools; it is very likely that they remained filled with water for
most of the year. The result—large mounds and circular banks surrounded by rings
of water—is actually an imitation of the surrounding landscape that is, the
promontory of Stenness itself (Richards 1992, 1996).

The second example worth discussing here is the urban planning of one of the
largest cities in Precolumbian history, Teotihuacan, today in the outskirts of Mexico
City. The city underwent a boom in the first centuries AD, to the extent of
becoming one of the largest cities on the planet at that time (Millon and Dewritt
1975). The influence of Teotihuacan art and culture on the whole of Mesoamerica
was enormous; it endured for some five centuries, until the city vanished from
history for no clear reason. It then became a mythical place to the extent that the
Aztecs—whose empire flourished many centuries later—gave it the name by which
we call it today, which means “the place where the gods were born” (Fig. 5.12).

The urban plan was conceived from scratch by an evidently meticulous architect
and it is centred on a main road, 2.5 km long and 40–95 m wide, the so-called
Avenue of the Dead. Two large pyramids dominate the view, one at the northern
end of the avenue, the other on its east side: the so-called Pyramid of the Moon and
Pyramid of the Sun. The latter is one of the largest in the world. Its base originally
had a 215 m long side, later extended to 225 m, and it was 63 m high (today it is
made up of five platforms, but one of these is due to a shameful restoration). The
Pyramid of the Moon, smaller but equally elegant, faces onto a large square and
perfectly concludes the path along the Avenue. This path contains the key to
understanding the cosmic landscape ideas which governed the planning of this
sacred place (Broda 1993, 2000). The Avenue of the Dead is in fact aligned to a
mountain, the Cerro Gordo, to the north. One only has to walk along the Avenue to
realise that the silhouette of the Pyramid of the Moon in the distance seems to blend
with the profile of the mountain: it is as though someone had made a scale copy of
the mountain itself. This intuition is confirmed when it dawns on one that, from the
northern end of the road, the gaze towards the huge mole of the Pyramid of the Sun
is occupied in the distance by the profile of another mountain, Cerro Patlachique,
located in the background, and that the slopes and the platforms of the pyramid
were inspired by the profile of this mountain (Figs. 5.13, 5.14 and 5.15).

We can see, then, that the planners of Teotihuacan wanted to replicate the
mountains in their cosmic landscape. Teotihuacan is therefore one of the most
extraordinary examples of a sacred landscape, a place where a monumental replica
of nature conferred power and prestige. Of course, we would expect to find the
presence of astronomy there as well and, indeed, the archaeoastronomy of
Teotihuacan has been widely studied. Here I shall mention only one principal fact.
The city is among the first examples of (and perhaps the one which was of

5.5 Cosmic Landscapes 93



inspiration for) an entire family of Precolumbian towns (“the 17° family”, as Aveni
and Hartung called it) whose main axis is skewed in relation to true north by an
amount close to 17° (at Teotihuacan it is 15° and a half). The orthogonal azimuth,
and thus essentially that of the Pyramid of the Sun which is parallel to the street,
points to the setting of the sun on April 30 and August 13. These days have no
special significance for the cycle of the sun at Teotihuacan (in particular, the two
zenith passages occur much closer to the solstice at that latitude) but are separated
by 260 days, which is a number that recurs in Mesoamerican calendars (as in the
Maya Tzolkin, see Sect. 9.1) and in typical Mesoamerican orientations as well.
A practical function can also be detected since the same alignment when read in the
opposite direction yields two dates (February 11 and October 29) which, together
with the first two, can be used as a rough timing guide for important agricultural
activities (Iwaniszewski 1991; Sprajc 2000, 2001).

A third striking example worth mentioning here is that of a “no-alternative”
sacred landscape: a place which was necessarily sacred for the people who settled
there, given that it is the most out-of-the-way place on earth: Easter Island. Lost in
the immensity of Pacific Ocean, Easter Island is a tiny triangle of volcanic land 160
km2 large, 2000 km from the nearest island to the west, and 3500 km from the
Chilean coast, to the east. The island was settled by Polynesians in the first mil-
lennium AD (Van Tilburg 1994). The islanders probably realised that they were
stuck there for good and turned the island into their own sacred landscape by means
of a cult whose raison d’être was based on the the quarrying, carving, transporting

Fig. 5.13 Schematic plan of
Teotihuacan: 1 Main
ceremonial road or “Street of
the Dead”. 2 Pyramid of the
Moon. 3 Pyramid of the Sun.
4 Ciutadela temple
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and erecting of huge stone statues called Moai. Their civilisation collapsed about
one hundred years before the arrival of the Europeans in the eighteenth century, and
therefore we know little about the Moai cult. In any case, the statues represent
individuals with oblong traits, embellished with bas-reliefs representing ears with

Fig. 5.14 Teotihuacan. View on the main avenue, with the so-called pyramid of the Sun to the left

Fig. 5.15 Teotihuacan. The so-called pyramid of the Moon

5.5 Cosmic Landscapes 95



elongated lobes, clothes and other objects. The monoliths are made of rock from
one of the extinct volcanoes of the island, the Rano Raraku, whose sides were used
as an open air quarry. As many as 900 monoliths were mined here, and at least
some 300 were successfully hauled up to their final destinations, huge stone plat-
forms called Ahu.

In spite of the difficulties in interpreting this enigma, the vast majority of scholars
believe that the Moai pertained to a cult which involved the worship of ancestors,
represented by the statues. The idea seems convincing, as most of the platforms are
near the shoreline; however, the statues do not look out to the sea but rather inter-
nally, towards the settlements and the interior of the island. Thus, they form a sort of
ideal border, necessary for delineating and therefore legitimising the (compulsory)
life on the island. The whole of Easter island became in this way a sacred landscape,
and, as such, familiar mechanisms can be seen in action. The main one—in my
opinion—is the symbolic replica of natural features (Magli 2009). Indeed, when seen
in profile, the Moai resemble quite clearly the profile of the volcano Ranu Raraku,
the quarry where all the statues come from. Ranu Raraku itself is a sort of Moai
nursery: statues of different dimensions and at different stages of production emerge
from the rock, some abandoned, others ready to be transported or simply standing
there and left in place on the slopes of the volcano, gazing wistfully outward. The
place is so crowded by Moai, each so similar to each other, and all so similar to the
profile of the mountain, that it seems that the mountain is cloning itself, replicating
itself compulsively on a smaller scale and, with minimal variations and with various
levels of definition, in a obsessive sequence that reminds M.C. Escher’s famous
lithographs (Magli 2009) (Figs. 5.16, 5.17 and 5.18).

Fig. 5.16 Easter Island. Moai on the slopes of Rano Raraku

96 5 Astronomy, Power, and Landscapes of Power



As is to be expected, of course, also astronomy plays a role. In fact many Moai’s
platforms are parallel to the shoreline, but many others show a clear tendency to be
aligned with astronomical phenomena, in particular to the rising/setting positions of
stars—the Pleiades and Orion’s Belt—which marked seasonally significant
moments of the year (Belmonte and Edwards 2004).

Fig. 5.17 Easter Island. The profile of Rano Raraku

Fig. 5.18 Easter Island. The profile of a Moai (picture rotated 90° to facilitate comparison with
the previous picture)
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To conclude, then, in the above mentioned examples, as well as in many others
we shall meet in Part III, the cosmic landscape is built up from a series of different
elements—partly geographical, partly architectural, partly astronomical—which
together contribute to creating scenarios of impressive complexity. There is usually
no universal key able to disclose the meanings of such a complexity.
Archaeoastronomy however—taken in the broadest sense and within a
multi-disciplinary context—plays a fundamental role in giving us insights. The next
chapter will develop this global approach as the basic scientific foundation of the
discipline.
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Chapter 6
The Scientific Foundations
of Archaeoastronomy

6.1 Archaeoastronomy as a Cognitive Science

In this chapter we shall investigate the place of archaeoastronomy within archae-
ological research, aiming to assess its methodological affinity with other scientific
and humanities disciplines. Our objective is also to understand what the most
desirable compromise between a rigorous scientific approach to data and the
peculiar, human-dependent nature of archaeoastronomical records might be.

As a starting point, notice that it is difficult to think of a scientific discipline
which does not have a role to play in archaeological research today. A complete
study of a site nowadays might well involve botanic as well as forensic pathology,
require geo-radar investigation and petrographic analysis, and so on. All these
disciplines have, of course, a flourishing life on their own, but—as is natural—a
scientist usually feels value has been added to his work if it can furnish information
in a fascinating field such as the study of human past. What about astronomy? Is
archaeoastronomy an ancillary field? The answer is, at least in my view, that
archaeoastronomy can be something much more than an ancillary, or secondary,
discipline. If approached correctly it can actually be a powerful key to deciphering
the thought of the past, through a general approach that is known as cognitive
archaeology.

Cognitive archaeology is an attempt to construct a theoretical framework for
archaeological data (Renfrew and Zubrow 1994). The output of such a framework
aims at going beyond materiality and supplying a model of the way objects and
environments were perceived in the minds of the people involved with them, and of
the symbolic value they may have attached to them. Here, objects must be
understood in the broadest sense: an “object” could be a small ceremonial axe or a
pyramid weighing eight millions tons. Since human cultures collaborate in con-
structing a shared worldview of the cosmos, the cognitive approach should, at least
in principle, be applicable not only to single experiences—testified to by objects or
remains—but also to complex architectures and even to entire landscapes
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developed over the course of centuries, with admittedly ambitious objectives in
mind, such as understanding economics, politics, ideology, religion, and the
management of power. An example may help in clarifying these ideas. As we shall
see in details in Sect. 7.1, stone boulders of a quality called bluestone were
apparently brought to the megalithic site of Stonehenge from as far away as the
Preseli mountains (Wales), a distance of more than 200 km. Well, an exact science,
petrography, can confirm for us that the Stonehenge bluestones really did come
from Preseli, in spite of the fact that good quality stone was readily available much
closer at hand. Another exact science, physics, can provide C14 dating of organic
remains found in connection with the megaliths and so can tell us approximately
when their transportation took place. Mine engineering can tell us how the Preseli
stones were quarried, and experimental trials based on physical feasibility can give
us an idea of the likely methods of transport. An archaeological survey can come up
with numerous details regarding the extent to which the Preseli mountains were
frequented by human society in the Neolithic period. A processional archaeology
analysis can address the economic and social conditions that made such trans-
portation possible.

But only a cognitive approach has any hope of telling us why they embarked on
such an apparently crazy endeavour.

In a paper published in the 1970s, Alice and Thom Kehoe described the cog-
nitive approach as follows: “the archaeologist must approach his data with the
expectation of describing concrete objects that in reality had their primary cultural
existence as percepts in topological relation to one another within the cognitive
schemata of human beings.” (Kehoe and Kehoe 1973). In other words, archaeo-
logical remains must be contextualised into a framework that is wide enough to
include the time and location of their conception and construction, taking into
account historical, climatic and economic conditions, the physical environment and
the landscape, the symbolic environment and the cultural landscape, as well as the
knowledge, mentality and religious beliefs of the builders. Ambitious as it may
seem, a cognitive approach to archaeological reality should be all-encompassing,
even if the aim is to understand perhaps only one specific aspect.

The specific focus of interest of archaeoastronomy is the perception and the
contextualisation of the celestial cycles in material objects, and it is therefore clear
that archaeoastronomy is a cognitive science. The idea of adopting a sweeping
comprehensive approach towards data is—at least in my view—both the blessing
and the curse of archaeoastronomy as a modern cognitive discipline. We must
approach problems from a global angle even when the objects to be considered as
“percepts in topological relation to one another” are as huge as the pyramids of the
fourth Egyptian dynasty at Giza (Sect. 8.2) or the Pantheon (Sect. 10.4) and our aim
is “only” to understand if they were related in some way to the stars.

It goes without saying, of course, that in cognitive archaeology there is the risk
of introducing ideas, parallels and interpretations which may come from the
experimenter’s own experience and cultural background, and may have little or
even nothing to do with the original purposes of a piece of art or even, in the worst
scenario, with an entire archaeological site. An example may be of assistance.
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In the Odyssey, Ulysses visits the Kingdom of the Dead. To find the entrance,
the sorceress Circe advises him to search for a place where the two rivers
Pyriphlegethon and Cocytus flow into in the Ackeron river. This place is located in
Epirus, the north-western region of Greece, not far from the mouth of the Ackeron.
Here, a hill was identified—at least from the fourth century BC if not before—with
the site of the entrance to the “underworld”, as described by Homer. On the hill,
historical sources tell us that a sanctuary to Persephone and Hades, gods of the
underworld, was founded. The sanctuary was famous for its oracle of the dead, or
Nekromanteion, which allowed the pilgrims to enter into contact with the souls of
the dead. On this very same hill, in 1958, the Greek archaeologist Sotirios Dakaris
discovered an imposing building which had been re-utilised as foundations for a
monastery (Dakaris 1993) (Fig. 6.1).

The building consists of a massive square enclosure in refined polygonal
stonework. The arrangement of the rooms inside is complex and labyrinthine; the
complex also boasts a large underground vaulted hall. Naturally, Dakaris identified
this monument with the Nekromanteion, also on account of descriptions given by
ancient authors, who speak of a visit to the oracle of the dead as a truly unfor-
gettable experience. In fact, those who intended to consult the oracle were first
isolated for a few days in dark rooms (identified by Dakaris in the northern sector of
the building). Here they followed a special diet and participated in rituals during
which priests recited incantations and invocations, with the aim of preparing for the
encounter with the dead. Subsequently, the pilgrim would probably pass through
other rooms in the semi-darkness, finally entering the subterranean hall of the

Fig. 6.1 Nekromanteion. The underground vaulted room interpreted as the oracle’s seat

6.1 Archaeoastronomy as a Cognitive Science 103



oracle. Among the archaeological finds supporting this view are toothed wheels of
bronze, which Dakaris interpreted as gears used for a lifting mechanism by means
of pulleys. Such machines were perhaps installed in the hall and used for dramatic
effects, making the meeting with the departed all the more spectacular and grati-
fying (Fig. 6.2).

Well, incredible as it may seem, after Dakaris’ discovery a completely—I repeat,
completely—different interpretation of the very same place was formulated (see
Wiseman (1998) and references therein). Indeed, the wheels actually appear to be
mechanisms of catapults, and consequently some authors believe that Dakaris had
dramatically misinterpreted the building, which according to them was rather a
fortified farm. The subterranean hall is the farmer’s cistern or a storage room, and
the fortified place was destroyed in a skirmish occurring during the Roman con-
quest of 167 BC.

Attempting to establish which of the two interpretations is more credible is
somewhat problematic and would lead us away from our main thread of thought.
For the interested reader I only mention that the orientation of the Nekromanteion
is, with a good approximation, cardinal, an orientation which is hardly justifiable
for morphological—or even less functional—reasons, and that the use of polygonal
stonework in many cases signals a symbolic destination of the buildings; this occurs
in Greece, for instance, in the case of the Pyramid of Helleniko (Fig. 6.3) for which
many problems of interpretation and dating occur (see Fagan 2006, Theocaris et al.
1996), and for the many monuments in polygonal stonework of Central Italy (Magli
2007). In any case, and whatever the truth about the building discovered by Dakaris
may be—one of the most important oracles of the dead of the Classical World, or a

Fig. 6.2 Schematic plan of the Nekromanteion 1 Entrance to the polygonal precinct 2 Labyrinth 3
Main room with staircase to the underground vaulted room
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fortified Hellenistic farm—this example shows the broad risks attendant on a
cognitive interpretation of archaeological data.

In the case of archaeoastronomy, this concern arose already in the sixties of last
century, even before the development of cognitive archaeology itself. Indeed in
1963 Gerald Hawkins, a professor of astronomy at Boston University, ventured to
apply a (for those times trailblazing) computerised analysis of the possible astro-
nomical use of stones’ alignments and pits at Stonehenge. The results (first pub-
lished in Nature and later in the book Stonehenge Decoded) showed Stonehenge to
be ultimately a “Neolithic computer”, capable not only of observing the cycles of
the Sun and the Moon on the horizon, but also of predicting eclipses. The resonance
of the work was staggering, but the reaction of the world of Archaeology was
frosty; the builders of Stonehenge were slammed by the authority Richard Atkinson
as “howling barbarians”, thus denying them any chance to develop their
“megalithic science”. Another comment that gained notoriety was made by Hawkes
(1967) who wrote that “every age gets the Stonehenge it deserves—and desires”.

Today, we do know much about Stonehenge (Sect. 7.1). We do know that
Stonehenge was not a computational machine for astronomical cycles, as Hawkings
had dared to suggest, and that its alignments are lacking in precision and could be
used only symbolically, not for accurate astronomical observations. And we do know
that astronomy was present there, and was there almost from the very beginning. So
again, archaeoastronomy is not the universal key, the passe-partout that can divulge
all the secrets of such a complex monument. But it is, in many cases, an invaluable

Fig. 6.3 Helleniko. The Pyramid
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tool. Therefore, archaeoastronomy does not deal with, and does not lead to, dis-
coveries that the archaeoastronomer deserves—or desires.

On the contrary, in many cases archaeoastronomy—taking into account in a
judicious way the risks which are intrinsic to the cognitive approach—can lead us to
uncover much of what a monument really has to say about the mindsets and the
traditions of its builders.

6.2 Archaeoastronomy as an Exact Science

Archaeoastronomical research is based on a set of experimental data, as would be
the case in any other science. Data processing is then performed by using a set of
scientific instruments. Within what limits can we speak of archaeoastronomy as
being an exact science, and what are the most common errors deriving from these
limits?

The scientific approach to any set of experimental data hinges on a fundamental
characteristic of any physical experiment: repeatability. A theory is considered as
proved if all repeated experiments, under the same conditions and estimated errors,
give the same results (it is of course assumed that any further similar experiment
will give the same result in future). An archaeological experiment—a dig—is, on
the other hand, not repeatable by definition. Modern archaeologists know this very
well and try to be as complete as possible—they will usually leave unexcavated
areas for future “experiments” as well. In archaeoastronomy, the problem associ-
ated with non-repeatability is dramatically reflected in the size of the available data
samples. It is rare indeed to have dozens of measurable monuments of the same
type, not to say hundreds of them. The implication of this is that only a very
cautious use of statistics can be made (Sect. 3.4). Moreover, as in any other sci-
entific discipline, experimental results in archaeoastronomy can be influenced by
the experimenter (we are speaking here only of involuntary, and non fraudulent,
influences, of course). In archaeoastronomy, this typically results in a “selection
effect”. To avoid it, the maximum possible amount of information about the
experimental conditions must always be supplied.

Even if the method of acquiring data used is technically correct, there are still
errors to which the (let us say) negligent archaeoastronomer may fall prey. These
errors typically arise in the phase of processing the data and comparing them with
astronomical data. The result of this kind of errors is that the web is full of sites
where a supposed archaeoastronomical deduction is used to validate the most
fanciful, not to say ridiculous, theory. Every day new theories pop up, and I could
mention at least five different astronomical explanations for the arrangement on the
ground of the pyramids of the Giza plateau (a topographical enigma which, as we
shall see in Sect. 8.3, is relatively easy to solve if the cognitive approach is applied).
The most common drawback of such theories has to do with chronology and thus,
ultimately, with deficiencies in historical and archaeological background. It could
be defined as a posteriori selection of the data, in parallel with the selection error in
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field, which is a priori treatment of the data. As an explanation I shall recall a
notorious example, which—in spite of having repeatedly been shown to be nothing
but a childish misunderstanding—is still quite popular on the web and also crops up
on televisions.

In the northern regions of Bolivia near Lake Titicaca there flourished the culture
that was named after the monumental centre of Tiahuanaco. As a matter of fact,
Tiahuanaco was the largest and most important city in the history of the Andes
before Cusco, the capital of the Incas, and can be relatively well dated to between
the third and the sixth centuries AD. The monumental centre of the city is domi-
nated by a precinct called Kalasasaya, a rectangular platform 130 × 118 m wide,
constructed with massive blocks. One of the first published works describing this
place we owe to Arthur Posnansky (1873–1946). Posnansky was born in Vienna,
Austria. After graduating as a naval military engineer, he emigrated to South
America, first to Brazil, and then Bolivia. In his travels he studied and published
several books on Bolivian archaeology and geography. In particular, he was much
impressed by Tiahuanaco and his book on this site remains as an important record,
which contributed to the dissemination of knowledge on this civilisation and to the
preservation of its monuments (Fig. 6.4).

In his highly accurate maps, he deduced that the Kalasasaya is well-orientated to
the cardinal points, the average error being less than one degree. This is, of course,
important information that he gleaned from this monument. However, Posnansky
went further. He noticed that from the midpoint of the west wall of the platform,
looking towards the north-east and at the south-east corners, the azimuth is of 24°
respectively north/south of east. This corresponds remarkably well with the azi-
muths of the rising sun at the two solstices at the latitude of Tiahuanaco, the error
being around 40′ in total. Therefore it might be supposed, as Posnansky did, that the

Fig. 6.4 Tiahuanaco. The Kalasasaya platform
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dimensions of the platform were fixed according to this astronomical criterion.
Again, this is an interesting observation, and any Archaeoastronomer today would
be more than satisfied with these results. For some reason, Posnansky was not. He
became convinced that the errors were too large, bearing in mind the capacities of
the Tiahuanaco architects. So, he ventured to propose that the skew of the platform
in relation to the cardinal points was a later displacement due to some (admittedly
huge) earthquake-like force, and that the error committed by the builders in their
solstice orientations was virtually zero. Given such premises, it was clear that it was
the sun that was in the wrong place at the solstices, not the alignments.
Accordingly, he went back to the sky to ascertain if there existed a date which fitted
in with his presumed zero error or, in other words, turned the sky back in time until
the sun was kind enough to rise in perfect alignment at the two solstices. As he
knew and we know, the azimuths of the sun do not depend on precession, but the
very slow change of the obliquity of the ecliptic provokes a small change in
the maximal declination and therefore in the azimuths. This finally gave Posnansky
the desired correction. The corresponding date was, according to him, proof that the
place was constructed “before the deluge”, approximately 15000 BC (Posnansky
1945).

Posnansky’s analysis is technically correct but, of course, his results are
ridiculous, in that they are based on a macroscopically wrong assumption, namely
that the builders committed no errors. As a consequence, his conclusions plainly
contradict the archaeological evidence. The error made by Posnansky is quite
glaring, and continuing to repeat it today is nothing short of outrageous (in spite of
this, his ideas on Tiahuanaco are still being trundled out as proof of a supposed
Atlantis civilisation). More generally speaking, there is practically no doubt that the
measurement of solar alignments cannot be used as a dating method, and attempts
to do this have to be regarded with great suspicion. More delicate is the case of star
alignments. Here precession comes into play and adjusting, by precession, a
measured alignment to the azimuth of a suitable star can require only some cen-
turies of allowance. Thus, yet again, it is a risky procedure. However, this does not
necessarily mean that stellar astronomical dating cannot be used: as we shall see in
Sect. 8.1, for instance, Archaeoastronomical investigation of the Great Pyramid
furnishes a brilliant, objective proof of its archaeological dating according to
Egyptology. The pivotal point is thus again seen to be the interplay with the
archaeological context and, if necessary, with other possible sources of information.

Yet another important issue regards astronomical dating and selection. There
were more than one thousands stars visible to the naked eye on a clear night
anywhere in antiquity (or in a pollution-free, light-pollution-free location today). If
we have any azimuth at a specific place, it is relatively easy to discover a star rising
or setting to that azimuth, especially if a wide error is allowed and/or the century
can be adjusted using precession. Clearly then, claiming that a corresponding
alignment was deliberate requires a careful analysis, which must take into account,
first of all, that only on extremely special occasions can a low magnitude star be the
objective of an alignment (examples exist: one is certainly the Pleiades in the
Precolumbian world, which attracted enormous attention due to their special nature,
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although their global magnitude is over three; another is the faint constellation of
the Dolphin in the Greek world). Thus possible astronomical targets usually have to
be restricted. Then a solid cultural basis must be established for the claimed
alignments. For instance, the interest in the Pleiades on the part of the Incas is
documented by several Spanish sources as well as ethnographically, while Dolphin
was one of the constellations associated with the myth connecting the God Apollo
with his own sanctuary at Delphi. Only if these conditions are satisfied, the pos-
sibility of a stellar alignment should not be rejected.

I conclude this section by noting that, sometimes, the overriding need to prove
the intention behind alignments has been seriously misguided also on the part of
archaeologists. One may happen, indeed, to hear or even to find in written literature
that this is a structural drawback of archaeoastronomy itself. This is of course quite
absurd: any scientific discipline is fraught with a number of characterising diffi-
culties, and any serious scientist is aware of the shortcomings in his own discipline
and does his best to overcome them, hopefully without non-experts simultaneously
attempting to throw the whole subject into disrepute. Again, an example might be
of help.

The Nasca drainage plain is a vast semi-deserted area in the southern part of
Peru. Although it rains very little in Nasca, the ground is relatively fertile and there
are seasonal rivers, subterranean folds and springs. Nasca was the cradle of a
civilisation, dated between the second and sixth centuries BC, and had its main
ceremonial centre in Cahuachi. In 1920 the pilot of an aeroplane noticed that the
Nasca plateau is crossed by an incredible number of artificial lines. In doing so, he
unveiled one of the most intriguing mysteries of Pre-Columbian archaeology. On
the deserted surface, in fact, the Nasca people “drew”, by digging superficial tracks
on the ground and removing the pebbles from the inside of the tracks, thousands of
kilometres of lines. Most of these etchings on the desert surface run straight; others
create huge trapezoidal figures and finally a few form gigantic drawings of living
beings, dozens or even hundreds of metres long, called zoomorphic geoglyphs
(Fig. 6.5). The Nasca plain is a sort of gargantuan work of art, created over many
centuries. But why? In the 1950s the explorer Paul Kosok and the mathematician
Maria Reiche put forward the idea that Nasca was a sort of giant astronomical
treatise; they actually found a few lines and figures which showed likely astro-
nomical orientations but, as it turns out, they never found the universal key to back
up their treatise theory (Reiche 1980). The astronomical hypothesis of Kosok and
Reiche was re-considered in 1968 by Gerald Hawkins, who performed an
archaeo-astronomical study of the site on behalf of the National Geographic
Society. Hawkins’ study was based on a small number of lines, for a total of 186
directions. He proceeded with a computerised analysis, using a similar method to
the one he had pioneered a few years before at Stonehenge, and concluded that
“the ancient lines in the desert near Nasca show no preference for the directions of
the sun, moon, planets, or brighter stars…the pattern of lines as a whole cannot be
explained as astronomical, nor they are calendric” (Hawkins 1969).

Today, we do have a somewhat clearer understanding of the Nasca lines, also
archaeologically speaking, and we do know that Hawkings was correct: astronomy
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definitively is not a universal key to the Nasca lines. There are a few astronomical
elements of interest, and the zoomorphic geoglyphs remain tempting as possible
depictions of single constellations (their uniqueness is really striking, there is not
even one figure repeated), but the multitude of straight lines represents a very
complex cultural phenomenon mainly relating to processional routes and cere-
monies, as well as, probably, to underwater flows (Aveni 1991; Johnson et al. 2002).
Thus, a proper scientific approach adopted within a proper scientific discipline,
archaeoastronomy, culminated in a correct result, which in this case happened to be
negative. However, this is not always the way in which Hawking’s work has been
understood in archaeological literature. For instance, one can read that “an alignment
between a celestial object and a ground marking is statistically insignificant because
countless stars are visible in the clear night sky at Nasca” (Silverman and Proulx
2002), a statement that, I believe, the reader will be able to comment by himself.

6.3 Archaeoastronomy and Unwritten Sources

In the previous section we touched upon a core issue regarding the “exactness” of
archaeoastronomy. To recapitulate, consider, for example, the macroscopic error of
the Tiahuanaco dating by Posnansky. From the technical point of view, his analysis
is sound: the reliefs of the site are precise, the north appearing on the relief is
correct, the azimuths are carefully taken, the analysis of the ancient sky is correct.
In spite of this, the conclusions drawn are absurd, as soon as one looks at the
archaeological evidence. This means that archaeoastronomy can work if, and only
if, scientific methods are combined with information and data from her “humani-
ties” counterpart (Ruggles and Saunders 1993; Iwaniszewski 2005; Sims 2011).
The principal aim of this synergy is to confirm that the builders’ alignments at a site
were indeed intentional.

Fig. 6.5 Nasca. One of the zoomorphic geoglyphs. This one resembles a hummingbird
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This necessary interaction is by no means easy to achieve. First of all, any
problem should be approached without a priori objectives. The main drawback of
attempts that can be collectively defined as “pseudo-archaeology” (Fagan 2006) lies
in fact in the very approach to the question: first one becomes convinced that
something must be true, and then tries to prove precisely that thesis, in many cases
selecting only the facts that fit the theory. Moreover, a serious difficulty with which
archaeoastronomy is constantly challenged is the lack of written sources, that is, the
absence of historical documentation. Naturally, it would be wonderful to discover a
Neolithic monument astronomically oriented together with a document by the
builders explaining the deliberateness and meaning of such a orientation but
unfortunately they did not have the written word at all. It may instead well happen
that a previously unknown ancient text is discovered about, say, the construction of
the Pantheon in Rome. But up to that day, the only text available on one of the most
important monuments of the Roman world is a couple of ambiguous statements
made by the late Roman historian Cassius Dio.

This lack of written sources leads to a substantial lack of absolute evidence: an
assertion in archaeoastronomy can usually be made only with a certain degree of
confidence. This unfortunately risks denying validity to the discipline as a whole, in
a prejudicial—and of course unacceptable—way. As a matter of fact, for instance,
the entire development of the history of astronomy in the Mediterranean Basin, and
especially in Egypt, has been plagued for decades by such prejudice, summed up in
the works of an influential author, Otto Neugebauer. In fact, the idea that knowl-
edge can only be handed down through the explicitly written word, along with the
concomitant notion that the only knowledge that can be passed on orally is of a
mythological, or broadly historical, nature (traditions, lives of the ancestors, etc.)
even prompted him to say that “Egypt has no place in a work on the history of
mathematical astronomy” (Neugebauer 1975). Together with Richard Parker, he
published the entire corpus of what they considered to be the known astronomical
Egyptian texts (Neugebauer and Parker 1964). Besides many other drawbacks
which would take too long to discuss here, these books do not contain a single word
about one of the most astonishing period of human history, the Old Kingdom of
Egypt, during which refined astronomically oriented buildings were constructed and
from which writings with a plethora of references to sky, the Pyramid Texts, have
passed down to us (Sect. 8.1). Neugebauer and Parker thus failed completely to
attach any value to astronomically anchored architecture, and failed to recognise
any astronomical content in the Pyramid Texts, which are predominantly religious
in nature.

On the contrary, myth has been advocated as the main source for ancestral
astronomy in a fairly influential book by de Santillana and Von Dechend, Hamlet’s
Mill (1969). These authors were convinced that a series of common patterns tending
to recur in the mythology of many different cultures correspond to the description of
the same celestial events, and in particular, to the shift of the constellation hosting
the spring equinox (Sect. 1.6). So far, however, these ideas have not been inde-
pendently confirmed, and, specifically, evidence of a discovery of precessional
effects prior to Hellenism is mostly circumstantial (the most convincing case is in
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the context of ancient Indian astronomy, Kak 2000). Nevertheless, an analysis of
the possible astronomical content of myths might well offer a fruitful field for future
research.

Apart from ancient literature and historiography, there is yet another discipline
which interacts significantly with archaeoastronomy. It is not infrequent for the
cultural traditions of contemporary people to stretch far back in time to their remote
ancestors, and in several cases this holds for astronomical lore too. As a conse-
quence, ancient astronomy—and its connection with ancient architecture—may be
investigated through anthropology, by studying the astronomical lore of modern
peoples. One of the risks to this approach, however, is that it is sometimes difficult
to be certain that existing traditions and knowledge really go back as far as it is
assumed, but in some cases there can be no doubt whatsoever, as I shall illustrate
with an amazing example (Fig. 6.6).

In historical texts written in Spanish in the sixteenth century, soon after the
conquest of the Inca empire (Sect. 9.3), the presence of “dark animals” in the sky is
mentioned as one of the characteristic of Inca astronomy. These texts had always
baffled any attempt at interpretation until the end of the last century, when Urton
(1982) published his ethnological study on the Misminay, a present-day people
living in a village a few miles from Cusco. The Mismiminay see in the sky a series
of animals (a llama, a baby llama, a fox, a toad, and others) located in the dark
zones of the Milky Way which correspond to our constellations Sagittarius,
Scorpio, Southern Cross, Vela and Puppis. These people arrange these images into
a band of dark constellations crossing the sky, in a sense similar to that of our
zodiac, but dark and distributed on the Milky Way instead of the ecliptic. The
animals corresponding to these images were both common and significant in Inca
times, either for practical reasons (such as the llamas) or for reasons connected to

Fig. 6.6 The southern part of the Milky Way as seen looking south in 1400 AD. The two
branches, enclosing several dark areas, are visible. In these areas the Incas identified “dark”
constellations, all representing Andean animals

112 6 The Scientific Foundations of Archaeoastronomy

http://dx.doi.org/10.1007/978-3-319-22882-2_9


myths and beliefs (such as the Fox and the Serpent) and there is little doubt that the
tradition surrounding these dark constellations stems directly from the Incas.

In this example, ethnoastronomy has provided valuable input for the history of
the Inca astronomy, enabling the interpretation of an obscure source to be made.
When applied specifically to archaeoastronomy, however, ethnoastronomy should
be used to identify, in the current interest in a celestial object, the cultural matrix of
an ancient alignment—then things become more complicated. Again, an interesting
example may make things clearer.

The Anasazi are the ancestors of the present-day American Indian tribes which
live along the Rio Grande. Anasazi culture flourished around 1000 AD in the region
which corresponds to the border area where Utah, Colorado, Arizona and New
Mexico converge. The most important ceremonial site of the area is Chaco Canyon,
in New Mexico. Here the Anasazi built a series of huge Pueblos: palaces containing
several rooms and circular spaces (known as Kivas) dug into the ground and
elaborately refined inside. The largest is the so-called Pueblo Bonito, which con-
tains roughly 600 rooms and 36 Kivas. It is semicircular in shape, with a straight
150 m-long front. Inside, a wall runs perpendicular to the diameter and an enormous
17-m Kiva is set tangentially to the wall (Fig. 6.7).

The archaeoastronomy of the Anasazi has been recently subject to revision,
which has somewhat weakened existing claims regarding the astronomical align-
ments of several buildings at Chaco and elsewhere. However, some facts are quite
reasonable (Sofaer and Sinclair 1986; Malville and Munro 2011). First of all, the
interest of these people in the cardinal points, as shown for instance by the very
precise orientation of the longitudinal axis of Pueblo Bonito on the east-west

Fig. 6.7 Chaco Canyon. Pueblo Bonito
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direction and by the tracing of straight roads without any utilitarian function
(probably used for pilgrimages), one of which runs close to the meridian. Second,
the interest in the solar and lunar cycles. Lunar observation is, in particular, attested
to at a very singular Anasazi site called Chimney Rock.

The Chimney Rock Pueblo is built on a desolate hill ridge that lacks water sources;
it contains two Kivas and 35 ground floor rooms. It is difficult to explain the existence
of this building for functional purposes. However, the landscape here is very special,
as the horizon to the north-east is dominated by two spectacular rocks or “chimneys”.
From the east court of the Pueblo one has a perfect view of these Chimneys and one
can even sit on a ancient bench here which seems to have been built precisely with
this purpose in mind. As a consequence, there is the distinct possibility that the
Pueblo was constructed, at least in part, in order to use the double chimneys as a
foresight for the observation of astronomical phenomena. In particular, the moon
close to maximal declination rises between the chimneys. The minimum required
declination is about half a degree less than the declination at standstill. Consequently,
the rising of the moon is visible for some three years every 18.6 years. Using
dendrochronology (the technique which allows dating of wood in structures by
analysing tree rings) it is possible to correlate lunar standstills with the chronology of
construction of the Pueblo. Indeed, the initial construction of Chimney Rock was in
1076 AD, a year of major lunar standstill, and an enlargement occurred in 1093,
immediately before the subsequent lunar standstill. As discussed in Sect. 1.7, there is
virtually no doubt that observation of lunar maxima in antiquity was concentrated on
the full moon, and therefore at Chimney Rock (where the major northern standstill
was viewed) the most important astronomical event must have been the rising of the
full moon between the chimneys near the time of winter solstice. The spectacle itself
was (and is) quite impressive, and it must have been even more for the Anasazi, if—
as has been suggested—the twin rock towers were perceived as a shrine devoted to a
couple of Twin Gods associated with War, children of the sun and the moon. Thanks
to such a distinct and extraordinary feature of the landscape, indeed, Chimney Rock
might have developed as an independent (as opposed to Chaco) centre for ceremony
and pilgrimage (Malville 2008) (Fig. 6.8).

To return to our problem, given the cultural continuity between the Anasazi and
present day American Indians, it is an interesting exercise to compare their cos-
mology and lore of the sky, as investigated by anthropologists, with the only
information we have on Anasazi astronomy: namely, that coming from
archaeoastronomy. The cosmology of the Pueblo Indians, for instance, is replete
with roads and is clearly “oriented”. Life is a road, and the spirits are custodians of
the various roads that branch off from it. Humans first emerged from a hole in the
floor of a Kiva, then moved southwards, and so, logically, the spirits of the dead
travel northwards, returning to the womb of the Earth. The spirits then return each
year to visit the living, using the roads that had led them north, and these roads are
often described as being straight. Very long pilgrimages to sacred sites are docu-
mented, and in particular, among the Zuni, a pilgrimage is undertaken every four
years at the summer solstice toward a lake believed to host the spirits of the dead.
The lake is seen as the center, the navel of the world, a sacred point on which all
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cardinal directions converge. Another interesting point is that sun and moon play
complementary roles in overseeing religious rituals and agricultural activities—the
year begins, for example, with the first full moon following the winter solstice (Ellis
1975; Zeilik 1985, 1986). Finally, observational astronomy is also documented:
among the Hopi, for example, quite complex solar “horizon calendars” are used,
both for practical and ritual purposes (McCluskey 1977).

The astronomical lore of the American Indians is therefore of enormous interest,
and gives us considerable insight into the astronomically-anchored architecture of
their ancestors. However, it should be noted that no explicit trace of any knowledge
of the 18.6 year cycle of the lunar standstills has been documented. The presence of
vague or mutated traces of past knowledge in ethnological data is actually common
and, in particular, calendrical traditions appear to filter down more easily than
knowledge of astronomical cycles, to the extent that some contemporary Maya
populations still use the “sacred” Tzolkin calendar of 260 days today without being
aware of the origin of its number of days (this calendar is discussed in Sect. 9.1).

6.4 Archaeoastronomy and Reverse Engineering

With any human artefact, from a car engine to computer software, reverse engi-
neering (or architecture) is that series of processes and methods which aims to
extract knowledge and/or design information from it. Today of course it is mostly

Fig. 6.8 Kimney Rock. The full moon rises between the Kimneys (Courtesy Kim Malville)
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applied at industrial level, in order to figure out (and sometimes to rip off) the
products of competitors. It is not as well developed a tool as it should be, however,
in studying past architecture. One only has to think, for example, that besides some
noteworthy exceptions—in particular, the works by Protzen (1985, 1993) on Inca
stonework—the study of the construction methods of megalithic buildings has
largely been left in the hands of enthusiastic volunteers, sometimes leading to truly
embarrassing disasters (for instance, the “Millennium stone project” of 2000, meant
to bring a bluestone at Stonehenge from the Preseli mountains using the alleged
ancient methods; the travel of the stone ended prematurely in the river Avon). Yet, a
few cases of important reverse architectural design have been inspired by urgent
conservation projects—we might mention two jaw-dropping masterpieces of Italian
Medieval/Renaissance art: the Leaning Tower of Pisa and the Brunelleschi Dome in
Florence.

The archaeoastronomical analysis of a architectural project might well be con-
sidered as a type of reverse architecture. In my experience as an
Archaeoastronomer, I have often noticed that this point is usually overlooked,
though it may be of considerable importance. Indeed, in many cases the aim of
introducing astronomical alignments into a project entailed tricky design solutions
and substantial additional effort for the builders. Clearly, if on one hand under-
standing such activities gives us a more general picture of the methods and the ideas
of the builders, on the other it can also strengthen our astronomical hypotheses.
This, in particular, can be of paramount importance in the so-called “testis
unus-testis nullus” cases. This Latin phrase essentially means that one should never
rely on one source alone: “one witness is no witness”. In exact science, it is
certainly so: an experiment which is not reproducible is not an experiment. But
archaeoastronomy is a multidisciplinary science based on historical remains, which
cannot be duplicated at will and which are, in some cases, simply unique.

A blatant example is that of the so-called “air shafts” of the Great Pyramid. As
we shall learn in Sect. 8.1, the weightiest monument ever built on earth, the
Pyramid of Khufu at Giza, is crossed by four narrow shafts, each having the section
of a handkerchief, which run diagonally into the core of the monument for dozens
of metres (Figs. 6.9 and 6.10).

Traditionally overlooked by Egyptologists, and/or interpreted as ventilation
channels (for a tomb…), they are rather a fundamental gear in the complex sym-
bolic machine aimed at assuring eternal life to King Khufu amid the circumpolar
stars and the stars of Sirius and Orion. Subsequently we shall study in depth all the
relevant archaeoastronomical aspects; what I am at pains to emphasise here is that
these shafts are a formidable engineering feat, which had been never properly
understood until the exploration carried out in the 1990s (Gantenbrinck 1999). In
fact, the courses of blocks of the pyramid are horizontal, while the shafts run
diagonally. This, first of all, means that a few metres of each shaft were added
before the completion of each course, and after that the architect in charge of the
shafts had to wait for the subsequent course to be laid, taking a matter of months,
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Fig. 6.10 Giza. Detail of the King’s Chamber in Khufu pyramid, completely built with huge
granite blocks. On the right of the entrance (north) the mouth of the northern upper channel can be
seen

Fig. 6.9 Schematic section of the Great Pyramid. 1 Original entrance, 2 Looter’s hole, 3
Descending corridor, 4, Subterranean Chamber, 5 Well, 6 Queen’s Chamber, 7 Great Gallery, 8
Lower shafts, 9 King’s chamber, 10 “Relieving Chambers”, 11 Upper shafts
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if not years, before proceeding with his operation, course after course, year after
year, unable to commit any errors, since a displacement or a cracking occurring
after the laying down of the superimposed course would have been impossible to
remedy. Furthermore, to avoid the sliding of the blocks of the shaft, the stones were
cut in a very singular manner. The shaft roof and both walls were cut as a channel in
a single block; to guarantee stability against sliding, wedge-shaped blocks were
used, and to avoid the displacement of continuous joints, appropriate solutions were
devised. Clearly, if such technical aspects had been figured out before, then the
symbolic function of the shafts would perhaps have been ascertained and accepted
more easily, and without the (almost incredible) resistance that some Egyptologists
still show.

Important considerations relating to architectural design on one hand and to
archaeoastronomy on the other can also be made when one takes an overview of
groups of monuments which are stylistically related. A particularly relevant case
regards the architecture of pre-Columbian Mesoamerica. Here indeed a peculiar
phenomenon was in play: the replication of the architectural design of buildings or
entire blocks in different towns at different times. If astronomical alignments are
plausibly detected in the original artefact, it is important to ascertain if they were
also replicated, or modified, or even lost. In any case (all three actually occurred) it
is equally clear that the role of archaeoastronomy is important for assessing the
cultural continuity and/or change that characterises the replica (in the sequel to
the present book we shall examine in detail a striking example in the relationship of
the so-called Castillo of Chichen Itza with its replica at Mayapan, Sect. 9.2).

Yet another point—as far as the delicate connection between architecture,
engineering skills and symbolism in ancient cultures is concerned—arises as a sort
of chicken/egg dilemma. For instance, can we be so sure that religious shamanistic
symbolism was at the root of architectural monumentality, or, at least in some cases,
was it the reverse, that is, a doctrine was formulated and/or elaborated to account
for the desire and the ability to construct monumental buildings? The suspicion
arises, for instance, in Egypt, where the Texts of the Pyramids—supporting the idea
of the voyage of the deceased Pharaoh into the sky—were put into writing, at least
as far as we know, after those most giant machines devoted to such complex
symbolic travelling, the pyramids of Giza, had been constructed. Also in the case of
neolithic art carvings, which were probably inspired by altered states of con-
sciousness, we have proof that many chambered cairns containing such carvings
were second-hand constructions based on previous monuments and perhaps testi-
fying to the wish to change, or elaborate the corresponding doctrine.

A final point where reverse engineering and archaeoastronomy intersect, and a
point which is often ignored in archaeological studies, is that of the location of
buildings. The selection of places for the construction of complex monuments was,
in fact, in many cases, not dictated by practical, functional criteria but rather based
on symbolic grounds. Again, the chief example is that of the pyramids of Giza,
which were placed exactly were they are—at enormous physical cost, for example,
slicing 300 m off the rock plateau on the west side of the second pyramid—simply
in order to follow the rules codified for that sacred landscape (Sect. 8.3). Another
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example is the mausoleum of Emperor Hadrian (later overbuilt as the Sant’Angelo
Castle) in Rome, constructed around 120 AD (Fig. 6.11). The Mausoleum is built
on the right hand side of the River Tiber, a place the ancient Romans did not
particularly appreciate (the town developed on the left hand side), and this neces-
sitated the construction of a brand new bridge. Furthermore, there was at that time
still plenty of space in the Campus Martius, the area rearranged by Augustus as his
own sacred space with the construction of his own mausoleum and of the first
version of the Pantheon, which was later to be rebuilt by Hadrian himself (we shall
discuss the Pantheon in detail in Sect. 10.4). So why did Hadrian make this choice?
One explanation may be that in this way it was possible to place Hadrian’s mau-
soleum along the azimuth of the setting sun at the summer solstice as viewed from
the Pantheon, thus associating the apotheosised emperor with a powerful symbol of
the divinity of Rome (Hannah and Magli 2011).

6.5 Towards Archaeology of the Cosmic Landscape

The discussion developed so far clearly confirms that archaeoastronomy is a far from
subsidiary discipline. The potential of archaeoastronomy is noteworthy, given that
the sky was an essential ingredient of almost any worldview, and because world-
views were reinterpreted and made concrete, using monumental architecture in
cosmic landscapes of power. At any rate, in Part III we shall consider a series of case
studies, taken from the most diverse civilisations and historical periods, which—I
hope—will convince even the most sceptical of the readers.

Fig. 6.11 Rome. Castle S. Angelo, the former Hadrian’s Mausoleum, and the river Tiber
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Archaeoastronomy, then, can be seen as playing a seminal role in the cognitive
analysis of countless sites, although this per se does not exhaust the potential of this
discipline. Indeed, the basics of archaeoastronomy should be known also to modern
architects, as astronomy can be seen in action also in contemporary architecture,
adding a significant value to special places and monuments. One example is the
memorial to the victims of the September 11, 2001 attacks, built in front of the
Baltimore World Trade Center and inaugurated on September 11, 2011, the tenth
anniversary of the attacks. The memorial, which is made of three original steel
beams from the destroyed WTC north tower, is constructed on top of marble blocks
bearing the names and birth-dates of the 68 Marylanders who died in the attacks.
The position of the plinth has been designed in such a way that, on September 11,
the shadow of the huge skyscraper moves across it like a sundial, progressively
highlighting the inscriptions that commemorate those tragic events.

A striking and intrinsic feature of archaeoastronomy is the possibility of redis-
covering spectacular concomitances relating to the sun, the moon and Venus which
were fixed in ancient times and successively forgotten. This may culturally enhance
the site in question and is potentially very important for the dissemination of
archaeoastronomy itself among the general public. Moreover, and more generally
speaking, it may play a relevant role in the conservation and promotion of cultural
heritage. Of course, archaeoastronomical events—such as the midsummer sunrise at
Stonehenge or the equinoctial hierophany at Chichen Itza’—must be correctly
described and documented, but also carefully safeguarded to avoid any possible
danger to the sites as well as to allow the public to enjoy them. In this respect, a
potentially important initiative connecting archaeoastronomy with the field of
conservation and positive fruition is that linking Archaeoastronomical Heritage
with the Unesco World Heritage Convention (Cotte and Ruggles 2010).

More problematic is the possible role of archaeoastronomy itself as an unwritten
source. In other words, to what extent can astronomical alignments be used to
extrapolate information about the builders? As we have seen, archaeoastronomical
dating through sun positions has to be ruled out as infeasible, and stellar dating can
only be performed with the utmost care, essentially only to confirm the already
established dating of a monument obtained by other means. However, the rela-
tionship between archaeoastronomy and reverse engineering can furnish us with
quite valuable information about the choices behind projects and the ideas under-
pinning them.

To conclude, our understanding of ancient built landscape on a cognitive level
has made great advances in recent years, and archaeoastronomy has given, and can
give in the future, an important contribution to this global archaeological knowl-
edge. This occurs both in the cases where the sky is a key element of the cosmic
landscape, and also where it is not, provided that cultural (topographical, dynastic
and so on) motivations are seen to be in play. Archaeoastronomy is now a uni-
versally accepted nomenclature and it would be absurd to try to change it now.
However, this discipline has evolved substantially since it first saw light, and a
more accurate name might be Archaeology of the cosmic landscape.
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Chapter 7
Megalithic Cultures of the Mediterranean

7.1 Stonehenge and Its Landscape

Astronomy and Stonehenge: almost everyone has heard of this connection, so that
Stonehenge has to be the almost obligatory starting point for our archaeoastro-
nomical quest. Stonehenge, however, represents only a small—though, as we shall
see, in a sense unique—part of the frenzied building activity that engaged the
people of Neolithic Europe and gave rise to the far-flung civilisation that we call
“megalithic”. The technical skills of these people in quarrying, dressing, moving
and erecting huge stones were so refined that, until the development of techniques
of absolute dating (in the 1970s), it was often considered impossible for them to
have acquired such skills under their steam. As a result, European megalithism was
considered as a sort of secondary phenomenon, a knock-on effect of the “diffu-
sionism” of culture emanating from Mesopotamia and Egypt and gradually
spreading throughout Europe. It was only with the radiocarbon revolution—the
discovery and calibration of the method of absolute dating of organic materials
based on radioactive decay—that it became possible to dispel such misguided ideas
(Renfrew 1973). Today we know that megalithic architecture in Europe sprang up
before or around the fifth millennium BC.

The most simple architectural unit of Megalithic people was the single standing
stone, also called the menhir (Fig. 7.1). Menhirs are found in isolated positions, or
arranged in rows, in some cases numbering hundreds, as is the case in the famous
alignments of Carnac, Brittany (Fig. 7.2). It is important to stress that every single
menhir is a “constructed” object: it has been quarried, extracted, transported, shaped
and erected, in many cases with far from negligible effort and without the use of metal
tools. Menhirs were also used to form stone circles, rectangles, and oval-shaped rings.

The second architectural expression of megalithic building is the dolmen.
A dolmen is a structure consisting of two standing stones supporting a huge lintel,
normally (but not necessarily) used for burials. The dolmen principle was also utilised
in building complex tombs (which are sometimes, by extension, also called Dolmens)
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Fig. 7.1 Carnac. The Menhir at Le Manio, height about 6.5 m

Fig. 7.2 Carnac. Alignments of Le Menec
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comprising a corridor of orthostats (standing stones) roofed with huge slabs and
ending in one or more chambers. In most cases these structures were covered by an
earth mound (not always preserved), thus obtaining the so-called tumuli or cham-
bered cairns (Fig. 7.3).

Another typical structure where the menhir is the fundamental unit is the so-called
henge: a stone circle surrounded by a ditch enclosed in a bank earthwork. And this
leads us to the venerable Stonehenge. It is hard to put a label on it, however, as it is
architecturally unique. Indeed, in spite of the name and of the presence of a
ditch-bank enclosure, it cannot be classified along with the other henges. Stonehenge
is in fact much more, since the stones of the circle are assembled in a manner which
resembles a wooden construction which has been built in stone (Burl 2000). I shall
now try to describe this place, conveying both its architectural uniqueness and its
(partly true and partly only conjectured) astronomical features.

The monument is located on the Salisbury Plain in Wiltshire, England
(Chippendale 1994). It is not set in an especially prominent or privileged position
within the landscape. For some reason, the whole area was, however, a place of
intense activity for megalithic builders, as testified to by the presence of several
other structures of various type, date and function (from tombs to henges, to pro-
cessional avenues). Stonehenge itself is a remnant of a long process of successive
stages of construction, afterthoughts (megaliths were often restructured in various
ways), changes and reconstructions that spanned millennia. All these phases have

Fig. 7.3 Carnac. Dolmen (passage grave) of Kermario
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been painstakingly classified by archaeologists (only the main points of this clas-
sification will be mentioned here); it is worth recalling, though, that the transport
and erection of stones can be dated only indirectly through organic material found
in relation to them (for instance, inside their foundation holes) so that not all the
development phases can be dated with certainty.

The area had been inhabited since very ancient times (8000 BC circa), judging
by the discovery of large holes holding huge pine posts. Construction activity
underwent a boom in the Neolithic period, around 4000 BC: collective burial sites
and the “Cursus” (a large ditch + bank monument, roughly rectangular in shape,
3 km long and 100 m wide) were first created. The first monument at Stonehenge
proper (3100 BC circa) was a big circular ditch about 2 m deep and 110 m in
diameter, to which corresponded a concentric ring made out of the earth removed
from the ditch. Encircling the area, a series of 56 pits—the so-called Aubrey holes
—have been recovered, each about a metre in diameter. These pits—used for
cremation burials—perhaps originally contained timbers.

The spectacular megalithic evolution of Stonehenge occurred in the phase called
Stonehenge 3. During Stonehenge 3I (circa 2600 BC) the builders definitively
abandoned timber in favour of stone, and put in place—probably in a double ring
and numbering 80—relatively manageable megaliths weighing 4–5 tons each. At
least some of these stones, of a quality called bluestone, were transported from as
far away as 240 km, from the Preseli Hills, Pembrokeshire, Wales. The fact that the
stones came from such a remote area has long been known, indeed it was first
suggested in 1923 by the petrologist Herbert Henry Thomas. However, such a feat
seemed so utterly incredible—even more so since perfectly decent quarries were
available much closer to Stonehenge—that a theory was put forward stating that the
bluestones were already there, brought by de-glaciation phenomena. Of course, it is
extremely odd that no other specimens of bluestone have ever been found dotted
around the area, so evidently the builders must have used every single one available
(for a possible counterexample see Burl 2000). At any rate, every time one comes
face to face with a megalithic monument, the best thing is to seek—following
petrochemical analysis—the specific place of origin of the stone, that is, not only
the geographical area of provenance but the precise quarry (a splendid example is to
be seen in Sicily, if one visits the Cusa caves where massive ready-to-go column
drums have been patiently waiting to be transported to the Greek Temples of
Selinunte for 2400 years). Recently, Neolithic quarries have finally been identified
in the Preseli mountains (Darvill 2006; Bevins et al. 2012). The bluestone vein
arises naturally in outcrops, such as that on Carn Menyn on top of the Preseli ridge.
The cleavage is naturally divided on almost parallel planes, so that the quarrying of
rectangular megaliths is relatively easy. Although, as mentioned, they are relatively
small (each monolith measures around two metres in height), hauling them from
such a far-off place was such a tour de force that naive attempts at replicating the
journey today (for instance with the so called “millennium stone project”) have
failed miserably. Clearly the builders must have had pretty good reasons for
dragging the stones from such a remote place; unfortunately, we have little
understanding of the significance of the Preseli stone to the Neolithic people,
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although interesting attempts have been made to identify their interest in the special
physical properties of such stone, such as the reflection of light or the emission of
sounds when they are subjected to percussion, as well as analysing the cultural
(religious) value that the Preseli landscape might have held (Devereux and
Wozencrof 2014).

Already during this first megalithic phase the stone ring had a north-eastern
entrance (Fig. 7.4). To the same phase probably pertains also the so-called Heel
Stone, a monolith located outside the entrance, which originally had a twin stone
(now lost) to keep it company. Large portal stones were also set up, of which only
the so-called Slaughter Stone remains. Other important features probably relating to
this phase were the four so-called Station Stones, located at the corners of an ideal
quadrilateral inscribed in the outer circle, the Avenue, a road made out of a parallel
pair of ditches which, after an approach set in axis with the monument, bends
towards the River Avon, and the huge monolith known as the Altar Stone.

With Stonehenge 3 II (2600 BC–2400 BC) the monument changed drastically.
The decision was taken to bring to the site many enormous “sarsen” stones, of a
type quarried some 40 km to the north, on the Marlborough Downs. These
megaliths were then carefully dressed, for the sections that were to remain above
ground, while the parts to be buried were hewed with a technique similar to that
used for making flint tools, with the curious result that the huge boulders look like
macroscopic replicas of Neolithic hand tools (Pitts 2001) (Fig. 7.5).

The sarsens were erected accordingly to quite a complex architectural plan,
which included an “outer” ring and an internal structure. The stones of the outer
circle were carefully worked in such a way as to be joined together in a circular
chain of 30 trilithons (trilithon is essentially another way of saying a single dolmen,

Fig. 7.4 Schematic Map of
Stonehenge 1 Ditch-bank
enclosure, 2 Station stones,
3 Aubrey holes circle, 4 Heel
stone, 5 Altar stone, 6 Sarsen
circle, 6a Bluestones circle,
7 Sarsen Horseshoe,
7a Bluestone Horseshoe
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thus a structure made out of two stone-jambs supporting a lintel). In each trilithon
the lintel is fixed with the two door jambs by means of a mortise-tenon joint. The
lintels themselves were fitted to each other with a tongue-and-groove joint to form a
continuous ring; as far as I am aware, there are no other known examples of this
kind of arrangement of megalithic stones. Inside the circular chain, the so-called
horseshoe was built. It consists of five free standing trilithons arranged in a
horseshoe shape; the symmetry axis of the horseshoe is aligned with the north east
entrance axis. The stones of these trilithons are even larger than those of the circular
chain, and their size and height increase towards the south west with the final ones
reaching over seven metres in height. As for the closed ring, the horseshoe is also
fairly original in layout and construction (it is sometimes said that that there are
analogous examples to be found in megalithic Brittany but these are rather
D-shaped rings of standing stones).

What inspired the design of this complex and unique structure? It is difficult to
escape the idea that the Stonehenge outer stone circle was meant to suggest a
sphere. In fact, not only the closed circular arrangement but also the fact that the
surfaces of the upright stones widen slightly towards the top, with the lintels
curving slightly, recall the idea of a sphere. The interpretation of the horseshoe is
difficult, although clearly the idea of some kind of “holy of holies”, an inner
sanctum, comes to mind; optically, it helps closing the gaps so that the monument
looks almost solid when viewed from outside. Approaching Stonehenge from the
Avenue, the horseshoe instead appears as the final section of a symbolic path, and
the experience is akin to the procession to a temple.

Fig. 7.5 Stonehenge
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The last stages of the monument (2400 BC–1600 BC) were characterised by
somewhat strange activities. First of all, work was carried out to re-erect the
bluestones within the sarsen circle. Apparently, however, this adjustment was also
considered unsatisfactory, and some bluestones were moved again to form a circle
and an oval at the centre of the inner ring. Later on, the north eastern section of the
circle was removed, creating a horseshoe of bluestones similar to the central one.
Any later associations with the monument are poorly documented in the Iron Age,
and thereafter only by a few Roman coins and by some medieval artefacts.

The impression one has from such a long and complex story is that of a sacred
place of extraordinary importance. We have no written sources, alas, for megalithic
cultures, and to have the first mention of a place which might be Stonehenge we
must await the Greek writer Diodorus Siculus (first century BC) who mentions a
temple of Apollo (the god associated with the sun in Greece) which is “shaped like
a sphere” and situated on an island called Hyperborea, which might be England.
Later legends and speculations about Stonehenge associated it with the Celts,
whose culture, however, flourished some 1400 years after the last megalithic phase
of the monument.

Precisely because there is no written evidence, any discussion on what
Stonehenge was used for or why it was constructed must remain, at least in part,
speculative. However, some messages have undoubtedly been written at
Stonehenge using the language of stars and stones, and these messages can be read
by means of archaeoastronomy.

First of all, the original axis of the monument, as already surmised in the
eighteenth century by the antiquarian William Stukeley, points—from the inside
looking out—to the rising sun at the summer solstice. The phenomenon is usually
photographed today with the sun rising directly from behind the Heel Stone, but the
original axis does not pass directly above this stone, but rather was defined by the
direction passing between the heel stone and her lost companion. The deliberate-
ness of such an alignment cannot be denied, as we find many other roughly con-
temporary buildings and tombs exhibiting similar solar alignments; however, the
horizon is flat also to the south-west, so the very same axis, when looked from
outside the monument, points to the winter solstice sunset (Fig. 7.6).

The spectacle of the sun disappearing amidst the ordered ensemble of giant
stones is still quite awe-inspiring today, and it is perfectly possible that—in spite of
the modern enthusiasm for the summer solstice alignment—the hierophany was
intended as a ceremonial approach to the monument from the north-east and a
view—from outside—of the midwinter setting sun inside the monument (North
1996; Ruggles 1999; Sims 2006). Actually, as we shall see, recent analyses of the
Stonehenge cultural landscape also point to this alternative interpretation.

Stonehenge is in any case a crystal-clear example of an astronomically oriented
building: a building which exhibits a singular and important feature in its design—a
symmetry axis in the present case—which is deliberately aligned to a prominent
astronomical phenomenon known to the builders and of special interest to them.
The source of such interest, as discussed in details in Sect. 5.1, probably resides in
the fact that the solar cycle is naturally marked by the two solstices, and usually
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these 2 days, and in particular the winter solstice, were associated by ancient
cultures with concepts of renewal and rebirth.

Were the builders of Stonehenge also interested in the moon’s rising/setting
positions? At the time of the pioneering studies of alignments at the site by
Hawkins (1964), it was proposed that the Aubrey holes were used—according to a
somewhat clumsy idea based essentially only on their number, 56—to predict the
occurrence of eclipses. As a consequence the monument was dubbed as “Neolithic
computer”, a debatable label (“abacus” would certainly have been better) which is,
nevertheless, still trotted out today.

The curious idea that Stonehenge was used to predict eclipses is discredited by
the archaeological evidence regarding the holes; however, other hints point rela-
tively clearly to an interest in the motion of the moon, albeit not at an operative
(predicting eclipses) but symbolic level. To understand these indications, let us
consider the following experiment. We draw a circle on the ground (in a place with
flat horizon), and identify the direction of the sun rising at midsummer/setting at
midwinter. Then we put two stones in the circle, in such a way that the cord which
joins them lies along this solstitial direction. Now, let us locate the azimuth of the
moon rising at the southern maximal standstill/setting at the northern maximal
standstill (see Sect. 1.7 for the cycle of the moon at the horizon). We now want to
put two further stones on the periphery of the circle, in such a way that the cords
joining them to the previous two are parallel to this moon-determined direction, and
the figure connecting these points is a rectangle. This is clearly impossible, unless

Fig. 7.6 Stonehenge, winter solstice. The sun sets in alignment with the horseshoe axis (Courtesy
Clive Ruggles)
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we are at a latitude at which the azimuth of the rising sun at midsummer forms an
angle of 90° with the azimuth of the moon rising at the southern standstill.
Calculations show that in the northern hemisphere this latitude passes not far from
Stonehenge (it is actually in the English Channel). So, the position of Stonehenge is
a fairly good marker of this “astronomical geometry”, and the monument does
indeed have a conspicuous rectangle, the ideal one formed by the station stones,
which exhibits these coupled luni-solar alignments. The position of these stones
was probably devised before the construction of the sarsen circle, which later
obstructed most of the view, and the rectangle was fixed on the basis of the
proportion 12:5 so that the sides belong to one of the so-called Pythagorean triplets
(triangles with all integers legs, in this case 52 + 122 = 132) (Ranieri 2002).

So, it would seem quite reasonable to assume premeditation in lunar alignment
of the station stones; it cannot even be ruled out that the place of construction of the
monument was somehow selected in view of this curious coincidence, although that
would imply that several repeated measurements of the two astronomical directions
in different places and for several years were made (an example of a sacred place
which might have been selected due to astronomical considerations is the
Pre-Columbian site of Altavista, see Sect. 7.3).

To conclude, we can certainly say that at Stonehenge there was a clear interest
on the part of “megalithic man” in astronomy, as already devised in early studies
(Boyle Somerville 1923). However, the way in which astronomy at Stonehenge—
and at many other sites—was originally presented by scholars, in particular by
Hawkins, stretched this interest too far. How profound really was the preoccupation
of megalithic culture with the sky? How accurate were the observations, and to
what extent can we speak of a megalithic science? Strongly convinced of the ability
of megalithic skywatchers to achieve impressive precision in their observations was
one of the founders of archaeoastronomy, Alexander Thom. Thom undertook
extensive field surveys of thousands of megalithic sites (Thom 1967, 1971; Thom
and Thom 1978; MacKie 1977). According to him, the purpose of many megalithic
monuments went far beyond a general interest in the cycles of the sun and the
moon, and was centred on the very accurate determination of the days of the
solstices and of the positions of the lunar standstills. He further proposed the
existence of a megalithic calendar divided into eight seasons and investigated on the
use of geometry (in particular, of the Pythagorean triangles, like that of the Station
stones) in the layouts of megalithic monuments, suggesting the probable use of a
common unit of measure, which he called the megalithic yard. Thom was well
aware of the difficulties of high precision naked eye observations, but noticed that
these could be overcome by using a system based on “foresights” and “backsights”.
The idea was thus that the observers used stones or rows of stones to indicate
directions to relevant features (peaks, or notches, or sloping hills) located on the far
horizon and marking the rising or setting of the sun or the moon. In this way
megalithic people could, at least in principle, fix with great accuracy the solar and
lunar cycles.

Most of Thom’s claims about the level of accuracy (that he stretched to 1′ in
azimuth, which would infer the ability to determine the precise days of the solstices
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through horizon observations) attained by megalithic astronomy have today been
dismissed after comprehensive reassessments of his work (Ruggles 1981, 1984, 1988,
2005). Furthermore, in Thom’s days C14 dating was only at its initial stages and now
we know that many of Thoms’ alignments couple together non-contemporary
structures (Fig. 7.7). This is the case, for instance, for the structures which in Thom’s
view would have made of the Grand Menhir of Locmariaquier—the most massive
stone ever erected in northern Europe—a universal foresight for lunar observations;
more generally, the whole of Thoms’ astronomical interpretation of the Carnac
alignments remains quite doubtful. Nonetheless, the bulk of Prof. Thom’s work is
valid as pioneering groundwork for archaeoastronomy. Personally, I learnt in hiswork
a profound respect for the seriousness of the people who built such extraordinary
monuments, and most of all I learnt that archaeoastronomy encompasses the whole
landscape in which a monument has been conceived.

Returning to Stonehenge, there is no question that it was not a high-precision
astronomical instrument, as the alignments between its huge, closely located stones
can only define, if anything, very rough astronomical directions. A monument like
this must be understood using the global approach we described in Sect. 6.1,
considering it within its own (natural, or man-made) landscape. But then, what
exactly was its function? First, it should be said that an artefact with such a long
history may have had interchangeable, different and/or complimentary functions.
The discovery of the burial sites of individuals who came from distant places, for
instance, has suggested that it was a place considered sacred for healing, and the
huge efforts clearly invested in its building have led some to suggest that it was a
symbol of unity and peace. It is difficult to say; at any rate, it is certainly true that

Fig. 7.7 Locmariaquier. The Grand Menhir. Today broken into 4 pieces, it once stood for as much
as 20 m
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the monument was frequented as a important centre of cult and pilgrimage, and that
the surrounding landscape provides us with a clue as to why (Fig. 7.8).

Very close to Stonehenge, at some 3 km to the north-east and near a bend in the
river Avon, there once stood two other important monuments The first is Durrington
Walls, which was a large settlement enclosed in an oval henge measuring
520 × 450 m. The settlement ringed a number of dwellings, but also some timber
circles with no recognisable practical function. It is awaiting complete excavation,
but radiocarbon dating of approximately 2600 BC shows that it was contemporary
with the main stone phase at Stonehenge. The second structure lies a few dozen
metres to the south of Durrington walls, and is nicknamed Woodhenge. It was an
impressive construction made up of wooden posts, in the form of a oval ring 85 m in
diameter, encompassing six other concentric rings. The complex must have been
quite a sight, with posts which, judging by the diameter of the holes, must have been
a good 8 meters tall and weighed up to several tons: it was thus made of
“megadendrs” instead of megaliths (Parker Pearson and Ramilisonina 1998). The
positions of the post holes are today marked with concrete cylinders; the result is a
little awkward, but allows visitors to have a glimpse at how this site must have been:
an artificial forest, furnished however with a main axis—the one with the concentric
ovals—which was oriented along the same solstitial line as Stonehenge.

The conspicuous presence of these structures nearby, combined with
ethno-historical sources which show that there is a strong link among several native
populations (such as Madagascar natives) in the use of the two principal building
materials, perishable wood and eternal stone, with the living and the dead
respectively, prompted the following idea. Perhaps Woodhenge and Stonehenge
were perceived, respectively, as “the place of the living” and “the place of ances-
tors”. Stonehenge, located to the west of Woodhenge “where the sun sets”, was thus
a place of ancestor worship, connected through pilgrimage routes with the other
monuments and the river. Further confirmation can be found in the food remains
found at Woodhenge, including porcine, thus associating the site with life and

Fig. 7.8 Schematic map of
the main Neolithic
monuments in the Stonehenge
landscape 1 Stonehenge,
2 Stonehenge Avenue,
3 Durrington Walls,
4 Woodhenge, 5 Stonehenge
Cursus
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proliferation, whereas at Stonehenge the remains are mostly bovine. As mentioned,
Woodhenge has a recognisable axis oriented to the summer solstice sunrise, and
this would tend to reinforce the idea that Stonehenge was conceived rather to be
“reached at sunset”, and therefore that the intended orientation was to the winter
solstice sunset.

7.2 Newgrange and the Bend of the Boinne

Some fifteen kilometres before reaching its mouth, the Irish River Boyne makes a
curious detour, a sort of bend encircling an area some four kilometres wide. This
bend—which apparently has no particular geological foundation, it is merely a
caprice of the river—is called locally the Bru na Boinne. It is here that one of the
most interesting Neolithic landscapes was conceived of and built (O’Kelly 1995;
Eogan 1990) (Fig. 7.9).

It is a funerary landscape, a place devoted to the burial and the cult of dead,
although, as we shall see, many details of its symbolic meaning remain obscure. In
any case, it is difficult to escape the idea that it was precisely the strange course of
the river that prompted the choice of this place, all the more so because the area is
further enclosed to the north/north-east by a smaller river, the Mattock, so in a sense
the bend of the Boyne is naturally isolated by the waters as the henges were isolated
by their human-made ditches. Water demarcated here an Isle of the Dead, linked by
the River Boyne to the nearby great water, the sea (Lewis-Williams and Pearce
2005).

The Bru na Boinne archaeological area includes three main tumuli, called, going
from west to east, Knowth, Newgrange and Dowth, and several smaller tombs, as
well as earthworks including a processional way and a circular ditch. These
structures are all dated to the end of the fourth millennium BC. Among them, the
Knowth mound is the largest (95 m across), and the closest to the river. It is
surrounded by eighteen smaller mounds, and equipped with two passages,

Fig. 7.9 The bend of the
Boyne and its main
monuments
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disconnected from each other and orientated in almost opposing directions. The
eastern passage leads to a chamber with three side recesses, covered by means of
the so-called corbelling technique, that is, with stone slabs placed in circular layers,
with each layer slightly projecting over the previous one up to cover the room. Each
of the three recesses contained a hollow stone, or basin, decorated with incisions
and used for the remains of the dead. The western passage ends in a single room;
the corridor curves to the right about three quarters of the way into the tomb,
perhaps indicating the existence of a previous stage of construction which later
underwent enlargement. In the passage, there lies a huge entrapped basin.

Newgrange, unlike Knowth, which is circular, has a cardioid shape and is
slightly smaller, being approximately 80 m in diameter (Fig. 7.10). The monument
is located in prominent position above the Boyne, and dominates the slopes down to
the river, as can be clearly perceived as one ascends from the Visitor Centre, which
is located close to the river itself. The perimeter of the mound is paved with a kerb
of 97 stones and surrounded by a (probably later) stone circle. The quartz-lined
façade has been totally reconstructed but (it is claimed by the excavators) is similar
to the original one. There is only one passage, ending in a cross-shaped chamber.
Decorated stone basins are located in the recesses, and a few human remains have
been found there, together with burial offerings, like bone beads, pendants and
polished stone objects. Similar finds also come from Knowth, the most spectacular
one being a Mace Head of carved flint. The axe is covered by stylised motifs which
might represent a head, and was certainly a ritual object, to be placed on the top of a
post.

Dowth is the easternmost and least well-known of the three, despite being of
comparable size. Also here there are two passages leading to burial chambers, but
both open towards the south-west and are much shorter than those of Knowth. Thus
the chambers do not lie below, or near the centre, of the mound (I wonder if they
can refer to pre-existing structures which were inglobated in the monument; in this
case, perhaps the main passage has yet to be found, as it possibly occurs for the
tumulus which lies unexcavated under the Millmount Fort in the nearby town of
Drogheda).

Fig. 7.10 Newgrange. View from the south of the (reconstructed) mound
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The Bru na Boinne monuments are famous not only for their refined construction
techniques but also for their concentration of megalithic art. In fact, many kerb-
stones, as well as many stones placed in passages and chambers, are decorated with
elaborate motifs—indeed, perhaps only the works of art decorating the slabs of the
passage grave of Gavrinis, in Brittany, might be considered superior to them
(Fig. 7.11).

The engravings were made by scratching and chipping away at the stones, and
many are executed with extreme care and precision. Looking at them the first idea
that comes to mind is that megalithic art is abstract: it is based on spirals, lozenges,
circles, and undulating motives. Only very rarely, as in a Rorschach test, does the
observer have the impression of glimpsing at humanoid or animal faces among the
motifs, as occurs in the western passage at Knowth, where a stone partially
obstructs the way with a carving that evokes a ghostly guardian (yet of course it
may be a sort of optical illusion). Ultimately we have no alternative but to define,
generically, megalithic art as being symbolic, whatever such a plain definition may
mean. Many attempts at interpretation have been made, but we are unlikely to ever
receive a definitive explanation. Undoubtedly, some of the decorations hint at
relatively familiar astronomical correlates (Fig. 7.12). In particular, Kerbstone 52 at
Knowth bears a series of semicircle and circle motifs which have been interpreted
as a depictions of successive phases of the moon (Brennan 1994). There are 29 such

Fig. 7.11 Knowth. Decorated kerbstones
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symbols, a number which is suggestive of a lunar month, but the evidence is not
conclusive. Another example are some symbols which resemble the radial lines of a
solar meridian; again, it is a hypothesis that is difficult to prove. In any case, most of
the decorations do not appear to have been elaborated to convey iconic or factual,
but rather spiritual, meaning.

The only way to understand abstract megalithic art remains the interpretation of
it within the framework of prehistoric religion, which—as we discussed in Chap. 4
—was most likely based on a shamanistic worldview. Since however the chambers
were used for collective burials, the world in question must be the afterworld. The
allusions to a realm of the dead to which the chambers give access seem clear: the
mounds are kinds of monumental replicas of natural caves, and the waters sur-
rounding the site have the role of symbolic insulation. In what sense the decorations
refers to death is difficult to ascertain, but the intermediary with the other world, the
shaman, made use of drugs which provoked geometric hallucinations; when rep-
resented in drawings, their images are very similar to those of megalithic art. So
perhaps the carvings resemble deaths, and/or inform the living about the path that
the deceased will encounter, a path already travelled (with a return ticket) by the
shaman. Interestingly, some external stones appear to give information about the
reliefs present inside; for instance, an elaborately carved motif of three interlinked
spirals on the right recess of the Newgrange chamber is replicated on the entrance

Fig. 7.12 Knowth. Kerbstone with possible astronomical correlates
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stone, in front of the monument. Another interesting point is that the decorations
included a part of the embellishments which were not meant to be seen, in that they
were carved on the reverse face of the stones (the reliefs were only discovered
during restoration). The meaning of such hidden art is mysterious, but hints at a
possible re-utilisation of pre-carved stones. This practice accordingly may be due to
religious, rather than utilitarian, considerations, and is also documented elsewhere.
In particular, a astonishing discovery was made a few years ago at Locmariaquier,
in the Carnac area. Here, as mentioned in the previous section, the greatest stone
ever quarried and erected by megalithic peoples in Europe, the so-called Grand
Menhir, was found. It lies today broken up into three pieces, but originally stood
more than 20 meters tall, weighing some 280 tons. Recent research has shown that
it was the tallest of a series of huge menhirs that were erected at the end of the fifth
millennium BC. Later, these menhirs were felled, either deliberately or naturally
(for example, by earthquakes), but many were re-used in the construction of
chambered cairns. In particular, a broken slab from one of them was used for the
roof of the huge dolmen called the Table of Marchand. The slab bears an elaborate
decoration: an axe, a stick, and the lower part of an ox. The latter etching is
incomplete, and it was to great astonishment that, during a restoration of the
Gavrinis chambered tomb (located on a island four kilometres away as the crow
flies) in 1984, it was discovered that one of the roofing slabs there is indeed the
missing piece of this menhir, which was originally 14 m high. The remaining part
of the decoration had remained invisible because the slab was mounted upside
down, with the decorated part on the other side of the roof (Cassen 2007).

A further point which should be stressed about the Bru na Boinne monuments
before discussing the role of astronomy there, is that we need to probe the project
choices in greater depth. For instance, the system of corridor and chamber was
constructed first, as a separate architectural unit, to be covered later by the cor-
belling stones and the mound. At Knowth, the basin stone which was located in the
Western chamber was (with great personal discomfort, we hope) moved by some
thief into the passage, only to realise that the stone was wider than the passage. He
then abandoned it. This means that the basin had been prepared and put in place
during the first phases of construction, or, as suggested by some scholars, that it was
there before the construction of the mound. In this case, the place must already have
been considered as sacred, and the mound was later conceived of as a monumen-
talisation of this central object. Another example of an engineering aspect which
probably has a symbolic value is the choice of building materials, as several kinds
of different stones were intentionally used in the building works. Many tons of
water-smoothed stones were taken from the river bed. Quartz came from the
Wicklow Mountains, about 60 kilometres to the south. Granodiorite cobbles
probably came from the Mourne Mountains to the north, and Gabbro cobbles came
from Dunkald Bay, some 40 km to the north-east. Finally sandstone orthostats were
quarried about 10 km to the north. Clearly, all this may be read on two different
levels. Firstly, it testifies to a network of social relations and exchange, as well as to
the investment of economic capacity in labour for a purely symbolic construction.
Secondly, it raises the cognitive question of the symbolic value of the various
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stones themselves, perhaps meant as the contributions of different communities to
the creation of a common place of worship and pilgrimage. In this connection it can
be noticed that many stones, besides elaborate carvings, show also recurring, almost
childish scores or motifs, which we might perhaps interpret as votive signs left by
pilgrims.

The Bru na Boinne was thus a sacred landscape, a place of cultural unity,
continuity, and memory, probably used by a class of powerful people to rejuvenate
and re-assess the social order in relation to the cosmic order. Clearly, then, we
would expect astronomy to play a significant role here, and, unsurprisingly, it does.
In discussing the archaeoastronomy of the Valley of the Boyne, we cannot but
commence from the incident I mentioned in the introduction, which regards
Newgrange. It all began in 1963, when, during excavation work, O’Kelly discov-
ered a feature which he called a roof box. It is a stone-built box which acts as a
narrow window built over the entrance, with a slight offset. The front edge of the
lintel is decorated with a framed series of lozenges (Fig. 7.13).

The window appears to have been equipped with movable slabs used to open
and close it at will. This curious carefully designed feature naturally aroused the
interest of the excavators. A means for communicating? Or for throwing offerings
into the tomb after the closure of the entrance? Possibly. However, it was
known through folk memory, passed down over the centuries, that the corridor had

Fig. 7.13 Newgrange. The (reconstructed) entrance. The roof box is a narrow aperture located at
the end of the upper “window”
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something to do with the sun rising at the winter solstice but, because of the upward
incline of the passage, the midwinter sunlight could not reach the central chamber,
stopping short at some point in the corridor. With the discovery of the roof box,
O’Kelly noticed, the situation changed, since the sun could enter from the window
and therefore from an increased height, which might compensate for the incline of
the passage. This was the idea he attempted to corroborate on 21 December, 1969.
He entered the corridor a few minutes before dawn, and saw the sun-rising rays
penetrating the corridor through the window up to the chamber for the first time
after thousands of years. So, this was the original conception of Newgrange: a
monument designed from the very beginning to act as a connecting machine
between stars (our star) and stones once a year (of course, the movement of the sun
at the horizon near the solstices is extremely low, so the light phenomenon actually
occurs additionally—though with varying intensities and distributions—on a few
days before and after the solstice).

Astronomy is probably also in play at the other two main mounds of the valley.
One of the two Dowth corridors has an astronomical orientation to the winter
solstice, like Newgrange, but at setting. At Knowth, the two passages are opposite
each other and roughly aligned east-west. It is, therefore, tempting to associate
Knowth with the equinoxes, as a sort of complimentary monument to solstitial
Newgrange. This association, however, has to be taken with a pinch of salt, as
recent more accurate measurements have shown that the alignments at Knowth do
not correspond precisely to sunrise and sunset at the equinoxes (Prendergast and
Ray 2015). The western passage (external straight section) is oriented slightly to the
south of west, and the eastern passage slightly to the north of east. Taking into
account the altitude of the horizon, it can be seen that the setting sun directly
illuminates the western passage approximately seventeen days before the vernal
equinox (and likewise seventeen days after the autumnal equinox) while the rising
sun directly illuminates the eastern passage approximately six days before the
autumnal equinox (and likewise six days after the vernal equinox). Since, contrary
to what happens at the solstices, the movement of the sun is rapid at the equinoxes
(the daily shift in the azimuth is about one solar diameter) it has been conjectured
that it would have been relatively easy for the builders—whose astronomical skills
are beyond doubt, by looking at the orientation and the project of Newgrange—to
obtain a precise alignment on the precise days of the equinoxes. As a consequence,
both here and also more generally, equinoxes are not considered by many scholars
to be events of particular interest for the megalithic builders; they are rather con-
sidered to be a product of the knowledge of historic, if not modern, society.

In my view, however, it is not so simple. One cannot ignore the importance of
cardinality (the division of the world into four equal halves) which follows when
north, and therefore the meridian, has been identified. From this, the observation that
there exists a day on which the sun rises and sets (with a flat horizon) along the
direction orthogonal to the meridian is of course a simple and natural one, and the
fact that this day is (approximately) the midpoint between the solstices is also easy to
grasp (distinguishing between alignments to equinoxes and to mid-quarters days is a
delicate matter, so that interest in the two can be today confused with each other).
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Furthermore, there are at least a few very convincing alignments to the equinoctial
sun to be found in the neolithic period (one of them is the Mnajdra temple in Malta,
mentioned in Sect. 4.3). So, I would keep our options open: it may be that Knowth
was designed to indicate the equinoxes approximately, or it may be rather that its
two passages were planned to indicate quite precisely the arrival of the two equi-
noxes and this, by the way, would explain why there are two passages, and why they
are opposite each other.

To sum up, a sort of order seems to be delineated by the astronomical alignments
of the main mounds of the Bend of the Boyne. There can be no doubt that although
archaeoastronomy is not the universal key that dispels all the mist still clouding our
understanding of this very special cosmic landscape, astronomy played an essential
part in its original design.

7.3 The Sleeping Giant

Another region of Europe where megalithic culture produced veritable masterpieces
is the Iberian Peninsula. Here we shall concentrate mainly on the megalithic tombs
found in the Andalusian provinces of Almeria, Granada and Malaga. These are
megalithic sepulchres similar to those unearthed in Ireland: a corridor-chamber
structure built of orthostats, and covered by a tumulus. The chamber, at least in the
larger exemplars, is trapeziform, with a final wall usually made out of a single, wide
backstone and side walls converging towards the entrance. The interior was roofed
with horizontal slabs, only a few of which are left, in cases where the tumulus
above was not erected or washed away over the centuries. The dimensions of the
structures are variable, ranging from just a few metres to the cathedral of megalithic
architecture which we shall visit shortly. The tombs are devoid of the elaborate—
albeit enigmatic—decorations we encountered in Ireland and Brittany. There is,
however, at least one piece of information about the mind of the builders to be
gleaned from these huge stones. This information regards the choice they made in
the orientation (defined as the direction from the chamber, looking out along the
passage) of the entrance passageways (Hoskin et al. 1994). These orientations show
a very clear pattern: out of 201 measured azimuths, all but 16 fall in the range 80°–
180°. Using the simple approach described in Sect. 3.4, we can estimate the single
probability for an azimuth to fall randomly in the interval 80°–180° as p =
100/360 = 0.28. The probability of having 185 out of 201 by pure chance in the
same interval can now be calculated using binomial distribution and the result is so
small as to be considered virtually zero by any test of reasonableness. Therefore,
there certainly was a deliberate pattern in the orientation of these megalithic
sepulchres. The next step is to prove that the pattern was astronomical and con-
nected to the sun. This is extremely likely since all 185 positive results lie in an
interval in which either the sun rises (the azimuth of the sun at the summer solstice
is about 60° in this zone, so all azimuths between 80° and 120° correspond to the
sun rising at the horizon) or “climbs” on the south-eastern horizon up to
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culmination (the interval 120°–180°). For the tombs orientated to the rising sun one
could further hypothesise that they were orientated on the day on which they started
constructing it; tombs orientated to the sun “climbing” were meant to be illuminated
fully by the sun each single day of the year, as they still are (no special concen-
tration of data around the equinoxes or the winter solstice occurs).

This example is very instructive, both because it shows a clear-cut case of a
deliberate astronomical orientation, proved on a statistical basis, and because, as we
shall now see, it reminds us that archaeoastronomy is not only, and cannot function
only as, a rigorously exact science. There is, indeed, a outstanding exception to the
sun rising/sun climbing orientation rule found in the Iberian peninsula. It is the
so-called Dolmen de Menga, in Antequera (Fig. 7.14).

Antequera is a pretty town in the province of Malaga. The town sits on a small
hill; approaching it from the east, the enormous stone lintel which covers the
entrance of the Dolmen the Menga is perfectly visible (the archaeological park also
contains two other monuments: Dolmen de Viera, some 100 m apart, and El
Romeral, which lies a few hundred metres downhill). Dolmen de Menga was
evidently built by people who were extremely familiar with megaliths. There is no
corridor: the plan includes a antechamber, which opens up into a wide chamber
formed by seven orthostats per side, 16.5 m long and 6 m wide. The chamber
is roofed with enormous stone slabs, supported by three pillars (Fig. 7.15).

Fig. 7.14 Antequera. Entrance to Dolmen de Menga
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The monument is a contemporary (if not older) of the passage graves of Ireland, as
recent carbon-dating of plant charcoal from pits situated in the atrium has given
dates around the middle of the fourth millennium BC (Dolmen de Viera and El
Romeral, which each have a much narrower passage, are usually considered to be
later buildings).

When visiting the tomb, one cannot fail to notice that the horizon as seen from
the tomb is taken up by a rather odd mountain. This mountain, called Peña de los
Enamorados, is quite isolated in the landscape and has a peculiar feature: its profile
very clearly resembles a gigantic recumbent human head looking up to the sky. This
sleeping giant lies only seven kilometres the north-east of Menga; its connection
with the tomb becomes dramatic when the visitor first enters the tomb and then
looks back: at this point the human profile fully occupies the view and it becomes
obvious that the builders planned the axis of the tomb to obtain this spectacular
effect, which we may call a permanent hierophany. The mean azimuth of the
Dolmen is 45°, while the azimuth of the summer solstice is about 60°, so this
special orientation makes the Dolmen de Menga one of the few monuments of
Iberia whose orientation is not in the solar range. In other words, direct sunlight
does not and did not enter in alignment with the Dolmen—ever—irrespective of the
day of the year, although, since the entrance is relatively large, sunlight does hit a
part of the right (north) side of the corridor on days close to the summer solstice
(Lozanoa et al. 2014) (Fig. 7.16).

Fig. 7.15 Antequera. Dolmen de Menga, interior

7.3 The Sleeping Giant 145



The Dolmen de Menga was thus deliberately oriented to the mountain; for some
reason, this focus on the mountain was either lost or remained confined to the
Menga, as the nearby Viera dolmen is not oriented to it (it is roughly oriented to the
rising sun at the equinoxes). Perhaps the whole interpretation of the Dolmen de
Menga as a tomb should be revisited, as its uniqueness in orientation and the
absence of an entrance corridor rather point to a shrine or a place of
worship. Clearly, the mountain is the main candidate for the object of this worship,
and this has been confirmed recently by discoveries that show that on La Peña
northern side there was a place of ritual activity in the Late Neolithic and Copper
Age. This is suggested by the discovery of schematic rock art motifs and of a
stratum of microlithic tools spread around a large flat block of white limestone,
similar to a natural menhir. The projection of the Menga longitudinal axis passes
very close to the location of the rock art shelter (Aguayo and García-Sanjuán 2002).

Many interesting facts emerge at this point. First of all, the Dolmen de Menga is
an example of a purely symbolic alignment that is totally unrelated to astronomical
observations. Second, the tools of archaeoastronomy are the right means for
studying also this kind of alignment. Of course, the Peña de los Enamorados is so
glaringly conspicuous to be impossible to ignore, but it is fundamental in any
survey to have a clear idea of the landscape (natural, or human-built) and of its
possible cultural significance. Third, the Dolmen de Menga is a one-off case among
the tombs of Iberia. So, in line with the famous Latin saying we encountered in
Sect. 6.4, it should be rejected! In exact science, it would certainly be so: in an
experiment, a result which is blatantly off the mean would be rejected as spurious.
But archaeoastronomy is a multidisciplinary science based on historical remains

Fig. 7.16 Antequera. The sleeping giant (pena del los Enamorados) as seen from inside Dolmen
de Menga
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which cannot be duplicated at will, and this “spurious” Dolmen does in fact have a
profound significance. So whatever our Latin motto says, the fact remains, that the
builders of the Dolmen de Menga deliberately oriented one of the masterpieces of
megalithic architecture towards one of the most curiously-shaped mountains in the
Iberian Peninsula, creating a dramatic and perennial hierophany which still can be
experienced today, every day.

7.4 Taulas and Stars

The Balearics are a group of Spanish islands located in western Mediterranean. The
small (50 km across) Menorca is the easternmost island of the group. The island is
nearly flat, apart from its distinguishing peak, the Taurus. As often occurs with
island civilisations, a culture with special characteristics developed in this place
(and in nearby Mallorca, but the buildings we are dealing with were built exclu-
sively in Menorca). This culture is called Talayotic from the local name for the
(hundreds of) huge towers built all over the island. The Talayotic period approxi-
mately began around the fourteenth century BC and ended formally with the
Roman conquest of the islands in 123 BC, although the Phoenicians established
ports much earlier, probably influencing the islanders. The Talayotic culture is
characterised by an extraordinary confidence with stone buildings, as witnessed
today by a multitude of stunning megalithic monuments and walls of fortified
villages, some of them still practically intact—for instance, Son Catlar.

The first of the island’s stone-built structures were the above mentioned
Talayots, towers erected in dry masonry with large blocks. The real function of the
Talayots has never been ascertained, and it may be that the same architectural unit
had different functions, in some cases practical (efficient control of the territory) and
in other cases and contexts, symbolical. In any case, these iconic towers are scat-
tered throughout the island, and it can be said that their primary function is simply
to exist. In this respect, they are similar to the so-called Nuraghes, the Bronze Age
towers of Sardinia, whose purpose remains obscure, in spite of the established (and
ridiculous) archaeological dogma which imputes to the (eight thousand) of them the
function of supervising pastures and of chiefs’ dwellings.

The oblong shape of Talayots, somewhat similar to that of Mount Taurus, which
may have inspired it, is repeated in the funerary monument typical of Menorca, the
so called Naveta, a megalithic building which owes its name to the fact that it
resembles an upturned boat. There are 36 of these monuments surviving, the most
famous of which is undoubtedly Es Tudons, a veritable masterpiece of megalithic
engineering, 14 m long, which is accessed through a narrow opening in the “stern”.

Apart from Talayots and Navetas, megalithic architecture in Menorca is char-
acterised by a third type of building, which is the one of chief interest to us here. If
possible, these buildings are even more enigmatic and spectacular than the others.
Essentially, they are large ovals of stone slabs stuck in the ground, with a single
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megalithic monument called Taula (the word for table in Spanish) at the centre
(Fig. 7.17). Defining a Taula would seem easy: it is an object made up of only two
stones, one upright—a sort of column—fixed into a socket excavated in the bed-
rock, and a second—a sort of capital—set on top of the former. However, such a
description does not convey the emotion that these objects can generate. They are,
first of all, enormous; secondly, they are very carefully dressed. Finally, they are
objects of cult since they prominently occupy the centre of their oval-shaped
sanctuaries. It should also be noted that a Taula is not the simplest megalithic
construction after the standing stone: it is indeed easier to build a dolmen (lintel
over two standing stones), rather than going to the trouble of balancing a huge stone
on top of another, and, in actual fact, these monuments developed only in Menorca
and are quite different from all others megalithic structures of the Mediterranean
(curiously, by pure chance, they recall the enclosures we encountered at Gobekli
Tepe, which were already some 8000 years old when the Taulas were first
constructed).

Dozens of Taulas were built: twenty-five are known, but others were probably
destroyed in the past (Figs. 7.18 and 7.19). Each Talayotic village had one Taula
sanctuary, harmoniously inserted into the village plan. Many of the existing Taulas
are well preserved, such as that of Trepucó, whose column stone is four meters
high, and that of Torralba, one of the most important villages in the island. They are
traditionally dated to the centuries around 1000 BC, and this is the reference date

Fig. 7.17 Menorca. The taula at Torralba
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Fig. 7.18 Menorca. Taula and Talayot of Trepuco

Fig. 7.19 Menorca. Taula and Talayot of Dalt
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we shall adopt here, backed up also by recent excavations (Sintes Olives and
Villalonga 2012). However, it is worth mentioning that, according to some scholars,
the construction of the Taulas postdated that of the Talayots by some four centuries
and therefore began around the sixth century BC. It is important to warn the reader
that this shift in date—at present only a supposition—if proved, would severely
jeopardise the astronomical interpretation I am about to present below.

Until a few years ago, some archaeologists—perhaps perplexed by such strange
monuments—argued that the Taulas possessed a mere functional purpose, that of
supporting a roof. This is clearly a simplistic hypothesis, as the sanctuaries were
with all probability open to the sky and therefore the Taulas were the main focus of
attention. But which cult are we talking about? Archaeological records are rela-
tively scarce. However, in many of the sanctuaries deposits of animal bones were
found, perhaps indicating sacrifices; in Torralba three hooves of bronze belonging
to the lower part of a statue of a horse, as well as some Phoenician votive figurines
and a statue of a bull, have been uncovered; and finally in Torre den Gaumes a
small Egyptian bronze statuette, depicting the god of medicine Imhotep and dated
to the seventh century BC, was unearthed. From this complex puzzle one can at
least infer that the Taulas were certainly interpreted as places of worship by trav-
ellers who came to Menorca, leaving traces of their own religion. As for the Taula
cult, the archaeologist Juan Mascaro Pasarius has suggested that the Taulas were
stylised images of a bull’s head, thus associating them with similar cults operating
in the Mediterranean during the Bronze Age (for instance, in Sardinia).
Archaeoastronomy, however, can add much to fill this picture in Hoskin (2001).

With one exception, all the Taulas are oriented in a restricted arc of azimuths, all
quite close to due south (the horizon is usually flat, as the Taulas either look directly
out to sea, or they are on elevated ground and look down over a plain). There is no
doubt that this distribution is not random, yet it is too spread out to allow us to think
that it just reflected a generic interest in solar illumination of the monuments around
midday (a possibility which anyhow cannot be ruled out). Analysing the sky today,
we do not find any conspicuous astronomical object at the horizon of Menorca
rising in correspondence with these azimuths. But precession has a relevant role if
we go back 3000 years in time (Sect. 1.6). Calculations show that the stars of the
Southern Cross and of the constellation Centaurus, along with the very bright stars
Alpha and Beta Centauri, were visible on the southern horizon in those days. We
actually have a pretty good match between the rising azimuths of these stars and the
sector of azimuths to which the Taulas are oriented (Fig. 7.20).

The Taulas were thus, with high probability, at the centre of a cult associated
with the sky and connected with a group of bright stars. The details of this cult,
however, elude us completely. In Greek mythology the celestial Centaurus repre-
sented Chiron, who taught medicine to the God Asclepius, so a tenuous thread may
associate the Taulas with healing and medicine (this would also explain the pres-
ence of the statue of the Egyptian god of medicine, Imhotep) (Hoskin 2001).
However, we do not know the way in which the Talayotic people viewed
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Crux-Centaurus stars as a group, and—at least in my opinion—the stars forming
our Southern Cross constellation might well have been identified by them with a
much more familiar symbol: that of a Taula in the sky (Fig. 7.21).

Fig. 7.20 Orientation diagram of the Taulas of Menorca (data by Hoskin 1996)

Fig. 7.21 Menorca. The bright stars of the Cross-Centaurus group as seen in 1000 BC
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Chapter 8
Ancient Egypt

8.1 A Seat Among the Imperishable

Egypt is a unique place: a short strip of fertile terrain, surrounded by desert, and
refreshed only by the River Nile. The climate is consequently arid, but the land is
fertile due to the nutritious soil brought by the river during its annual flooding. This
land attracted an increasing number of people up until the formation of a unified
kingdom about 3200 BC (Shaw 2000; Kemp 2005). The subsequent history of
Egypt has traditionally been divided into three “Kingdoms” each distinguished by
“dynasties” of rulers; the first period of splendour, the so called Old Kingdom,
corresponds to dynasties 3–6, 2630–2152 BC circa (all dates will be given
according to the Baines and Malek (1981) chronology).

The King of Egypt, or Pharaoh, invested himself with divine attributes. In
particular, a fundamental duty that the Pharaohs assigned to themselves was that of
keepers of the cosmic order, called Maat by the Egyptians. Maat regulated the
world—in particular, the natural cycles and hence the sun and the calendar—and
was identified with a goddess, the daughter of the sun God Ra. The ideology
associated with kingship thus designated the king as intermediary between gods and
humanity, and—as a consequence—the doctrine of power in Egypt was deeply
connected with the celestial cycles. Standing witness to this connection we have the
so-called Pyramid Texts (hereafter PT), written in the burial chambers of the
pyramids—the tombs of the Pharaohs—from the end of the fifth dynasty. These
texts are of fundamental importance in understanding not just Egyptian religion but
also many key aspects of Egyptian monumental architecture and its relationship
with astronomy and landscape.

The PT consist basically of short utterances; they contain, besides rituals, also
myths, invocations, magical protections against dangerous beings, and “glorifica-
tions”, that is, spells aimed at assuring the rebirth of the deceased. The main subject
of the glorification texts is the resurrection of the king and his ascent to a celestial
afterlife. The deceased ruler, in fact, has several seats reserved in various places on
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the celestial map. The journey to such places is not easy, given that there are a
number of obstacles to be overcome, especially doors, often guarded by sentinels,
which the deceased can only pass through by correctly answering certain questions.
The topography of the afterworld is thus quite complicated, with multiple directions
and corresponding destinations. Let us examine them in some detail.

First of all, there is the region of stars which are defined as imperishable and
described as follows (all translations of the PT in the present book are taken from
Faulkner 1998):

I will cross to that side on which are the Imperishable Stars, that I may be among them.
(PT520, §1223)

In particular, among the imperishable stars there was something called
Meskhetyu, usually represented as a Bull’s Foreleg . This was the way the
Egyptians saw the constellation we call Ursa Major or—more precisely—the
asterism of the Plough or Big Dipper, made up of seven brilliant stars. But why was
the Big Dipper imperishable? At the latitudes of Egypt in the third millennium BC,
this constellation was (with a flat horizon) circumpolar, that is, none of its stars rose
or set. Other imperishable stars, besides Meskhetyu, were those of the constellations
we call Ursa Minor and Draco. Draco was particularly important because at that
time—due to precession—it hosted the north celestial pole. From later documents
we know that the ancient Egyptians saw in Draco (or perhaps in a slightly wider
area around the pole) a female hippopotamus (Belmonte and Lull 2006). She is
usually depicted holding a post, which is mentioned in the PT and probably cor-
responds to the constellation Bootes and, in particular, to the most brilliant star of
the northern sky, Arcturus. As far as Ursa Minor (or rather the Little Dipper,
comprising seven stars, like its big sister) is concerned, its stylised form is not
dissimilar to that of the Big Dipper, and the Egyptians had a way of indicating the
two as celestial adzes.

Interestingly, there is virtually no doubt that these adzes had a terrestrial
counterpart in the instruments used by the priests in the Opening of the Mouth ritual
(Fig. 8.1). This ritual, which has been documented since the time of the Old
Kingdom, was then performed on statues of the deceased housed in a specially
prepared room, the so-called Serdab (later it would be performed directly on the
mummy). The officiant, using special tools, touched the mouth and the eyes of the
subject, magically enabling him to receive food, to breathe and to see. The ritual
implements used in the ritual are known from both images and grave goods found
as burial equipment in priests’ tombs; these included, apart from the
above-mentioned adzes, a special knife of stone or metal with a forked end. Worth
noting in this context is that sometimes these implements are described as being
made of iron, a fact which may appear puzzling. However the iron alluded to here is
of meteoritic origin: it was available in small quantities because it had fallen to
Earth—from the sky—in the form of iron meteorites: a further connection of the
ritual with the celestial domain.

Besides the circumpolar stars, a second important area of the sky was that of
Sirius and Orion. And indeed the king, as a star, was destined to rise and set there:
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You will regularly ascend with Orion from the eastern region of the sky, you will regularly
descend with Orion into the western region of the sky, your third is Sirius, pure of thrones,
it is she who will guide both of you. (PT442, §821–822)

Thus Orion, Sah for the Egyptians, was depicted as a celestial dimension of
Osiris, God of the Afterworld, and Sirius was identified with his sister Isis.

Finally, but no less important, there is the solar component of rebirth. The king
has indeed a reserved seat on the boat of the Sun God Ra:

May you traverse the sky, being united in the darkness; may you rise in the horizon, in the
place where it is well with you. (PT 217, §152)

Ra was worshipped in various forms, each associated with a different aspect or
role. Ra-Atum was the creator of other deities as well as human beings. But Ra, of
course, travelled across the sky, so that another of his guises, the falcon god
Ra-Horakhti, was identified with the morning sun; the sun disk itself was consid-
ered to be the visible body of Ra. During the night, Ra entered the underworld, only
to be reborn the following dawn. Lastly, Ra had a direct influence on the earth,
governing the seasons; this influence was recognised especially in the association of
the summer solstice with the (approximate) beginning of the gradual flooding of the
Nile.

A few other points are worth making with regard to the geography and the
inhabitants of the afterworld. In particular, the topography of the PT is completed
by a “Winding Waterway” crossing the sky, and by two regions called the “Field of
Offerings” and the “Field of Reeds”. Clearly, a mirror image of the Nile landscape
is perceptible here, and I share the views of many who are convinced that the
celestial waterway must be the Milky Way, seen as a celestial counterpart of the
Nile as well as one of the personifications of Nut, the sky Goddess. As a matter of

Fig. 8.1 The opening of the
mouth ceremony from
Tutankhamon Tomb in the
valley of the kings. The priest
Ay ritually opens the mouth
of the mummy of the death
pharaoh with an adze which
has the same shape of the
constellation of the Bull’s
Foreleg (the Big Dipper). In
this way, he also asserts his
rights in ascending to the
throne after the deceased
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fact, many civilisations—for instance the Incas—have seen in the Milky Way a
celestial river, which could be used as a shaman’s path to the afterworld.

These complex religious ideas were essential for the stability of the kingship,
since the ruler was identified with a living god, always the same one, Osiris’ son
Horus, and therefore assuring the afterlife of predecessors was fundamental for the
consistency of the entire canonical apparatus. As a consequence, great efforts were
put by the state into the construction of “machines” devoted to the preservation of
the Pharaoh’s bodies and to cults aimed at perpetuating the Pharaoh’s afterlife: the
pyramids and their annexed temples (Lehner 1999) (Fig. 8.2).

Dozens of royal pyramids were constructed in Egypt, but there can be little
doubt about which stand out as masterpieces: the pyramids built by Snefru at
Dahshur and those built by his successors Khufu, Khafra and Menkaura at Giza, a
desert plateau to the west of modern Cairo (Fig. 8.3). In particular, we find at Giza
the unquestionable chef d’oeuvre of pyramidal architecture, the Great Pyramid of
Khufu. As we shall now see, the ideas on celestial afterlife described in the PT were
inserted into the design of this pyramid in such a complex way that it is impossible
to understand this marvellous object without the benefit of archaeoastronomy.

The pyramid is built on a rocky spur, abutting directly on the ridges of the
plateau, in spite of the fact that the most favourable position would have been that
(slightly to the south) of the still-to-come second pyramid of Giza, where the
plateau slopes gently, and from a higher point. The monument has a 230.35 m side
base (the differences between the lengths of the different sides are less than 20 cm)
and was originally about 146 m high; the slope is 14/11 (slopes were measured in
terms of rational tangents, that is, using right triangles with integer legs).

Fig. 8.2 Giza. A view from the east of the Great Pyramid (foreground), with Khufu’s queens’
pyramids on the left and Khafra’s and Menkaura’s pyramids in the background
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The pyramid consists of a core of 210 horizontal courses of limestone blocks, and
was cased with thousands of huge blocks of white limestone (today almost all of
them lost). In fact, the result is an artificial mountain, provided, however, with a
system of inner rooms, created during the construction (Lehner 1985a). The original
entrance (today visitors enter from a passage probably hewn out by looters) is on
the north face, and gives access to a descending passageway. Proceeding straight
down, this corridor leads to a chamber carved out of the bedrock, which, however,
was left rough, or unfinished. Halfway down the descending passageway, an
ascending corridor branches off from a gap in the ceiling, but it has been blocked
since the time of construction by a plug made of huge blocks of granite. The
looters’ entrance avoids the plug, and allows us to cross alongside it and begin the
ascent to the king’s apartment. The ascending passage comes out in the so-called
Grand Gallery, a huge room 46.6 m long and 8.54 m high. At the end of the
ascending corridor through the Gallery, a horizontal passage branches off, leading
to the so-called Queen’s Chamber. This chamber has a projecting corbelled niche
on the east wall and two little rectangular openings of shafts, each the size of a
handkerchief, visible on the north and south walls respectively; otherwise it is

Fig. 8.3 Map of the Giza Necropolis. 1 Pyramid of Khufu. 2 Pyramid of Khafre. 3 Pyramid of
Menkaura. 4, 5, 6 Funerary temples. 7, 8, 9 Causeways. 10 Modern Village of Nazet. 11 Valley
Temple of Khafre. 12 Valley Temple of Menkaura. 13 Sphinx. 14 Sphinx temple. 15 Satellite
pyramid of Khafre. 16 Khentkaues tomb
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totally anonymous. The niche was clearly meant to house a statue, a fact which
firmly supports its interpretation as the place devoted to the ceremony of the
Opening of the Mouth. Coming back and ascending through the Gallery, another
narrow horizontal passageway is reached. This passes through a small chamber
which contained a locking system of granite portcullises. Eventually this chamber
takes us to Khufu’s burial chamber, or the King’s Chamber. Inside there is only
Khufu’s granite sarcophagus; otherwise the room is bleakly unadorned and silent. It
was very probably prefabricated, with all the blocks dressed and their joints tested,
before moving up the stones to the course of core blocks where it was actually
constructed. Also here, however, as in Queen’s Chamber, two small holes are
present on the north and south walls. They lead to shafts which, unlike those in the
Queen’s Chamber, exit the pyramid through the north and south faces respectively.
These exits are almost at the same height (about 80 m), and since this is much
higher than the starting level, the shafts twist sharply upwards, crossing the pyramid
diagonally.

As already discussed in Sect. 6.4, there can be no doubt that the construction of
these seemingly straightforward structural elements was actually an extremely
sophisticated and intricate piece of work, continuing over many years, together with
the completion of successive horizontal courses of the stones of the pyramid. The
inclinations of the shafts were carefully maintained over the years, at least, as soon
as the most delicate part of the construction in the core of the monument had been
successfully carried out. Our task now is to understand why.

The answer is given by archaeoastronomy, and derives from the profound
connection between the pyramid and the stars. Yes, there was a intimate connection
between pyramids and stars—this should come as no surprise, as the pyramids are
the tombs of the Pharaohs, and the deceased Pharaohs were destined to ascend to
the sky. The connection of Khufu’s tomb with the stars was made effective in two
ways, both based on astronomical observations: the incorporation into the monu-
ment of four stellar shafts, and the orientation of the sides along the cardinal
directions. Unfortunately, too much nonsense has been published on the subject
“pyramids and stars”, so that one can easily be misled: it can become hard to
distinguish what is true, what is likely, and what is pseudo-archaeology only fit for
the rubbish bin. For this reason I shall proceed with the utmost care.

Let us begin with the shafts of the King’s chamber. They have sometimes been
interpreted as ventilation channels; this idea is so misguided that I cannot under-
stand how it could have gained so much currency in Egyptological literature. And
since the idea still lingers on irritatingly, why don’t we spend some time taking it
out of the equation for once and for all? Of course, once sealed, the tomb did not
need ventilation, so the only possible reason for aerating the chamber—if any, since
the channels have been obstructed for centuries but visitors have always accessed
the chamber breathing without difficulty—was during the construction. But there
are two channels rather than one, and they cross the pyramid diagonally, while for
the purposes of ventilation during the construction, building a single vertical shaft
would have been a far quicker, simpler and more efficient expedient.
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So, if they are not ventilation channels (as they definitely are not), why did the
ancient Egyptians built them? The fact that the shafts start from the north and the
south sides of the chambers, combined with the fact that the sides of the pyramid
are oriented cardinally, means that they are directed to specific points along the
celestial meridian. Given that the afterlife was so closely bound up with the sky, as
we learnt from the Pyramid Texts, it is natural to look at what was happening at the
time of construction at these particular points during the night (Badaway 1964;
Trimble 1964). To do this I shall use the data on the shaft slopes deriving from the
exploration by Rudolph Gantenbrinck (1999). This data refers to the final parts of
the channels, where they are reported to be very straight. Hitherto they had to cross
the core of the pyramid (where, for instance, the Grand Gallery had to be avoided
by the northern channels) and so they have bends and changes of slopes. In any
event, the calculations which follow should be taken with a tolerance of, say, plus
or minus one degree. Having said that, and fixing as reference the year 2550 BC (a
reasonable dating for the reign of Khufu) it can be seen that the north shaft, which is
inclined at exit 31° 12′, fits very well with the upper culmination of the “pole star”
of the epoch Thuban at 31° 03′, while the southern shaft, which is inclined 45° 00′,
points towards the culmination of the central part of the Orion constellation, the
so-called Belt, comprising the three stars Al Nitak, Al Nilam and Mintaka, the latter
being the closest at 44° 48′ (Fig. 8.4).

The two shafts thus point to the culmination of stars which are mentioned in the
PT as main destinations of the Pharaoh’s afterworld. A definitive confirmation that
this is the correct interpretation comes from the lower shafts. Inclination of the
southern lower shaft, after an initial horizontal section, is well attested to as being
39° 36′. This matches the culmination of Sirius at 38° 28′ (Bauval 1993) (the
channel actually points to the culmination of also another bright star, Shaula, at 38°
40′). For the northern shaft, there is some confusion since the data by Gantenbrinck
give a value lying between 33° and 40°, but scattered pieces of further information
from the (never published) exploration carried out by National Geographic appar-
ently favour the idea that—analogously to the upper ones—the two lower channels

Fig. 8.4 A schematic
representation of the
astronomical alignments of
the four shafts of the Pyramid
of Khufu. In reality, the shafts
start with an horizontal
section and exhibit several
changes of slopes in their
initial run
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were also projected to stop at the same height. Since the chamber is on the vertical
of the apex, if this is the case, then the northern lower shaft also has a slope *39°
and thus targets well the culmination of Kochab, occurring at 39° 15′; in other
words, by a bizarre coincidence Sirius and Kochab had close maximal altitudes
—respectively at due south and at due north—at that time.

So, four out of four channels of the Great Pyramid pointed, at the period of
construction, to the upper culmination of four stars which play a key role in the
Pyramid Texts. There can be no doubt: the function of the channels was to direct the
deceased Pharaoh to his proper destinations in the sky.

It is important to stress that the shafts are a purely symbolic architectural feature,
as they do not “fire like shotguns” to their stellar targets. Moreover, only the upper
shafts were projected to exit the pyramid. Why? Up to the beginning of the 1990s, it
was even thought that the lower shafts had simply been left unfinished by the
builders, although nobody had ever dared to probe them in depth. The exploration
was finally attempted in 1993 by Rudolf Gantenbrinck with the help of a small
robot, who succeeded in reaching the end of the southern shaft. The robot dis-
covered that the channel had been faultlessly finished using fine limestone blocks,
and blocked with a door: a portcullis slab fitted with two copper handles. A similar
structure is also shared by the northern channel, as revealed in a second expedition
carried out by the National Geographic in September 2002. On this occasion, in the
southern shaft a (undocumented) failed attempt at opening the door caused the
breakage of one of the handles. Then a drill was applied to the door, and a front-end
camera was inserted to see inside, showing a further slab. A later exploration
showed that the interior space between the slabs is empty, and that three red ochre
signs are traced on the floor. They are probably numbers written in cursive
hieroglyphs, and therefore are mason’s marks that relate to a “service” part, not
meant to be seen, not even symbolically.The doors represent the gates which feature
in the Pyramid Texts and which have to be passed through by the soul of the
deceased. As such, they would play an important role in making operational the
magical workings of the Serdab, that is, the Queen’s Chamber from which the
channels start.

As mentioned above, to perform their symbolic function optimally, the upper
shafts take advantage of the perfect orientation of the sides to the cardinal points.
Clearly, this is a second important astronomically related feature of the Great
Pyramid (Petrie 1883; Dorner 1981). The accuracy in orientation attained by the
ancient builders is astonishing: the pyramid of Khufu is on average oriented within
3′ from the true north.

There is no question that accurate star-watching was used to achieve this result,
so that to establish a second, close connection of the monument with the stars. The
problem, however, of exactly how such an accuracy was obtained is quite tricky
and most probably involved a refined method of sighting at certain configurations
of circumpolar stars, called simultaneous transit (Spence 2000; Belmonte 2001;
Magli 2009). In any case the device used by the Egyptian astronomers, called
Merkhet, is known from the archaeological records. It was based—like similar
devices which were to be in use among the Mayas and the Incas—on a fork-shaped
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foresight, a palm stem with a slit at the bottom of one side. The instrument was used
as an aid for the naked eye, a sort of viewfinder—of course without any optical aid.
In spite of this, it has been shown that the judicious use of such a device, imple-
mented with a sighting vane, can reach the almost incredible accuracy of ±1′ (Kolbe
2008). The instrument was completed by a level with a plumb line, used by an
astronomer’s assistant to project celestial points (for instance, positions of cir-
cumpolar stars) at the horizon level (Fig. 8.5).

8.2 The Horizon of Khufu

As we have seen, the Pyramid Texts speak very clearly not only of the stellar
destiny of the Pharaoh, but also of a connection of the deceased with the God Ra,
and therefore with the Sun. Clearly then, we should expect this connection to be
visible at Giza, and indeed, it is so.

Each pyramid complex included two temples located on the east side, looking
towards the Nile: a “valley” temple, downhill near the line of maximal flood, and a
“funerary” temple located uphill; the two were connected by a monumental
causeway. At Giza, the best preserved of such complexes is that of the second
pyramid (Fig. 8.6). The two temples here are made of giant limestone blocks, and
were once encased with huge slabs of granite. Immediately to the north of the

Fig. 8.5 The Egyptian
astronomer and his assistant
making measures with the
Merkhet
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Valley Temple, a pre-existing natural rock was carved as a huge Pharaoh head, and
the rock ground was excavated as a lion body, obtaining the Great Sphinx. In front
of the Sphinx is another megalithic temple, probably dedicated to it. It is from the
terrace in front of this spectacular ensemble of monuments, that one of the most
spectacular hierophanies ever devised can be witnessed. To understand how this
hierophany works, let us imagine to watch sunset from this terrace, day after day:
the Sun is thus seen to set behind the artificial horizon formed by the pyramids of
Giza. In particular, at the winter solstice, the sun sets slightly to the south of the
Menkaura pyramid. Approaching the spring equinox, the sun sets behind the second
pyramid, up to the day of the equinox when it is seen to set in line with the northern
side of it. As we approach the summer solstice, the setting sun will move towards
the first pyramid; the northernmost setting point is located in the middle, between
the two giant monuments, so that our star is seen setting between the two in the
days around the summer solstice (Lehner 1985b). The Sun then, together with the
two enormous artificial mountains, forms, on those days, an image which happens
to be a spectacular replica of a hieroglyph. This hieroglyph is -Akhet, and rep-
resents the sun setting (or rising) between paired, symbolic mountains, the latter
being another hieroglyph sign of its own which was called -djew. We are sure
that this dramatic phenomenon is an intended hierophany, since the double

Fig. 8.6 Giza. A front view of the Khafra valley complex. From left to right the valley temple and
the Sphinx temple in front of the Sphinx. In the background the pyramids of Khafra (left) and
Khufu (right)
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mountains sign was associated with the afterlife. This association had been made
since the Pharaohs of the first two dynasties, who chose for their burial places the
desert valley of Umm el Quaab at Abydos. Here, the mouth of a wadi (a dried river)
naturally forms the image of a pass between two mountains. Later, the two giant
pyramids of Snefru at Dahshur were probably conceived together to form a sign
when viewed from the Saqqara Necropolis (Magli 2010b, 2011; Belmonte and
Magli 2015). Finally, at Giza, the symbol was connected with the sun, creating an
even more potent image associated with rebirth (Fig. 8.7). The word Akhet, indeed,
when written syllabically , has the root—Akh spirit, and in the pyramid
texts Akhet is a place where the dead are transformed, preparing themselves for the
afterworld. As part of the sky, it was also the place in which the sun, and hence the
king, was destined to be reborn. Finally, the choice of the summer solstice for the
date is clearly not coincidental, since it heralded the flooding of the Nile.

The question naturally arises—who was the king who devised and ordered the
construction of such a majestic spectacle? The solution comes from the fact that we
know the names of the pyramids of the fourth dynasty. From Snefru onward,
indeed, each royal pyramid complex was to receive a name, which in most cases
has been passed down to us in the reliefs of the tombs of officials and priests. In
particular, we can learn the name of the pyramid of Khufu from many sources, and

it was , that is, “The Akhet of Khufu” (the name of the

king is written first, in the “cartouche”). Therefore, the name passed down to us for
the Great Pyramid is the same as that of the spectacular hierophany occurring at

Fig. 8.7 Giza. The sun viewed from the Sphinx terrace sets behind the statue at midsummer
evening, with the two main pyramids in the background. Really the huge monument becomes
“Horus in the Akhet”, the name it had in the New Kingdom, in these moments
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Giza at the summer solstice. Of course, the fact that the hierophany needs both the
two giant pyramids of Giza to be effective raises the issue as to whether the Khufu
project already included the plan of the second pyramid. As it happens, there are
many indications that this was so (Magli 2003, 2009).

To sum up, the Akhet hierophany replicates in the sky the hieroglyph which was
also the symbolic version of the name of the Khufu project. This is, at least in my
view, a reflection of a key feature of ancient Egyptian cosmology. In fact, the very
act of creation in the Egyptian conception appears to be connected with writing, in a
structural analogy between language and cosmos. This analogy is based on a
one-to-one relationship: the totality of creation is said to be made of: “all things, all
hieroglyphs.” A written sign was thus connected with a real thing in a manner
somewhat similar to the relationship between thing and concept later elaborated in
Greek philosophy (Assmann 2003, 2007). In many cases, a hieroglyph was an
idealised but easily recognisable image of an architectural object (a pyramid , an
obelisk , and so on), but in other cases it was architecture that replicated abstract
hieroglyphs. For instance, the hieroglyph represents a stylised loaf of bread on
a reed mat and means “offering, altar”, and in Egypt hundreds of stone altars shaped
as giant replicas of this hieroglyph are to be found, the most spectacular being the
four-sided altar of the Sun Temple of the fifth dynasty king Niuserra at Abusir.
A very complex interaction, therefore, existed between the production of written
icons and that of tangible, architectural things: invention in sacred architecture and
invention in sacred writing were mutually interchangeable (Fig. 8.8).

This impressive complexity of the Egyptian interplay between creation, writing,
and architecture can be better understood in the framework of cultural memory: the
preservation of collective knowledge from one generation to the next, and the
construction of a collective identity through a shared past (Assmann 2007). Such a
cultural continuity, combined with innovation, is a striking leitmotiv running
through Ancient Egyptian history. This, in particular, holds for the Akhet symbol.
For instance, in the New Kingdom the Sphinx began to be called “Hor-em-akhet”
that is “Horus in the Akhet”, and the sun between two mountains became syn-
onymous with the Pharaoh’s tomb in official documents and texts. Incredible as it
may seem, we find it replicated in a spectacular way also in a place which was by
other means a truly ground-breaking, revolutionary Egyptian site: Amarna
(Fig. 8.9).

Amarna, in Middle Egypt, was the place chosen by Pharaoh Akhenaten (who
accessed to the throne around 1350 BC) to establish a new capital. The king was the
herald of a brand new religion: a monotheistic cult devoted to the Aten, the Sun
Disk (Redford 1987). He abandoned the traditional place of residence of the kings,
Thebes (see Sect. 8.4) and decided to found a new town in honour of the Aten in a
fairly unattractive, untouched site (perhaps on account of a total solar eclipse
occurring there on May 14, 1338 BC, see McMurray 2005; Magli 2013). The city is
located on the east bank of the Nile, and the project also included the construction
of the Pharaoh tomb, which was placed in a narrow side valley of a wadi (thereafter
usually called the Royal Wadi) that dominated the eastern horizon of the town.
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Fig. 8.8 Abu Gorab. The view towards the 5th dynasty pyramids from the upper terrace of
Niuserra’s sun temple. A huge alabaster altar is visible in the court

Fig. 8.9 Amarna. The “small” temple of the Aten
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This choice is one of the many points of rupture with previous tradition introduced
by Akhenaten, since the traditional place of the king’s burials had always been on
the western bank, where the sun sets (in particular, in the New Kingdom it was in
the famous Wadi usually called the Valley of the Kings, in western Thebes). In spite
of all these innovations, the king elected to revive the Akhet symbol as a key feature
of the plan for his town. Indeed, twice a year, around February 23 and October 24,
looking from the so called “Small Temple” (one of the two main temples of
Amarna) it is possible to see Aten, the sun disk, rising within the mouth of the
Royal Wadi, forming the hieroglyph Akhet (Gabolde 2004, 2005). To appreciate
the choice of the date, it should be noticed that the date of the town’s foundation
which is explicitly mentioned in the official Amarna inscriptions should have fallen
around solar (Gregorian) late February in the years around 1350 BC, so that
Amarna appears to be the first example of a tradition which linked the orientation of
a town with a specific date—February 23 in this case—that was considered to be
significant for its foundation (a nexus which was to be employed much later with
Alexandria, again in Egypt; see Sect. 10.2). At any rate, what is really striking is
that, in a perfect analogy with what was devised at Giza 1200 years previously, also
here the aim of the spectacular hierophany was to write a name in the cosmic
landscape. The Giza hierophany was in fact intended to replicate the name of the
Khufu complex: the Akhet of Khufu. The Amarna hierophany was intended to
replicate the name of the new city. In fact, the new capital was called Akhetaten, the
Akhet of Aten (Fig. 8.10).

Fig. 8.10 Amarna, 22 February. The sun rises in the royal wadi re-creating the name of the town,
the Akhet of the Aten (Courtesy of Marc Gabolde)

168 8 Ancient Egypt

http://dx.doi.org/10.1007/978-3-319-22882-2_10


8.3 The Giza Written Landscape

The interplay between writing, architecture and (cosmic) landscape exploited, for
instance, at Giza in Khufu’s Akhet, was honed to a even higher level of sophisti-
cation by the Egyptians, with the encoding of rules—in a sense analogous to
writing rules—which governed the evolution of the sacred landscapes of the
pyramids’ fields.

Everything began, yet again, at Giza. To read what was written in the cosmic
landscape of Giza, we shall start from the complex relating to Khafra’s son,
Menkaura. His pyramid is small compared with the two giants (66 m tall, 105 m
wide at the base) but embraces several impressive tours de force. The first and
foremost is its position. The best place to build a pyramid, considering the two
already standing, would have been to the edge of the rocky plateau, more or less on
the same meridian as Khafra’s funerary temple and therefore several hundred
metres to the east of its actual position.

Yet Menkaura’s pyramid is located at a great distance, almost lost in the desert.
It was not easy to build it there, as this involved a series of additional, tricky
technical problems in the transport of the materials, which included thousands of
tons of granite to be used for the casing (the backbreaking work was interrupted on
the Pharaoh’s death and remained unfinished). Menkaura’s position on the plateau
thus gives us a very clear hint that the topography was not determined by functional
considerations: the king was obliged by a rule to go there. But what rule? Actually,
if one observes a map of the monuments on the Giza plateau, the existence of a
global topographical axis can easily be seen (Lehner 1985a) (Fig. 8.11).

This axis is oriented inter-cardinally (azimuth*45°) and is most easily followed
by starting from the third Giza complex. The line runs along the diagonal of
Menkaura’s first Queen’s Pyramid, touches the south-east corner of Menkaura’s
pyramid, follows the diagonal of his funerary temple, passes the south-east corner
of the second pyramid court cutting the diagonal of the funerary temple, touches the
south-east corner of Khufu’s Pyramid and very nearly cuts the diagonal of his first
Queen’s Pyramid (of course, tracing lines with a pencil or with a computerised ruler
on the map of a vast area risks the creation of errors, since the width of the line itself
can be of several meters when rescaled on the ground, so it is important to stress
that the axis is fairly precise) (Fig. 8.12).

This axis is thus much more than a simple survey line, it is the seminal feature
which underpinned the development of the Necropolis. But why? To answer we
must adopt a cognitive approach, extending the analysis to the whole cosmic
landscape (Lehner 1985b; Jeffreys 1998). The solution lies far to the north-east, on
the other bank of the Nile. Indeed, if the Giza axis is projected across the river, it
points in the direction of the place where the temple of Heliopolis was located.

Heliopolis was one of the major religious centres of ancient Egypt. It was sacred
to the sun and housed the most important temple of Ra; it is mentioned in the PT
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and was a primary theological centre, where the dominant cosmological doctrine of
the Old Kingdom was formulated. This doctrine, sometimes called the Great
Ennead because it referred to nine gods, was of tantamount importance because it
included the myth of the line of descent of Osiris and therefore underscored the
divine nature of the monarch, identified with Osiris’ son Horus. Unfortunately, little
remains today of the ancient centre, whose ruins lie under the modern buildings of
Cairo in a district known as Mataria. The area of the temple is however identifiable
by a obelisk (among dozens which originally stood there) erected by Senwostret I,
the second Pharaoh of the twelfth dynasty.

In checking that the Giza axis deliberately points to Heliopolis, we first observe
that the land between the two is occupied by the Nile valley, so in principle an
unobstructed line of sight connected the two places in ancient times. However, the
earth is round and the distances which come into play are quite significant, to the
order of 25 km.

This is clearly too far and would be out of sight for a person looking at the
horizon, but by using the horizon formula (Sect. 3.2) and taking into account the
fact that that the Khufu pyramid was established on the plateau at about 24 m above
the Nile plain, it is simple to confirm that Giza and Heliopolis could communicate

Fig. 8.11 The Giza axis. From left to right the line runs along the diagonal of Menkaura’s first
queen’s pyramid, the south-east corner of Menkaura’s pyramid, the diagonal of his funerary
temple, the south-east corner of the second pyramid court, the diagonal of the fore-temple, the
south-east corner of Khufu’s Pyramid and the diagonal of Khufu’s first queen’s pyramid
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(by sun-reflecting signals during the day or fires during the night) using provisional
wooden structures, say, no more than 15 m tall (certainly this was not a problem for
the builders of stone monuments ten times higher). As a matter of fact, once the
pyramid of Khufu attained a sufficient height, the huge monument became visible
on the south-western horizon by all visitors to Heliopolis. It was still possible to
enjoy this charming view at the end of the nineteenth century, as we can see in
paintings of the time.

Thus there is no doubt whatsoever: the Giza axis was deliberately oriented to
Heliopolis, and the two places, though quite a distance apart, spoke to each other.
To understand why this was considered so essential, we should note that the link
between the Sun God and the institution of kingship came to be the most significant
element of the ideology of power during the Old Kingdom (Quirke 2001). In
particular, the solarisation of the king occurred precisely with Khufu, who to some
extent declared himself to be the Sun God. His sons and grandsons consequently
defined themselves “Son of Ra” and inserted explicitly the Ra-particle in their
names. Since Heliopolis was—at least in a sense—the birthplace of the Sun, an
explicit topographical linking of the kings’ tombs with the sacred centre becomes
perfectly understandable. This relationship can be defined as a dynastic axis: a

Fig. 8.12 Giza. A photograph taken from the first of Menkaura’s queens’ pyramids, looking
north-east. The Giza axis is clearly visible
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topographical alignment whose symbolic meaning was related to kingship and to
the king’s blood. It is perhaps also reflected in a passage of the PT (PT 307) where
the kings states “My father is an Onite, and I myself am an Onite, born in On when
Ra was ruler” (On stands for Heliopolis in the Faulkner translation).

Interestingly, as a consequence of the presence of the Giza axis, anyone
approaching Heliopolis and looking towards Giza in ancient times could only see
the Great Pyramid, with the other two progressively merging behind it, forming a
spectacular optical effect. It is obvious that whenever one puts two pyramids in a
restricted area, there will always exist a line of sight along which they are seen to
merge. The Giza architects thus intentionally resolved to lay out the second pyramid
so that the two merge when seen from Heliopolis, and this was duly followed for
Menkaura’s as well. So, the Giza axis explains unequivocally why the third
pyramid complex was placed so far off in the desert (Fig. 8.13).

One may, however, wonder about the point chosen for the corner of the pyramid
along the axis. This point was fixed in such a way that the distance of the apex from
the apex of Khafra’s roughly equals the distance between the apexes of Khafra and
that of Khufu. According to a controversial hypothesis, this leads to a similarity
(claimed not to be coincidental) of the three pyramids with the relative position in
the sky of the stars of the Orion Belt (Bauval 1989; Bauval and Gilbert 1994). This
hypothesis does not hold water: it is in fact clear from the previous section’s
discussion that the project of the first two pyramids was unrelated to any idea of
“replicating” the sky on the ground. There remains the vague possibility that it was

Fig. 8.13 Giza. The Menkaura pyramid viewed from the ascending causeway
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Menkaura who made the decision. However, there are other factors which might
have influenced the king’s choices and can be put forward as likely causes (Magli
and Belmonte 2009).

To summarise, then, the Giza axis establishes a direct link between the funerary
complex of the kings to the west (Giza) and the “solarisation” of their rebirth to the
east (Heliopolis). The intercardinal (45°) azimuth of the axis may have had an
independent origin, and therefore may have influenced the choice of the Giza
plateau. It should in fact be noted that inter-cardinal orientation is very common
in sacred buildings in Egypt from the first dynasties on, for instance, in the ori-
entations of the royal tomb at Abydos (Belmonte and Gonzalez Garcia 2009). Its
origin might be astronomical, since the intercardinal directions south-east/
south-west corresponded to the rising-setting points of the most brilliant part of
the Milky Way. In particular, during the fourth dynasty, an observer looking
towards Giza from Heliopolis would have seen the great celestial river, with the
bright stars of the Southern Cross-Centaurus group, disappear from view behind the
apex of the Great Pyramid (Magli 2010a).

The end result of all the frenetic planning and building activity which took place
at Giza is a stunning example of cosmic landscape, a place where many important
details were planned in line with ideas which had more to do with symbolism and
religion than with practicality and functionality. This model was to be re-elaborated
in the later fifth dynasty, leading to a peculiar structuring of this dynasty’s pyramid
field, Abusir (Magli 2010a). The evolution of this landscape occurred in fact along
a main axis, which is fairly similar in conception to that of Giza, although not
functional for a view to Heliopolis. At the end of the Old Kingdom, similar ideas
found application also in the pyramid complexes of the sixth dynasty at Saqqara
south, where, however, one royal monument, that of king Userkara, is missing and
might perhaps be found one day (probably in an unfinished state) in the sands of
the desert using archaeoastronomy and Archaeotopography as guides (Magli
2010a, b).

8.4 The Sun in the Temples

After the collapse of the Old Kingdom, Egypt entered a turbulent phase which is
usually referred to as the First Intermediate Period. The reunification of the country,
with the so-called Middle Kingdom, came about under the Theban kings of the
eleventh and twelfth dynasties (2134–1783 BC). As a consequence, Thebes (to-
day’s Luxor) became the most important city, and the Theban main deity, Amun,
progressively rose in importance to the point of being united with Ra, becoming
Amun-Ra, the most important Egyptian god.

Together with the advent of the Middle Kingdom, the religious structures and
associated priesthood progressively acquired power, and magnificent temples were
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constructed (Wilkinson 2003). An important part of their foundation ceremony
consisted in the choice of the orientation, by means of a procedure called Stretching
of the cord. In a typical depiction of the ceremony, the Pharaoh is shown together
with the goddess associated with wisdom, knowledge and writing, Seshat. The two
face each other, and each of them has a hammer in one hand and a pole in the other.
Between the two poles there is a rope ring being pulled. The texts associated with
the depictions include passages that doubtlessly regard the observation of the
northern sky and the circumpolar stars. Indeed, we do find a coherent family of
temples orientated along directions close to true north, such as Dendera. The details
and the precise targets of such orientations are still, however, the subject of debate
(Belmonte et al. 2009).

Another fundamental family of astronomically oriented Egyptian temples is
represented by sun-oriented buildings (Belmonte et al. 2009). The most important
one is certainly the temple of Amun at Karnak, first founded in the Middle
Kingdom (Blyth 2006) (Fig. 8.14).

The axis of the temple runs along the solstitial line midwinter sunrise/
midsummer sunset, with the front towards the Nile and sunset (Lockyer 1894)
(Fig. 8.15). However, the western horizon is occupied by the Theban hills, so that
the sun sets before filtering along the axis; the horizon is instead flat to the

Fig. 8.14 Karnak. The temple axis at sunset on a summer evening
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south-east, and therefore the temple is definitively aligned to the winter solstice
sunrise: the magnificent spectacle of the rising sun penetrating the temple can still
be enjoyed today. But why was Amun-Ra associated with the rising sun at mid-
winter? This choice probably stemmed from calendrical considerations. In fact, the
Egyptian calendar was made up of three seasons. Each season was of 4 months of
30 days, plus 5 epagomenal days for a total of 365 days, without any corrections
such as leap years. This has given rise to several—somewhat convoluted—attempts
at an explanation (for a complete discussion see Belmonte (2008) and references
therein) although, at least in the present author’s view, the Egyptians simply knew
perfectly well that the calendar was too short to take into account the length of the
tropical year, and simply chose to have a calendar comprising the closest whole
number of days to those of a solar year for religious reasons. Whatever the truth, the
calendar—and thus in particular New Year’s Day—drifted along the seasons,
making a whole turnaround in about 4 × 365 = 1460 years. Since the calendar
started with the summer solstice in the first half of the 27th century BC, in the years
around the foundation of Karnak (say about 2000 BC), New Year’s Day completed
one half of its “wandering” and was close to the winter solstice (Hawkins 1974;
Krupp 1988).

With the passing of the centuries, the Middle Kingdom collapsed and Egypt
entered a further turbulent phase which ended again with a reunification, originating
at Thebes, which in turn led to the establishment of the New Kingdom (1550–1070
BC). The Pharaohs of the New Kingdom enhanced Karnak with spectacular
additions. In particular, this work was undertaken by two very famous rulers: the

Fig. 8.15 Schematic plan of
the Karnak temple proper.
1 First Pylon and court.
2 Hypostyle Hall.
3 Hatshepsut’s obelisks court.
4 Akhmenu

8.4 The Sun in the Temples 175



Pharaoh queen Hatshepsut (1473–1458 BC) and her successor Thutmose III (1458–
1425 BC). To legitimise her own rights to the monarchy, Hatshepsut claimed direct
descent from Amun-Ra. To validate this ideology, she launched an ambitious
building programme on both Theban banks of the Nile. To Karnak, Hatshepsut
chose to add a structure open to the south-east. The building was aligned on the
same axis as the pre-existing temple but was explicitly linked to the midwinter
sunrise, since a group of seated statues representing Hatshepsut and Amun-Ra was
the first element to be illuminated by the rising sun, creating a spectacular hiero-
phany. The same orientation was chosen for the masterpiece of the queen’s building
programme, her magnificent funerary temple located on the western bank in the
Deir el Bahri bay (Belmonte and Shaltout 2009) (Fig. 8.16).

On Hatshepsut’s death, Thutmose III ascended to the throne and the memory of
the Pharaoh-queen swiftly began to fade. In particular, at Karnak the king ordered
the construction of a somewhat unusual structure, the Akhmenu. This was a large,
rectangular temple, intended to celebrate the king’s ancestors and military cam-
paign. Its longest side was placed in transverse position in relation to the temple
axis, clearly showing the intent of obstructing the view of Hatshepsut’s buildings
along the direction of “her father” rising at the south-east horizon. Interestingly,

Fig. 8.16 Western Thebes. The terraces of the Hatshepsut temple at Deir el Bahri
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Fig. 8.17 Karnak. The temple axis at sunrise at the winter solstice (Courtesy Juan Belmonte)

Fig. 8.18 Abu Simbel. The facade of the main temple
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however, veneration of the rising sun at the winter solstice was reaffirmed with the
construction of a side room (“high room of the sun”, as Hawkins called it), which is
clearly a solar shrine. This elevated building is provided with an oriented window
and a huge sun altar. The inscriptions in the room read “We applaud your beautiful
face, you biggest of all Gods, Amun-Ra” (Fig. 8.17).

If Karnak is a seminal example of a family of solstitial Egyptian temples, it
should be said that solar orientations did not necessarily have to be solstitial.
Actually, one of the most impressive hierophanies occurring in Egypt is related to
dates in February and October. It occurs at Abu Simbel, where Ramesses II (1279–
1213 BC) built two temples excavated in the rock near the bank of the Nile (today
reconstructed in an elevated position due to the formation of the artificial lake of the
Assuan dam) (Fig. 8.18).

The façade of the main temple houses four gigantic statues, 22 m tall, of the
Pharaoh. The interior is organised along a series of halls aligned with one another
and decorated with frescos recounting the heroic life of the king. The chapel at the
end contains four seated statues representing gods: Ptah, Amun-Ra, Ramesses II as
a God, and Ra-Horakhti. On Gregorian dates close to February 20 and October 22
of every year, the sun rises in alignment with the axis of the temple. The light rays
pass along the axis and reach the chapel at the very end of the building. However
the Sun carefully avoids Ptah (a chthonic God, related to the underworld, therefore

Fig. 8.19 Abu Simbel. The innermost chapel of the temple of Ramesses II. From left to right Ptah,
Amun-Ra, Ramesses II, and Ra-Horakhti. Each year, during two short periods of days around
February 22 and October 22, from 3200 years, the rising sun aligns with the temple axis and
illuminates the statues on the right, while that of Ptah remains forever in the dark
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remaining in darkness the whole year) but illuminates Amun-Ra, then Ramesses II
and, in the end, also Ra-Horakhti, the personification of the solar disk.

This spectacular hierophany implies an architectural constraint that conditioned
the entire planning of the Abu Simbel main temple right from the onset. To
understand the choice of dates we must resort again to the Egyptian calendar. The
reign of Ramesses II marks a special calendrical moment in Egyptian history, since
for the first time the civil calendar of 365 days re-aligned with the solar (tropical)
year, after some 1460 years of wandering. When the calendar was devised—and
therefore again during Ramesses II’ reign—new years day was the summer solstice
and the seasons Shemu and Peret consequently began on Gregorian dates close to
those marked by the Abu Simbel alignment, February 20 and October 22 (Belmonte
and Shaltout 2005) (Fig. 8.19).
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Chapter 9
Pre-columbian Cultures

9.1 The Maya at Uxmal: The Governor’s Palace

The Maya culture flourished in the area which extends from the Yucatan peninsula
to south-east Mexico, Belize, Guatemala and Honduras (Coe 2001). Between the
third and the ninth centuries AD—the so called Classic period—hundreds of Maya
city states developed here; most of them then rapidly collapsed, for unclear reasons.
However, in the subsequent or Post-Classic period, equally wonderful cities thrived
in the Yucatan lowlands, and we shall concentrate here on two such places, Uxmal
(this section) and Chichen Itza’ (next section).

Maya city-states were a highly complex construct. They were autonomous, but
linked by structured, mutual alliances and inter-dependences, as well as by fierce
feuds which often flared up into conflicts. The political dependence between cities
was in many cases celebrated with the construction of a sacbe. Sacbes are cere-
monial straight roads, running on an artificial platform. Some of them are very long,
and the longest known—connecting Coba’ to Yaxuna’—extend to 105 km, pro-
ceeding with impressive straightness, close to the east-west direction along many
stretches.

The political history of the Maya cities has gradually been revealed by
Mayanists in the last few decades, thanks to the progressive deciphering of
inscriptions. The history of such deciphering is very instructive; to put it briefly, it
has long been known how the Mayas wrote numbers, so it was also common
knowledge that the vast majority of inscriptions contained dates; however, up to the
1950s, a rather iniquitous idea prevailed, namely that the Mayas simply recorded
the passing of time. In other words, there was no inkling that the inscriptions could
be what they naturally seem to be, and actually are: official recordings of historical
facts, for example, the accession of a ruler or celebration of a victory.

The Maya culture and religion were extremely complex. Their tiered cosmos
was structured in three levels. As mentioned in Sect. 5.2, the underground world, or
Xibalbà, had an intricate geography and was divided into nine sub-levels, each
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inhabited by a divinity associated with death. The heavenly world was populated
mainly by gods associated with natural phenomena, for example Chac, the Rain
God. In the sky, Venus was associated with Chac and played a important role—so
that her cycles were studied scrupulously, as we shall see shortly. More generally
speaking, the prediction of all cosmic events and the study of their presumed
influence on human lives was undoubtedly of fundamental significance for the
Mayas (Schele et al. 1995). In particular, they developed sophisticated tables for
studying the incidence of eclipses, as testified to by the few Maya books—called
codices—that have come down to us. Of course, astronomy and astrology were
inextricably linked in these texts, since celestial events were connected with rituals
and omens.

It has often been said that the Mayas were obsessed by the calendar, and many
ridiculous attempts were made to stir up a similar obsession in us all on the occasion
of December 2012 (see below). In reality, the Maya were “obsessed” only insofar as
calendrics was an essential ingredient of the timing of Maya agricultural activities
as well as of their social life, from the choice of the name of a newborn to the
festivities connected with the completion of time cycles. These cycles were mea-
sured by means of three different calendars: the Tzolkin of 260 days (13 months of
20 days), the Haab, of 365 days, and finally a long-term calendar or long count.

The reason for the choice of 260 days for the Tzolkin is unknown. There are
actually two astronomical periods which (more or less exactly) last 260 days. The
first is the interval between two zenith passages of the sun at a certain latitude, and
in the Maya area this latitude corresponds to the classic city of Copan. As a
consequence, Copan has been repeatedly proposed as the place where this calendar
was devised. The other astronomical possibility relates to the Venus cycle, since the
period of visibility of Venus as the Morning Star is about 258 days. In both cases,
however, it must be clarified that an astronomically anchored calendar cannot be
run on the basis of these celestial periods, because both are only parts of a complete
cycle. Since this point is often misunderstood, I shall explain it with an example.
Suppose that we start a calendar of 260 days on the second passage of the sun at the
Zenith in a place where the two passages are so separate. Then, the first calendar
count will end with the first zenith passage, and therefore it will be perfectly in tune
with a celestial cycle. That is all, basically, since with the second period of
260 days, the calendar will already be completely out of sync. Therefore, if the
Tzolkin calendar also had astronomical origins, (as yet unproven) the calendar
length of 260 days was soon to be left as a purely symbolic fossil of such an origin.

The Haab calendar consisted of 18 months of 20 days each, plus five days
considered to be inauspicious, making a total of 365 days. There was no leap year,
although its solar origin appears obvious (the Maya were perfectly aware of the true
length of the solar year). Finally, dates of the long count were expressed with five
figures in this way: kin (day), unial (20 days), tun (18 unial = 360 days), katun (20
tun = 7200 days), baktun (20 katun = 144,000 days), exactly as our dates are made
up of days, months and years. For us, though, the days go from 1 to at most 31 and
then start again, the months go from 1 to 12 and then start again, but the years go on
ad infinitum. For the Mayas, all the five figures were recursive: kin, tun and katun
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went from 0 to 19, the unial went from 0 to 17 and the baktun from 1 to 13. Thus,
all possible long count dates, consisting of five numbers in succession, were finite in
number. A complete long count period ended on 13.0.0.0.0., after 5125 solar years
from the beginning (hence—curiously—five such periods are the equivalent of
26,625 years, a number of years extremely close to a precessional cycle).

Of course, to collocate a Maya date that we read in inscriptions in a moment of
our own history we must first anchor at least one Maya date to a Gregorian one.
Fortunately, this problem is solved by the so-called GMT (Goodman-Martinez-
Thompson) correlation, which fixes (on the basis of historical documents reporting
astronomical events) the starting date of the long count on August 13, 3114 BC
(there is a uncertainty of one day). It can be inferred from this date that the end of
the 13 Baktun and therefore the re-start of the Maya calendar was at the winter
solstice 2012. However, the catastrophe theories linked to this (besides proving to
be downright and embarrassingly false on the day after…) find no justification in
the extant Maya documents and records. Obviously, however, a very interesting
issue remains on the table and—as far as I know—it is totally unaddressed: that of
understanding the reasons behind the choice of the starting date, as well as the
length of the recursive period. To make a comparison, an archaeologist studying our
remains would have to understand why the Christian world counted time from 1
Anno Domini and the Islamic world from 1 Hijra.

The role of the astronomers in the Maya society was quite a considerable one,
and we do have clear evidence that Maya astronomers were involved in the plan-
ning of monumental buildings. The importance of the celestial cycles was so rooted
in Maya life that astronomy will often crop up in the urban fabric of cities in the
most unexpected ways and forms (Aveni and Hartung 1986; Ashmore 1991). As a
consequence, it may be extremely difficult for us to decipher today; furthermore, the
new-age mumbo-jumbo which accompanies any discourse on Maya spirituality and
cosmology does not help in identifying their true features. In any case, it is beyond
question that the orientations in Mesoamerica exhibit a non-uniform distribution,
and this is undoubtedly of astronomical origin. This origin is very likely solar.
Peaks can be seen at the solstices and at the days (very close to the equinoxes)
marking quarter days of the year, i.e. midpoints in time between the solstices
(Sprajc 1993; Sprajc and Sanchez Nava 2012); moreover, the intervals separating
sunrise and sunset dates recorded by orientations tend to be multiples of 13 or of
20 days. The urban layouts tend to be skewed clockwise from cardinal directions by
an amount close to 17°, probably indicating (rather than a skewed orientation of the
main north-south axis with respect to the north) an interest in the sun rising in
autumn and/or setting in spring. This tradition was perhaps initiated, or at any rate
made popular, by the urban layout of Teotihuacan (Sect. 5.5). The true origin of it,
however, is still subject to debate.

Besides solar orientations, Maya architecture also presents convincing cases of
orientation towards the extreme declinations of Venus. The reason might have
been partly practical, since during the Maya period the extremes of Venus had a
certain relationship with the rainy season and thus with the maize cultivation
cycle. However, this correlation was too approximate to be considered effective
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for timing agricultural activities. Rather than, the connection was mainly sym-
bolic, as Venus was connected with rain, maize, and fertility in the Maya religion
(Milbrath 1999).

The most open-and-shut case of an alignment to Venus is to be found in the
Maya city of Uxmal, in south-western Yucatan (Fig. 9.1). Uxmal, together with the
closely related towns of the so-called Puuc Route, Kabáh, Labná and Sayil, reached
its apex in the Post-Classic period, roughly between AD 700 and 1000. The
architectural style which characterises these towns is unmistakable. First of all, a
Puuc palace façade is divided into a lower part, with several doorways, and an
upper part without windows and decorated with symbolic motifs. The motifs were
carved in stone and assembled with a technique which recalls a modern Lego
construction. Usually, there are a few single personages, while the rest is occupied
by a geometric decoration and by the ubiquitous, obsessive repetition of a peculiar
image. The latter is a rectangular mask, representing a stylised face with a very
elongated nose (or, according to some, upper lip). This mask is replicated scores, or
even hundreds, of times. Each mask is made up of smaller stone pieces, one for
each detail (e.g. eyes, nose, etc.) and each of these stone pieces was produced in
series (so that in front of the palace of Kabah, which is currently under restoration,
long lines of identical noses, identical eyes and so on are to be seen on the ground).
Traditionally, the mask is identified with an image of Chac, the rain god, an

Fig. 9.1 Uxmal. General view
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identification which seems quite sound (for an alternate view as a “flower moun-
tain” symbol, see Coe 2001).

The Puuc style at Uxmal reached its pinnacle in three main structures. First of
all, the so-called Pyramid of the Magician (Fig. 9.2). It is an unusual building, with
rounded slopes and an oval plan. Second, and connected with the first, the
quadrilateral court traditionally called the Nunnery quadrangle. Both of these
structures follow the general orientation of the whole ceremonial centre, which—as
is usual in Mesoamerica—is slightly east of north. The third building, however, is
orientated 28° south of east, and its façade looks directly onto the jungle (Fig. 9.3).
It is the so-called Palace of the Governor, a huge rectangular building located on a
platform rising up to 14 m above ground level. As is typical in this kind of official
architecture, it is an object meant to be seen rather than to be inhabited, as it is
equipped with as many as eleven doorways on the main façade and has no win-
dows. Its function was therefore mainly symbolic, as a sort of king’s official
mansion. The decoration of the palace is in the sumptuous Puuc style, with a
succession of Chac masks. Maya numerals representing the number eight are
sculpted over the eyes of the masks placed at both northern corners of the building,
and hundreds of so-called Venus glyphs are also present on the façade. The Venus
glyph is a symbol which might be described as two stylised eyes underlined or
overlined by moustaches; such a symbol is unequivocally associated with the planet
Venus in Maya iconography. Aligned with the palace’s front, are a huge cylindrical

Fig. 9.2 Uxmal. The pyramid of the Magician
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“menhir” and a square platform with a stone double-headed jaguar throne (Fig. 9.4).
The dating of the palace is to around 900 AD, during the reign of a king commonly
known as Lord Chac.

The combination of a skewed orientation in relation to the urban plan and the
Venus glyphs strongly hint at an astronomical connection, and indeed, the per-
pendicular to the façade points to the southerly extreme of the rising of Venus in its
complete eight-year cycle (Sect. 1.8). Viewed from the Palace, this direction is
marked on the horizon by a pyramid belonging to a small Maya settlement located
at about 5 km from Uxmal (Aveni and Hartung 1978). Of course, the Palace can
also be used as a foresight for observing the northerly extreme of the setting of
Venus from the summit of this pyramid, and perhaps, in view of the behaviour of
the extrema of Venus in the centuries in which the palace was constructed, this
alternative event is the one which was actually observed (Sprajc 1993). In any case,
the connection of the Palace of the Governor with Venus and its consequent
deliberate orientation appears unquestionable; the number eight in the decoration of
the building may refer to the period of invisibility of the planet at the inferior

Fig. 9.3 Map of the
ceremonial center at Uxmal,
with the monuments cited in
text. 1 Nunnery quadrangle,
2 Pyramid of the Magician,
3 Palace of the Governor
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conjunction and/or to the fact that five synodic Venus periods of 584 days
(a periodicity very well known to the Maya) equal eight Haab years of 365 days.

9.2 The Serpent on the Pyramid: Chichen Itza’

The Yucatan peninsula is dotted with peculiar natural features called cenotes.
A cenote is a sinkhole, in many cases circular or nearly circular, which results from
the collapse of the bedrock surface and can be quite massive (up to several dozen
metres in diameter). The collapse exposes pits with galleries of groundwater
beneath, so that many cenotes resemble natural swimming pools. The cenotes were
considered sacred by the Mayas, who used them as gateways of spiritual com-
munication with the other world and, as a consequence, cast sacrificial offerings,
including humans, into them.

It is probably on account of the presence of two imposing cenotes that
Chichen-Itza, one of the most important Maya sites of Yucatan, was founded. The
first settlement here dates as far back as the Classic Period, with the construction of
a ceremonial centre which today bears the name of Chichen Vejo. But Chichen-Itza
was to become one of the most important city of the Yucatan only in the
Post-Classic era, say, around the tenth century AD (Fig. 9.5). Up to a few years ago,
it was believed that Chichen Itza’ had been invaded and re-founded by the Toltecs,

Fig. 9.4 Uxmal. Palace of the Governor
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a warrior tribe from the Mexican plateau who allegedly conquered the town around
967 AD. Recently, doubt has been cast on this invasion (Kowalski et al. 2012). Be
that as it may, there is no doubting the fact that at Tula, the heartland of the Toltecs
in central Mexico, there is a building—the so called Temple of the Morning Star—
which has been copied, in greater dimensions, at Chichen Itza’ in the so called
Temple of the Warriors (both having the same, familiar orientation with a 17°
skew).

Chichen Itza is one of the most popular and awe-inspiring archaeological sites in
Mexico, and a complete description of it would be beyond the scope of this book;
we shall concentrate here on the main pyramid called Castillo. However, we must
first mention a building, the so-called Caracol, which has provoked much discus-
sion in view of its possible astronomical function (Fig. 9.6).

The Caracol is an enormous structure with circular layout, built over a huge
platform. From the outside it admittedly resembles a modern astronomical obser-
vatory covered by a domed vault, but the dome is actually almost filled in, apart
from a spiral passage that gives the building its name (Caracol means snail in

Fig. 9.5 Map of the
ceremonial center at Chichen
Itza, with the monuments
cited in text. 1a Castillo,
1b Platform of Venus,
1c Sacred Cenote, 2a Osario
Pyramid, 2b 2nd Venus
Platform, 2c Cenote Xtoloc,
3 Temple of the warriors,
4 Caracol
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Spanish). Thus, the Caracol’s resemblance to modern astronomical observatories is
purely coincidental. However, there are many astronomical alignments (to Venus
standstills, to solstices, and others) that appear to correspond to particular features
of the edifice (Aveni et al. 1975; Aveni 2001). The validity of these alignments has
been questioned, though, especially since the corresponding sights from the win-
dows of the upper dome are not direct but are based on cross-jamb angles, and as
such are more at risk of a selection effect (Shaefer 2006). Recently, I was fortunate
enough to be granted a study visit to the interior, which is generally kept closed for
security reasons by the INAH authorities. After this visit I should say that a
re-analysis of this building would certainly be worthwhile. However, if many
details might be open to question, it is frankly difficult to understand the many
curious features—like the apparently odd changes of axes—without having
recourse to astronomy. For instance, the stylobate on the front is skewed in such a
way to be convincingly oriented to the southernmost extreme of the rising of Venus.

From the Caracol we can now move 400 m to the north and reach the
world-famous pyramid usually called Castillo (from the Spanish word for castle). It
is a square building 24 m tall, with 55 m side base. Each side is fitted with a staircase
inclined at 45°which reaches the summit, which is occupied by a rectangular temple.
The monument is dedicated to Kukulcan, the Plumed Serpent, a very ancient divinity
in Mesoamerican religion who was, however, also identified (at least mythologi-
cally) with a historical figure—some kind of ruler of the town. Two monolithic
sculptures of serpent’s heads are placed on each side of only one of the staircases;

Fig. 9.6 Chichen Itza. The Caracol
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clearly this is the most important one as it leads to the main entrance to the edifice on
the summit (Fig. 9.7). In the 1930s it was discovered that the building incorporates,
like a Matrioska doll, an older built-in pyramid, with its summit temple still intact,
containing a Chac-Mool (a statue of a recumbent man which was used for human
sacrifice) and a jaguar-shaped throne. This older structure was oriented like the
Castillo but probably had only a single stairway, which corresponds to the main one
of the Castillo itself (today it runs underneath it).

In the design of the Castillo we find many numbers recurring, which may allude
to calendrical meaning—in particular, each staircase counts 91 stairs, for a total of
365 if the upper terrace is included—although identifying numbers in the design of
a building and attributing a symbolic meaning to them is always a potentially
dangerous enterprise. In any case, the relationship with calendrics is strongly
supported by the archaeoastronomical analysis.

Fig. 9.7 Chichen Itza. The Castillo

192 9 Pre-columbian Cultures



Since the monument has a square base, to define orientation we need only find
out the azimuth of the perpendicular to one side (say, the south-east one) looking
out (the 90° angles of the base are not perfect, in fact, but the error is negligible for
our purposes). There is some confusion in the literature about the exact value of this
azimuth; I adopt here the value 112° (based on Sprajc and Sanchez Nava 2013, and
on a direct measure). Thus, the square base of the Castillo is skewed 22° clockwise
with respect to the cardinal directions. Why? By analysing the motion of the sun at
Chichen Itza it can easily be verified that the azimuth of the north-west façade
(270° + 22° = 292°) fits remarkably well with the setting of the sun on the days of
the zenith passages, the 20th of May and the 24th of July. There, is, therefore, little
room for doubt that the monument was oriented in such a way that this façade is
fully lit by the setting sun on these days. It could be argued, however, that the
intended orientation was rather that of the south-east façade, towards the rising sun
at azimuth 112° (Milbrath 1988). The horizon is flat, and therefore these dates (18
January and 23 November) correspond to the days opposite the zenith passages, the
so called nadirs (on these days, at midnight, the sun is directly overhead in the
opposite hemisphere, see Sect. 1.2). However, there is no convincing proof that this
“phenomenon” (as a matter of fact, nothing special transpires on the nadir days in
the hemisphere where the nadirs do occur) was of interest to the Mayas. The interest
in the passage of the sun at the zenith is, on the other hand, very well documented in
Mesoamerica; it was studied with appropriate devices (see next section) that
enabled astronomers to recognise the transit of the sun directly overhead. Yet
another hypothesis suggested is that the intended orientation was that of the
diagonals, and not that of the sides. This orientation is claimed to be along the
summer solstice sunrise/winter solstice sunset line (see e.g. García-Salgado 2010).
However, the azimuth of the diagonal is 22° + 45° = 67°, while the azimuth of the
sun rising at the summer solstice at Chichen Itza is about 64° 30′, thus with an error
of +2° 30′. Also considering that the site is merged with the jungle, with a flat
horizon that does not facilitate exact observations, if the alignment was intentional
the planners committed a big error, which has to be compared with that—much
smaller—of the alignment to the zenith sunset. Therefore, it is difficult to accept that
it was the orientation of the diagonal that the architects were interested in at the
design stage. Having said that, it is also true that the builders certainly knew that, at
the latitude of Chichen Itza’, a square building with a side facing zenith sunset
would have worked relatively well also as a solstice indicator, with two faces
remaining substantially in the shade and two faces fully illuminated at sunrise at
summer solstice, and the opposite two at sunset at winter solstice.

Ultimately, it is difficult to escape the idea that the Castillo is a calendrical
monument, connected intimately (albeit symbolically) to the regularity of the flow
of calendar time and to the repeatability of seasonal, natural time. But the most
striking astronomical aspect still awaits. The Castillo was in fact designed as a
three-dimensional astronomical device, and this feature makes this wonderful
monument quite unique.

To understand how this device works, let us observe that, in general, the shadow
produced by the north-west corner of the pyramid in the afternoon will be projected
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onto the north-east face in different ways on different days and at different hours.
Generally speaking, the narrow north-east balustrade (the only one bearing serpent
heads) could either be in shadow or illuminated. Only as a result of very special
positions of the sun (and therefore on special days and hours) will the balustrade be
half-illuminated, that is to say, the undulating profile of the corner will project a
undulating figure onto it. When this occurs, the light (and shadow) connect with the
serpent head at the base, creating an unmistakable image of the descent of a giant
rattlesnake from the temple (Fig. 9.8).

The monument has been designed in such a way that this phenomenon takes
place—reaching its maximum effectiveness about 1 h before sunset—in the days
close to the spring equinox (it was certainly meant to be seen in March, as
September is in full rainy season). This calendrical function is also clearly sym-
bolic, since the hierophany cannot be used to establish the equinoctial date with
precision; in particular, this also implies that perhaps the days of interest were
March 23 and September 21, the quarter days which divide the year into four equal
periods of 91 days (Sprajc 2001; Sprajc and Sanchez Nava 2013). Interestingly,
focus on the quadripartition of the year is clearly recognisable also in pre-conquest
documents, especially in the Dresden codex (Bricker 1988) (Fig. 9.9).

The document was purchased by Royal Library at Dresden in 1739, and its
provenance is unknown; there is, however, the distinct possibility that it was

Fig. 9.8 Chichen Itza, Spring Equinox. A serpent of light and shadows descends the staircase of
the Castillo
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compiled at Chichen Itza’ around 1200 AD, copying material and astronomical data
that had already existed for centuries. This idea is fascinating because—at least in
my view—a page of the codex (68a, belonging to the so called seasonal tables)
seems to contain a reference to the Castillo hierophany. It is a double figure of the
Rain God Chac. The two figures sit back to back, on a sort of bench made out of a
“sky band”, the typical Maya decoration containing symbols of planets and con-
stellations, signalling a celestial context. The two figures are surmounted by what is
called a “reversal” glyph, which alludes to the equinoxes; rain is falling on the
right-facing Chac only. The reading order of the whole table is from left to right,
so that the dry season—symbolised by a dry Chac—precedes the rain season

Fig. 9.9 Double figure of the
Rain God Chac (redrawn from
page 68 of the Dresden
codex)
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(wet Chac) in the image: to sum up, what is being represented here is the spring
equinox as a symbolic divide between the dry and rainy seasons, the transition
which was connoted by the serpent hierophany.

It would be quite reasonable at this point to wonder whether the serpent equinox,
which descends the Castillo stairway as a symbolic harbinger of the rainy season, is
going somewhere. To answer to this question we must broaden our view of the
monuments of Chichen Itza’ (Carlson 1999). The direction indicated by the stair-
way where the hierophany occurs crosses another monument of the esplanade, the
so-called Venus Platform; it is a sort of square altar, with inscriptions referring to
Venus, and serpents’ heads. Nearby starts a sacbe, a ceremonial causeway which
today can still be run up to the largest of the Chichen Itza’ cenotes, the so-called
Well of Sacrifice (Fig. 9.10).

The sacred water here is thus the final destination of the god. We know for
certain that the well at Chichen Itza had been one of the most important
Mesoamerican pilgrimage sites, and underwater archaeology in the cenote has
yielded a variety of offerings made over centuries by pilgrims, as well as clear
evidence of human sacrifice. However, much is still to be understood about the
meaning of this spectacular architectural ensemble. It should be said first of all that
it is in fact replicated in the south sector of the city, where there is another radial
pyramid, the so called Osario (or Priest’s Grave, on account of a cave lying
underneath) (Fig. 9.11).

Fig. 9.10 Chichen Itza. The sacred cenote
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A precise dating of this structure is difficult, but it must be roughly contemporary
with, or slightly later than, the Castillo. This pyramid is not oriented like the
Castillo though, and no light-and-shadow effect has ever been ascertained there. At
any rate, the balustrade “descends” towards another Venus platform, another
sacbe’, and the second great Chichen Itza’ cenote, Cenote Xtoloc. Thus we may see
that an architectural replica of the main ceremonial centre of Chichen was created
within Chichen itself. But the surprises do not end here. Someone, around 1100
AD, decided to replicate the Castillo in yet another place.

The chosen site wasMayapan, some 100 km to the west, and almost exactly on the
same parallel. Spanish sources inform us that the site was founded as a new capital
after the fall of Chichen Itza, and that the new capital blossomed for a couple of
centuries before being abandoned. These historical accounts are somewhat confused
and unreliable, but archaeology has substantially confirmed the period when the city
flourished. According to tradition, it was ruled by two elite families, one from
Chichen and another from the Uxmal area, and indeed a distinct mixture of styles can
be seen in the city centre, which is concentrated around a small cenote. Here, a
building in typical Puuc style—replete with impeccable Chacmasks on its front—can
be seen alongside what looks like a (heavily restored) replica of the Caracol, on a
smaller scale (Fig. 9.12). But the masterpiece is the nearby pyramid, which is
obviously a near copy—again on a smaller scale—of the Castillo (Figs. 9.12 and
9.13).

Fig. 9.11 Chichen Itza. The Osario pyramid
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The orientation of this building is very interesting. The staircases are orientated
to the cardinal points (in the literature the orientation of the sides is given as 5° east,
but the monument is not perfectly built as a square and a direct measurement of the
staircases I have taken gives a value closer to the cardinal directions). There is no
light and shadow effect at the equinoxes, but a diamond-snake effect similar to that
of the Castillo occurs also here, for about a month before and after the winter
solstice (Aveni et al. 2004). This is, therefore, an example of an architectural replica
where the astronomical content was changed; the reason might be a change in the
calendar that took place in the same period.

In conclusion, the serpent hierophany at Chichen Itza is another fine example of
“testis unus testis nullus” case (excluding Mayapan, since the orientation there is
different) where one cannot formally assert the intentionality behind. On the con-
trary: a rigorous approach—given the impossibility of carrying out a statistical
analysis, and the absence of direct written records—would tend to impute the
serpent equinox phenomenon to pure coincidence. So it is up to you. You may think
that the planners of Chichen Itza’ devised and constructed the only
three-dimensional hierophanic device known from the ancient world, and so, that
the light-and-shadow rattlesnake body which takes shape on the balustrade of the
temple at sunsets close to the spring equinox and then connects itself with the stone
head of a serpent located exactly at the end of the same balustrade, finally moving
towards the Venus platform and the sacred way that leads to the most sacred cenote

Fig. 9.12 Mayapan. A perfectly conserved Chac mask, with the Caracol in the background
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in the Maya world is a willing phenomenon or—well, you may think that all that
was just down to pure chance.

9.3 Going Where the Sun Turns Back

There is a strange coincidence connecting the three (chronologically speaking)
successive Mesoamerican towns which, as we have seen, are interrelated by his-
torical facts and architectural replicas, viz, Tula, Chichen Itza and Mayapan
(Figs. 9.14 and 9.15). The coincidence is that Chichen Itza’ and Mayapan lie on the
same parallel, and both sit well within 1° of the Tula parallel (latitudes are 20° 40′
for Chichen Itza, 20° 38′ for Mayapan and 20° 03′ for Tula).

This may be due to chance; however there are clear indications that
Mesoamerican cultures of central Mexico had somehow come up with the idea of
latitude by noticing that the number of days between two zenith passages of the sun
is different in different places, and by individuating the place where the zenith
passages coincide with the summer solstice, that is, the tropic (actually, the first
measurement of earth radius we are aware of, executed by the third century BC
scientist Eratosthenes of Cyrene, was based on a similar procedure; recall however

Fig. 9.13 Mayapan. The Castillo
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that according to all historical evidences, there was no cultural exchange between
pre-Columbian people and the classical world). The proof has to be sought in the
state of Zacatecas, in North-West Mexico. This area, between the third and the
eleventh centuries AD, was inhabited by a people known as Chalchihuites (Kelley
1971). The Chalchihuites were farmers, with a rather crude architecture and rela-
tively simple decorative art; their settlements were located on the hills, in
easy-to-defend positions. Within this cultural scenario, one site should be singled
out (Fig. 9.16).

Fig. 9.14 Tula. Temple of the morning star

Fig. 9.15 Chichen Itza. Temple of the warriors
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Today called Alta Vista, it is atypically situated on a plain, with no defensive
features and bereft of water sources. It exhibits a spectacular series of buildings
which pertain to a cultural phase dated—to fix ideas—around 650 AD, during
which elaborate ceramics were also produced with sophisticated technique and
design. These buildings and the contemporary ceramics are clearly out of place in
the local culture. Their design rather recalls central Mesoamerica, including
Teotihuacan, and is highly ceremonial in content. We have no traces of an invasion,
though; most probably, the two cultures were in contact via trade routes with the
American Southwest and the presence of commerce on account of turquoise mines.
At a certain point, a more substantial group of central Mexico people, bringing
Teotihuacan culture with them, arrived, establishing at Alta Vista a sophisticated
ceremonial centre with central Mesoamerican cultural features. The ceremonial
centre was built with the use of elaborate construction techniques involving stone
and concrete walls. But why did they invest such enormous effort in this very place?
The answer, as the reader may have guessed, is probably none other than astronomy
(Aveni et al. 1982).

The starting point is the actual position of Altavista, which lies practically on the
Tropic of Cancer. To be precise, today the tropic passes some 4.2 km south of the
ruins. Due to a slight decrease in the obliquity of the ecliptic, at the time of
construction the tropic was in fact some 14 km to the north, but very close to the
site anyway, with an error of 7′ in terms of latitude. A second important point is the
favourable position of Altavista for making solar observations. At the eastern
horizon, the view is occupied by a prominent mountain range, with a distinct central
peak, the Picacho. To the south-west, the horizon is taken up by another mountain,

Fig. 9.16 Altavista. Hall of the columns, with the Cerro Chapin at the horizon
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El Chapin. Here, near the summit and in view of Altavista, circular petroglyphs
chipped into the rocks have been found. Usually called pecked crosses, these
chipped images immediately suggest a sort of station for the placement of a survey
stack or a gnomon. Scores of these have been found in Mesoamerica, in particular
at Teotihuacan, where they were probably used for astronomical survey measure-
ments of the town’s axes (Aveni et al. 1978). The presence of these etched circles
gives a strong hint that the builders of Altavista were performing astronomical
observations. This is spectacularly confirmed by the following combination of
astronomical alignments. An observer located at the petroglyph on Cerro Chapin
can see the June solstice sunrise taking place from behind the Picacho peak, which
towers over the town. On the other hand, the very same foresight—the Picacho—
was used for equinoctial alignments within the town. A first building showing
equinoctial alignment is the so-called Hall of Columns, a square enclosure with 28
columns. This structure was built with painstaking care and accurately oriented with
the sides along the inter-cardinal directions; it has virtually no parallel in the area, in
either size or orientation (one smaller colonnade hall is to be found at La Quemada,
some 150 km to the south-east, but there the orientation is the familiar 17° south of
east). The orientation was achieved by means of an elaborate system of survey
poles which were later plastered into the walls, and since the building is square, its
diagonals are orientated to the cardinal points, so that, in particular, the east-west
diagonal aligns to sunrise at the equinoxes. There is, therefore, a deliberate link with
the quadripartition of the world, confirmed by findings in a multiple burial place,
possibly of human sacrifices, located at the north corner. The four corners of the
universe were the realm of a Mesoamerican God whom the Aztecs were to call
Tezcatlipoca, frequently represented in the codices—for instance in the
pre-Hispanic document known as Codex Fejérváry-Mayer (Vail and Hernandez
2010) (Fig. 9.17).

The realm of the God is clearly shown, as the personage is always represented at
the centre of quadripartite images (which curiously resemble the plan of the Castillo
at Chichen Itza’). Similar images recur in the decoration of Red-on-Brown pottery
at Altavista, which show a stylised serpent body motif dividing the interior of
shallow bowls and plates into four quadrants. Attention to the cardinal points and
equinoxes at Altavista is further corroborated by another structure—called the
Labyrinth. The main east-west axis here points directly to the summit of Picacho
peak, so that the equinoctial Sun, rising from behind of the peak, suddenly illu-
minates the halls, creating a spectacular effect.

To sum up, then, Altavista appears to be a cultural-religious outpost of
Teotihuacan culture, built at a relevant distance but in line with the high con-
structive standards of the heartland, in a rural area which was otherwise frequented
only for trade and commerce. The site shows a clear intervention by expert
astronomers and it is really the only pre-Columbian site where a clear, exclusive
interest in the cardinal points and the quadripartition of the universe is exploited in
architecture. Its location was carefully chosen to be very close to the Tropic, and—
due to its uniqueness—it is almost impossible to think that this was coincidental.
Thus we have no alternative but to conclude that the astronomers responsible for
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Altavista sought out a place where the sun was directly overhead at the summer
solstice.

The questions now: why, and how?
The second question is perhaps easier to answer. As already mentioned, the

interest in, and observation of, the passage of the sun at the zenith has been well
documented in Mesoamerica. Appropriate measuring devices have been found, for
example, at Monte Alban, in the Oaxaca valley. Here an underground chamber is
connected with the surface by a vertical shaft with a hole in the top. Because of its
reduced size, the hole indicates the days of the zenith passages of the sun when the
sunbeam falls perpendicularly through the opening. The same kind of measure-
ments can be made by watching carefully the shadows projected by a gnomon
around noon, day after day. It is therefore not unreasonable to conjecture that the
builders of Altavista combined their basic knowledge of the fact that in going north,
the interval of days between the zenith passages diminishes, with perhaps
impromptu observations reported by travellers about the existence of places to the

Fig. 9.17 The first page of the Codex Fejérváry-Mayer (image in the public domain)
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north where the phenomenon no longer occurs. In any case, individuating the
Tropic so precisely could not have been an easy matter. Why did they persist in
such an endeavour?

It is difficult to assess how the existence of the line of the Tropic might have
been perceived. It is natural to think that the astronomers were aware that the
changing behaviour of the sun when going north is due to the fact that the earth’s
surface is not flat but spherical. At least in my view, no serious sky-watcher can
really believe the Earth to be a flat surface: for any astronomer the Earth is at the
very least a disk, since one only has to watch a lunar eclipse to see the curved rim of
the earth progressively covering our satellite; furthermore, tall objects on the
horizon (like ships’ masts) first become visible in their higher parts, and if this
might pass unnoticed by most people, it most certainly was noticed by people who
spent their life gazing at the horizon; finally, for observers in tropical areas it is
extremely hard to explain the variation in the number of days between two zenith
passages in relation to the place if all places are located on the same flat surface, and
it is equally difficult for anyone to explain the differences in altitude of the north
celestial pole in different locations.

Of course however, this does not mean that the Earth’s spherical nature was
common knowledge, and cosmologies usually employed neater, simpler concepts
that could be understood at a religious level. The Tropic might have been under-
stood as a boundary beyond which the sun could no longer reach up to the zenith at
noon. The construction of Altavista in this case would have had a foundational
aspect: fixing the correct location of the zenith. Interestingly enough, in some
depictions of the God responsible for the quadripartition of the universe, the car-
dinal points are represented, together with other paraphernalia, as rising trees.
Along with an image for each of the four of them, a fifth direction is also shown and
represented as a tree arising from “the centre”. So the overhead direction might
have been identified as arising from a “centre” and this centre might have been
indicated by Altavista (Aveni 2001).

Whatever significance this intriguing place might have had for its builders,
Altavista is a striking example of a sacred landscape whose localisation was literally
dictated by astronomical considerations. Incredible as it may seem, there is the
distinct possibility that it was not the unique site which was frequented as a place of
worship by a culture expert in astronomy for its proximity to the tropic. Another
may in fact be Necker Island, a small island in the North-western Hawaii (Ruggles
2005). Necker is little more than a rock emerging from the sea almost exactly on the
tropic at 23°34′35″N. It is difficult to believe that the Hawaiians could live here in
the long-term, but the place was frequented several times as more than 30 stone
shrines have been found there. So the place was a ceremonial site perhaps fre-
quented for its proximity to the tropic (accurate knowledge of astronomy by the
Hawaiians for navigational purposes is beyond question).
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9.4 Pillars of the Sun

In this section we shall discuss some aspects of one of the most complex cultures
ever, that of the Incas. In dealing with such a complex subject, it is important to
stress that the Incas—whose civilization was destroyed by the Conquistadores in
the first half of the sixteenth century—were only the final phase of a series of
cultures which started building monumental architecture in Peru as far back as the
third millennium BC (Moseley 2001). The Incas were therefore the heirs to a
millenarian legacy of knowledge and craftsmanship. Their ascent was irresistible: in
the thirteenth century they were just one among several groups of people living in
the Cusco area (we do not know what name they gave themselves, as Inca was only
the way they designated their ruler). In the following 200 years they succeeded in
building up a substantial empire stretching across the territories which today span
from Colombia to Argentina.

The Inca state was called Tahuantinsuyu or “The Four Parts of the Earth”. It was
organised according to a centralised system, and ruled with the use of an official
language, Quechua. Governance of the country was in the hand of a rigid hierarchy,
with the noble Inca families, residing in the capital, Cusco, on top. In Cusco, the
state archives recorded meticulously a huge amount of data (such as the taxes paid
in every part of the empire) using devices, called Quipus, which consisted of a
cluster of ropes tightened to a main one and laid out like a tree (Fig. 9.18). The
ropes could be of different colours, length and dimensions, and were tied with a
series of different knots, so that masses of different information could be stored
(Urton 2003). It seems likely that these devices were also used in some way as a
form of written language, to record, for instance, short poems, but the small number
of surviving Quipus and the paucity of information passed down in their regard
does not permit, at present, a full understanding of their use.

The Incas were extraordinary builders: many of their constructions employed the
so-called polygonal technique, assembling huge blocks—shaped like irregular
polygons—one on top of the other using apparently crazy, multi-angled, but perfect
joints. This kind of monumental architecture had a fundamental symbolic value:
official constructions in stone—in particular ruler’s palaces and estates—repre-
sented the “materialisation” of history, a way of asserting eternal rights for the
ruler’s descendants and family (Niles 2004). Another masterpiece of Inca engi-
neering is the network of roads which criss-crossed the entire empire. These roads
were traversed rigorously on foot, since the Andean beasts of burden, the llamas,
are not suited to pulling carts and categorically refuse riders (the complaint that the
Incas did not invent the wheel, which can be read in many sources, being utter
nonsense—they just had no need for it).

Religion was a seminal unifying element in the Inca state, as well as an effective
instrument in the management of centralised power. In their cosmological vision,
the Incas traced their origin to Lake Titicaca. According to the legend, the
God-Creator Viracocha created the world: the celestial bodies, the earth and the sun,
which rose for the first time from a rock in the Titicaca Island thereby called Island
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of the Sun. The first Inca, Manco Capac, was considered the “son of the sun”, so
that his right to rule came directly from the gods. The close relationship between
rulers, gods and nature was reflected in the primary aspects of religious life.
Deceased kings were mummified and worshipped, together with a series of objects,
places and natural phenomena whose cult was rigorously organised and managed:
in a sense the entire landscape was considered as sacred. Beyond the level of the
sacred landscape there was a superior level—the celestial one—and an inferior one
—that pertained to the earth; these three levels were connected by the flowing of the
rivers from Earth into the great celestial river, the Milky Way or Mayu. The Inca
world is thus a paradigmatic example of a tiered, ordered cosmos. The three levels
of the Cosmos and the four parts of their state converged into the very heart of the
empire, the navel of the Inca world: Cusco (Fig. 9.19).

According to the descriptions left by Spanish chroniclers, Cusco was magnifi-
cent. Since the post-conquest buildings were superimposed on the pre-existing,
megalithic Inca buildings, the urban layout of the original city is still perfectly
visible. It is quite a strange layout: it is not orthogonal, nor circular, it has no real
geometrical design, yet it is far from being haphazard. The city—the only one of its

Fig. 9.18 Inca astronomer
carrying Quipu and a fork-like
instrument, from the chronicle
by G. Poma de Ayala (Image
in the public domain)
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kind in the world—was planned in a manner that aimed to make it look, when seen
from above, like the profile of a Puma (Rowe 1967; Gasparini and Margolies 1980).
This curious effect was achieved by fixing the town’s boundaries in a specific
location, taking advantage of natural geographical features. The back of the feline is
in fact outlined by two rivers, the Tullumayu and the Vilcanota, which converge to
form the tail, while the head is represented by a hill, the Sacsahuaman. The hill
boasts an unequalled masterpiece of Inca megalithic architecture, a parallel series of
three zig-zag walls whose blocks weigh anything up to 300 tons, which—despite
the Conquistadores’ childish interpretation of it as a fortress—was clearly built for
symbolic reasons, and perhaps represented another sacred animal, the serpent
(Fig. 9.20).

All in all, Cusco is a unique case (to my knowledge) of an urban plan devised to
satisfy purely symbolic criteria. But this was not enough, since for the Incas the

Fig. 9.19 Plan of Cusco drawn by E. Squier in 1860. The profile of a four-legged animal aligned
northwest-southeast is easily recognizable (image in the public domain)
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level of celestial things and of the sacred landscape mirroring them were undis-
tinguishable, and therefore not only architecture, but also religion and astronomy,
were interrelated in a way that is hard for us to understand because it is so far from
our own way of thinking and behaving. The idea of creating a town in the shape of
a Puma is an example: the puma had been—together with the eagle—the symbol,
the insignia, of the ruler, and Cusco had been the capital, the ruler’s elected resi-
dence since the mythical times of the first Inca. As such, it was also the true heart of
the Inca world, the place from which everything had to start. This concept was
developed in the division of the town and its surroundings into radial sectors called
ceques. Along each ceque there were many sacred sites, or huacas, of various
kinds, including stones, springs, caves and other places considered sacred for a
number of reasons. The people living along each Ceque were in charge of the
maintenance of these huacas, and this maintenance included both administrative
tasks, such as checking on the correct distribution of the waters, and ritual proce-
dures, like bringing offerings on given days. We know about the whole structure of
the Ceque system thanks especially to the detailed report written by the chronicler
Bernabè Cobo, who says that 41 ceque lines existed, and that 328 huacas were
located along them (the ceques were not perfectly straight lines, as their direction
could vary a little from one huaca to another); many huacas were later identified by
archaeological research (Rowe 1979; Aveni 1981, 1996; Zuidema 1964, 1988;
Bauer 1998).

Looking at the radial ordering of space within the ceque system one is struck by
the idea that it is undeniably similar to the mental organisation lying behind the
Quipus. In fact, a map of the Cusco ceques resembles a Quipu spread on the
ground, a sort of gigantic replica of a Quipu (it might not even be a symbolic
replica of a general Quipu but rather the gigantic copy of a specific one which still

Fig. 9.20 Cusco. The central sector of the Sacsahuaman “fortress”. Several blocks weigh more
than 300 tons each
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awaits to be read, see Magli 2005). In any case, it is likely that the recording system
based on Quipus was also used to keep track of scientific observations of the sky,
just as happened with the Maya codices, and indeed, in a chronicle written shortly
after the conquest by Guaman Poma de Ayala, an Inca astronomer is depicted with
a fork-like observation instrument in one hand and a Quipu in the other hand.
Clearly, then, it would be natural to wonder if the ceques were astronomically
oriented. The broad answer to this question is negative, but very important huacas
in the system certainly corresponded to astronomical observations. These huacas
are described by Cobo and other writers as being stone pillars located at the horizon
and dedicated to the sun. At least four sets of such pillars must have existed on the
Cusco horizon; for instance a huaca called Quiangalla is described as “a hill on
which there were two markers or pillars which they regarded as indication that,
when the sun reached there, it was the beginning of summer”.

The problem of identifying the pillars is a fascinating one for archaeoastronomy,
since they would be one of the few known purely astronomical devices of ancient
antiquity, what we could really call “an ancient observatory” in the strictest sense.
Unfortunately, and in spite of extensive research, the stone pillars of Cusco, or at
least their foundations, have never been identified, and the chances of doing so are
becoming increasingly slim owing to increasing urbanisation and the looting of Inca
sites. The reason for the failure is that all the Inca haucas were systematically
sought out and destroyed—as symbols of the old religion—in the two centuries
following the conquest. Clearly—and unfortunately—the sun pillars must have
been among the most visible of the huacas. Also uncertain is the exact point of
observation from the town, although it must have been at the main temple or at the
plaza nearby. As a consequence of this lack of evidence, there is some debate about
the dates which were defined by the pillars, although the two solstices—corre-
sponding to two of the most important rituals of the year, Capac Raymi (winter
solstice) and Inti Raymi (December, and thus summer, solstice) and a date in
August seem certain. August is the month of one of the two nadir passages at the
latitude of Cusco, so that it has been proposed that the Incas were interested in this
passage; there is, however, no historical evidence for this interest and, after all,
August was very important in the agricultural cycle (Zuidema 1988; Bauer and
Dearborn 1995).

All in all, the situation appears quite frustrating. Yet, in recent years, unexpected
discoveries have been made outside Cusco that have dramatically changed this.

First of all, interesting discoveries have been made on the Island of the Sun
(Dearborn et al. 1998; Bauer and Stanish 2001). Being the place of mythical origin
of the Incas, in this tiny island of the Titicaca Lake there was a complex and very
important sanctuary, managed by the state and visited by pilgrims from every part
of the empire. The sanctuary was perceived as the most sacred destination “to the
south-east” (in relation to Cusco), in a similar way perhaps as was Machu Picchu,
the enigmatic town perching like an eagle’s nest on a mountain at a turn of the
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Urubamba valley, to the north-west (Magli 2010) (Fig. 9.21). The pilgrims gathered
on the shores of a town today called Copacabana, were ferried to the island and then
followed a path that led them to see the “footprints of the sun” we already men-
tioned in Sect. 5.5 and finally the sun rock itself, the place where the sun was
purported to have been born. The esplanade directly in front of the sacred rock was
probably reserved for the elite, while ordinary people gathered on the low hills just
behind. From all these locations it was possible to see the sun at the winter (June)
solstice rise from behind the sacred rock—thus symbolising a re-enactment of the
first dawn—and set on a hill to the north-west, the Tikani ridge. Here, the stone
foundations of two structures have been recovered, and a simulation carried out
with two modern posts placed in these foundations has shown that they were
probably the positions of two horizon pillars that acted as markers of the June
solstice sunset as viewed from the sacred rock area (interest in the June solstice is
also apparent at Macchu Picchu, see Dearborn and White 1983; Ziegler and
Malville 2003).

An even more striking discovery relating to the winter solstice was made in the
Urubamba valley. Along the course of the river, scattered here and there going from
Cusco up to the ridge surmounted by Machu Picchu and her recently re-discovered
sister Llactapata, several Inca complexes can be seen (Protzen 1993; Burger and
Salazar-Burger 2004, Malville et al. 2004; Reinhard 2007). Many were private
properties of the rulers, types of royal estates, used—or at least so it is thought—

Fig. 9.21 Machu Picchu. General view
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both for private purposes and official ceremonies. One such complex was called
Quespiwanka and is located near a village called, like the river, Urubamba.
Quespiwanka was a royal property of Huayna Capac, the last Inca emperor before
the arrival of the Spaniards, which occurred during the reign of his son, Atahualpa.
It is a relatively small property furnished however with a vast plaza, constructed in
such a way as to leave a huge white boulder of granite (after which the palace was
probably named) fairly conspicuous. Standing in the plaza and looking at the
eastern horizon, a imposing mountain ridge can be seen, towering some 1000 m
above the village below. Looking carefully, the existence of two artificial protu-
berances on the ridge can be discerned (Fig. 9.22).

Fig. 9.22 Urubamba. The Inca pillars on the mountain ridge (Courtesy Mike Zawalski)
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These two protuberances are actually two Inca towers, whose existence has
always been known about. They stand at a distance of 2.2 km from the courtyard as
the crow flies, stand 35.3 m apart and are carefully constructed on a common
artificial platform; one of them is almost intact, and it has a height of 4.3 m and a
base measuring 1.5 × 3.3 m. It is, of course, unthinkable that these buildings were
unknown to the Spaniards at the time of the destruction of the Inca huacas, but
Quespiwanka was distant enough to escape the attention of the inquisitors in Cusco,
and the palace rapidly fell into ruin after the conquest and providentially avoided
destruction (later, one of the towers was fitted with a Christian cross on its top).
Incredible as it may seem, however, up to some years ago nobody had ventured to
probe the meaning of these curious features. A meaning which, I think, you might
just guess.

Standing in the courtyard—at the white boulder, say—the azimuth of the
mid-point of the pillars is 56° 14′; their mean altitude is 23° and the result is that
they act as precise markers of the winter solstice sunrise (Zawaski and Malville
2010; Malville et al. 2009). The phenomenon is visible from the whole palace area,
thus also from beyond the courtyard walls, access to the latter probably being
reserved only to the elite. The fact that the pillars are built on a terraced platform is
significant, because this distinguishes them as not merely being a signpost device,
but a huaca to all effects.

A further, striking discovery has been made in recent years in another Peruvian
site, Chankillo, a ceremonial centre that was active between 350 and 150 BC circa
(Ghezzi and Ruggles 2007). The main constructions at Chankillo are a massive
fortified temple and a large ceremonial area with several buildings. A natural hill in
the shape of a rib traverses the site; on the hill, a row of thirteen rectangular towers
was constructed. The hill forms a natural horizon which appears with a serrated
profile, due to the presence of the towers which run in an approximate north–south
line. They are regularly spaced, with gaps about five meters wide. Each tower has a
staircase on both the sides along the hill, so it was possible to walk along the ridge
of the hill, up and down each tower, perhaps on the occasion of processions
(Malville 2011) (Fig. 9.23).

An archaeoastronomical analysis of this enigmatic place shows that the towers
were used as a device for observing the cycle of the sun, which was seen to rise
behind them over the course of the year. The observation point is identifiable in a
building located to the west of the towers, between them and the fortified temple.
This building possesses a carefully constructed long corridor which leads to a
(doorless) opening directly facing the thirteen towers. The view towards the hill
actually takes in not 12 but 13 indentations, because of a hill located 3 km away,
which rises just to the left of the northernmost tower. The hill thus forms a further
obstacle behind which the sun can be seen to rise. As viewed from the opening, the
declinations associated with the first and the last of the gaps correspond very well to
the maximal and minimal declinations of the sun; progressively over six months,
the sun thus rises behind successive towers (no further special dates, like equinoxes
or zenith passages, seem to be highlighted).
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Fig. 9.23 Chankillo. Panoramic view of the thirteen towers (Courtesy Ivan Ghezzi)

Fig. 9.24 Chankillo. The June (winter) solstice sunrise occurs between Cerro Mucho Malo and
Tower 1, as viewed from the western observation point (Courtesy Ivan Ghezzi)
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By any measure, Chankillo deserves the definition of astronomical observatory.
Thanks to its discovery, we now know that the Andean tradition of solar obser-
vations using pillars on the horizon was already at least 1600 years old by Inca
times (Fig. 9.24).
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Chapter 10
The Classical World

10.1 Houses of the Gods

The classical world, or classical antiquity, is a traditional all-embracing definition
describing the cultures of the Mediterranean area from the Ancient Greek civili-
sation (eighth century BC) to the end of the Roman Empire. It thus includes
Classical Greece, Hellenism, and Rome. This chapter is devoted to this broad
historical period, and will present some examples of applications of archaeoastro-
nomical ideas and techniques, beginning with the Greek temples of Sicily.

Greek sacred architecture is fêted for its hundreds of magnificent temples, built
over the course of several centuries, from the seven century BC onward (Lawrence
1996). Leaving aside regional and chronological distinctions in the layout and in the
column orders, which make the precise classification of Greek temple architecture
somewhat problematic, these buildings were always based on the same conception:
a imposing rectangular construction adorned with columns on the façade. Although
in many cases the presence of columned porticoes on all sides made the view of the
structure enjoyable from all directions, the main principle always remained the
same: a Greek temple was meant to occupy a natural place with an obviously
man-made feature, and it was to be admired from the outside only.

Admission was reserved to priests and to the privileged few, and public rites
were celebrated outside, in front of the temple, which in many cases was equipped
with an altar and a platea (religious occasions included festivals, processions and
long rituals). The interior of the temple was, strictly speaking, the home of the god.
The god’s domestic welfare (hence, the beauty and decorum of the building, correct
insertion in the landscape, regular giving of daily offerings) was fundamental to
assure benevolence and protection to the community. The cult image, located in the
central place of the temple, was in many cases an out-and-out masterpiece, like the
famous ivory-and-gold statues of Zeus at Olympia and of Athena in the Parthenon
in Athens.
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The positioning of Greek temples has been the subject of some interesting
scholarly research. For instance, a connection between the terrain on which the
temple is erected and a related deity has been suggested (Retallack 2008). In 84
temples where the divinity worshipped is known, we find an association between
terrain and specific gods (the analysis of temple orientations attempted in the same
work, however, is extremely naïve and unacceptable). Some of these associations
appear quite natural: underworld divinities are associated with rock, gods of fertility
and agriculture like Demeter and Dionysos are associated with cultivated land, and
so on; other are less easy to grasp.

Then there is the landscape. In his huge erudite tome, Scully (1962) was the first
to stress the importance of Genius Loci. His work pioneered research on the
Archaeology of the Landscape, pursuing the idea that landscape and temples
formed an architectural unit that was characterised in accordance with the specific
god worshipped (Fig. 10.1). Scully traced back the origin of these ideas to the
pre-Greek, Minoan civilization, and focused his attention on the fact that many
sacred places were built within sight of distinctive clefts, distinguishable as double
peaked arms, horns, and/or breasts. The prototype was considered the palace of
Knossos on Crete, where the court opens to the clefts of Mount luktas, traditionally
identified as the profile of a human head. Scully found several other examples, both
on Crete and on mainland Greece, for instance, at the Eleusis sanctuary and at the
Acropolis at Athens, which has a view of the peaks of Mount Hymettos.

Scully’s arguments have been criticised however, mostly on the grounds that
significant topographical features of this kind are relatively common in Greece.
These criticisms—besides being rather vague—may be valid only insofar it is only
possible to show that the topographical features in question had some cultural

Fig. 10.1 Segesta. The temple in its landscape
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significance (Hannah 2013). In any case, neither the choice of the terrain nor that of
the landscape generally implies a specific orientation, so that the matter of the
orientation of the Greek temples deserves to be dealt with on its own.

The orientation of a Greek temple is defined as the direction of the main axis
from inside looking out, which is the direction in which the statue of the god was in
principle looking, as well as being the direction along which the sun would illu-
minate the façade, which, as we have seen, was the scene for rites and celebrations
taking place outside the temple. The majority of these monuments face east, mostly
within the arc of the rising sun (Nissen 1873; Penrose 1897; Dinsmoor 1939).
However, recent research has shown that eastern orientation is not the universal key
to Greek temples, as was previously believed (Boutsikas 2009). The scenario is
actually much more complex, and further analyses are required to take local con-
siderations and traditions into account (Liritzis and Vassiliou 2003; Salt and
Boutsikas 2005; Boutsikas and Ruggles 2011; Liritzis and Castro 2013). Here, we
shall concentrate on a specific case, that of the Greek temples of Sicily.

The foundation of the Greek colonies in the Mediterranean began as far back as
the eighth century BC. They were set up for commercial reasons, but also, in some
cases, for political or demographic reasons. Southern Italy was one of the preferred
destinations, and Greek culture was exported into Sicily with the foundation of
important colonies such as Syracuse, Akragas (Agrigento), and Gela. Hand in hand
with culture, the Greeks exported their religion, and consequently several mag-
nificent temples were constructed in the years up to 242 BC, when Sicily became a
Roman province. Even today, many Greek temples of Sicily stand as unequalled
masterpieces; among them Segesta, the Temples of Selinunte, and the monuments
of the Valley of the Temples at Agrigento (Figs. 10.2 and 10.3).

Fig. 10.2 Selinunte. Temple E, interior
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The orientation of the temples of Sicily demonstrates a very clear pattern (Aveni
and Romano 2000; Salt 2009). It has been determined that 38 out of 41 measured
temples are oriented within the arc of the rising sun. This sample is virtually
exhaustive for all the existing monuments, and clearly we have no need of any
statistical analysis to conclude that orientation to the rising sun was intentional (the
enthusiastic reader may check that the level of confidence is greater than 8σ). We
can, therefore, safely assert that the builders intentionally oriented these monuments
towards the point on the horizon where the sun rises on a specific day of the year (of
course, if the temple is not aligned to a solstice, there are 2 days during which the
same phenomenon occurs). This is an important conclusion which we can add to
our sum of knowledge of these wonderful monuments (Fig. 10.4).

However, in a way, we are only at the beginning. As it happens, there is no
specific concentration of data, for instance, around the solstices or the equinoxes, or
other dates for that matter—so how was the alignment chosen? Was it the day of
foundation of the temple, or the day of the feast of the god, or what? Perhaps there
was a tradition passed down from the original town of provenance? So far, attempts
to gain more insight into this problem—for instance, by investigating on possible
groupings for patron deities—have not been successful. Matters are complicated by
the fact that the calendars in use in Greek towns were luni-solar, so that alignments
based on feast days would not have been calendrically effective in relation to the
timing of the rituals carried out (presumably at dawn) in front of the temple. The
orientation also appears somewhat unusual when one looks at comparable families
of monuments, for instance the Italic temples (temples of the peoples inhabiting
continental Italy before the Roman conquest, like the Samnites) which are orien-
tated to the sun ascending in the sky, and the Etruscan temples, which are mostly
oriented to the sun ascending or descending in the sky, that is, between the winter
solstice sunrise and the winter solstice sunset (Aveni and Romano 2000). It should

Fig. 10.3 Akragas (Agrigento). Concordia temple
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also be noted that a stellar orientation cannot be distinguished from a solar one if it
occurs within the solar arc. Thus all Greek temples oriented to the rising sun also
happen to be broadly oriented towards the constellations in which the sun was
rising, and can on occasion be accurately oriented to specific stars of such con-
stellations as well as to other stars that had the same declination at the time of
construction. A possible, specific interest by the builders in this kind of stellar target
must be investigated separately case by case (see e.g. Boutsikas and Ruggles 2011).

So yes, the Greek temples of Sicily are an interesting example of a problem for
which we do have authoritative mathematical information regarding orientation, but
we have no clear idea as to how this information should be interpreted.
Furthermore, we are already acquainted in this book with the fact that the rela-
tionship between architecture, astronomy and landscape can be expressed in more
complex ways than mere astronomical alignments, and this appears to occur in
Sicily as well. For example, among the most spectacular Greek temples of Sicily
stand the three built on the rock ridge overlooking the town of Selinunte from the
east, labelled E, F and G. The three temples are virtually parallel to each other and
share similar orientations to the rising sun at the end of February/mid October with
an azimuth of *96°. However, a closer inspection of temple E reveals that the axis
points to a particular feature on the distant horizon: a prominent peak called Mount
Nadore. This hill was inhabited since the Iron Age and acts as a topographical
marker at the horizon for the nearby Mount Kronio, which towers over the seaside
town of Sciacca. Kronio was sacred since Neolithic times thanks to the presence of

Fig. 10.4 Akragas
(Agrigento), a few days after
the spring equinox. The sun
rises in alignment with the
axis of the Concordia temple
(Courtesy Andrea Orlando)
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hot springs, and was perhaps devoted to Herakles. So the peak is a likely candidate
as the topographical target which influenced the positioning and the orientation of
the temple (Hannah 2013). Further, the longitudinal roads (Stenopoi) of the
Selinunte grid plan all point to the very same target.

10.2 The City of the Lion

Alexander III, son of Philip II, King of Macedon, was born in 356 BC in Aigai
(today Vergina), the Macedonian capital. Tutored by Aristotle, the young prince
soon displayed extraordinary strategic capacities. Aged only 20, he succeeded his
father to the throne, and in 10 years, with a series of spectacular campaigns, he
defeated the Persians and created an enormous empire, extending as far as Egypt to
the south and western India to the east (Lane Fox 2004).

The life of this extraordinary man was not destined to last long: Alexander died
in Babylon, in 323 BC. He had no obvious direct heir, since his wife Roxanne was
still pregnant with their first son Alexander IV at the time of his death. After birth,
the baby and his father’s half-brother Philip were appointed joint kings. However,
unrest rapidly set in and gave rise to state assassinations and to a lengthy war, at the
end of which the Hellenistic world emerged split into four kingdoms ruled by four
regnal families: Ptolemaic Egypt, Seleucid Asia, Attalid Anatolia, and Antigonid
Macedon.

Alexander was a man of exceptional character and learning. Bearing witness to
this is the enormous (over twenty) number of cities founded during his campaigns.
The foundation of towns was of course a part of conquest policy, and indeed some
cities were simply permanent military camps set up to accommodate part of the
army so that they could control the territory. However, many others were founded
with more noble designs in mind. The crowning glory of Alexander’s new cities is
without doubt Alexandria, Egypt, founded in 331 BC (Bagnall 1979). The foun-
dation of Alexandria was a symbolic act, aimed at celebrating Alexander’s power
and divine nature. As a consequence, ideology is reflected in the city design, which
was related to the idea of the ideal town as theorised by Socrates and Plato
(Castagnoli 1971). The rigorous order of the orthogonal plan was meant as a
reflection of the cosmic order imposed by Alexander as successor to the Pharaohs.
In this respect it should be noted that just before the foundation of Alexandria the
king had probably consulted the most important oracle in Egypt, the Ammon oracle
at Siwa, in an obvious parallel with the Greek tradition by which the founder of a
new colony would first consult the oracle at Delphi. According to the same tradi-
tion, after his death, the founder would assume the role of divinised ancestor for the
town, and would be buried in a suitably devised monumental sepulchre; regrettably,
Alexander’s tomb—whose existence in Alexandria has been recorded in many
historical sources—has never been identified.

The town was conceived on the basis of a main longitudinal axis, later called
Canopic Road; the most important transverse axis was the Eptastadion, connecting
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the mainland with the isle of Pharos (Fig. 10.5). The Canopic Road acted as a sort
of elongated centre, with the main buildings distributed along it. Such a longitudinal
axis is quite an odd characteristic, a sort of iconic presence in the foundation of the
city (Mumford 1961).

Curiously, and in spite of what is emphatically stated by the historians Plutarch
and Diodorus Siculus, the site on which the newly founded town was built was not
blessed with any particular qualities of suitability. The city was laid out in a strip
enclosed by the sea to the north and west, the marshy lands of the Canopus mouth
of the Nile to the east, and the Mareotis Lake to the south, in apparently flagrant
disregard of the health and sanitation criteria advocated by Alexander’s tutor,
Aristotle. Another characteristic which clashes with utilitarian principles is that the
orthogonal grid is hardly functional in relation to the landscape, since the longi-
tudinal axes are not parallel to the shoreline. As a consequence, it is natural to seek
a possible astronomical orientation (Ferro and Magli 2012). Measuring the azimuth
of the Canopic road yields *65°15′; the horizon to the east extends towards the
Abukir bay and was therefore flat in ancient times; the same is true to the west. In
331 BC this azimuth corresponded to the rising sun on two dates which can be
calculated to be around June 2 and July 24 in the Julian proleptic calendar. The
second date is very intriguing, since Alexander was born on July 20, a date which is

Fig. 10.5 Map of Alexandria at the time of its foundation. 1 Canopic Road, 2 Heptastadion, 3
Serapeum, 4 Imperial palace, 5 Isle of Pharos (Courtesy Luisa Ferro)
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so close as to imply a difference in the azimuth of the rising sun of only 45′.
Moreover, it is well-known that the day of Alexander’s birth marked, together with
the foundation of the city (Tybi 25 of the Greek calendar, which fell on April 7 in
331 BC) the most important festivity in the town, the celebration of Alexander as a
living God. Therefore, it is tempting to conclude that the city was oriented delib-
erately to the rising sun on the birth date of its founder (Bauval and Hancock 2005;
Ferro and Magli 2012). There is, however, a delicate point here because the Julian
date of birth of Alexander, of course, has nothing to do with the calendar in use in
that period. The planners of Alexandria used the Greek calendar, and we know
Alexander was born on the sixth of Hecatombaeon, the first month of the year
(Hannah 2005). New Year’s Day was the day of the first new moon after the
summer solstice; in 356 BC this occurred on July 14 Julian, leading to July 20 for
Alexander’s birth. This date of course was not a fixed day of the solar year. So, just
as in any calendar connected to the moon, feasts like that of Alexander’s birth
fluctuated through different dates from year to year (in a way similar to what
happens with Christian Easter, see e.g. McCluskey 1998, 2006). However, there is
no doubt that Alexander’s court astronomers were well aware of the cycle of the
moon and were able to establish the dates of the new moon in any given year, as the
Metonic cycle (meaning that 19 tropical years are needed to complete 235 synodic
months) had been known to Greek scientists since the fifth century. Thus the
planners of the town could readily rely on this to establish the correct orientation.
There is, accordingly, the distinct possibility that the planners of Alexandria really
did choose to orient the city astronomically, as a homage to its divine, royal
founder. This idea is confirmed by the study of the orientations of other Hellenistic
towns of the Seleucid period, such as Seleucia on the Tigris, and by further indi-
cations which come from the stars and which are thus quite independent of the
calendar (Ferro and Magli 2013). In fact, being oriented to the rising sun at the end
of July in the fourth century BC, the city is of course broadly oriented also towards
the zodiacal constellation which was hosting the sun at that time: Leo, the Lion,
which was therefore the birth sign of Alexander. What is interesting is that, apart
from this broad orientation, by reconstructing the sky of the second half of the
fourth century BC in Alexandria it can be seen that at that time the most brilliant
star of Leo, Regulus, was rising in very good alignment (azimuth 65°20′) with the
Canopic road. Regulus had been associated with kingship since Babylonian times,
and the Lion image was widely used by the Macedonian kings as a symbol of
power. In particular, Alexander’s father ordered a huge (more than 6 m tall) stone
lion to be sculpted after the battle of Chaeronea, in which he defeated a coalition of
Greek city states including Thebes and Athens (Fig. 10.6).

A very similar statue adorned the summit of the Casta hill at Amphipolis, the
largest tumulus in the Macedonian age, enclosed in a 500-m-long wall of marble
and limestone. The tomb inside has only very recently been excavated, and it is
evidently a royal tomb, similar in construction and decoration to the tomb attributed
to Philip II at Vergina (the burial chamber was still sealed and contained the
remains of five different people, probably members of Alexander’s family—their
identity, however, is wrapped in mystery). Iconography relating to Alexander also
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featured the lion—even before his birth, as Philip is said to have seen himself, in a
dream, securing his wife’s womb with a seal engraved with a lion’s image. After
Alexander, the lion image—now explicitly surmounted by the king’s star Regulus
—was to appear on coins issued by Cassander, King of Macedon from 305 BC until
297 BC (who was most likely responsible for the executions of Alexander IV and
Roxanne) (Fig. 10.7).

To sum up, the image of the Macedonian kings was strongly identified with the
lion and it is also likely that the corresponding celestial association was already

Fig. 10.6 Keronea. The Lion

Fig. 10.7 Alexandria, 331 BC. Heliacal rising of Regulus
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operational in Alexander’s times, although a reconstruction of the history of
astrology in this crucial period—when Babylonian, Greek and Egyptian astro-
nomical traditions merge in the cultural environment of Hellenism—is difficult.
A further confirmation comes however from the funerary monument of Antiochos I,
King of Commagene (Fig. 10.8).

This small kingdom was located between the upper course of the Euphrates and
the south-east of Anatolia. Antiochos I reigned here from 69 to 36 BC, cleverly
juggling the political interests and influences of the various states in the area,
including the Romans. His tomb was built on the summit of the mount called
Nemrud Dag and consists of a conical tumulus (which has never been excavated)
surrounded by monumental terraces. The east and the west terrace were both
embellished with huge limestone statues and reliefs. One such relief—known as the
“Lion Horoscope”—depicts Mars, Mercury, Jupiter and the crescent moon in Leo
(Neugebauer and Van Hoessen 1959). The two terraces of the monument are ori-
ented to the solstices, but the huge plinths holding the colossal statues in the eastern
terrace point to sunrise on 23 July (and 22 May). The 23 of July appears to coincide
with the date of the celebration of Antiochos’ ascent to the throne mentioned in the
inscriptions of the monument (Belmonte and Gonzalez Garcia 2010). The corre-
spondence with Alexandria is quite striking, considering also that Antiochos makes
explicit reference to Alexander the Great in the inscriptions on the monument and
that, just as in Alexandria, the terrace also pointed to the rising of Regulus in the
years of its construction (Fig. 10.9).

Fig. 10.8 Nemrud Dag. The statues on the eastern terrace, with the (unexcavated) tumulus in the
background. The terrace was facing the rising of Regulus at the epoch of construction of the
monument
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10.3 A Comet and a Capricorn: Augustus’ Power
from the Stars

It was the evening of June 21, 168 BC, near Pydna, Thessaly. On that day the
Roman legions under the command of the consul Lucius Emilius were preparing for
the decisive battle of the war against the Macedonian King Perseus. Tension in the
camp was at fever pitch: the Roman army was about to fight (and win) against the
Macedonian phalanxes, the fearsome battle formations that had enabled Alexander
the Great to rule the world not long before. According to Livy, on that evening, the
tribune Caius Sulpicius Gallus rallied his troops and informed them that that night,
between the second and the fourth hour, the moon would disappear from the sky.
He explained that this phenomenon should in no way be taken as a supernatural or
inauspicious omen, but as something completely natural, since the Earth sometimes
obscures the Moon with her shadow.

From this anecdote we can infer that astronomy in Rome was regularly practised
as far back as Republican times; this is backed up also by archaeoastronomical
studies (see e.g. Magli et al. 2014). The role of the sky was to become fundamental

Fig. 10.9 Nemrud Dag. The stone relief on the western terrace usually called “Lion horoscope”. It
depicts Mars, Mercury and Jupiter, the crescent moon and the constellation Leo. Regulus is the star
pending at the animal’s collar
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in Augustus’ times, since—as we shall now see—celestial matters played a
prominent role in the foundation of the power of the Roman emperor.

The transition from the Roman Republic (Res Publica) to government by an
absolute ruler was a process which started with Julius Caesar but was brought to
completion by his adoptive son Octavian, later called Augustus (23 September 63
BC—19 August 14 AD). Indeed we might say that Augustus’ power was born
“under a lucky star”. The historian Pliny the Elder informs us that (Nat. His. II, 33;
translation by the author):

A comet…appeared on the occasion of the games, that Augustus was celebrating in honour
of Venus Genetrix, not long after the death of his father Caesar…the populace attributed to
this star the meaning, that the soul of Caesar had been accepted among the immortal gods.

So in 44 BC, a few days after the assassination of Caesar, whilst Augustus was
celebrating the games in honour of his deceased (adoptive) father, a comet
appeared, so bright as to be visible before sunset. This genuinely took place, as it is
confirmed by several other sources and in coinage (Ramsey and Licht 1997). As
Livy clearly states, the comet was of great help in constructing the divine nature of
the Roman emperor, by means of a mechanism of astral immortality and ascent to
the heavens—called catasterism—which had very ancient roots (the same mech-
anism was later to be applied by Hadrian, who deified his favourite, Antinous,
claiming that a star appeared in the sky after his death and dedicating to him a
constellation).

Thanks to the comet’s catasterism, Augustus could thus claim himself as divi
filius, the son of a God. His consolidation of absolute power started here and went
on with the progressive acquisition of auctoritas. Auctoritas was a informal con-
struct based—in principle at least—on voluntary consent (Galinsky 2005). For the
creation of such consent he drew upon every aspect of Roman public life: civic
ideology, traditions, and, of course, religion. Augustus held the post of pontifex
maximus from 12 BC onward, and even the title of Augustus, bestowed on him by
the Senate in 27 BC, had previously been associated only with gods or sacred
objects. Augustus thus claimed to be an intermediary with the gods and keeper of
the cosmic order, in line with a tradition stemming from the millenarian power of
the Egyptian Pharaohs and re-established by the Hellenistic monarchs. The celestial
omen of the comet was also taken to symbolise the beginning of a new “golden”
age, of which Augustus was, it goes without saying, the natural leader (Zanker
1990).

As we have seen in Sect. 5.3, imposing the cosmic order also means assuring the
regularity of the calendrical cycles, and Augustus took this duty very seriously. He
was assiduous in completing the Julian reform of the calendar introduced by
Caesar. The association between Augustus and the calendar was made tangible by
means of a complex and ambitious urban project in a district of Rome called
Campus Martius, which had been hitherto reserved for military trials. The Campus
Martius was designed by Augustus’ son in law Agrippa as a sacred space, where the
divine rights of the ruler and his achievements were made concrete as monuments
on the earth (Rehak and Younger 2006) (Fig. 10.10).
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The project consisted of the following main elements:

– the mausoleum tomb for Augustus’ family, a huge circular building surrounded
by trees.

– the Ara Pacis, a marble altar celebrating the ruler and his family
– A Egyptian obelisk, originating in the Sun Temple of Heliopolis. The base of the

obelisk (today re-erected, near the original location, in Montecitorio Square)
bears an inscription commemorating the settlement of Egypt by Augustus and
dedicating the monument to the sun

– Orologium Augusti, a sundial which had the above obelisk as gnomon. Of this
monument, only (a part of) the meridian line has been recovered so far, under
modern buildings, so that it is as yet unknown whether it was used only to
indicate noon, or if it was a complete, extended sundial, perhaps connected with
a shadow effect to the Ara Pacis (Buchner 1982; Heslin 2007).

– The Pantheon, a temple which was subsequently destroyed by fire

In addition, Augustus adopted another powerful celestial icon to legitimise his
power: a zodiacal sign. He was born on the 23 September, under the sign of Libra;
in spite of this, he chose as the basic leitmotiv for his “power from the stars”
another sign: Capricorn.

The Capricorn is an imaginary beast, having the head and front legs of a goat and
the tail of a fish. It had already been identified with a zodiacal constellation in
Babylonian astronomy, whence it filtered into Greek and then Roman zodiacal
iconography and mythology (Fig. 10.11).

The association of Augustus with the Capricorn recurs on innumerable occasions:
it is mentioned by several historians (for instance Suetonius), it appears on many
coins from various parts of the empire, and is represented in works of art such as the
Gemma Augustea. The latter is a veritable masterpiece of fine engraving on ivory,
clearly belonging to an high-status personage if not to the imperial family itself.
The themes are quite complex, but the centre of focus is Augustus, seated in a

Fig. 10.10 Schematic map of
Augustus’ monuments in
Campus Martius. 1 Pantheon,
2 Horologium Augusti, 3 Ara
Pacis, 4 Mausoleum of
Augustus, 4a Mausoleum of
Hadrian
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hieratic pose similar to that of Jupiter (and typical also of some images of Alexander).
A disk containing a star (probably Caesar’s comet) with a superimposed Capricorn is
floating above him.

There have been many attempts to understand Augustus’ choice of Capricorn in
astrological terms, for instance, noting that Capricorn occurs 9 months before the
date of birth and so could be considered as the sign denoting his conception, or
analysing the position of the Moon in Augustus’ horoscope (Barton 1995; Hannah
2005). In fact, we do not know what strategy was dreamt up by the ruler’s
astrologers to legitimise Capricorn, but what is certain is that astrology was—
already at that time—a flexible tool and Augustus exploited it for his personal
propaganda. So, the Libra-born Augustus chose Capricorn for utilitarian reasons,
the main one probably being that it was the sign hosting the winter solstice (as a
matter of fact, due to precession, the winter solstice had just left the formal
boundary of Capricorn in favour of Sagittarius, but this is clearly just a technicality,
as Capricorn is still today the sign of those born at the winter solstice—for those
who believe in astrology, that is).

As we have seen, the winter solstice was construed in countless cultures as a
symbol of rebirth, and therefore it comes as no surprise that Augustus’ new era
iconography was linked with such a celestial icon; what is more, Capricorn was
associated with fortune and was sometimes represented by a cornucopia.

This Capricorn iconography was widely disseminated throughout the empire by
various means, and was also adopted in the emblems of some legions. Interestingly,
the ruler’s association with the winter solstice appears to have influenced also the
planning of newly founded towns. This is particularly apparent at Augusta
Praetoria Salassorum, today’s Aosta, in northern Italy (Fig. 10.12).

The town was founded by the Roman Army in 25 BC shortly after the war
against the Salassi, the original inhabitants of the region, who blocked the consular
road leading to Gallia (Gaul). The foundation of Aosta therefore came out of
practical considerations—to make the presence of the Romans in the area perma-
nent—as well as for symbolic reasons, with the aim of marking the place as a sacred
landscape of victory (Laurence et al. 2011). The city lies at some 600 m above sea

Fig. 10.11 Augustus and the
Capricorn on a Roman coin
(image in the public domain)
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level, with prominent mountains that dominate the landscape. In particular, the
horizon to the east is occupied by the 3000-m-high Emilius ridge, whose peak is
located at a distance of less than 9 km as the crow flies. As was standard in Roman
colonies, the plan of the city is rectangular, and the blocks are arranged on a
orthogonal grid, with two main urban axes (usually called Kardo and Decumanus in
present day literature, although this terminology tended to be used by the Romans
for centuriations, the agricultural divisions of land) dictating the urban plan.
Luckily, much remains of the Roman town; we have most of the walls and one of
the four main gates, the eastern one or Porta Praetoria; near Porta Praetoria lies the
equally famous theatre, with its 22 m-high façade. Another monument, almost
intact, is a huge triumphal arch devoted to the ideal founder, Augustus. The layout
of the town roughly follows the topography of the valley, but there was no com-
pelling constraint determining the specific orientation of the axes. Their azimuths,
measured with a precision theodolite, are 68°02′ and 158°06′ (so the ancient sur-
veyors were extremely precise in maintaining orthogonality). Taking into account
the height of the horizon, it can be seen that the sun rises along the first axis in the
days around June 3/July 10. In Italy the solar amplitude is much less than 90° so in
principle one would not expect a solar orientation of the second axis; however, this
situation may change drastically if the horizon is very high. This is precisely the
case in Aosta: the midwinter sun rises with a theoretical azimuth of 125° but
remains behind the Emilius ridge until it reaches an altitude of up to 17°. The
azimuth of the sun at this altitude turns out to be very close to that of the Kardo at
158°: Aosta is thus a city oriented to the winter solstice sunrise (Bertarione and
Magli 2015) (Figs. 10.13 and 10.14).

Fig. 10.12 Schematic map
of Augusta Praetoria
Salassorum, the Roman
Aosta. 1 Twin temples and
forum, 2 Amphitheatre and
Theatre, 3 Porta Praetoria,
4 Balivi Tower
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The case of Aosta is not unique, as there are many Roman towns oriented to the
sun rising or setting at a solstice; some examples are Norba, dated to the second half
of the second century BC, Metellinum, founded in 79 BC, Verona, with its urban
plan of probably Julian foundation, and Liberalitas Iulia, Augusta Raurica and
Emerita Augusta, all founded under Augustus rule (Magli 2008; González García
et al. 2014).

The intention of the builders to align the city towards the sun rising at winter
solstice, and therefore towards Capricorn, the sign of Augustus, is confirmed by the
recent discovery of a sculpted block located on the north-east corner tower
(Bertarione 2013). The reliefs on the blocks allude to the ceremony of foundation of
the colony, which was a religious rite meant as a sort of ideal replication of the
mythical foundation of Rome. The ritual was quite elaborate: the whole (sacred,
inviolable) perimeter of the future city walls was ploughed by pairs of yoked oxen
ridden by priests and assisted by functionaries, and the plough was raised at the
future gates to allow, in the future, people to pass without breaking the sacred
furrow (Rykwert 1999). As a consequence of this ritual, the reliefs include—
besides two phallic symbols, with an apotropaic function, to ward off evils and
afford magical protection for the newly founded town—the hand-drive of a plough
and a arrow-like ploughshare. The figure of a rampant animal is also visible, which
—although much weathered—may feasibly be interpreted as a Capricorn.

To conclude then, archaeoastronomy shows us that Aosta, as was the case with
Alexandria three centuries before, was born under her founder’s (adoptive) sign.

Fig. 10.13 Aosta, winter
solstice. The sun rises in
alignment with the “Kardo” of
the town (Courtesy Paolo
Pellissier)
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10.4 Astronomy and Empire at the Pantheon

The Roman Emperor Hadrian was born on 24 January 76 AD in Spain. He was the
son of one of the cousins of Trajan, who appointed him as his successor shortly
before dying. The new emperor was blessed with a profound cultural curiosity
which, combined with the official and military duties, prompted him to visit almost
every part of the empire. Furthermore, Hadrian had inherited from his predecessor
—who commissioned the construction of his own forum and created that stunning
specimen of Roman marble carving, Trajan’s column—a passion for architecture
and the desire to ennoble Rome and her empire with architectural masterpieces. In
particular, he commissioned the splendid Villa Adriana at Tivoli, royal retreat and
estate (the size of a small town) and he refurbished Campus Martius where he
re-built the Augustan Pantheon as an incomparable masterpiece of dome
architecture.

Hadrian’s Pantheon is the best preserved monument of the imperial period in
Rome (Fig. 10.15). It stands over the foundations of the temple originally built
under Augustus’ rule, which had been destroyed by fire; Hadrian’s architects
completed the reconstruction in AD 128 (Wilson Jones 2003). As a symbol of
continuity, the original dedicatory inscription by Agrippa was affixed to the new
façade, where it can still be read. The building consists of a rectangular portico,
with three lines of granite columns, fronting a circular building. The latter is a huge
hemispherical dome (43.3 m in diameter), built over a cylinder which has the same
diameter and is as high as the radius. Therefore, the ideal completion of the upper
hemisphere by a hypothetical lower one touches the central point of the floor,
directly beneath the only source of natural light of the building. This source of light
is the so-called oculus, a circular opening 8.3 m wide on the top of the cupola. It is

Fig. 10.14 Aosta, 1 century BC. The winter solstice sun rising between Capricorn and Sagittarius
at the time of foundation of the city
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the only source of direct light since no direct sunlight can enter from the door
throughout the year, owing to the northward orientation of the entrance, which
points *5°30′ west of north. A curious consequence of this orientation is that the
huge mass of the building gives visitors an eerie impression of cold and dark, quite
an atypical feature when compared with the temples of the classical age (think, for
example, the Greek temples of Sicily, Sect. 10.1). We shall see in a moment how
this impression of coldness is turned on its head on certain days of the year, by
means of a spectacular hierophany. Of the original embellishments the interior of
the building would have had, the coffered ceiling, part of the marble interiors, the
bronze grille over the entrance and the great bronze doors have survived. The
interior wall, although circular in plan, is arranged into sixteen regularly spaced
sectors: the northernmost one contains the entrance door, and then (proceeding
clockwise) pedimented niches and columned recesses alternate, which were prob-
ably intended for statues.

The Pantheon has exerted a tremendous influence on architecture since the
Renaissance. Yet in spite of having such a prominent role in history, we know very
little about its function, as only two Roman sources mention it: Pliny, who was
writing, however, before Hadrian’s reconstruction, and the historian Cassius Dio,
writing some 70 years after Hadrian, who made the following cryptic statement:

Perhaps it has this name because, among the statues which embellished it, there were those
of many gods, including Mars and Venus; but my own opinion on the origin of the name is
that, because of its vaulted roof, it actually resembles the heavens. (Cassius Dio 53.27.2)

Fig. 10.15 Rome. The pantheon, front view
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So we do not really know why the Pantheon was built or how it was used: the
Pantheon is a one-of-its-kind masterpiece, but its builders left nothing in writing.
One thing, however, is certain: on each sunny day, the attention of the visitors to the
Pantheon is attracted by the shaft of sunlight from the oculus that penetrates the
gloom. As a matter of fact, if a systematic analysis is applied to the motion of the
sunbeam inside the monument, it is possible to show that it is precisely this
movement that is the key to the whole project, since it governed the entire design
from the very beginning (Del Monte 1990; Hannah and Magli 2011) (Fig. 10.16).

The general idea was probably inspired by a particular type of Roman sundial,
which captured the beam of sunlight within a shadowy interior (Hannah 2009). This
device consisted of a stone block carved out into a hollow hemisphere, with a hole
left in its upper surface, through which the sun filtered on to the graduated surface
inside. Clearly, for this type of sundial to work correctly, the stone face had to be
oriented to due south, while the hollow hemisphere faced north. The formal sim-
ilarity with the project of the Pantheon is thus self-evident, although, of course, the
building should not be construed as any sort of precision instrument. As will be
clear shortly, its connection with the cycle of the sun was not intended for astro-
nomical observation but rather to highlight the relationship between Roman power
and the cosmos.

The main features of the sun-based project of the Pantheon can be understood by
keeping the time at (local) noon fixed over the course of the year and studying the
position of the sunbeam day by day at this specific time. Since the door opens to the
north, the shaft of sunlight at noon is always located on an approximate meridian
line which passes over the entrance. At the autumn equinox, the spot of sunlight
touches the interior springing of the upper hemisphere. Then the spot moves up to
its maximum height in the roof over the entrance, reached at winter solstice.

Fig. 10.16 Rome. The Oculus in the pantheon
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Thereafter, it starts moving down, again brushing the base of the dome at the spring
equinox. In the subsequent days, the sun culminates progressively higher, and so
the beam moves further down, illuminating the grill over the entrance, and finally
the entire opening, which is fully lit around 21 April. After that, the beam starts
moving across the floor towards the centre of the building (which is never reached
since, of course, the sun does not cross the zenith at the latitude of Rome). From the
summer solstice the beam “turns back”, re-crossing the entrance between the end of
August and the autumn equinox.

We can conclude, accordingly, that the dimension of the oculus was fixed in
such a way that the angle between the spring at the base of the dome and the
external rim of the oculus coincides with the altitude of the sun in the days in which
the springing had to be illuminated, namely the equinoxes. In this way the sun
“spends” autumn and winter in the upper hemisphere of the building but, imme-
diately after the March equinox, begins to be visible from outside, due to the
presence of the grille. This effect increases gradually up to the 21 April, when the
maximum illumination of the entrance is attained (a phenomenon probably already
noticed by Francesco Piranesi, who depicted it in one of his etchings in the 18th
century) (Fig. 10.17).

We can, therefore, say that the whole architecture of the Pantheon was conceived
of to attract attention to the equinoxes and to the 21st of April. Why? As we have
seen in the previous section, Roman religion underwent a reassessment, aimed at
accommodating the divine nature of the emperor precisely during the years of the
first building of the Pantheon, under Augustus. The emperors wished to promote an
association of their power with the sky and there are passages from Latin authors
which suggest that a particular point of cosmic balance was understood to be

Fig. 10.17 Rome. The interior of the Pantheon as depicted by Francesco Piranesi in the 18th
century (image in the public domain)
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assigned to the emperor in the heavens. Virgil for instance (Georgics 1. 24–35)
places Caesar between Virgo and Scorpius, so in the equinoctial sign Libra.
Manilius (Astronomica 4. 546–551, 773–777), writing in Tiberius’s reign, again
places the emperor in Libra, as a point of balance between the ecliptic and the
equator. Lucan (1.45–59), writing in Nero’s time, has the apotheosised emperor
joining the heavens and finding his proper seat on the celestial equator, where he
will ensure balance and stability (apparently, Nero took such ideas very seriously,
and indeed in his enormous palace, the Domus Aurea, a sort of forerunner of
Hadrian’s Pantheon can be seen, in the form of a majestic octagonal hall where a
equinoctial hierophany manifests itself; see Oudet 1992; Voisin 1987; Hannah et al.
2015).

So far, so good, as far as the equinoxes are concerned. But what about the 21st of
April? The month of April was traditionally devoted to Venus, the goddess from
whom the Caesar family Gens Julia claimed direct lineage, and the 21st of April is
the traditional date of the foundation of Rome (see, e.g., Ovid, Fasti 4: 721–862).
Therefore, the symbolic action of the sun on this day is “to put Rome among the
Gods”. If we suppose, as seems likely, that the emperor was celebrating this very
day at the Pantheon, then his entrance together along the sun at noon would have
been a symbolic link between the people and the gods, as well as an impressive
confirmation of the emperor’s power and divine nature (Fig. 10.18).

So the Pantheon, besides being an unparalleled engineering masterpiece, was
also a cosmological signpost, an icon ideally linking sun and time to the cosmic
order.

Perhaps, the most appropriate place to conclude our long journey devoted to the
history of the relationships between astronomy, architecture, and power.

Fig. 10.18 Rome, 21 April. The light from the Oculus of the Pantheon hits the entrance at local
noon (Courtesy Francesca Agostino)
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Exercises

The Sun

1. Draw a picture to prove that the altitude of the celestial pole equals the latitude
of the observer.

2. Start a virtual planetarium at sunrise on a random day and then follow the
azimuth of the sun at rising up to a solstice and then back again.

3. Today you are in Rome, at dawn, looking at an azimuth of 96°. You see the sun
rising from behind a hill which is 10° high. Establish the day(s).

4. Draw a picture to convince yourself that the presence of a hill at the eastern
horizon increases the azimuth of sunrise with respect to that corresponding to a
flat horizon. What happens to the azimuth of sunset if another hill is placed at
the western horizon?

5. Determine the azimuth of the rising sun at the summer solstice in the following
cities: Cairo, Milan, London, Stockholm, Quito, Cusco, Santiago, with a flat
horizon. How does this azimuth change if the horizon is 5° high?

6. Determine on how many days the sun casts shadows from the north in the
following cities: New York, Lima, Mexico City, Buenos Aires, Quito.

7. Determine the Julian date of the summer solstice in AD 400 and in AD 1400,
and the proleptic Julian date of the winter solstice in 1000 BC.

8. At a certain place the latitude is equal to L degrees. In the days of the zenith
passages of the sun the declination of the sun is D. How much is L-D?

The Stars

1. Determine azimuth and date of the Heliacal rising of Aldebaran in Cairo. Do the
same for Milan, London, Cusco, Rio de Janeiro. Estimate the period of invis-
ibility. Solve the same problem for Canopus and for the Pleiades.

2. Determine the latitude at which the seven stars of the big Dipper cease to be
circumpolar in the northern hemisphere today. The same in the seventh century
BC. Try to explain why Homer says that the Big Dipper “never bathes in the sea”.
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3. Determine at which latitude the star alpha of the constellation Centaur is visible
today in the northern hemisphere.

4. Try to define the heliacal rising of a zodiacal constellation as a whole. Do you
think it is a meaningful concept? Consider the same question for the Pleiades.

Precession

1. You are in Cairo, and see Sirius rising during the night with the azimuth 108° on
a flat horizon. Establish which century you are living in.

2. You see the sun at the spring equinox rising close to the star alpha of Aries.
Establish which century you are living in.

3. Determine the constellation in the background of the winter solstice sun: today,
in the first century BC, in 2500 BC, in 10000 BC. The same for the spring
equinox. Does the result depend on the position of the observer?

4. Does the day of Heliacal rising of a star at a fixed latitude change with pre-
cession? Explain your answer fully.

5. Determine the declination of Sirius in 2700 BC. Estimate the date of the
Heliacal rising of this star at the latitudes of Cairo and of Aswan at that time.

6. Discuss whether Vega has ever been a “Pole Star”. The same for Deneb.
7. Define a concept of “south pole star” and establish if there is any naked-eye

visible star in the sky which may become, or may have been, such a star.
8. There is a point in the northern sky which is a true, invariable pole. However, it

is not located close to any visible star. Why is there such a point? Where is it?
What about the southern hemisphere?

Moon and Venus

1. Start a virtual planetarium in a day of year 2000 and follow the behaviour of the
Moon at the horizon for a couple of lunar months. Notice the corresponding
declinations and the phases of the Moon. Once you are acquainted with this,
analyse the behaviour of the Moon in December and in June 2006.

2. You are asked to define, in analogy with the tropics, the concept of “lunar
tropics”. Where do you think they should be located? Why? Explain analogies
and differences with the solar tropics.

3. At which latitude is the Moon at the major northern standstill circumpolar?
Explain the result.

4. Start a virtual planetarium on a random day and search for Venus, establishing
in which part of her synodic period is situated. Then follow the behaviour of the
planet at intervals of a few days for one entire cycle. Concentrate your analysis
close to the days of disappearance and reappearance of the planet.
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5. Start a virtual planetarium on November 5, 2005. Verify that Venus is going to
attain the minimal declination. When do you think that the maximal declination
will be attained? Check your hypothesis.

Statistics

1. In a necropolis located in a flat area where the azimuth of the winter solstice is
120°, the azimuths of 35 tombs’ corridors are measured, and 12 of them fall into
the sector of azimuths of the sun climbing in the sky.

– Find the probability p that one azimuth is by chance located in this sector
– Find the probability that 12 azimuths are by chance located in this sector
– Find the mean and the standard deviation of the distribution
– Find the sigma level we are working with. Can we claim that the orientations

are definitely astronomical?

2. After a measurement, 21 out of 40 Roman towns based on a orthogonal grid turn
out to be orientated within ±2° from the cardinal points. Can we claim that the
orientation was deliberate? With what degree of confidence?

Virtual Fieldwork

The exercises below are based on important monuments and sites. Before
addressing them, readers should acquaint themselves with the basics on the cor-
responding historical period.

1. Using Google Earth and a Sky Globe software, analyse:

– The orientation of the Milan cathedral.
– The orientation of the Chartres cathedral.
– The orientation of Notre Dame in Paris.

2. Using Google Earth and a Sky Globe software, analyze:

– The orientation of the Roman town of Merida, Spain.
– The orientation of the Roman town of Verona, Italy.
– The orientation of the Roman town of Timgad, Algeria.

3. Using Google Earth and a Sky Globe software, analyse the orientation of the
Parthenon in Athens.

– Do you think that a solar hypothesis is feasible?
– Try to formulate a alternative stellar hypothesis.
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4. Locate the Nasca drainage plain on Google Earth. Then:

– Become aware that it is a desert but that nearby zones towards the coast are
fertile, so people could easily walk around. Have a look at the horizon
profiles.

– Locate the modern Pan-American highway and search for zoomorphic
geoglyphs around it. Try to locate at least five geoglyphs including the
so-called monkey, spider, and cormorant.

– Try to define a symmetry axis for each of the figures. How many azimuths
would you measure in fieldwork? Measure the same azimuths and horizon
altitudes with Google Earth and create a virtual fieldwork notebook.

– Analyse the corresponding sky in the first centuries AD. Would you suggest
an astronomical orientation for the figures?

5. Locate the Hopewell earthworks called Great Circle and Octagon of Newark
(Licking County, Ohio) on Google Earth (the Octagon is easy to find as it is
used as a Golf course). Then:

– Measure the axis of Octagon-circle earthworks and the sight lines defined by
two sides of the Octagon and by one corner-to-corner line point. Try to
determine whether the corresponding horizon is/was flat in the first centuries
AD. Are there other lines to be measured to avoid selection effects?

– Determine the azimuths of the sun at the solstices and those of the Moon at
the lunar standstills at Newark and compare them with the results above. Do
you think that the project of the earthworks was based on the moon positions
at the horizon or that your results were obtained by chance?
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