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1. Summary

Archaeology is the study of ancient civilizations atfeir developments while
astronomy, apart from being the study of skies — a stidgcation of Sun, Moon,
planets and stars, is one the oldest sciences. Hie@dmprint of astronomy can be found
in ancient cave tools onwards. Astronomy is expressedvariety of ways in different
literature. However, it has never been exploitedreate a separate window into the past.
In the present paper, we discuss the possibility of shgnomy as an effective tool for
archaeology and the ability and limits of such studies.

2. Introduction

Archaeology is conventionally studied by exploring thigess of ancient
civilizations for physical evidence along with the langyditerature etc. This has been a
highly successful field of studies that has resultedomestruly inspiring insights into
human evolution. However, this ispast factostudy of what the civilisation left behind.
On the other hand, the evolution of the civilisatitselif takes a different path. The first
to rise, of course is group hunting to group organisatiorgulage, domestication of
animals and eventual settling down of the civilisatioowdver, there is another parallel
intellectual development that occurs as a civilisagmws, and that is the observation of
the sky.

The first changes that any evolving civilization noticeshe fact the Sun, Moon
and stars are not constant in the sky and that thei§asin the East and sets in the West
with a reasonably regular periodicity with one complegele taking a fixed amount of
time. For the sake of convenience, in the remaininggddhte article we will refer to this
as aday. It also requires only a small number of observatitiag while the Moon’s
shape and period are more spread out, over 28 days, the retoons to the same
apparent location in the sky at the same fractioth@fday and its apparent shape is also
identical. From here onwards, a careful observerlein to notice that the moon rises a
fraction later each day and after that fraction catgsl half the day, the Moon begins to
rise in the morning, rising earlier by the same fractisnitawas setting later in the
previous times. Gradually the civilization begins to notia the stars are not distributed
in a random manner but can be divided into specific pattand that stars rise in the

! Based on the talk given at the Conference on “Indiamaeology in the 21Century” Asiatic Society,
November 6, 2004. The original title of the talk was “Astrehaeology” to emphasize the importance of
Archaeology in the subject matter but the fear thatr8snay be mistaken for Astlagy instead of
Astronomymade me change the title.



same pattern over a long time. However, the absolaeadf rise of a particular pattern is
delayed every day by theame amount for all the pattetn®\so, long period
observations will show that the patterns rise atsame time after 365 days. Similar
observations will relate the broad climate of theiaedo the rise of a specific pattern at
Sunset or Sunrise. A more elaborate civilisation woolke mhat even amongst these stars
there are a few objects (five of the approximately spusiand stars that can be seen by
an unaided eye) who seem to move, again with an appafigatl speed. After this, only
the observation of eclipses remains, to complete bsergations of the heavens that span
the field of observational Astronomy.

It is easy to see how, a civilisation settled foharsperiod of time will begin to
associate Sun with warmth and give it the position ofl.GAlso, the rising phase of the
Moon and dying phase of the Moon would quickly get assocwitédfortnights and two
fortnights, completing one complete cycle would fornmanth. Twelve such months
would bring the Sun back to its original position, i.e.na same constellation at Sunrise
or sunset time. Once the civilisation takes noticéhisf the calendar is born.

However, nature is not so simple. The Lunar mosthatexactly29 days, one
year is notexactlyl2 lunar months etc. and all this begins to add errorstiet calendar
as the time drifts.

This difference can be effectively exploited for aedblagical studies and we will
discuss how this can be achieved and we will discusse sexamples of this from
literature.

It is prudent to note that in the text below, we \aitempt to list the different
ways in which astronomy can hgsed for archaeology and do not indulge in any
discussion on history of astronomy which is quite aed#t subject of its own
importance. Also, the field of archaeoastronomy has lbe existence for some time and
several books and papers can be found on various aspéeis siibject. However, most
of this literature is confined to some specific aspedhefsubject while the emphasis of
this article is that by extending the field beyond adfanof loosely used ideas to a
comprehensive field that will prove to be far more efiecsubject of study. Also, the
field, in Indian context is not very well known andtem restricted to study of the
architecture of temples with respect to the localdatipes and equinoxes or interpretation
of shlokas

3. Rashisand Nakshatras

In order to keep track of the night sky, the stars engky are divided into 88 different
patterns called constellations. Of these 88 consteiatl® are the most important ones
since they lie along the plane of the revolution ofEHaeth (and the entire solar system)
around the Sun. This plane is called the ecliptic. Assallt, the Sun and the planets
appearto move through these constellations and these h@amas names of Zodiacal
Signs Rashi3. Since the plane of revolution of the Moon arounel Barth is slightly
inclined (by 5) to the ecliptic, its motion is slightly differefrom that of the Sun and the



planets, that is, the Moon can be seen in consteigtvhere the Sun and the planets do
not venture. Indian Astronomy also has a speciab&2¥ special patterns of stars (this
pattern is not identical to the standard 88 constells}ioallednakshatraswhich define
the movement of the Moon in the night sky. The Sufegal year to complete 1
movement through all thRashis while the Moon takes 27.3 days (sidereal period) to
complete its movement through all tRakhatrds. The Earth rotates on its axis which is
tilted to the plane of revolution and the axis or rotagpoints to the Pole Star. All the
stars appear to rotate along a sphere whose axis abrokatdefined by the Earth’s own
axis of rotation, or the Pole Star in the night skiye pole star never rises or sets at any
location on earth and the altitude (angular height fhmmzon) of the Pole star from the
north defines the Latitude of the place. The closer stags to the pole, (i.e. at higher
latitudes), more and more constellations appear nevése or set and are circumpolar to
the Pole star which appears higher and higher in thetifikgt the Pole itself it appears
overhead. For example, at the North Pole the entdne pattern is circumpolar and no
stars rise or set. At the equator, the pole starirena the horizon and all stars (except
the Pole star) appear to rise and set. The Poleistapt visible in the southern
hemisphere. An interesting consequence of this is tlaBppearance of the zodiacal
constellations is different at different latitudes anddeethe descriptions of shapes of
constellations arkatitude dependant.

4. Some useful periodicities

Moon, Sun, planets and stars are not fixed objects in thergel Locations of these
objects in the sky vary with different periodicitiesish can be effectively used for
archaeological purposes. Some useful periodicitiesradusobjects are:

4.1Earth: While we assume the earth to be a constdity @ngoes through several
changes which are useful for dating archaeological anceqati@logical objects.
These are:

4.1.1 Earthquakes: These changes can be random or due to probanvitycanoes or
some local faults and in that case detailed studiesaat kcrust are required to
exploit the information. More important are the equkes along the fault lines
of plate tectonics. These allow generalised studiedagfe areas such as
Himalayas which have been exploited very effectively.

4.1.2 River diversions by earthquakes: These are random and seddats that can
leave deep long term markings which are especially eidiioim space imagery.
The Saraswatiproject and similar project on Nile are two spectaced@mples of
this.

4.1.3 Magnetic field changes: The Earth’s magnetic fieldpos a simple dipole but a
highly complex structure whose multiple North and Soutlegpdave been
meandering (and also disappearing) over time scales abmsilbf years with
some changes which are truly abrupt. When artefacts acdke,nor volcanic
magma is cooled, or when river beds settle, iron aheranagnetic material will



orient itself along the global magnetic field. Henceaeeful excavation can allow
determination of the local magnetic field conditionsl &y comparing this with
the long term data of the Geomagnetic fields, sitgshe dated back to millions
of years.

4.1.4 Earth's Precession: The earth rotates omatsaxis with a period of 24 hours and
revolved around the Sun once in 365.24 days. The Earth’soxistation is
inclined to the plane of revolution at an angle of 23The axis of rotation points
to the Pole Star. This is responsible for the seaandghe apparent north-south
motion of the Sun in the sky over the year. Howewdrie the inclination of the
axis is fairly constaft it's pointing drifts with a period of 24,000 years. The
result is that the Pole star changes with a periafadction of 24,000 years and,
more importantly, the zodiacal sign in which the Sulhnge in a particular phase
of the year also gradually shifts. Hence historical méscof the drift of the
zodiacal sign at equinox also changes over a periodesf ahousand years. This
is particularly useful in dating some of the anciemdian literature. This also
brings forward the month of Summer by 1 week every 500 years.

4.2Sun: The Sun has obvious 24 hour periodicity due to theiaotaf the earth. In

addition, the Sun has a periodicity of 365.24 days as thin E@volves round the
Sun. Due to the inclination of the orbit, the durationhaf day-time and night-time at
any location changes over the year. In higher latituttess,Sun can disappear for
several days in winter and barely set in Summers amy mi&ilisation have noted
this effect. More importantly, the Sun drifts in the slayd its noon time location
noon changes significantly over the year and the tfzat the Sun moves north or
south on a particular day has also been noted and lafEstwpon in ancient
literature. Also, with the precession of the earte(point 4.1.4), this has been a very
useful marker for dating older manuscripts.

The Sun also has an 11 year periodicity of activity rm$eof the number of
highly energetic particles it throws on the earth. TheEsécles come and impinge on
the Earth and produce a radio active isotope of carbbi \@ich has a decay half
life of about 5,600 years. Hence the ratio 6f © normal carbon (£) reveals the
age of organic matter which absorbs both forms of earbhout distinction. This
has been used effectively and the technique is know®aason dating However,
this 11 year periodicity is not constant and differgéhtyear cycles have different
intensities. To make matters even more interestisgStin apparently has another
200 year periodicity in the 11 year cycle.

4.3Moon: The moon has an obvious about 14.5 day periodicitsn frew moon
(amavasya to full moon purnimg. Half this period has been used to define the
week and twice the period (29.5 days) has been used to defioath. However, the

2 The inclination changes with various periodicities lsew22 to 25 with a periodicity of ~ 98,000
years***



Moon itself has very little effect on the earth begocausing tidés. The most
important astronomical effect that the Moon producekasSolar and Lunar Eclipses.
While Lunar Eclipses can be seen over an entire héerispSolar eclipses have very
small path of motion on the Earth. Hence descriptomihg&clipses in the literature
have been used for everything from the Great Epics teafshibirthday. Another
interesting use of this has been the checking of tleulesions of tithis based on
ancient Indian method of calculation to date theutatoons themselves and to extend
them for use over a much larger time period.

4.4Planets: Five planets, Mercury, Venus, Mars, Jupiter Samlirn can be seen by
unaided eyes. They go around the Sun with a period varyingféwndays to a few
years. They therefore appear in different constefiatiover different extended
periods. Each planet has its own characteristic impogtaand we discuss each of
them separately. However, since all the planets ra@aiand the Sun in the same
plane, to us, all the planets and the Sun remain isaghee zodiacal region and do not
deviate very far. Comets have no such compulsions

4.4.1 Mercury: Mercury closest to the Sun, it revolves arotin@dSun once in about 88
days (0.24 years). The result of this is that Mercury agpeery close to the Sun,
not deviating by more than 28.@way from the Sun, appearing in the morning for
about 40 days and in the evening for about 40 days. Whemoi islose to the
Sun, it is invisible. It is therefore difficult to seand it took the emerging
civilisations a lot of time before identifying as a saglbject. It also probably
gave the first clues to the Heliocentric origin of 8@ar System.

4.4.2 Venus: With a revolution period of 225 days (0.62 yearshugecan come quite
close to the Earth with significant changes in itglmess over this period. Since
it can be seen as far away a8 #6m the Sun, it a very distinct object in the sky
and, like Mercury, can appear with rising or setting Suniarichown both at
morning star and evening star in the literature. Alsogsiincan come close to the
Earth, the sense that it has a colour different foomventional white of the stars
is also very clear when one observes the planet.

4.4.3 Mars: It is the first of the outer planets. Mars tak&$ days (1.88 years) to
revolve around the Sun. Since this is almost twicepi@od, while the Earth
(Sun, as seen by us) moves through 1 zodiacal sign in Jhyridats stays in the
same zodiacal sign an average for 2 months. Also, Mahsbits the most
spectacular retrograde motion in the sky, apparently rgawidforward direction
for most of the time and then reversing its directmma few days, making a loop

% This is not strictly true. Moon gives the stabilioythe Earth’s spin and without the Moon, Earth would
have been a very erratic on the scale of thousand=ao$ yn its movements and this would have made
intelligent life difficult on Earth.

“ Lovers of astrology have often suggested that the Mooa pasfound effect on the life on earth and
have suggested, against all evidence that Moon controishale being. It is probably useful to point out
that 5 kg stone 1 meter away from a person exertsregsiréorce on a person than the Moon!

® In the discussion below, when we mention the revolytinind in units of days, it is Earth days and the
numbers are not related to the rotation period optheet.



4.4.4

4.4.5

and then returning to its forward direction of moti@gain. This is an

observational effect that occurs when Earth, movintpéninner track around the
Sun, overtakes Mars on the outer track. All planetsprinciple, show this

retrograde motion but it becomes less marked for plahatsare farther away and
is invisible in inner planets due to the fact that whetmograde motion occurs,
they are very close to the Sun and hence not obserntaldelso interesting that
their anti-Sun (dark) side faces the Earth during retrdegmotion.

Jupiter: The king of planets and a very bright objgdodbm observational
astronomy perspective, Jupiter is clearly large enoughpzear like a broad
object and hence it does not twinkle. Also, its revolutperiod is almost 12
(11.88) years. Hence it stays in the same zodiacalfsigh year giving it a nice
resonance in observation. It is also well observed gets very quickly
recognised. It has been call@dru in the Indian system and occupies the place of
pride in all religious and astrological works.

Saturn: The last of the easily observable planetsniisrean be seen but only
rarely) it has a period of 29.5 years and hence it mevea more slowly in the
night sky staying in the same constellation for 2.5 yehrsa life time of
observations, Saturn will not even complete 3 revolstitience its movements
have been noted and discussed of periodicities etaatediobservations done
over several generations.

4.5Constellations: The sky is divided into various patemnhose boundaries and star
associations are similar in most of the ancient sailons, except for the imposed
mythological interpretations are different for diffateivilisations. There are several
ways in which constellations can be used in archagoresny.

45.1

4.5.2

4.5.3

The patterns and mythologies are associated with #yethe dots are joined and
the latitude from which they are observed. Hence tlstedges arelatitude
dependant and can be used effectively to determine thexamate latitude
where the civilisation originated.

Since these are patterns of the star that are sutfficiar away from the Sun in
the night sky, they have a periodicity of 12 months. &gociation, they get
connected to the relative location of the Sun ortheand therefore seasons.
Constellations have therefore been associated witbogsai.e. with solstices
(when the Sun reverses its direction in the sky) aqdirtbxes (when the Sun
crosses the equator or is midway between solstices).

Due to precession of the Earth (see point 4.1.4) the r&as in different
constellations at solstice over centuries and thezdfwe definitions of “summer
and winter constellations” also change. Any recordingheke therefore form
important clues to dating of documents. Hence, drawingoostellations and
their associated myths, and location of Moon and Sun dariegecific period
provide important markers to astro-sensitive documents.



4.5.4 The shapes of constellations are themselves not ctsisiane the stars move in
the galaxy. This movement, as seen from earth is shodllcan significantly
deform constellations over thousands of years. So, |lel@talescription of
constellations is also very useful. Constellations @dso change due to
appearance of new stars or disappearance of existing sthtkig also provides
important information.

4.5.5 One more way in which constellations are important istlie entry and exit of
planets through them. These are often associated asitblogical omens and
hence these events are well recorded.

4.6 Exploding Stars: Stars are not eternal. They shine hyirfyfuel to produce heat and
light and hence they run out of fuel. While smallerstmply die away, large stars
have truly spectacular death when they can even beevidibing day time. These
transient stars (Supernovae) remain visible for abotdright. In the last two
thousand years, as many as 7 major stellar explosiores decurred in different
constellations which should all have been visible toidetheyes. Deeper into the
past even more events should have been recorded. Hemgerecord of these
explosions can date the document to an accuracy oft@igiot even thousands of
years. When these explosions occur close to the @artstronomical terms) they
also leave behind important radioactive signals such‘a&Ee point 4.2) which have
also been effectively used to date palaeontologicapksm

4.7Comets: Ancient Indian literature is replete with mfiation on comet citing and
even their classification. However, comets have nenhlexplored as serious sources
of knowledge for archaeology data since comets can limdpeor make only one or
few journeys around the Sun before disappearing for elerce any citing of comet
cannot be uniquely associated to any time period and asaseictot used for dating
documents. However, due to their random appearance, délveybeen favourite tools
of astrologers and hence are relatively well docunterfta immense potential exists
for evaluation of the description of comparison. Alsome comets are periodic and a
converse search may also yield potentially usefurmétion. Comets colliding with
earth, their description and geological dating of theditenpact are also potentially
useful tools of observation.

5. Methods of Using Archaeoastronomy

Clearly, given the ease of observation and apparesresitin astronomy in all the
civilisations, detailed (if encrypted) recording of astrom@@inobservations must exist for
all periods of human civilisation. Hence, the variousiguicities and time varying
astronomical information discussed in section 4 can be wsdate and study events in
several different manners. We discuss some of tlieads here.

5.1Interpretation of shlokas This is probably the simplest and the most commonly
used method of Archaeoastronomy in Ind@alokasdescribing the rise of the Sun at



equinoxes etc. have been quoted in the literature to date gbthe Vedic literature
to dates far earlier than the conventional dates giveatlyr means. This method
seems obviously correct, in the sense that if theredisaission of Sun rising in a
specific constellation at Equinox, then the documeantroning it must be dated to
that period. However, this method has often been izeticclaiming that the entire
shloka could have been added post-facto by someone with badersianding of
astronomy. Equally, rare astronomical events of figdianets where they should
not be, have also been used to date documents but theséden criticised on the
ground that the occurrence of the event was rare andvhimde discussion of
possibility of event was only speculative! Both créitis are not very strong since,
quite often, the mathematical and observational to@guired to calculate
astronomical event are extremely sophisticated, relyirayilyeon satellite based
astronomy. Hence, many of the tools used to extractimgnmation today, were not
even available to the people who could, in theory, hawetatninated ancient
document to make them appear more ancient. Even sdyeitecounter argument
against this criticism is to identify a large numberwflsevents so that the argument
that it was a lucky guess becomes inadmissible. le gpithis kind of criticism, well
documented references to astronomical events are p@juers to the sophistication
of authors and astronomical information.

5.2 Study of construction of architectural sites: Several major and minor monuments
were made with detailed sensitivity to the locatiorihg Sun, its path and also with
consideration to the Moon. Stonehenge in UK, Pyramnmdsgypt and our own Sun
Temples are all classical example of ancient ardhitecshowing great sensitivity to
astronomy. Design and description\éfdis(altars) and other religious sites have all
been shown to be sensitive to the presence or absémc@articular astronomical
object in a particular location. All these can beefiively used to study these sites.

5.3Matching of Kundalis: Quite often, at least for more recent periods, theasowere
very enthusiastic readers of astrological sign$ait tirth or the birth of other great
ones. Some of these have survived and have been used thedperiods of these
kings. Potentially this is probably the most direct hoef of dating events since a
kundali requires detailed description of the location of sevasalonomical objects
and can be easily checked for consistency as wellcasaay.

5.4Designs of constellations: The design of constellations, the rise and settinthe

Sun during a fixed period etc. can all now be calculatey aecurately. Orion, for
example is described more as a case of a warridneinGreek and other northern
hemisphere astronomies compared to Indian astronomsewvitie constellation has a
more polite representation. This is largely because; thisstellation appears
overhead and hence flat over India while in further nomthegitudes, it appear over
the horizon, appearing vertical. Also, there are aduifiodescriptions of
constellations likePrajapati which includes stars that are so dispersed that it is
impossible to make sense out of it in a direct manmas. hore than likely that the
sky geometry or some stars no longer visible playedrportant role in the past.
Similarly, the seven sisters of the Pleiades clusisramly six stars visible to unaided



eyes. This is because one star has now come eigngrclose to the other or has
simply died away.

5.5 Language, idioms, customs and Adhika—Maas Language, especially customs are
often dictated by astronomical considerations and dddyidifull of these examples.
But more interesting are the manner in which tithis eséculated and their
formulation is done. A study of such methods of how diqdar astronomical
reference came in the language itself is very intengstNames of weeks for
example, reveal the relative importance given to warmstronomical objects in terms
of their motion in the sky. Similarly, the conceptagthika—maagintercalary month),
and the manner of its incorporation to synchronise ofer &nd lunar calendars was
introduced quite early in calendars. The implementatioth@adhika—maastself is
therefore a revelation on the period of activity arertianner of implementation also
gives a good idea about the intellectual status of thersy$-or example, while most
of these calculations were re-done during Aryabhatta'®gemany other periods
have seen blind adaptation of the method with ad hoc atmme which show a
complete lack of understanding. SimilarBharad PurnimandUttarayanno longer
relate to the astronomical events they were reladeariginally and the differences
are also very revealing.

5.6 Astronomical speculations and mythologies. Association of specific gods to
specific days and planets with the implied importanceaated to the astronomical
objects and gods is one example of daily mythology giuseful information on the
evolution of human thought. Equally importantly, there aythologies of gods and
of creation, the presence or absence of some animatbei constellations, the
unanimity in their association across civilisations ateelated to the astronomical
and environmental sensitivity of the generations. Few meogttempts have also
been made by some kings to change astronomical agspsiand these also have
important clues to the civilisations.

5.7 Relation with Geological changes. Geological changes are association with
astronomy through superstition. The rarer an event tlee nobscure is the
astronomical event to which it is associdteBut sudden calamities are associated
with comets and other rare objects. Hence knowing #@hatvilisation suffered a
specific calamity immediately and the astrologicdélpretation given to it, again
reveal a lot about the civilisation. Similarly, séices associated with specific events
are also very important.

5.8 Re-calculations of old data: All civilisations have worked hard to predict
astronomical events and create calendars. All thesdculations, being
phenomenological in origin were useful only for shortiqus before they began
deviating from reality. How a particular astronomer avilisation, used the
mathematical tools at its disposal to determine varistr®@omical parameters, what

® For example, it is said that Orion is associated fléthding of Nile is associated with Orion since both
are periodic and time-coincident, that is, Nile floods mrtonth when Sun sets in Orion, however this is
controversial.



constants it used to derive a calculation and how themated to correct for
deviations makes a fascinating story in its own right. dvioportantly, the values of
various parameters and the mathematical formulatioed uare also important
windows to the understanding of the civilisation.

6. Current status

Nothing | have said in here is new or unknown. The purpot@sérticle was to
bring various ideas under a single title so that they edodked at, in totality and can be
used as interlinked clues rather than random, one off.study

Also, this seems to be the correct time to begis study since several
developments in the last 5 to 10 years have madenastical extrapolations far more
feasible and accurate. The field is now ready for w@fkesince interplanetary mission
have forced development of accurate ephemeris of planetotions. These calculations
now allow calculation of planets for more than 7,000ryeato the past. New very
accurate catalogues of location of stars and their mewe in the sky have been made
using dedicated satellites. These satellites have trergfven us an ability to calculate
the exact sky patterns for 10,000 years. Together, tbhede tow allow us to plot the
exact sky (except for comets) over extended periodsimiah civilisation. The field is
especially well suited fomamateur astronomers and people with basic sensitivity to
astronomy — does NOT require training in professional astny or physics.
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