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Their Equinox: Mesopotamian
Conceptions of Solstices and Equinoxes

John Steele

1 Introduction

In his well-known 1997 article “Whose Equinox?”, Clive Ruggles highlights a sig-
nificant methodological problem within archaeoastronomy: the imposition of mod-
ern (Western) ideas of what constitutes a significant astronomical event upon ancient
and/or non-Western cultures (Ruggles, 1997). To illustrate his point, Ruggles takes
the example of the equinox. Archaeoastronomers, and, according to Ruggles,
increasingly archaeologists, have frequently claimed that various monuments,
buildings, etc., possess “equinoctial alignments”, tacitly understood to be the direc-
tion towards either the position on the eastern horizon at which the sun rises or the
position on the western horizon at which the sun sets at the equinox. But as Ruggles
points out, it is important to examine closely what we mean by an ‘“equinoctial
alignment”, or, more fundamentally, what we mean by an “equinox”. And, perhaps
even more importantly, whether the culture we are studying had the same interpreta-
tion of what an equinox is as our modern definition and, indeed, whether the equi-
nox was a meaningful and significant concept at all within their worldview.

In modern astronomy, an equinox is defined as the moment at which the sun
crosses the celestial equator. At that moment, the sun will have a declination of 0°,
day and night will be of equal length, and, assuming a perfectly flat horizon, the sun
will rise due east and set due west. In fact, only the first of these statements is accu-
rate in practice. Because the sun reaches the equinox at a precise moment and con-
tinues to move after it has reached it, day and the following night will only be equal
if the moment of equinox coincides with the moment of sunset (and even this is not
precisely true because the sun’s speed is not constant); similarly, the sun will only
rise precisely due east if the equinox occurs exactly at sunrise and only set due west

J. Steele (04)
Department of Egyptology and Assyriology, Brown University, Providence, RI, USA
e-mail: john_steele @brown.edu

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021 35
E. Boutsikas et al. (eds.), Advancing Cultural Astronomy, Historical & Cultural
Astronomy, https://doi.org/10.1007/978-3-030-64606-6_3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-64606-6_3&domain=pdf
https://doi.org/10.1007/978-3-030-64606-6_3#DOI
mailto:john_steele@brown.edu

36 J. Steele

if it occurs exactly at sunset. Thus, we have three definitions of the equinox which
are not precisely the same: true astronomical equinox when the sun has a declina-
tion of 0°, the day at which day and night are (most nearly) of the same length, and
the day at which the sun (most nearly) rises due east or sets due west at a flat hori-
zon. Observationally, therefore, the equinox can be determined either by direct
observation of its declination using a calibrated instrument such as an equatorial
ring (which requires both the concept of a celestial sphere and precise knowledge of
geographical latitude), by measuring the length of day or night, or by observing the
sun’s rising or setting azimuth. All of these methods will have different types of
uncertainties built into them: How precisely can an instrument be aligned and how
accurately is a site’s geographical latitude known? What tool is used to measure the
length of day and night and what is its error? And how flat is the horizon and how
well is the east-west line known?

The aim of this paper is to examine how one particular group—the people of
ancient Mesopotamia, i.e., the area of ancient Iraq and its neighbours, during the
last two millennia BC—conceived of solstices and equinoxes. Even within this
group we may expect some diversity of understanding of these phenomena: the
popular and scholarly conception may have different and even among the literate
elite we should not necessarily expect that the authors of literary works, for exam-
ple, and the scribes who wrote astronomical texts agreed on precisely what is an
equinox, nor that this understanding remained constant over more than 2000 years.

I begin this paper by presenting a brief overview of Mesopotamian calendars
before examining a range of textual sources which refer to solstices and/or equi-
noxes in order to try to answer a very basic question: in those texts, were the sol-
stices and/or equinoxes defined calendrically, i.e., by their position in the year,
temporally, i.e., by the length of daylight, or spatially, either with reference to the
place on the horizon when the sun rises or sets or to the intersection of the ecliptic
and the celestial equator, or by a combination of these possibilities?

2 Mesopotamian Calendars

The basic Mesopotamian calendar used over the whole of the period from which we
have written evidence (late fourth millennium BC to first century AD) employed
lunar months which began on the evening of the first visibility (observed or in later
times often calculated) of the new moon crescent (Steele, 2011). A normal year
contained 12 months. In order to keep the calendar in line with the seasons, in cer-
tain years an extra “intercalary” month was inserted, usually after either the 6th or
the 12th month of the year. For most of Mesopotamian history, the decision over
when to intercalate was ultimately the decision of the king, and kings could—and
sometimes did—make this decision for short term gain, for example in bringing
forward or delaying the payment of taxes and tributes. Several schemes providing
astronomical criteria for when to intercalate are attested from the early first millen-
nium (Hunger & Reiner, 1975; Ratzon, 2016; Hunger & Steele, 2019: 209-213),
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but we do not know whether they were ever used in practice. Beginning in the early
fifth century BC, however, a fixed 19-year cycle of intercalation was adopted and,
as far as we can tell, operated without interruption until the end of our sources in the
first century AD (Britton, 2007; Ossendrijver, 2018). According to this cycle, 7 years
out of every nineteen contained an intercalary month.

One result of intercalation, whether it was governed by royal decision or fol-
lowed a regular cycle, was to keep the beginning of the year fairly near to the date
of the vernal equinox. We should not a priori assume, however, that keeping the
beginning of the year aligned with the equinox was the intention of the
Mesopotamians: the desire may simply have been to keep the beginning of the year
in the early spring and the fact that this is close to the date of the vernal equinox is
a by-product of that decision.

Luni-solar calendars, especially those based upon observing the new moon cres-
cent and which have irregular intercalation, make the calculation of things like
interest on loans and the payment of rations difficult. Almost certainly for this rea-
son, therefore, a simplified “schematic” calendar was used in many administrative
and astronomical contexts. This calendar simply assumed that each month con-
tained 30 days and that there are always 12 months in the year, making a total of
360 days (Brack-Bernsen, 2007; Steele, 2011). This 360-day calendar also appears
in certain literary and religious texts where it seems to represent the “ideal” state of
the universe at creation (Brown, 2000). It is important to stress, however, that this
schematic 360-day calendar, although appearing frequently in early astronomical
texts, never operated as a real calendar, nor was 360 days ever thought to the actual
length of the year. Instead, it always acted purely as a computational device to sim-
plify calculations.

3 The Early Second Millennium BC

Two compositions preserved in Old Babylonian copies contain the earliest refer-
ences to solstices and equinoxes: a small part of a Sumerian literary composition
concerning the goddess Inana (Brown & Zdlyomi, 2001), and an Akkadian text
which presents a scheme for the change in the length of day and night over the sche-
matic year (Hunger & Pingree, 1989: 163—164). Neither text refers to the solstices
or equinox by name but both are concerned with the length of night on one or more
of the solstices or equinoxes.

The relevant part of the Sumerian composition concerning Inana is preserved in
two copies. The two manuscripts show some differences, most significantly in
switching the order of the two lines relevant to us. These differences do not change
the overall content of the passage, however. The passage can be transliterated and
translated as given below. The transliteration is a composite of the two sources as
reconstructed by Brown and Zélyomi (2001) except that I have reversed the order of
the two lines (following their MS B) because the text seems to make better sense
ordered this way. The translation follows Brown and Zdlyomi (2001) except in
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translating Sid literally as “counted” rather than “normal”. For a detailed discussion
of the reading of this passage, see Brown and Zélyomi (2001).

ud-da-ta en-nu-ugs-bi 3-am; ud gis-bi-a ba-an-da-sa,
i;-ne-e$-ta ud-da Sid-bi ba-da-tur ud gis-bi-a ba-da-bur,

From today when its (i.e., the day’s) watch is 3 long, daylight is equal to night-time.
From now on the counted length of daylight becomes shorter, daylight converts to
night-time.

The passage begins by stating that on a given day the day’s watch, a term which
is known from other texts to be used to refer to the whole length of daylight, has the
length 3. The number 3 is given without units and can be interpreted in two ways:
either as a place value sexagesimal number of the kind found in mathematical texts
which can be equated to a measurement value by means of a metrological table of
equivalences, or, more simply, as the measurement value 3 with an implied unit.
Comparison with later texts suggests that the 3 can be understood as either 3 mina
or 3,0 (= 180) US. The text continues by stating that on this date daylight is equal to
night-time. Thus, both day and night are 3 in length, and the passage is therefore
concerned with the date of the equinox defined temporally as day and night being of
equal duration in time. The passage then states that as we move forward in time, the
length of daylight becomes shorter as part of what had been day becomes night.

The second text, BM 17175 + 17284, presents values for the length of day and
night at the equinoxes and the solstices. The text can be transliterated and translated
as follows (the transliteration follows Hunger & Pingree, 1989: 163 but the transla-
tion is my own):

[i-na i“§]51.GUR,0 UD.15.KAM 3 EN]./NU! u,-mi 3 EN.NU GEj [uy-mu it GE¢ mi)-it-hal-ru

[is-tu SE.GUR ,.KUs UD.15.KAM a-di "SIG,] 'UD!.15.KAM ITI 3.KAM [i-na “SIG,

UD.15.KAM 1 EN.NU GE, a-nla u,-mi i-na-ap-pa(!)-al [... 4 EN].INU! u,-mi 2 EN.NUN

GE¢

[i5-tu “SIG, UD.15.KAM] lal-di "KIN.YINANNA UD.15.KAM ITI 3.KAM [i-na
HKIN.YINANNA UD.15.KAM 1 EIN.NU u,-'mu a-na' GEg ut-te-er [...] 3 EN.NU uy-mi 3
EN.NU GEg [uy-mu it GEg] mi-it-ha-ru

[i5-tu “KIN.JINANNA UD.1]5.KAM a-di “GAN.GAN.E UD.15.KAM ITI 3.KAM [i-na
GAN.GAN.E UD.15.KAM 1 EN].NU wus-mu a-na GEg i-na-ap-pa-al [... 21 EN.NU u,-mi
4 EN.NU GE;4

[is-tu iGAN.GAN.E UD.15.KAM a-d]i i‘igE.IGURIO.KUQ UD.15.KAM ITI 3.KAM [i-na
SE.GUR.KU; UD.15.KAM 1 EN].INU GE; a-na' us-'mi i'-na-ap-pa-al [...] 3 EN.NU
uy-'mi 3 EN.NU GEg [uy-mu 1t GE¢] mi-it-ha-ru

[On Month XII day 15, 3 is the wat]ch of the day, 3 is the watch of the night. [Day and night
are e]qual. [From Month XII day 15 to Month III] day 15 is 3 months. [On Month III day
15, 1 (of) the watch of the night] converts into day. [... 4 is the wat]ch of the day, 2 is the
watch of the night.

[From Month III day 15] to Month VI day 15 is 3 months. [On Month VI day 15, 1 (of) the
wa] tch of the day returns to the night. [...] 3 is the watch of the day, 3 is the watch of the
night. [Day and night] are equal.
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[From Month VI day 1]5 to Month IX day 15 is 3 months. [On Month IX day 15, 1 (of) the
wat]ch of the day coverts into night. [... 2] is the watch of the day, 4 is the watch of the
night.

[From Month IX day 15 t]Jo Month XII day 15 is 3 months. [On Month XII day 15 1 (of) the
wat]ch of the night converts into day. [... 3] is the watch of the day, 3 is the watch of the
night. [Day and night] are equal.

The text presents a scheme giving the length of day and night on the 15th of
Months II1I, VI, IX and XII. On the 15th of Months XII and VI day and the night are
said to be of equal length. As in the previous text, this length is given as three
without a unit (it can again be assumed to refer to either 3 mina or 3,0 US), and
therefore corresponds to the equinox. On the 15th of Month III, day is said to be of
length 4 and night of length 2. These lengths of day and night are reversed on the
15th of Month IX. Thus, the summer solstice is taken to be on the 15th of Month III
and the winter solstice on the 15th of Month [X. The scheme states that between the
summer solstice in Month III and the winter solstice in Month IX part of the day is
converted into night, and vice versa between winter solstice and the summer sol-
stice. Comparison with later texts makes it almost certain that the length of day and
night are assumed to vary linearly between the extremes of 2 and 4 at the solstices
and that the dates given in the scheme are to be understood as being within the sche-
matic 360-day calendar. These extremes are greatly exaggerated for the latitude of
anywhere within Mesopotamia and seem to have been chosen for their simplicity
(Brown, Fermor, & Walker, 1999-2000).

Both the passage in the Sumerian literary text and the scheme on BM
17175 + 17284 show a concern with the length of day and night. InBM 17175 + 17284
the length of day and night is connected to four equally-spaced dates in the sche-
matic calendar. Thus, although the texts do not name these dates as the solstices and
equinoxes, it is clear that what is of interest to the authors of these texts are the occa-
sions when day and night are of equal length or when they are their shortest and
longest. For these authors, therefore, solstices and equinoxes are defined by the
length of day and night and, secondarily, by equal divisions of the schematic year.

4 The Late Second and Early First Millennium BC

Table C of the fourteenth tablet of the celestial omen series Eniima Anu Enlil (Al-
Rawi & George, 1991-1992) contains a list of length of day and night on the 15th
and 30th day of each month in the schematic 360-day calendar. The date of compo-
sition of Eniima Anu Enlil is not known but must lie somewhere in the late second
or early first millennium BC; the work was already widely known and copied by the
beginning of the seventh century BC. According to this text the lengths of day and
night follow zigzag functions with maximum and minimum 4 mina and 2 mina. The
scheme is clearly an elaboration of that found on the Old Babylonian tablet BM
17175 + 17284 discussed in Sect. 3, extended to give values for the schematic dates
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of the lunar and solar opposition and conjunction. The entries for the 15th of Months
III, VI, IX and XII once more refer to the solstices and equinoxes as defined by the
length of day and night. For example, the entry for the winter solstice on the 15th of
Month IX reads as follows:

[DIS ina “GAN] 'UD!.15.KAM 2 ma EN.NUN UD 4 ma EN.NUN GE;
[DIS ina “GAN UD].16.KAM GE, ana ur-ru i-na-pal UD™ GID™ GE¢™ LUGUD™®

[9l On Month IX] day 15: 2 mina is the watch of the day, 4 mina is the watch of the night.
[9 On Month IX day] 16: night converts to day; the days become longer, the nights become
shorter.

This passage is similar to the entry for the winter solstice on the Old Babylonian
tablet BM 17175 + 17284. Here, however, it is made clear that the change in the
length of day and night occurs each day. Thus, the day after the solstice, part of the
night is converted into day and from then on the day will become longer each day
and the night will become shorter.

Another text relevant to our discussion dating to the late second or early first mil-
lennium BC, which was again widely known and copied by the early seventh cen-
tury BC, is MUL.APIN (Hunger & Steele, 2019). MUL.APIN is a compendium of
astronomical and astrological material including several lists of stars, schemes for
intercalation, the intervals between synodic phenomena of the planets, the length of
night and the duration of visibility of the moon, and the length of the shadow cast
by a gnomon, and celestial omens. Like all of the other texts discussed so far, at the
core of all of the schemes in MUL.APIN lies the 360-day schematic calendar.

The scheme for the length of night, and by extension for the length of day, in
MUL.APIN is identical to that found in tablet 14 of Eniima Anu Enlil with one cru-
cial exception: the dates of the solstices and equinoxes are shifted by one month in
the schematic calendar to the 15th day of Months I, IV, VII, and X. References to
the length of day and night at the solstices and equinoxes appear at several places in
MUL.APIN: in the list of the dates of the first appearances of stars at lines I ii 43, I
iii 2 and I iii 9 (summer solstice, autumnal equinox and winter solstice only); in the
shadow length scheme at lines ITii 21, IT1i 25, ITii 31, and IT ii 35; and in the scheme
for the length of night at IT ii 43, I i1 50, Il iii 8, and IT iii 8. Like everything we have
encountered do far, these entries do not make an explicit reference to the solstice
and equinox, but implicitly refer to them be singling out the dates of the longest and
shortest day and equal length day and night for special treatment. For example, the
shadow length scheme is presented for these four dates during the year and then a
short procedure explains how it can be extended to the other months of the year.

Another part of MUL.APIN, lines I I 9—II 1 21, provides additional information
about the solstices and equinoxes beyond simply giving the dates when the day is
longest, shortest, and of equal length of the night (Hunger & Steele, 2019: 142-145):

DIS ina “SU UD.15.KAM ™KAK.SL.SA IGL.LA-ma 4 MA.NA EN.NUN u,-mi 2 MA.NA
EN.NUN GE, ‘UTU §d ina id ™SI.SA KI SAG-DU ™UR.GU.LA KUR-4a GUR-ma ana
id ™U;s.LU us-mu 40 NINDA.TA.AM ul-ta-map-pal UD™* LUGUD.DA™* GE¢™* GID.
DAme§
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DIS ina “"DUg UD.15.KAM “UTU ina lib-bi ™'zi-ba-ni-tu, ina “UTU.E KUR-ha u Ysin ina
IGI MUL.MUL EGIR ™! "HUN.GA GUB-azima 3 MA.NA EB-NUN u,-mi 3 MA.NA
EN.NUN GE,¢

DIS ina AB UD.15.KAM ™KAK.SI.SA ina li-la-a-ti IGLLA-ma 2 MA.NA EN.NUN
us-mi 4 MA.NA EN.NUN GE, “UTU 5d ina id U ,5.LU KI SAG.DU ™UR.GU.LA KUR-
ha GUR-ma ana id ™SI.SA UD 40 NINDA.TA.AM un-da-na-har UD™ GID. DA™ GE¢m
LUGUD.DA™

DIS ina “BAR UD.15.KAM 9sin ina li-la-a-ti ina SA ™zi-ba-ni-tii ina “UTU.E u *UTU ina
dUTU.SU.A ina IGI MUL.MUL EGIR ™HUN.GA GUB-ma 3 MA.NA EN.NUN u,-mi 3
MA.NA EN.NUN GE;4

9 On the 15th of Month IV, the Arrow becomes visible, and 4 mina is the watch of the day,
2 mina is the watch of the night. The sun, which rises in the north with the Head of the Lion,
turns and keeps moving down towards the south 40 NINDA per day. The days become
shorter, the nights become longer.

9 On the 15th day of Month VII, the sun rises within the Scales in the east, and the moon
stands in front of the Stars behind the Hired Man, 3 mina is the watch of the day, 3 mina is
the watch of the night.

9 On the 15th of Month X, the Arrow becomes visible in the evening. 2 mina is the watch
of the day, 4 mina is the watch of the night. The sun, which rises in the south with the Head
of the Lion, turns and keeps coming up towards the north 40 NINDA per day. The days
become longer, the nights become shorted.

9 On the 15th day of Month I, the moon stands in the evening within the Scales in the east,
and the sun in the west in front of the Stars behind the Hired Man. 3 mina is the watch of
the day, 3 mina is the watch of the night.

In addition to giving the standard values for the length of the day and night on the
dates of the solstices and equinoxes found elsewhere in MUL.APIN, each section
also comments on the position of the sun as it rises on those dates. The two sections
for the equinoxes state that the sun rises in the east with the constellation the Scales
(Libra) at the autumnal equinox and sets in the west between the constellations the
Stars (Pleiades) and the Hired Man (in Aries) at the spring equinox. The moon is
said to be in the same position but at the opposite equinox, which is as we would
expect since in the schematic calendar the equinox is on the 15th day of the month
and so the moon and sun are in opposition. The references to east and west use the
terminology ina “UTU.E and ina “UTU.SU.A which literally refer to the rising and
setting sun and seem to be used to refer to the general easterly and western horizons
rather than the points due east and due west. The same terminology is used else-
where in MUL.APIN to indicate whether a planet is rising in the east or the west.
For example, line IT IT I 61 reads (Hunger & Steele, 2019: 148-149):

DIS ™dele-bat lu ina *UTU.E lu ina *UTU.SU.A IGL.LA-ma 9 ITLMES ina AN-e GUB-

ma i-tab-bal

q Venus becomes visible either in the east or in the west, stands in the sky for 9 months, and
disappears.
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Thus, the phrases “rises in the east” and “in the west” here simply indicate which
horizon we are looking at.

The entries for the solstices also give the position of the rising sun stating that it
is in the “north”, for summer solstice, or the “south”, for winter solstice. Here
“north” and “south” are given in terms of wind directions, which are commonly
used to roughly indicate cardinal directions (Horowitz, 1998: 195-200). In the
entries for both solstices, the sun is said to rise with the Head of the Lion (Leo), but
this is almost certainly a textual error: the sun will rise with the Head of the Lion at
the summer solstice according to the presumed date of the solstice and the first
appearance of the Head of the Lion given elsewhere in MUL.APIN, but because the
rising position of stars does not change over the year, at the winter solstice the sun
will be a long way from the Lion. What is important, however, is that the text states
that the sun rises in the north at the summer solstice and then “turns and keeps mov-
ing down towards the south”, and similarly at the winter solstice, the sun rises in the
south and then “turns and keeps coming up towards the north”. Thus, the dates of
the solstices are associated with the most northerly and southerly rising points of the
sun. The text continues by stating that something changes by “40 NINDA per day’.
A NINDA is a unit of distance but is also used as a unit of time. Given that the state-
ment of a change of 40 NINDA per day directly follows the statement that the sun’s
rising position moves to the south/north, it would be tempting to see this change as
referring to the change in azimuth of the sun’s rising point. However, a close study
of this passage reveals that this is not the case: the 40 NINDA per day, which is
equal to 0;40 US and equivalent to 0;0,40 mina is the daily change in the length of
daylight. The passages end with the familiar statements that following the solstices,
the days become shorter/longer and the nights become longer/shorter.

This section of MUL.APIN, therefore, shows that an additional, but clearly sec-
ondary, characteristic of the solstices is that the sun’s rising position is to its north-
ern and southern extremes at the summer and winter solstices respectively. By
contrast, the equinoxes seem to be defined only by the equal length of day and night.

5 The Neo-Assyrian Period

All of the texts that I have discussed so far present the four dates in the schematic
360-day calendar on which the length of day is either longest, shortest, or equal to
the length of night, corresponding to the summer solstice, the winter solstice, and
the two equinoxes respectively. These dates are themselves schematic not reports of
observations—they are placed at equal divisions of the schematic year and on the
fifteenth day of a month when the moon and sun are in opposition, a situation which
in reality can never happen within the same year. We have also seen that one section
of MUL.APIN added a secondary characteristic to the dates of the solstices, namely
the extreme northern and southern rising points of the sun. However, these early
texts present no evidence of the observation of the solstices and equinoxes nor do
they give names for these phenomena. This situation changes in the seventh century
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BC. Among the preserved correspondence between scholarly advisors and the Neo-
Assyrian kings, which contains reports of observed astronomical phenomena which
are important for divination and/or for the management of the calendar, we find
three reports of equinoxes and one of a solstice with what becomes standard termi-
nology to identify these phenomena. Giver the type of text these reports are found
in it is very likely that they refer to observations of these phenomena.

Let us consider the three reports of equinoxes first. The three reports are all very
short giving no more than the date (month and day—the year is not usually given in
these texts), a formulaic statement about the equinox, and a standard closing bless-
ing. They are all believed to have been sent by a certain Nab(i’a, who lived in the
city of Assur, to the king in Nineveh (Hunger, 1992; see also the discussion in
Kugler, 1909-1924: 18 and Parpola, 1983: 359-361). The report SAA 8 140 is
typical:

UD.6.KAM $d “BAR ws-mu it mu-si Sit-qu-lu 6 DANNA u,-mu 6 DANNA mu-si ‘PA

{AMAR.UTU a-na LUGAL BE-i-ni lik-ru-bu

The 6th day of Month I. The day and the night were in balance: 6 béru is the day, 6 béru is
the night. May Nabi (and) Marduk bless the king, our lord!

The other two reports are identical except that SAA 8 141 gives a date of the 15th
of Month I and the date is broken away on SAA 8 142. The fact that the reports give
different dates for the equinox implies that these reports are discussing equinoxes in
different years and that these are not the schematic dates in the 360-day calendar
given in texts such as MUL.APIN but observed dates of the actual equinox in the
civil calendar.

The key phrase in this report is “the day and the night were in balance”. The verb
Sitqultu is the Gt form of Sagalu “to weigh/balance” and is used to indicate that the
subjects of the verb are equally balanced. In this case, the subjects are day and night
and the text goes on to clarify that their being balanced means that they are both of
the same length, namely 6 béru (a béru equals 30 US and is equivalent to two
equinoctial hours). It is clear, therefore, that the equinox is here defined by the day
and the night being of equal length. As we will see, the term “in balance” becomes
the standard way of referring to equinoxes in later texts.

One report, SAA 8 207, written by an unidentified scholar and sent to the king
contains a reference to a solstice (Hunger, 1992). Unfortunately, the report is dam-
aged and we do not know which month, and therefore which solstice, is being
referred to. The relevant part of the report reads as follows:

[... UD].[15%.KAM SU [sin NJU IGI $amas GUB

[...] the 15th’, the setting [of the moon was n]ot seen. The sun stood (still).

The phrase “the sun stands (still)” (samas GUB) is used in later texts to refer to
a solstice (both winter and summer) and must refer to the same phenomenon here.
The logogram GUB is used to write the verb izuzzu which means simply “to stand”.
In astronomical texts it can have a number of different meanings including being
used to indicate that the moon or a planet “stands” (i.e. is visible) in the sky or to
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indicate that a star or constellations is in a fixed position relative to the other stars.
The word must have another meaning here, however. It seems most likely that it
refers to the rising point of the sun appearing to stand still for several days at its
most northerly or southerly point at the solstice. Thus, this terminology for the sol-
stice seems to give priority to the rising point of the sun rather than to the extremes
in the length of day and night. This conclusion is somewhat supported by the
absence of a reference to the length of day or night in this record, in contrast to the
case of the equinoxes recorded in contemporary texts where the lengths of day and
night were stated explicitly.

6 Observational Texts from the Late Babylonian Period

The Astronomical Diaries and related observational texts dating from the sixth to
the first century BC regularly record the dates of the solstices and equinoxes using
similar terminology to that found in the Neo-Assyrian texts just discussed (Sachs &
Hunger, 1988: 26). Equinoxes are again denoted by the term Sitqultu “balanced”
(this is usually written logographically LAL-zim, rather than syllabically as was the
case in the Neo-Assyrian texts), but without the accompanying statement that day
and night are both 6 béru in length. Solstices are again denoted by Samas GUB “the
sun stood (still)”.

The majority of reports of solstices and equinoxes in the Astronomical Diaries
are followed by the phrase NU PAP “not watched for”. Sometimes this phrase is
accompanied by a reference to bad weather which prevented the sun from being
seen. In these cases the date given for the phenomenon must therefore have been
calculated or estimated in some way. Various schemes are attested in cuneiform
texts of this period for calculating the dates of the solstices and equinoxes in the
civil calendar. One scheme ties the dates of these phenomena to the 19-year interca-
lation cycle (Neugebauer, 1948, Slotsky, 1993, Hunger & Pingree, 1999: 151-152).
According to this scheme the date of the summer solstice increases by 11 days every
year except for the 19th year of the cycle where it increases by 12 days. The dates
of the autumnal equinox, summer solstice, and spring equinox are calculated from
the summer solstice by adding 3 months and 3 days, 6 months and 6 days, and
9 months and 9 days respectively onto the date of the summer solstice. Thus, the
solstice and equinoxes are spaced evenly through the calendar year. All reports of
solstices and equinoxes in the Diaries dating from the beginning of the fourth cen-
tury BC onwards agree with this scheme. Almost all of these reports are denoted as
“not watched for”, but the dates of those without this remark are also in agreement
with this scheme suggesting that during this period at least the solstices and equi-
noxes were always calculated rather than observed. An extension of this scheme
provided calculated dates for the first appearance, acronychal rising, and the last
appearance of Sirius and selected other stars (Hunger, 2014; Sachs, 1952).
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7 Solstices, Equinoxes and the Zodiac

The zodiac—the division of the band through which the sun, moon, and planets
move, into twelve equal length parts (“signs”) each containing 30° (denoted in
Babylonian texts using the linear-measure unit US)—was developed in Babylonia
sometime during the second half of the fifth century BC (Britton, 2010; Steele,
2007, 2018). Although no texts explicitly link the solstices and equinoxes to posi-
tions in the zodiac, an implicit connection is made in schemes which link the length
of day to the position of the sun in the ecliptic. Three such schemes are currently
known. All three are what can be termed “rising time schemes”, which operate by
assigning a certain time interval to the time it takes for a given stretch of the zodiac
to rise (Neugebauer, 1953; Rochberg, 2004; Schaumberger, 1955; Steele, 2017).

The first scheme links the rising of stretches of the zodiac to the time intervals
between the culmination of certain stars known as zigpu stars. It is based upon an
earlier calendar based scheme which associates the setting of the sun on dates in the
schematic calendar with the culmination of the same stars. This calendar based ver-
sion of the scheme is itself constructed from the simple function for the length of
day and night given in MUL.APIN and therefore places the equinoxes and solstices,
defined by the length of day, on the 15th of Months I, IV, VII, and X in the schematic
360-day calendar. This calendar-based scheme is then transferred across to the
zodiac simply by equating the date in the schematic calendar with the equivalent
position in the zodiac which is then taken to be the position of the sun (e.g. the
equivalent of the 1st day in Month I is 1° in Aries). As a consequence, the sun is
taken to be at 15° in Aries, Cancer, Libra, and Capricorn on the days of the equi-
noxes and solstices.

The second and third schemes are embedded within the so-called Lunar System
A and Lunar System B systems of mathematical astronomy. In both systems, the
length of day is computed from the sun’s position using a table which is based upon
different rising time schemes. In System A, the days on which day and night are
equal and the days when day is longest and shortest, take place when the sun is at
10° of Aries, Cancer, Libra, and Capricorn. In System B, they take place when the
sun is at 8° of Aries, Cancer, Libra, and Capricorn. A further, poorly attested lunar
system, Lunar System K, places them at 12° of Aries, Cancer, Libra, and Capricorn
(Ossendrijver, 2012: 115).

We therefore have four traditions for the placement of the position at which the
sun is at the solstices and equinoxes: at 15°, 12°, 10°, and 8° of Aries, Cancer, Libra,
and Capricorn. Despite their being incompatible, these four traditions co-existed. I
take this as evidence that positions in the zodiac never became the primary defini-
tion of the solstices and equinoxes.
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8 Conclusion

Main aim in this paper has been to gather the evidence for how the solstices and
equinoxes were conceived by scholars in ancient Mesopotamia. This evidence
clearly shows that the primary definition of the solstices and equinoxes was linked
to the length of day and night: the solstices were the days on which the day was
either longest or shortest, and the equinoxes were the days when day and night were
of equal length. The dates of the solstices and equinoxes were considered to be
equally spaced through the year, either at 3 month intervals in the 360-day sche-
matic calendar or on dates in the real luni-solar calendar which correspond to equal
divisions of the solar year (the Babylonians never distinguished between the tropi-
cal and sidereal year and so it is appropriate to talk merely of the solar year). A
secondary definition of the solstice and equinoxes was therefore calendrical. In
addition, solstices were also defined as the date on which the sun rose at its most
northerly or southerly point on the horizon, providing a tertiary definition of the
phenomenon. Equinoxes, however, do not seem to have shared this tertiary defini-
tion referring to the rising point of the sun.

Given that the primary definition of the solstices and equinoxes related to the
length of day and night, it is appropriate to ask how the Babylonians were able to
identify when these phenomena took place. What evidence we have of Babylonian
time measurement suggests that water clocks were used to measure intervals of time
in astronomical contexts. These water clocks, however, were far from accurate:
studies of Babylonian timings of eclipses show that timings of more than a few
hours often had errors of up to half an hour (Fermor & Steele, 2000; Steele, 2000).
Thus, determining when day and night were of equal length or when the day was
longest or shortest would have presented many challenges for the Babylonian
astronomers and likely produced quite inaccurate results. Similarly, although the
position on the horizon where the sun rises at its most northerly or southerly point
can fairly easily be measured, because the sun’s rising point changes very slowly
around the solstices deciding when the sun had reached this point is very difficult.
It is therefore not apparent how the Babylonians observed these phenomena.

Observations or solstices and equinoxes must have been made at least occasion-
ally, however. As discussed in Sect. 5, we have four reports of solstices or equinoxes
contained in repots sent to the Neo-Assyrian king, and as noted in Sect. 7, although
most reports of solstices and equinoxes found in the Late Babylonian Diaries and
related texts were computed according to a fairly simple scheme, at least some
reports of these phenomena dating to before the fourth century BC seem to refer to
observations rather than computations. Furthermore, the 19-year scheme for the
dates of the solstices and equinoxes which operated after the fourth century must
also have been based upon at least one observation to provide a start date for the
scheme. The scheme places the solstices and equinoxes at equally spaced intervals
in the solar year. However, because the sun’s velocity is not constant, the solstices
and equinoxes are in fact not equally spaced: in the late first millennium BC, the
interval between the spring equinox and the summer solstice was about 2 days
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longer than that between the summer solstice and the autumnal equinox, for exam-
ple. Thus, comparing solstice and equinox dates given by the Babylonian scheme
with modern computation we should find differences in the accuracy of the dates of
the four solstices and equinoxes. Indeed the dates of the autumnal equinoxes are
consistently closer to the dates given by modern computation of the moment of the
astronomical equinox than for either of the two solstices or the vernal equinox
(Kugler, 1909-1924: 606). This fact might suggest that the scheme was tethered to
an observed autumnal equinox in some year, although we cannot exclude the pos-
sibility that it is just chance that the dates of the autumnal equinox agree better with
modern computation. Whether it was an autumnal equinox, the vernal equinox, or
either of the two solstices, however, we still do not know how the date of that phe-
nomenon was determined.

All of the reports of solstices and equinoxes in the Astronomical Diaries simply
state the date on which the phenomenon took place. Interestingly, these are always
recorded as daytime events, highlighting their connection with the sun; none are
recorded as having taken place during the night. Short time measurements of when
during the day the solstice or equinox occurred are never given. This contrasts with
the situation in later Greek astronomy: the solstices and equinoxes reported in
Ptolemy’s Almagest occur both during the day and night and are usually accompa-
nied by a statement of the approximate time of day when the phenomenon took
place (Perdersen, 1974: 129). The reason, of course, is that for Greek astronomers
such as Hipparchos and Ptolemy the equinoxes were defined by the sun being at one
of the two points of intersection of the ecliptic and the celestial equator and the
solstices as the points separated from the equinoxes by 90° on the ecliptic. For the
Babylonians, defining the solstices and equinoxes in terms of the length of day and
night, a time during the day when the phenomenon occurred would be meaningless.
In essence the solstices and equinoxes lasted for the whole day, rather than a spe-
cific moment.

This discussion of the way in which the solstices and equinoxes were defined in
Mesopotamia has hopefully provided one clear example of the importance of not
assuming that astronomical concepts are not universal. Even in the case of astrono-
mies where there is clear evidence of extensive contact, such as between Babylonian
and Greek astronomy, underlying concepts can be subtly different and we must not
impose our understanding of one conception onto the other culture (for a similar
example, see my discussion of the differences between Greek and Babylonian con-
cepts of the zodiac and the ecliptic in Steele, 2007).
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