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TEXT A

Contents: Regnal years and months of lunar eclipse possibilities
for (at least) year 31 of Darius I to year 30 of Artaxerses
II (—490 to —374) arranged in 18-year groups.

Previous Publications: Mentioned as Nos. *1422, *1423, and *1424
in LBAT.

Transcription: Table 1; Translation: Table 2; Photograph: Plate 1

Description of Text:

Text A consists of three rejoined fragments and measures 3%2”
by 3%2”. While no edges are preserved, traces of line 1 of the ob-
verse appear in columns IV’ and V', showing that its vertical extent
is nearly complete. Horizontally, the text could have contained
one or more columns on either side.

The text gives columns of dates in the form of a regnal year
number and a month. No instance of a first regnal year is pre-
served, so we do not know if the kings’ names were given.?
Within each column, successive dates are either six or five months
apart, and each column begins after a ive-month interval. Succes-
sive dates in the same line differ by 223 months between columns.
Each column has 38 dates which begin at line 1 of the obverse and
carry over the bottom edge to the reverse. There are 21 or 20 lines
on the obverse and 17 or 18 on the reverse.

Though Text A leads into, and partly overlaps, the Saros Canon
{Text C), it looks quite different: it is less carefully written; it has
no vertical rulings separating the columns of dates, nor horizontal
lines indicating five-month intervals; and 3 itu” (= five months) is
not written after a five-month interval. The dashed lines in Tables
1 and 2 thus have no counterparts in the text. All in all Text A ap-
pears much less carefully prepared than Texts B or C.

The character of an intercalary year is indicated by “dir” if the
year contains a second Addaru (XII7), and by 2-kdm (short for

“kin-2-kam”) if it has a second Ululu (VIy).> This information is

mostly written immediately below the year number, except in
Obv. 9,1II' and when the intercalated month itself appears in the
text (Obv. 6',II' and Rev. 6',1V’). Month XII; is twice written “dir”
and once “dir-s¢” (Rev. &,IV’'). In the latter case it is the careful

2 Cf. Text C where they are given and Text D where they are omitted.
3 In translations such years are indicated by * and ** respectively.
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6 SAROS CYCLE DATES
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SAROS CYCLE TEXTS
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8 SAROS CYCLE DATES

alignment of the month name which distinguishes it from the sev-
eral instances of “dir §e” (Obv. 9'1II'; 11,1V’; 13',V’; and 15", VI’ and
Rev. 8,II') where “dir” is written under the year and the meaning
is “XIIz year, month XII.”

The text contains three erasures, all of misplaced “dir”s. This,
together with the absence of rulings, suggests that the text was not
a copy of a finished text, and that the scribe had some difficulty
in designating intercalary years. Traces of a “dir” in year 38 of
Artaxerxes I, however, show that actual, rather than calculated,
intercalations are recorded.*

* During the reign of Artaxerxes [ intercalations occur in the correct sequence required
by the nineteen-year cycle, but only month Xil; is used and VI, does not appear. Thus
years 19 and 38 have intercalary XIlI2's, where we would otherwise expect VIy's. See PD?,
6-9.



Rev.

Text B: B.M. 37044 (80-6-17,788)

PrLaTE 2.
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TEXT B

Contents: Regnal years and months of lunar eclipse possibilities
for (at least) year 10 to year 30 of Artaxerses I (—454 to
—434).

Previous Publication: Mentioned as No *1425 in LBAT.
Transcription: Table 3; Photograph: Plate 2

Description of Text:

Text B is a small, well-written fragment with part of the upper
edge preserved. The surface of its reverse, where preserved, is
blank. A vertical line separates Columns I' and II'. Text B dupli-
cates the first four or five lines of Columns III' and IV’ of the ob-
verse of Text A, but with two differences. First, its columns are
separated by a vertical ruling and, second, it has the annotation
“5 itu” (= five months) in Col. I, line 1. Thus when complete,
Text B probably appeared very much like the Saros Canon (Text C).

TABLE 3
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Text C (“Saros Canon”): B.M. 34597° (Sp. 11,71)

5 Text C Not 34579 as in Neugebauer [1938], 248, 342].



TEXT C

Contents: Regnal vears and months of lunar eclipse possibilities
for (at least) year 4 of Artaxerxes II to S.E. 40% (-400 to
—271) arranged in columns of 18 years (223 months).

Previous Publications: Published in hand copy by Strassmaier [1895]
and (in Pinches’s copy} as No. 1428 in LBAT;
and excerpted with revisions in Aaboe [1972].
It has been discussed in, i.a., Epping and
Strassmaier [1893], Pannekoek [1917], and
Neugebauer [1938].

Translation: Table 4; Photograph: Plate 3

Description of Text:

Text C is a handsome fragment 4%"” wide by 4%" high. Vertical
rulings separate columns of dates, which include abbreviated king
names after year 1 of each reign.” Horizontal alignment is ob-
served throughout, so that dates in a given line increase by 223
months from one column to the next. Where the interval from one
line to the next increases by five months, the entries are separated
by a horizontal line, and the second entry carries the annotation
“5-itu” as in Text B. These lines continue across the entire text,
dividing each column into groups of seven or eight dates sepa-
rated by six-month intervals.

As published by Strassmaier and in LBAT, Text C presents ele-
ments of seven columns of 38 lines each, beginning and ending
in the middle of a group of seven eclipse possibilities. In Strass-
maier’s copy the columns on obverse and reverse appear in good
alignment, whereas Pinches’s copy in LBAT shows columns which
do not connect cleanly across the tablet’s edges, but are somewhat
offset. In LBAT the identification of “obverse” and “reverse” was
made to minimize this shift.

Subsequently Aaboe [1972] proposed that “obverse” and “re-
verse” be interchanged, based on the curvature of the tablet. With
this identification each column begins just after a five-month inter-
val, and the dates are consistent with those of Text A and Text B

& We use “S.E. N” to denote year N of the Seleucid Era. Month 1 of S.E. 1 began on
April 3, -310.

7 For the Achaemenid king names see Sachs [1977]. The abbreviations used in the text
are: i {Umasu} = Artaxerxes II}; dr = Arses; da = Darius lII; a = Alexander Il (the Great);
pi = Philip III (Arrhidaeus); and an = Antigonus. The entry for 1 Seleucid Era is broken;
it probably had si.

13



14 SAROS CYCLE DATES

in the sense that all dates in a given line are separated by a mul-
tiple of 223 months. In this arrangement the text preserves traces
of eight rather than seven columns, which if complete would have
extended from —400 to —257. On the right side the narrowness of
the tablet makes it likely that the last preserved column was in fact
the last column of the original. To the left, however, at least a third
and possibly almost half the tablet appears missing. Thus the com-
plete text probably contained between 13 and 15 columns, ex-
tending at least as far back as Text A (—490) and possibly to —526.

As in Texts A and B intercalary years with a XII: are designated
by a “dir” beneath the year number unless the intercalary month
itself appears as an eclipse possibility in that year. An exception
is 12 S.E. where the designation is omitted, although it is clear
from the months that the year contains a XIIz. Years with a VI:
are designated by “kin-dir,” in contrast to Text A.

The text’s use of regnal years after Darius IIl is as follows:

1 Alexander III (the Great) follows 5 Darius III;
1 Philip IV (Arrhidaeus) follows 7 Alexander III;
1 Antigonus follows 6 Philip IV; and

1 Seleucid Era follows 6 Antigonus.

As discussed more fully below, this rational, but unconventional
practice differs from that described in PD® and also from that
found in Text D. No colophon is preserved, but the text was ob-
viously written after the adoption of the Seleucid Era.?

Critical Apparatus:
For our identification of obverse and reverse, see above. All ref-
erences are to the translation given in Table 4.

Rev. 33, Cols. V' and VI' and Rev. 35, Col. VI': Pinches (LBAT) gives
“$u” (month IV) for “du¢” {month VII); this implies that he
copied what he saw and not what he thought should be there.

Rev. 37 and 38, Col. I' : The text (and Pinches) has traces of “izi”

(month V) and “ziz” (month XI). Strassmaier restores a “dir” (in-
dicating an intercalary XIIz) in year 20, in agreement with Sp. II
901 = B.M. 35328,° which forces the readings “$u” {month IV)

8 While 1 Seleucid Era begins in —¥10, Seleucus did not become king until 7 S.E.
(~304) (Sachs and Wiseman [1954], 205), and the earliest attested date is 8 S.E. (PD3, 20).
As late as 10 S.E., however, we find the date “year 4” (of Seleucus) in a Diary for —302/301
(Sachs-Hunger [1988], 251). Thus the convention of counting years from 1 S.E. regardless
of who was king, must have become general practice between - 300 and ~280 (31 S.E),
when Antiochus I became sole king.

% Published as No. 1394 in LBAT. Translated and discussed by Kugler 5SB], 80-81. The
text is a Jupiter observation text, which is explicitly as well as astronomically dated. Obwv.
26" has "dir-3e 30" in a section beginning “year 20" This appears o be confirmed by sub-
sequent month names, although poorly preserved.
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16 SAROS CYCLE DATES

and “ab” (month X). The text (with Pinches) implies that the
intercalation occurred in year 21* which agrees with Text L
(below). This removes the only meaningful anomaly in the nine-
teen-year intercalation cycle after — 497, and moves the introduc-
tion of a consistent nineteen-year intercalation scheme back to
the beginning of the fifth century s.c.®

Commentary:

Texts A, B and C—despite differences in orthography—all de-
rive from a single, consistent scheme. Each has columns of 38
dates (years and month names), which begin after a frive-month
interval and run from obverse to reverse. Furthermore, two dates
in a given line (counting from 1 to 38) always differ by a multiple
of 223 months, whether in the same text or not. As a result the
five-month intervals always occur after the same lines, dividing
each column into groups of 8-8-7-8-7 dates, where five months
separate the groups, while consecutive dates within each group
are six months apart.

This arrangement of dates can be derived from the assumptions
that: (1) sun, moon and node move uniformly; and (2) the sun re-
turns to its position relative to a node in 223 months.™ The
second assumption corresponds to an eclipse cycle, now generally
known as the “Saros,” in which 38 eclipse possibilities occur in 223
months.2 Qur texts thus give the months of lunar eclipse possi-
bilities based on this cycle.

By “eclipse possibility” we mean a syzygy at which the sun is
within half a month’s progress in elongation from a lunar node.
At such times solar eclipse possibilities occur at conjunctions and
lunar eclipse possibilities at oppositions. By this definition, as-
suming uniform motion, there will be exactly one solar and one
lunar eclipse possibility associated with each passage of the sun
by a node.’ This agrees with the observational fact that for a
given location solar eclipses rarely, if ever, occur only one month
apart, and lunar eclipses never do.

19 The only divergence from the standard nineteen-year intercalation scheme after
—497 is the previously noted (Note 3) replacement of VI;s with XIIss during the reign of
Artaxerxes I. This obviously has no effect on the distribution of intercalary years.

11 For this derivation from simple arithmetical considerations see Aaboe {1972} and
Britton [1989].

12 See Neugebauer {1957], 141-143, and HAMA, 497 n.2 for the history of the modern
use of “Saros” for the 223-month eclipse cycle, beginning with Halley in 1691. In Babylonian
texts this cycle was called 718 years” We have used “Saros cycle” to mean 223 months, and
“Saros Cycle” to mean 223 months which are also consistent with the arrangement in Texts
A-C (i.e., the first month is a multiple of 223 months distant from those in line 1 of Texts
A-Q).

13 For a full discussion of the theory presented in Systemn A, where the motion of the
sun and moon at syzygy is not uniform, see Aaboe and Henderson [1975].
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Solar
Months
EFP DATE
Lunar 1 |ALEX XI S = L-i
2 it v "
EP DATE 3 * XI "
1 2 IV 4 21V S=1L
2 X 5 X "
3 31V 6 31V "
4 X 7 X *
5 4 IV 3 4 11 8§ =L-1
6 * X 9 * X "
7 5 11 10 51 "
8 X 11 VI "
9 6 Il 12 6 11 §=1L
10 VI 13 VIl "
¥ 711 14 71 "
12 * VIl 15 * VIl *
13 g1 i6 X112 S =L-1
(5C 24)
Ficure 1

There is a simple relationship between lunar and solar eclipse
possibilities which, for the Saros cycle, is shown in Figure 1. If
lunar eclipse possibilities are associated with a distribution of
dates into groups of 8-8-7-8-7 EP™ then solar eclipse possibili-
ties will be distributed into groups of 7-8-7-8-8 EP, and the cycle
will begin 3 EP earlier than the corresponding lunar cycle.®

For solar eclipse possibilities, therefore, the five-month inter-
vals fall in the middle of the (six-month) groups for lunar eclipse
possibilities (and vice versa). Consequently, half of all solar
eclipse possibilities occur in (i.e., at the end of) the same month
as the corresponding lunar eclipse possibility, while the other half
occur in the preceding month. This fact, together with the location
of the five-month intervals allows us to establish with certainty

4 For convenience we use the abbreviation “EP” for “eclipse possibility” when refer-
ring to some number of them or to a specific one, and use the written-out expression when
referring to the general phenomenon.

15 See Britton [1989], 21-24, for the derivation of these relationships.



18 SAROS CYCLE DATES

that Texts A, B, and C concern lunar, rather than solar, eclipse
possibilities.

It is natural to ask how well this simple scheme agrees with the
actual record of historical eclipses. Table 5 shows the Julian years
of all lunar eclipses visible in Babylon from the beginning of
Nabonassar’s reign in — 746 through —238. The dates are arranged
to be consistent with our texts where they overlap, and the Cycles
are numbered so that Saros Cycle 1 (SC 1) is the first complete
Cycle after the beginning of Nabonassar’s reign. Horizontal lines
indicate the boundaries between groups of eclipses separated by
a multiple of six months, and thus correspond to five-month inter-
vals in our texts.

For 16 complete Saros Cycles, beginning with SC 13 in -526
and extending through SC 27 (-257), the scheme works perfectly
in the sense that all lunar eclipses visible in Babylon occurred
in the given months.* In SC 12 and earlier Cycles, however,
eclipses at EP 16 occur one month earlier than in our scheme,
which shifts the boundary between Groups Il and III one EP
earlier. Similar shifts occur in the boundaries between Groups I
and II and Groups IV and V in SC7 and between Groups Il and
IV in SC 4. Thus before SC 5, which began in — 670, only the boun-
dary of the Cycles themselves—i.e., the five-month interval be-
tween Group V of one Cycle and Group I of the next—is consistent
with our scheme. This boundary persists from sometime before
Nabonassar (—76) through SC 27. In SC 28 the eclipse of
—238:0ct 23 extends Group V, so that subsequent cycles begin 1
EP later.

The last preserved column in the Saros Canon corresponds to
the last cycle (SC 27) which is fully consistent with preceding
cycles. As we shall see below, a similar list of solar eclipse possi-
bilities also ends with SC 27, although in this case an additional
column was ruled off but not filled in. Whether the scheme was
continued past the discontinuity at SC 28 remains unknown. Nor
is it clear how far the scheme in our texts was extended to earlier
periods, especially before —526 (SC 13) when the five-month inter-
vals between groups of actual eclipses are no longer consistent
with those in our texts. That some such scheme was used for
earlier dates is suggested by the use of the term “5-itu” in several
early eclipse reports, since the term can only refer to the interval

% Lunar eclipses did in fact occur in -274 and -256 (EP 1; 5C 27 and SC 28), one
month after the indicated date, but neither was visible at Babylon. In the following cycle
the corresponding eclipse ( —238:Oct 23) was visible at Babylon, thus violating the scheme.
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20 SAROS CYCLE DATES

between eclipse possibilities.” The term is found in the following
list of eclipse reports, where “EP-1" indicates that the ftve-month
interval occurred 1 EP earlier than in our texts. In each case it cor-
rectly denotes the boundary between groups as evidenced in
Table 5, whether an eclipse was visible or not. This suggests the
existence of some scheme similar to that of our texts, but reflecting
the actual distribution of eclipses in the earlier period.

Lunar Eclipse Reports with “5-itu”

Date SC:EP Visible? “5-itu” Reference
—746:Feb 6 0:31 Yes EP-1 LBAT 1413
- 685:Apr 22 4: § Yes EP-1 LBAT 1416
- 667:May 2 5: 8 No EP-1 LBAT 1416
~649:May 13 6: 8 Yes? EP-1  LBAT 1416
—631:Jun 4 7.8 Yes EP-1 LBAT 1416
—59R:Feb 19 9: 1 Yes EP LBAT 1420*
-591:Apr 2 9:16 Yes EP-1 LBAT 1420*
—588:Jul - 9:23 No EP-1 LBAT 1420*
—577:Jun - 10: 8 No EP-1 LBAT 1420*
-526:Apr - 13: 1 No EP B.M. 37276*
-422:Aug - 18:31 No EP-1 LBAT 1426
* = unpublished

The (unpublished) text B.M. 37276 contains brief observational
reports at consecutive eclipse possibilities, beginning with EP 1;
SC 13 (3 Cambyses = —526). Only the top of the first column
is preserved, so it is impossible to tell the structure and full extent
of the text. Nevertheless, it begins with the earliest Saros Cycle for
which the five-month intervals in our texts agree with the eclipse
record.

The earliest use of the term “5-itu” to designate the beginning
of a new group of eclipse possibilities occurs in the report of the
eclipse of ~746:Feb 6. This eclipse was the first in Nabonassar’s
reign and is the earliest detailed eclipse report which we have
from Babylon.!®

The.scheme underlying our texts is consistent with the histor-

17 While theoretically possible, eclipses separated by five months are seldom, if ever,
observed and eclipses separated by eleven months are rare. In the 500 odd years covered
by Table 5 there is only one instance of two eclipses separated by five months which might
have been visible in Babylon (EP 16 & 17; SC 21). The first of these had a magnitude of
only-0.19, while the second was only marginally visible, if at alf, before sunrise.

¥ The eclipse occurred in month XII of the accession year of Nabonassar (i.e., at EP 31;
SC 0} and begins a series of consecutive eclipse reports covering at least Group V of SC 0.
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22 SAROS CYCLE DATES

ical eclipse record for fifteen Saros Cycles beginning with SC 13
and extending through SC 27. Table 6 gives the dates of all lunar
eclipse possibilities for this period, arranged as in our texts. Rather
tidily, the table begins with an eclipse possibility in month I of 3**
Cambyses (—526) and ends with one in month XII; of 54 S.E.
(—256). It is not impossible that the Saros Canon originally cov-
ered this same period.



