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I ntroduction

Beginning students of ancient history are easily impressed by the beautiful chronological charts which
they find in the books which introduce them to ancient history. Each king or pharaoh stands in his place with the
years of hisreign neatly printed behind his name. However, students soon learn that it is not so neat and smple
after all, and that these lists are not at all like alist of the presidents of the United States whose years in office are
well established. They find that there is not one established chronology for the ancient Near East, but several
competing chronologies to be considered. There are high, medium, and low chronologies for both Egypt and
Mesopotamia. Furthermore, for the most ancient times these must be compared with three different radio-carbon
chronol ogies which are based on different uncorrected and corrected half-lives for carbon 14.

However, the divergence between all of these systemsis relatively minor when we are speaking in terms
of millennia. In itself the existence of high, middle, and low chronologies would seem to be an incentive to
thorough scholarly research in order to resolve the debate, rather than a cause for grave misgivings about the
basic framework of ancient chronology. The very debate about high, middle, and low chronologies implies that
the basic framework is well established and that our main need today isto tie up afew loose ends.

However, the last half-century of development in the discipline of ancient history provokes the question
of whether the “fixed dates’ of ancient history are really quite as fixed as is often implied. In the course of
development of Egyptology the dates assigned to certain pharaohs have been lowered by more than 2000 years.
The date of Sargon of Akkad has been lowered from 3800 B.C. to 2500 B.C." Hammurabi was once dated to
about 2400 B.cC., but the Mari records indicate that he was a contemporary of Shamshi-Adad, who is dated to
about 1700 B.C.

Such drastic revisions of ancient chronology do not, of course, prove that the presently accepted
chronology will be subject to the same drastic revisions as older chronologies. But they should encourage usto
take a closer look at the foundations of presently accepted chronologies to try to determine if they are, in fact,
much more soundly based than the efforts of the recent past.

One basic problem that confronts usis the interdisciplinary nature of the construction of a sound
chronology. Knowledge of such varied fields as astronomy, Semitic languages, Egyptian hieroglyphics, ceramics,
field archeology, and various methods of scientific and statistical analysis are all essentia factorsin the
construction of a dependable chronology for ancient history. Unfortunately, it isimpossible for anyone to become
an expert in all of these fields. To a considerable degree, a person working on the problem of chronology must
depend on secondary information from disciplines in which he has a very limited knowledge. This may require a
person to place too much confidence in the findings of experts in other disciplines, smply because one does not
feel qualified to analyze or question such information.

Most of the work currently being done on ancient chronology is based on the assumption that the
presently accepted chronology is on solid foundations and that the only remaining questions concern upward or
downward revisions of relatively few years. However, there is a surprisng amount of uncertainty and conjecture
in the data and interpretations which form the basis for the presently accepted chronology of the ancient Near
East. We run avery real danger of debating about millimeters and centimeters when we should rather be
rechecking our measurement of the meters --- that is, agreat deal of effort is being spent to determine exact
days, when the years, decades, and perhaps even the centuries are in doubt.



This paper will examine the foundations of the chronology of the ancient Near East to determine if the
presently accepted chronology could be in error, not just by years, but by decades or even centuries. It islimited
largely to one type of evidence which is crucia to ancient chronology, namely, the astronomical basis of ancient
chronology for the period before 700 B.C.

| am approaching this study from the perspective of a historian with no formal background in
mathematics or astronomy. Otto Neugebauer, one of the foremost experts on ancient astronomy has observed,
“Historical chronology rests on an interplay of theoretical astronomy and historical conditions far more intricate
than professional historians usually realize—to the great detriment of their insight into the very foundations of
their field.”? A re-examination of these foundations is the goal of this paper. The aim of the paper is not to
demolish, correct, or reconstruct ancient chronology. It is rather to examine the case for a thorough
reconsideration of the chronological framework which presently serves as the basis for the study of the history of
the 2" millennium B.C. Does such a re-examination need to go beyond debating the relatively small differences
between the high, middle, and low chronologies to a thorough re-evaluation of the very foundations of ancient
chronology? Are there serious questions about the validity of the astronomical foundations of ancient
chronology, and if so, what is the nature of these questions?

Since the absolute dating of almost all areas of the ancient Near East is heavily dependent on literary and
cultural synchronisms with the supposedly well established chronology of Egypt, we will turn our attention first
of al to the astronomical foundations of the chronology of Egypt.

Egypt, A Shakey Reed

Although it has been made the keystone of the absolute dating of ancient history, the chronology of
ancient Egypt rests on a host of unproven assumptions. The whole structure is rendered even more shaky by the
lateness and the fragmentary nature of most of the literary sources which are crucial for providing a skeleton for
Egyptian chronology.

The basic organization of Egyptian history around 31 dynasties begins from the work of Manetho
compiled in the 3" century B.c. Manetho' s records are supplemented and corrected by records recovered from
the ancient monuments and archeological excavations of Egypt.

Manetho’ s work survives only in quotation. It is not clear how reliable these materials are. Nor isit clear
how much his dynasties overlap with one another or how all of the royal names in Manetho match up with the
different names recovered from ancient monuments and records. Manetho’ s genera outline of dynastiesis
followed, but there are serious problems with his pharaochs' names and his sequence of pharaohs.

The Palermo Stone of the 5" Dynasty (from about 2400 B.C.) is the only major document which
originates from the period preceding the 12" Dynasty, but it is only afragment of alarge slab. A fragmented
papyrus of the 19" Dynasty (about 1300 B.C.), known as the Turin Royal Canon, gives a complete list of the
kings of Dynasties I-V111, which seem to cover a period of about 955 years.®> The important point is that none of
these documents can by themselves provide any absolute dates for early Egyptian history since they are not
linked to our modern era of dating or to any other system which can be connected to our system.

To form such connections with absolute calendar dates we are dependent on astronomy. For the period
before 800 B.c. our primary tool is the study and analysis of the Egyptian Siriusg/Sothis cycles. The ability to
calculate dates for early Egyptian history depends on an understanding of this astronomical cycle and upon a
consistency of the Egyptian calendar throughout the period in question.* The use of astronomical calculations to
decipher references to this Sothic cycle in ancient Egyptian records forms the foundation of al ancient
chronology.

The dating of the seventh year of Pharaoh Sesostris 11 (Senusert 111) to about 1872 B.C. by means of this
Sothic cycle is the anchor point around which the absolute chronology of Egypt in the 2™ and 3 millennia s.c.
has been organized. Sesostris was a pharoah of the Twelfth Dynasty. Historians use the dating of his seventh year
to 1872 B.C. asthe starting point for assigning dates to Dynasties X11-XX in one direction and to the earlier
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dynasties of the Turin Roya Canon in the other direction. They do this on the basis of the recorded reign-lengths
of some pharaohs and elapsed time estimates for some dynasties. With 1872 B.cC. as a starting point historians use
the list of Twelfth Dynasty pharaohs to calculate back to 1991 B.C. as the staring point for Dynasty X11. Dynasty

X1 and the contemporaneous Dynasty X are then traced back to 2134 B.c. in asimilar way. Dynasty I X seemsto

last no more than 30 years, so this brings us to about 2164 B.C. The 955 year span of the Turin Canon, therefore,
takes us back to about 3119 B.C. as the beginning of Dynasty 1.

Since this date, 1872 B.C., is one of the keys of all ancient chronology, we will devote more careful
attention to it as atest case for the vaidity of the astronomical dating of the second millennium B.c. How was
this date determined?

The dating of the 7" year of Sesostris |11 to about 1872 B.C. is based on the alleged ability of historians
and astronomers to derive an absolute calendar date from areference like “Year 7: Sothis rose heliacally on
month four of Coming Forth (or Winter), day 16.” For such dating to be valid we must first make a number of
assumptions: 1) The ancient record is accurate. 2) It has been correctly translated and interpreted by the modern
linguist. 3) The astronomical event is uniquely identifiable so that we can actually pinpoint the astronomical event
which the text is describing. 4) The ancient astronomical observations and records were sufficiently precise to be
useful to modern astronomers for calculating precise dates. 5) The event is dated in an undisturbed and precisely
known local calendar, or we have adequate knowledge of any calendar changes, so that we are able to make the
transition from our modern calendar to the ancient calendar. Unfortunately, there are grounds for questioning the
validity of every one of these assumptions in the case of the text underlying the 1872 B.c. date. We will now turn
to an examination of the evidence for this date.

To begin with, the Kahun or [lahum Papyrus, the text which is used to date the reign of Sesostris|l|
does not even contain the name of Sesostris. The text, which was found in the temple of Sesostris |l simply says
“Y ear 7-you should know that the rising of Sothis occurs on the 16™ day of the 4™ month of Coming Forth.”
The name of the king is missing. Sesostris |11 is associated with the text on the basis of comparing the
handwriting of this text and the handwriting of other texts found at the same place, which do contain the name
of Sesostris 111.° If the text really belongs to some other king of the Twelfth Dynasty, the margin of error in
dating the pharoahs could be as much as 200 years. Richard Parker defends the assigning the papyrus to
Sesostris 111 on the basis of lengths of reign among the pharaohs of the Twelfth Dynasty and on an appropriate
pattern for lunar dates for the reigns of various pharaohs of the Twelfth Dynasty, but there is an element of
circular argument here, because Parker’ s analysis of these other lunar dates is based on the prior assumption that
the Kahun Papyrus belongs to Sesostris I11. Since such lunar cycles repeat every 25 years, this form of
verification isonly valid when oneis aready in the right ballpark. Parker gives no real basis for his assumption
that the reign of Amenemet |11, another candidate to be the pharaoh of the papyrus, must be limited to the
narrow range of dates which he has selected.” Although the connection of this text with Sesostris |11 is plausible,
it is reasonable to maintain that the attribution of this crucial papyrus to Sesostris |11 is open to debate. It isaso
noteworthy that the crucial Kahun Papyrus had still not been published almost 80 years after its discovery so the
opportunity to examine it has been limited to the inner circle of Egyptologists.

There are aso archeological grounds which would lead us to take a closer ook at this Sothic date. When
this Sothic date was accepted, it became necessary to lower the date of Sesostris by over 100 years from the date
that had already been established on the basis of literary texts. The discovery of Sothic dating also required
considerable shortening of the time interval between the Twelfth and Eighteenth Dynasties which had previoudy
been accepted. Borchardt also reports that archeological finds which have been associated with Sesostris were
found together with the earliest types of Mycenaean Ware. This type of ware is dated to the 15" century, not the
19™ century, the period to which Sesostris has been dated. Since Borchardt gave no further description of this
ware, it is unclear exactly what he meant by “earliest Mycenaean ware.”® According to the description of the
Aegean pottery at Kahun in Ehrich’s Chronologies this pottery is very likely Minoan 1B (18" Century B.c.).’
Therefore, Borchardt is probably ssimply using a poorly defined term, but this matter should be investigated



further in Petrie' s report of the Kahun excavations. Doubts about the Sothic dating of the Twelfth Dynasty are
compounded by the fact that it does not agree with radiocarbon dating.™

However, even if we accept the attribution of this papyrus to Sesostris 111, we must ask other more
serious questions about the very concept of astronomical dating on the basis of an alleged Sothic cycle. The basic
idea behind Sothic dating is the theory that the Egyptians were aware of and used a calendric cycle based on the
observation of the heliacal rising of the star Sothis.™ According to the standard form of this theory the heliacal
rising of the star Sothis was chosen as the beginning of the Egyptian new year, because this occurred near the
start of the annual Nile flood and the summer solstice. When the civil year of 365 days was first put into effect,
the rising of Sothis coincided with Thoth 1, the first day of the first month of the year. However, because the
Egyptian year of 365 days was shorter than the true solar year by about ¥ of a day, the heliacal rising of Sothis
would keep moving away from the first day of the year at arate of about one day every four years. In the fourth
year it would occur on day 22 of Thoth; after 8 yearsit would occur on day 3, and so on. Only after about 1460
years would the heliacal rising of Sothis move al the way through the calendar and be back on day 1 of Thoth
again. This period of 1460 yearsis called the Sothic cycle. If we know the length of the Sothic cycle, and if we
know a date when the heliacal rising of Sothisfell on the first day of the year, then we should also be able to
compute the calendar date of a reference like “ Sothis rose heliacally on month four of Coming Forth (the 8"
month of the year), day 16.” Thisis the theory of Sothic dating, but we shall see that it is open to serious
guestion, because it rests on a number of unproven assumptions.

The theory assumes that we have an accurate knowledge of the Egyptian use of the Sothic cycle. We
have no Egyptian monumental or textual sources which mention the use of a Sothic dating cycle in the 2™
millennium B.c.® Our information on the aleged Sothic cycle depends largely on the late classical writers
Censorinus (ca. 238 A.D.) and Theon (379-395 A.D.). Censorinus says,

The moon is not relevant to the “great year” of the Egyptians which we call the “Year of the Dog” in
Greek and the “ Y ear of the Little-Dog” in Latin, because it begins when the constellation or star “Little-Dog”
[alegedly the modern Canis Mgor or Sirius rises on the first day of the month which the Egyptians call
“Thouth”. For their civil year has only 365 days without any intercalation. Thus a quadrennium among them is
about one day shorter than the natural quadrennium, thusit is 1461 years before this “year” returns to the same
beginning point. This“year” is called “heliaca” by some and “the divine year” by others. (Censorinus, De Die
Natali, ch. 18, My trandlation)

“Ad Aegyptiorum vero annum magnum luna non pertinet, quem Graece kunikon L atine canicularem
vocamus, propterea quod initium illius, sumitur, cum primo die eius mensis, quem vocant Aegyptii Thouthi, Nam
eorum annus civilis solos habet dies CCCLXV sine ullo intercalaris itaque quadrennium apud eos uno die minus
est guam naturale quadrennium, eoque fit ut anno MCCCCL X ad idem revolvatur principium. Hic annus etiam
heliakos a quibusdam dicitur et ab dliis theou eviautos.”

Censorinus' statement certainly is not exhaustive. It gives us little information about how this “great
year” was used or when it came into use. It is certainly open to debate how applicable this description of the
Egyptian

calendar and astronomy is to the 2" and 3" millenniaB.c. It does not address the issue of changesin the
nature of the Egyptian calendar which may have occurred over the millennia. We have no definite proof that the
Egyptians were aware of dating long eras by the Sothic cycle in the 2™ millennium B.c.

Even if we grant that they did, we have no certain knowledge of the date when any Sothic cycle began.
Most historians presently accept the claim that Censorinus places the beginning of a Sothic cycle in about 140
A.D. and by extension in 1320 B.C., 2780 B.C. and perhaps 4240 B.C. Censorinus says,

As among us so also among the Egyptians a number of “eras’ are referred to in their literature, such as
that which they call “of Nabonnasar” which began from the first year of hisreign, which was 986 years ago.
Another is called “of Philip” which is counted from the death of Alexander the Great which was 562 years ago.
But the beginning of these is aways from the first day of the month which the Egyptians call Thoth, which this
year fell on the 7" day before the Calends of July [June 25], 100 years ago when Emperor Antoninus Pius was




consul for the second time, and Bruttius Praesens was the other consul, the same day fell on the 12" [corrected
to the 13" day before the Calends of August [July 21, corrected to July 20] at which time the “Little-Dog”
usually risesin Egypt. Thereforeit is possible to know that of that great year, which as | wrote aboveis called
“solar” or “of the Little-Dog” or the “divine year,” now the hundredth year has passed. | have noted the
beginnings of these years lest anyone think that they begin from January 1 or some other time, since the starting
points chosen by the originators of these years are no less diverse than the opinions of philosophers. For that
reason the natural year is said to begin by some at the new sun, that is the winter solstice, by others at the
summer solstice, by others at the vernal equinox and by others at the autumnal equinox, by some at the rising of
the Pleides and by some at their setting, by many at the rising of “the Dog.” (Censorinus, Ch. 21, My trandlation).

Nam ut anostris ita ab Aegyptiis quidam anni in litteras relati sunt, ut quos Nabonnazari nominant, quod
a primo imperii eius anno consurgent, quorum hic nongentensimus octogensimus sextus est; item Phillippi, qui ab
excessu Alexandri Magni numeratur et ad hunc usque perducti annos DL XI11 consummant. Sed horum initia
semper a primo die mensis elus sumuntur cui apud Aegyptios nomen est Thouth, quique hoc anno fuit ante them
VII Kal. lul., cum abhinc annos centum imperatore Antonino Pio Il et Brutio Praesente Romae Coss. idem dies
fuerit ante them XI1I (XI1) Kal. Aug. quo tempore solet caniculain Aegypto facere exortum. Quare scire etiam
licet anni illius magni, qui, ut supra dictum est, solaris or canicularis et dei annus vocatur, nunc agi vertentem
annum centensmum. Initia autem istorum annorum propterea notavi tie quis eos aut ex. Kal 'an. aut ex aiquo
tempore simul putaret incipere, cum hinc Conditorum voluntates non minus diversae sint quam opiniores
philosophorum Idcirco aliisanovo soleid est abruma, aiis ab aestivo solstitio plerisque ab aequinoctio verno ,
partim ab autumnali aequiroctio, quibusdam ab ortu virgiliarum, nonnullis ab earum occasu, multis a canis exortu
incipere annus naturalis videtur.

Again it is noteworthy how little Censorinus actually says and how much is deduced from his statement.
Censorinus is writing not to establish a system of chronology, but to discuss various dates for New Years Day in
different cultures. He gives no specific date as the starting point for a Sothic Cycle as he does for the other eras
which he mentions. All he doesis give the date of the Julian calendar on which the first of Thoth fell in the year
of hiswriting, which iswell established as 238 or 239 A.D., and one hundred years earlier in 139 A.D. In 238 A.D.
the first of Thoth fell on about June 25 Julian. One hundred years earlier it fell on about July 20, which is the date
The Little-Dog (supposedly Sothis) usually risesin Egypt. He seems to be referring to a conventional method of
dating more than to an actual observation of the rising of Sothis on that date. As noted in the trandation above, a
textual correction of one day is necessary to get the rising of Sirius onto the correct calculated date. Censorinus,
makes no direct statement that a new Sothic cycle began then, but his statement about the passage of one
hundred years of the great year and his indirect reference to the rising of Sothis are interpreted as indications that
anew Sothic cycle began in about 139 A.D. It is argued that some coins of 139 A.D. aso suggest that a new
Sothic cycle began then.™

Theon, another late classical writer, explicitly states that a Sothic cycle began in 26 B.C.

Now this period of 1460 years, commenced from a certain time, terminated in the 5" year of the reign of
Augustus so, from the last epoch, the Egyptians begin all over again to find themselves every year one quarter of
aday in advance.!

Al Biruni an Arab chronologist (973-1048), supports Theon.

It was Augustus who caused the people of Alexandriato give up their system of reckoning by
non-intercalated Egyptian years, and to adopt the system of the Chaldeans, which in our timeis used in Egypt.
He did thisin the sixth year of hisreign; therefore, they took this year as the epoch of this era... Augustus wanted
the Egyptians to intercalate the years, that they might always agree with the Greeks and the people of
Alexandria. Into this subject, however, it would be necessary to inquire more closely. At that time precisely five
years were wanting till the end of the great intercalation period. Therefore, he waited till five years of his rule had
elapsed, and then he ordered people to intercalate one day in the months in every fourth year, in the same way as
the Greeks do. Thereupon they dropped the use of the names of the single days, because, as people say, those
who used and knew them would have been required to invent a name for the intercalary day.™



If Theon rather than Censorinus is correct, the chronology of early Egypt is off by 165 years.

Among recent astronomers the same divergencies exist. Lockyer rejected the Censorinus date and placed
the beginning of Sothic cyclesin 270 B.c., 1728 B.C. and 3192 B.C. He bases his conclusions on the premise that
Censorinus was in error because he failed to take into account. calendric reforms which Lockyer believed might
have occurred about 600 B.C. If Lockyer’s theory were correct Egyptian history would be misdated by over 400
years. Other pioneers of the field, such as Boit, had still different dates.™

Lockyer’ s theory does not seem to be acceptable, because he calculates the move of Sothis through the
fixed year in the opposite direction from all other authorities. However, Lockyer does introduce an additional
Sothic date which has a bearing on the Censorinus/Theon controversy. According to an inscription found at
Philae, which can be dated to about 122 B.C., the rising of Sirius was 37 days away from Thoth 1. Since Sirius
moves one day every four years, it would take about 148 years for the rising of Siriusto arrive on Thoth 1.
Lockyer countsin the wrong direction (122+148 = 270 B.C.). However, if we go in the standard direction
(148-122= 26 A.D.), we get the same date specified by Theon, and thus we have support for Theon versus
Censorinus.™

Besides lack of agreement of the time when a Sothic cycle began, this theory also faces other
uncertainties. It is not certain how long a Sothic cycle lasts since there are other astronomic variables involved
besides the precise length of the solar year. Calculations of the Sothic cycle have ranged from 1423 to 1506
years.”® Parker has suggested that the length of the Sothic cycle may be different for each Sothic period.™

We do not know for sure with which star or constellation Sothis should be identified for all periods of
Egyptian history. It is generally accepted that Sothisis the star which we call Sirius, although none of the sources
gave any evidence for this from before classical times. Porphry in De Antro Nym harum 24 says, “Near Cancer is
Sothis which the Greeks call the Dog.” Solinus Eolyhistor 32:12-13) says that this star rises between July 19-21.
In Chapter 21 of hiswork, goncerning Isis and Osiris, Plutarch says, “The soul of Isisiscalled ‘Dog’ by the
Greeks and the soul of Horus is called Orion.” Since Sothisis identified with Isisin other Egyptian texts, and
Siriusis caled the Dog in Greek, we conclude that Sothis is the star which we-call Sirius. However there are a
number of difficulties. At least the second half of Plutarch’s statement appears to be in error, because Orion is
usually associated with Osiris not Horus. According to some Egyptol ogists Egyptian astronomical
names did not always remain attached to the same celestial object. Osiris was first associated with Venus; later
Osiris was associated with Jupiter. The planet Venus, which was first identified with Osiris, was later identified
with Isis. Sometimes “right eye” is atitle of Isis-Hathor, sometimesit is atitle of the sun. Plutarch also identifies
Osiris with the constellation which the Greeks call Argo. The hieroglyphic triangle which represents Sothis aso
appears to represent the zodiacal light, and the Egyptians apparently knew both an Isis-Sothisand a
Horus-Sothis.® The term wp rnpt which refers to the rising of Sothis, also refers to the beginning of the civil
year and the birthday of the king.”* Even the Greek word “Sirius’ is not always attached to the same celestial
object.? Similar shifts and uncertainties apply to the identification of ancient astronomical namesin general, for
example, the constellations in Job.

According to the English astronomer Poole, Sirius was not on the horizon co-incident with the rising of
the sun on the Egyptian New Y ear’s Day in 140 B.C., the date specified by Censorinus and those who follow
him.?®* Macnaughton set up a chronology based on the supposition that Sothis was Spica, not Sirius, as away
around thizg difficulty.* Canopus and Venus are other candidates that have been suggested, perhaps less
plausibly.

Kenneth Brecher has revived the doubts about identifying the bright star referred to in records as
Sothis/the Dog/Sirius with the star we call Sirius today. Babylonian and Roman sources as |ate as Ptolemy
All cal “Sirius’ ared star. Seneca saysit is redder than Mars. In his star catalog Ptolemy refers to the bright red
star in the face of the Dog. He links Sirius with red stars like Aldebaran and Arcturus. The star which we
presently call Siriusis not ared star. No theory of stellar evolution offers any explanation for how ared star
could become white in 2000 years, although much speculation has centered around possible changesin the
companion star which is part of Sirius. There is aflaw either in our identification of Sothis as our Sirius, in the
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ancients observations, in our trandation of their texts, or in present theories of stellar evolution, which must be
based more on computer analysis than on observation.?® One explanation which has been offered is that the red
color refersto the star only as observed in heliacal rising near the horizon. Perhaps “red” simply means “bright”
or “beautiful” asit doesin Akkadian or Russian. At any rate, we can say that there is at least some question
about the identification of Sothis as our star Sirius, and a thorough restudy of the pertinent Egyptian and Greek
astronomical terms would be valuable.

Furthermore, the whole concept of dating by reference to the Sothic cycle is only tenable if we assume
that there were no revisions of the Egyptian calendar between the Hellenistic age and the time of the Twelfth
Dynasty, or that we have an accurate knowledge of any such changes that did occur. Such changes are especialy
possible in the Hyksos period when foreigners controlled Egypt. Two notes in Manetho’ s king lists say that two
different Hyksos kings introduced changes from 360 day calendars to 365 day calendars in the time following the
Twelfth Dynasty. Since there is evidence that a 365 year calendar wasin use dready in the 5" Dynasty, it is
possible that the Hyksos introduced their own calendar when they took control of Egypt, but then returned to the
superior Egyptian calendar.?” Lockyer and Courville list the evidence for calendar changes between the time of
Ramses and Ptolemy and for the change in meaning of astronomica and calendric termsin the course of
Egyptian history.”® It is, however, true that we know of no definite attempt to change the calendar before the
Canopus Decree of 238 B.C. Breastad maintains that there are enough Sothic dates to disprove correction of the
calendar, because the moving of Sirius through the months of the Egyptian year is always in the right direction
and of an appropriate magnitude for the time interval between the pharaohs in question, but thisis circular
argument since those pharaohs were dated by Sothic dating in the first place. In fact, these Sothic readings were
assigned to these pharachs without the pharaohs being named in the texts in question.”® There are, moreover,
dates for Sothic risings which seem to contradict the theory that the calendar was never corrected. Sothic dates
from the Ebers Papyrus and from the time of Seti | can be interpreted as supporting a fixed or corrected
calendar.®® Parker solves such difficulties by assigning those dates which cannot be reconciled to the Sothic
dating theory to some other form of calendar besides the wandering civil year. This points out a problem which
crops up in other places, namely that it is often not possible to tell to which of several calendars an Egyptian date
belongs. However, it leaves the door open for alot of juggling if the researcher can solve problems by shifting
dates to another type Of calendar without more compelling evidence for doing so than the mere fact that the date
messes up histheory if it is assigned to the wandering solar year. The statement of P. Nigilius Figulus that the
Pharaohs swore never to change the 365 day calendar is cited as proof that the Egyptians never corrected the
drift of the calendar.®* The Canopus Decree from the
time of Ptolemy 111 (238 B.C.) also is cited as proof that Egyptians never corrected the calendar, but both of these
statements are late and only involve rejection of regular intercalation or change to aleap-year system. Rejection
of the regular addition of an extraday every four years does not prove that the Egyptians never adjusted their
calendar to get the festivals back in line with the seasons. Adjustment of a calendar and changing the length of
the year are two different types of calendar reform. The Canopus Decree does, in fact, seem to indicate that the
Egyptians were disturbed by the drift of the seasonal festivals.

The theory that the calendar was never corrected throughout the long sweep of Egyptian history asks us
to believe that the Egyptians were content with a calendar which was in step with its main feature, the heliacal
rising of Sirius on Moth 11, only once in every 1460 years, and that they were satisfied with a calendar in which
the seasons could get so far out of line with the calendar, even though the original names of the parts of their
year and the names of some of the months had seasonal, agricultural significance. The three seasons were called
Flood, Growth or Seed, and Harvest.* If the civil year was the basis of taxation, the drift of the year would
make constant adjustments necessary since taxation was largely in kind. Thereis some evidence in late texts for a
fiscal year which began at the start of the fifth month, but | know of no evidence that this was anything but an
artificial departure from the civil year like our fiscal year.* If the year were allowed to drift, it also would have
made it necessary to constantly readjust the decans (groups of stars used to tell time at night). The Egyptians
would even have had to divide and rearrange their star groupings to keep their system of telling time operative.®
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The time-telling tables in the tombs of the New Kingdom pharaohs Seti | (1300 B.c.) and Ramses 1V (1155 B.C.)
illustrate the problem. If there was no correction of the months of the Sothic year, these time tables were over
500 years out of date and totally useless when they were inscribed in the tombs of these pharachs.® All of this
seems very inconvenient and unlikely to be tolerated, although it must be admitted that we do some strange
things-with our calendar today with our ninth month being called September (7" month), our shifting Easter, and
our variable IRS tax dates.

It is often claimed that the Egyptians were too conservative to allow a correction of the calendar. But it is
hard to see much justice in this claim if we concede (as defenders of the Sothic cycle do) that the Egyptians
changed to the 365 day solar calendar from an earlier 354 day lunar calendar. If they made this great change, it is
hard to imagine why they would be adverse to arelatively small adjustment afew years later when it became
apparent that 365 days was not the true length of the solar year.*

Breastad argues that the drifting of the seasons through the year was not that serious, since it would only
amount to about 20 daysin alifetime and this wouldn't be too disturbing.®” Theirregularity of the Nile flooding
meant it would take quite awhile for the drift of seasons to be noticed. This however, ignores the names of the
seasons. Regardless of how long it took to happen, it certainly would seem to be an odd thing to be calling the
season of the low Nile “Flood” and vice versa. Thiswould certainly make the drift conspicuous.

In Calendars of Egypt Parker tries to solve the problem with his theory of three distinct calendars, an
original lunar calendar which was tied to tile rising of Sothis, a 365 day civil year which was not tied to Sothis at
first so that its drift was not immediately noticed, and finally, a schematic lunar calendar which, was attached to
the wandering civil year. According to this view the seasonal festivals were transferred from the original Sothic
lunar calendar to the 365 day calendar at atime when it was in agreement with the origina 365 day lunar
calendar. Later when these two calendars began to drift apart, the festivals were transferred back to the original
lunar calendar and the schematic lunar calendar was invented to be a companion to the drifting civil year. All
three of these calendars continued in simultaneous use until the end of pagan times. There may have been two
dates for each festival—one fixed to the civil year and the other determined by the original lunar year. These
would naturally fal on different datesin the civil calendar. Parker states that the Egyptians probably resorted to
such a complicated solution to the calendric problem because they had such a horror of correcting the calendar
by intercalation.® The complexity of Parker’s arguments and the many contrary theories illustrate the uncertainty
concerning Egyptian calendars, calendric change, and the correct seasonal positioning of festivals throughout the
long span of Egyptian history. If we can trust the remark of Herodotus, who says that the Egyptians discovered
the solar year on the basis of their observations of the stars (Persian Wars |11 4), thiswould cast doubt on
Parker’s theory that the civil year was not tied to Sothis from the very start.

Thereis no definite proof of any calendar correction in the course of Egyptian history which was intended
to get the seasons back in line. However, thereis agreat deal of confusing evidence and many counterclaims
about the exact nature and history of Egyptian calendars. Gardiner proposed that Mesore was once the first
month of the year, but around 1300 B.c. al the month names were moved forward one. Such a change could
throw off the Sothic reckoning by 120 years, unless the proper adjustments were made. Parker rejects Gardiner’s
theory.®® But if asingle such calendar adjustment, unknown to us, was made at any time in Egyptian history, the
continuity of the Sothic cycle was broken and the concept of Sothic dating is untenable.

The concept of Sothic dating assumes a certain amount of precision in the observations and
measurements of Egyptian astronomy. Throughout three-millennia of Egyptian history there is no evidence of
careful systematic observation. Neugebauer observes, “We cannot expect astronomy to derive highly accurate
results from observations, whose inaccuracy has never been disputed.”*® Even if we would assume accurate
observations, there are astronomical variables which complicate chronological work. Often we do not know
where an observation was made, although it is assumed that Memphis was the standard site. The time for the
heliacal rising of a star could vary by almost a week from Memphis to Thebes. Since Sothis moves one day every
four years, this factor alone could produce a 28 year variation depending on the place of observation. This factor
must be taken into consideration, since some of the astronomical references used in Sothic dating, including the



crucial Ilahun reference, are not reports of actual sightings of the heliacal rising observed at the site where the
document was found, but rather predictions telling priests what day they should expect the rising. These
prediction texts may have been made at a site other than the site where the text was found. Furthermore, as we
have seen there are many ambiguities in interpreting the precise astronomical significance of many of the
hieroglyphic signs in the astronomical texts and problems with the hieretic script. Even the identification of many
constellations is doubtful.**

Otto Negebauer, who is generally considered to be one of the foremost authorities on ancient astronomy,
rejected the possibility of dating the Twelfth Dynasty on astronomical grounds. It isinvalid to try to go back
from 700 B.C. to 1800 B.C., trying to determine highly accurate results from inaccurate observations and vague
records. Thereis no sound basis for the astronomical dating of the Twelfth Dynasty, which must be dated from
archeology and the kings lists aone.*?

At the very leadt, all of these considerations should convince a historian that the earliest fixed date of
Egyptian history is not nearly as certain as is often believed. There is considerable evidence to support the
analysisof R.D. Long:

Unfortunately, probationary conclusions have gained unqualified acceptance gradually, while the
controversial evidence on which the conclusions are based have been relegated to total obscurity... Little by little,
archeologists and historians from other fields of Near Eastern, European, and Mediterranean studies subscribed
to the dating placing their trust and confidence on those knowledgeable in Egyptian languages and affairs.
Through the years the unresolved difficulties and the provisiona nature of the astronomical data has been buried
and hidden under a mass of literature which originated in unreserved acceptance of the chronology. It should be
recognized that the conclusions arrived at years ago by the teachers of our teachers have a tendency to become
more “factual” in our minds and less subject to criticism.*”

A careful re-examination of the validity of the Sothic dating of early Egypt, based on arestudy of the
original evidence which formed the foundation of this theory, is very much needed because of the dependence of
all Near Eastern chronology on this dating system. Although the dating based on this system has not been proven
wrong, there are enough questions so that historians should be alerted to the doubts about the validity of the
system, and it should be serioudly re-examined by those equipped with the skills to do so. Two points which
deserve specia attention because they would be especially devastating to Sothic dating are the possibility of
breaks in the calendaric continuity of Egypt and the possibility that Sothisis not our Sirius. If either of these was
true, Sothic dating would be impossible unless we were able to make a new identification of Sothis and we knew
the nature of such a calendaric break. At any rate, such corrections would result in an entirely revised set of dates
for Egyptian history.

Other Egyptian Dates

We have devoted most of our attention to the Ilahun/Kahun date because it is the key to the dating of the
longest period of Egyptian history. The same genera principles apply to the other key Sothic dates for early
Egyptian history. | will make just afew brief observations on these other key dates.

EbergSmith

The second most important Sothic date is the Ebers Papyrus date, which has been associated with the
ninth year of Amenhotep | (supposedly 1540 B.C.). This date is a key to the dating of the Egyptian New
Kingdom and the Late Bronze Age in neighboring countries. Concerning this text too there has been a great deal
of dispute about the date and the name of the pharaoh. For 20 years the Egyptologists who first worked with the
text argued about the identity of the pharaoh because of the unclarity of the script. Identifications of the pharaoh
ranged from the Pyramid Age to the Hellenistic period. Whether the text referred to the 3%, 6™, or 9" year of his
reign and the day of the month in the citation were also the subject of argument. It isthis debate whichisLong's



10

basis for questioning the validity of this Sothic date.™ Parker defends the date by citing more recent authorities,
Erman and Moller, who feel quite confident that the text refers to the 9" day of the 11" month of the 9" year of
Amenhotep |.*

Elephantine

A third Sothic date is derived from an Elephantine inscription which has been assigned to the time of
Thutmose 111. This text says, “Epiphi, day 28, the day of the festival of the rising of Sothis.” This text includes
neither the name of the pharaoh in question nor the year of hisreign in which the text was written. It is
noteworthy that none of the three principal Sothic texts includes undisputed evidence of the name of the pharaoh
in question, but all three are connected with a particular pharaoh by means of association with other finds.

Medinet Habu

A fourth Sothic date is from a caendar found in Ramses |11’ s temple at Medinet Habu, which has been
associated with either Ramses Il or Ramses 111 (1316 or 1196 B.C.) It gives only a month, not a day of the
month, in its citation. Therefore at best the date can be narrowed down only to a range of about a century since it
takes about 120 years for the rising of Sothis to move through a month of the Egyptian year. It is, therefore,
impossible to assign this date to a specific pharaoh. It seemsto fit with Ramses |11 according to the present
system of Sothic dating. If it belongs to Ramses |1, present Sothic dating is incorrect.

Menophres

Another controversial item of Sothic dating is the so-called “era of Menophres.” This discussion is based
on a statement in the late classical writer, Theon, who has been mentioned earlier in this paper. Theon says:

On the 100" year of the era of Diocletian, concerning the rising of the Dog, because of the pattern
we received from the era of Menophres to the end of the age of Augustus the total of the elapsed
years was 1605. (My trandlation).*

Bpi\tous etouv Dioklhtianousperi\th¥ toukunoV ePitolhw upodeigmatov eBeken
lambanomen ta apo\Menofrewv e@d/v the Ihcewv Au@ouston. @mou-ta episunagomena
eth axe.

Theon makes no mention of Sothic dating, but it has been supposed that Theon is referring to the start of
the same Sothic cycle which Censorinus tells us began around 1321 B.c. (From the Age of Diocletian in 284 A.D.
subtract 1605 years which leads to 1321 B.c.) Remember that Theon has el sewhere expressy stated that a Sothic
cycle began in 26 B.C. so if we accept the above interpretation of his Menophres comment, Theon is
contradicting himself, or else he did not redlize the implications of his remark about Menophres. Many attempts
have been made to identify Theon’s Menophres. Menophres has been identified as the city Memphis or one of a
number of pharaohs. Merneptah, Seti |, Harmhab, and Ramses | are among the candidates that have been
suggested. There is simply not enough evidence to draw any firm conclusions about the meaning of this text.*’

Canopus
The previously mentioned Canopus Decree contains a Sothic reference placing the rising of Sothis on the

first day of the 10" month. This meansthat it would take about 380 years from the time of the Canopus decree
for the Sothic cycle to come to an end (the 95 remaining days of the year times 4). Since the Canopus Decreeis
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dated to about 238 B.C., thiswould place the end of the Sothic cyclein 142 A.D. within four years of the point
indicated by Censorinus.

Lunar

One other form of astronomical dating used for Egyptian chronology is lunar dating, which isused in an
attempt to pinpoint eventsin given pharaohs’ reigns to a specific day.”® Since thisis based on a 25 year lunar
cycle of the Egyptian calendar, this method isvalid only if the date has been narrowed down to a 25 year span by
other means. It is doubtful whether the dates can be narrowed down to the 25 year span necessary for the lunar
dating to be effective. If the Sothic dating isinvalid, then we do not have afirm starting point for lunar dating.

Summary

It seems valid to conclude that all of these Sothic dates suffer from the same uncertainties which raise
serious doubts about the Ilahun date with which we began our discussion. Although Sothic dating has a degree of
plausibility and cannot be proved wrong at present, there are serious doubts that it is backed by adequate
evidence at a number of points. This evidence is very difficult for non-Egyptol ogists and non-astronomers to
assess, so most historians are dependent on the testimony of authorities for the foundations of Egyptian
chronology. There isroom for doubt about alot of this testimony. We will now turn to Mesopotamiato see if we
can find afirmer foundation there.

M esopotamia

Key sources for the chronology of Mesopotamia are the Assyrian eponym lists and the king lists which
are apparently derived from them. These lists are complete back to the 11" century B.c. The earliest king who
can be clearly placed in these lists as a holder of the eponym office dates to the 14™ century.”® Besides these lists
we have many other lists of one sort or another, particularly synchronistic king lists from Babylon and the
Sumerian king lists. The chief problem is not alack of lists, but more fundamental questions concerning the
purpose and reliability of these lists and the problem of finding fixed dates around which these lists can be
organized.

Concerning the Assyrian king list for the mid centuries of the 2™ millennium Rowton states that we have
no means of verifying their reliability, but no reason to doubt their accuracy. He further acknowledges that the
Babylonian lists are not free from error and that some figures of the Sumerian king list give the impression of
being entirely artificial. Sequence of events, rather than the interval between them, seems to have been the
primary concern of many records of this type right down to the end of Babylonian history.™

Sorting out truth from error depends heavily on the subjective interpretation of the historian. Under such

circumstances there is certainly an ever-present temptation to find the “errors’ particularly at those pointsin
which the sources are in conflict with the interpreter’ s theory.

Recent research into the nature of geneological and succession listsin the ancient Near East raises
questions about whether they are intended to be accurate chronologies at all.>* Political motives relating to the
legitimacy and antiquity of the ruling house were perhaps more important than chronological, historical, and
biologica accuracy.

There are also uncertainties about the calendar, since we do not know what method of intercalation the
Assyrians used in the 2™ millennium B.C. However, the greatest discrepancy, 11 days per year, would create a
variation of only about 3 years per century.>

The Assyrian king list of the 1% millennium can be connected to the well established dating of classical
times, but the king list of Assyriafor the 2™ millennium B.C. is separated from it by breaksin continuity. The only
literary means which we have for dating the second millennium are elapsed time intervals such as those referred
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to by Sennacherib, who states that 418 years passed between Tiglath Pileser | and himself and that 600 years had
elapsed between Tikulti Ninurta | and himself. We have aready mentioned that we must be very cautiousin
interpreting such expressions as true measures of elapsed time, unless they can otherwise be confirmed. The same
caution applies to efforts to reach back to Shamshi-Adad | and beyond on the basis of other elapsed time
references and the Khorsabad king list. Despite Rowton’ s confidence in its accuracy, we should be suspicious of
the alleged 701 year interval between Tiglath Pileser | and Shamshi-Adad | because it is based on building
inscriptions. It is clear that these figures are often rough estimates based on approximations using centuries and
periods of 60 years as round numbers.>® Many of these elapsed time figures are obviously wrong.>*

Since our main concern is astronomical dating, we will do no more in this paper than merely to note these
difficulties concerning the lists, the calendar, and elapsed time dating. We will turn our attention to the
astronomical dates which form the necessary starting point for assigning absolute dates to all of the lists
mentioned above.

Since the literary means for establishing absolute dates for the 2™ millennium are of doubtful
dependability and carbon 14 dating is not precise enough to be very helpful, the astronomical dates which
provide a starting point for dating the individual kings of these lists are crucia. There are two main types of
astronomical phenomena used for dating 2™ millennium Mesopotamia, eclipse observations and Venus
observations. We will turn our attention first to the Venus observations which are used to date the 2™ millennium
kings of Babylon. Kings from other areas are then dated by synchronisms with Babylon.

The date at which the Hittites brought the First Dynasty of Babylon to an end is one of the foca points of
the chronological study of the 2™ millennium, because it allows easy cross reference to several other kingdoms. It
is generally accepted that we can date the reign of Ammizaduga, one of the kings of the First Dynasty of
Babylon, by references to Venus in texts belonging to hisreign. If we can date Ammizaduga, we can date the
other kings of the First Dynasty, the end of the First Dynasty, and then kings in other kingdoms by means of
synchronisms. Because of itsimportance and wide-spread acceptance, we will take a closer 1ook at the basis of
this dating.

The texts in question are from Asshurbanipal’s library at Nineveh and from afile of Sargon at Kish (7"
and 8" centuries B.C.). They are copies of texts which apparently originated over 1000 years before the time of
Asshurbanipal. Our extant copies were perhaps made in the 8" or 9" Centuries B.c. There is no complete version
of the text extant. The text must be reconstructed from at |least three different tablets which contain parts of the
text. These partial texts have gaps and illegible sections in the portions of the text which they preserve. Different
trandations of the same portion of the text disagree about some of the numbers and month names because the
texts are defaced and hard to decipher.>

These texts were first interpreted by Kugler in 1911. One part of the texts consists of many | ines
describing the movements of a heavenly body called Nin-dar~anna (mistress of the heavens). The sequence of
tenses in the textsis peculiar (past tense, then future). This seems to indicate that the phenomena were observed
in the past, and now are being used to make astronomical predictions for the future. Examples follow:

If on the 15" day of Shabatu Nin-dar-anna disappeared in the west, remaining absent from the sky 3 days,
and on the 18" day of the month Shabatu Nin-dar-anna appeared in the east, catastrophes of kings. Adad will
bring rains Ea subterranean waters; king will send greetings to king...

In the month of Abu on the sixth day Nin-dar-anna appeared in the east; there will be rainsin the heavens,
there will be devastations. Until the tenth day of Nissanu she stood in the east, at the eleventh day she
disappeared. Three months she stayed away from the heavens. On the eleventh day of Duzu Nin-dar-annaflared
up in the west. Hostility will be in the land; crops will prosper.*®

The intervals between eastern appearance and disappearance are 8 months and 5 days; then 3 months
elapse before the western reappearance; again 8 months and 3 days until disappearance; then 7 days till
appearance in the east. The total is 19 months and 17 days, close to the correct period for Venus. These
predicted intervalsin the astrological part of the text must have been deduced from the observationa data which
is contained in the table in the last part of the text, but this data includes many obvious errors, which modern
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interpreters correct on the basis of their knowledge of the Venus cycle. A fault of copying in the observational
data changed one of the long periods of invisibility, which are normally about 2 months, into 5 months and
produced the false average value of 3 months, which appears in the predictive section of the text.

As has been mentioned, the texts are quite damaged. Reading them is sometimes like reading badly
eroded brick. They do not contain the name of the king in whose reign they were written. However, the phrase
“in the year of the golden throne” appears among the misplaced Venus phenomenain the texts of the 8" year.
This same phrase occurs in the civil contracts of the 8" year of King Ammizaduga, the next to last king of the
First dynasty, so historians conclude that the 21 years of this king exactly correspond to the 21 years of the
Venus texts. Theintercalary yearsin the Venus texts also seem to match the intercalary years of the civil
contracts. However, it is possible that the key phrase is alate addition to the text which was not part of the
original textsin the 2™ millennium.%” The research of Reiner and Pingree has presented strong evidence for the
composite nature of the extant texts.

The basis of Kugler’s interpretation of the texts was the statement that in the 6™ year, on the 26" of the
month Arachsamma, Venus had disappeared in the west and on the 3" day of the next month, Kislimu, it had
reappeared in the east. Therefore, since the Babylonian months were based on nhew moons, Venus' conjunction
with the sun nearly corresponds with the conjunction of the moon with the sun in a season roughly corresponding
with our December or January. Kugler found that these conditions were best met on January 23, 11971 B.C..
This would produce dates for the First Dynasty of Babylon from 2225 BC. to 1926 BC. and for Hammurabi from
2123 B.C. to 2081 B.C.. However, very similar alignments occur every 56 to 64 years.”® Langdon and
Fotheringham found solutions which would date the first year of Ammizadugato 1977 B.c., 1921 B.C., 1837
B.C., 1809 B.C., or 1801 B.C. They preferred 1921 B.C., because they felt that this date best keeps the lunar
calendar in proper relationship to the solar year to account for harvest operations mentioned in some of the texts.
* Since the relationship of the phases of Venus and the position of the moon are the key factor here, Langdon and
Fotheringham took the alleged accelerations of the moon and earth into consideration in their calculations. They
used Fotheringham'’ s acceleration cal culations which apply for an epoch around the year 0. Fotheringham’s
values for the year 0 seem to contain errors, and it is also questionable how applicable these acceleration values
would be to the time around 2000 B.C. since the accelerations must be considered time-dependent. Since the
uncertainties are even greater than Fotheringham assumed, we may expect that there are more possible solutions
than they found.> There are at least four different sets of astronomical tables that have been used in performing
the Venus calculations, so anyone attempting new cal culations must begin by determining which set of tables he
believes are most dependable or else developing his own.*

In more recent major work on the tablets Weir acknowledges the severe problems involved in dealing
with these texts. He discusses at least 10 additional solutions for the first year of Ammizaduga including 2260,
1710, 1702, 1646, and 1582 B.C. He prefers 1646, but recognizes that this date too hasiits problems.®* Weir
admits the lack of really close agreement between the astronomical data of the texts and any of the computed
solutions. He says, “If the scribes had set out to deliberately confuse posterity they could hardly have chosen a
better distribution of copyists mistakes.”® He recognizes copyist’s errors, poor observations, and problems
with the modern astronomical tables as three sources of the problems, but it is certainly disturbing when he
studies three suggested solutions to the problem and finds that they produce a good agreement between the data
in the documents and the computed solutions for only 53%, 54% and 58% of the total Venus sightings. He cites
this as favoring the third solution, but in fact the difference of agreement between the three solutions is hardly
enough to bear much weight, and it shows that none of the solutions provides very good agreement between the
recorded data and the computed solutions.®* To escape the maze of difficulties Weir suggests that the
observations were made at a latitude north of Babylon. He explains the discrepancies between the lunar
movements required by the Venus tablets and the calculations based on modern lunar theory by suggesting a
change in the eccentricity of Venus' orbit. Since Welir assumes that the astronomical data recorded in the Venus
textsis basically correct, and that we are trying to locate the reign of Ammizadugain the right time period (as he
must if hiswork is to have any meaning), he is forced to the conclusion that the relationship of Venusto the
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earth has changed since Old Babylonian times, because no solutions can be found which give really good
agreement between the ancient data and modern calculated solutions. He even mentions the possibility of another
heavenly body passing near the orbit of Venus and changing it.* In his closing remarks Weir shows how much
the desire to solve the problem can lead to wishful thinking. He says that since the Venus tables used for the
calculations are the best available, the calculations ought to be dependable: if the elements on which the tables
are based are correct, the computed data must be reasonably correct. Although Weir admits that the unsolved
textual discrepancies which are involved with his preferred solution certainly present an astronomical problem, he
does not grant that they are in themselves a valid reason for not accepting his solution for dating purposes. He
even alludes to continental drift, which might have moved the place of observation, as a possible solution.*® We
would certainly like to have a chronological solution be based on a much better foundation than this.

We have seen that the most basic problem with this type of dating is that so many solutions are possible.
The dating has no validity unless the historian has already determined the century by other means, and it is
doubtful if there is areliable objective means of doing this. For example, a key site for archeological synchronism
with Egypt is Alalakh, and the quality of the stratigraphic work there has long been suspect.®

Even if we assume that the historians have determined the century of a given king; it is still questionable if
the Venus dating is a valid means to pinpoint the year, month, or day, because such precise dating depends on a
reasonably accurate values for the accelerations of the motion of the earth and moon since ancient times, and
these can be determined only an the basis of circular argument. Scientists have to assume a vaue for the
accelerations in order to determine a date for the texts. They cannot then use the date of the text to determine a
value for the accelerations, because this will only confirm the acceleration values which have already been
chosen. To make matters worse the poor preservation of the texts and the many copying errors make their use
suspect.

It is now commonly accepted that the date of the coinciding conjunctions was December 25, 1641 B.C.,
that Hammurabi reigned from 1792 to 1750 B.C. and that the First Dynasty ruled from 1894 to 1595 B.C. An
alternative view isto date al of these events 64 years later. But all of thisis based on the assumption that
synchronisms with the precise astronomical chronology of Egypt limit these events of Mesopotamian history to
this rather limited time range.®” Since we have already seen that there are doubts about the astronomical
chronology of Egypt, it isworth noting that even the astronomical dating of early Mesopotamian history is not
independent, but depends at least in part on Egyptian chronology.

Historians who use these dates should be aware of evaluations such as those of Neugebauer, who says
that the astronomical data used in these calculations are hardly more than estimates of mean values which can
never reach reliability and usefulness for solving chronological problems. Much of the extensive modern literature
iswithout practical value, since both the ancient and modern sources introduce strong schematization into their
data. For example, Schoch'’ s tables are too simple to serve their chronological purpose.®® Furthermore, the
intercalations in the 2™ millennium Mesopotamian calendars were irregular and were probably done mainly to
keep the harvest in the right month so debts could be paid. Because of irregularities of intercalations months of
these Mesopotamian calendars may correspond with as many as four different months of our calendar.®® The age
of Hamm(l)Jrabi must be dated by historical means a one because the available astronomical datais not adequate to
the task.”

The second major type of astronomical dating which is applied to Mesopotamian history is eclipse dating.
The major problem concerning the 2™ millennium B.C. is the sketchiness of the sources. Because the eclipse
terminology is often vague, there isroom for agreat deal of subjectivity in interpreting the texts. Many anaysts
interpret al such phrases as “darkness of day,” “something awesome in the heavens,” “the day became ashamed’
and so on as total solar eclipses. Stephanson and Sawyer justify their interpretation of an eclipse allegedly
occurring in Ugarit around 1300 B.C. by such methods. They interpret a vague Ugaritic phrase as areference to
atotal eclipse by comparing it with an equally obscure Greek phrase in a poem of Pindar written almost a
millennium later.”* F.R. Stephanson fedls justified in regarding any allusion, no matter how obscure, as a total
eclipse, because atotal eclipseis so impressive.” In dealing with many ancient eclipses scholars fail to ask
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whether these eclipse reports appear to be accurate scientific reports, or if they appear to be magic or literary
eclipses assimilated to important events to give them special meaning. An example of such aliterary eclipse isthe
eclipse associated by classical writers with Caesar’s crossing of the Rubicon. Other factors, which make it
possible to date this event quite closely, make it extremely unlikely that this event could have been associated
with any eclipse. Many other texts which scholars have been using as observations of total eclipses are probably
not actually intended to be such. The frequent use of vivid eschatological language in many Old Testament texts
illustrates this principle. Some scholars have used these references to dramatic signs in the heavens as evidence
that the author had witnessed atotal solar eclipse and as a means of dating the writing of the book. But these are
simply intended to be vivid pictures of impending divine judgment. There is no evidence that they are intended to
be astronomical observations. It is apparent that other “dark days’ which have been interpreted as astronomical
eclipses cannot possibly be so, because they occur on the wrong day of the lunar month. They are very likely dust
storms or some similar phenomenon.”

All of the eclipse references used for dating events of the 2™ millennium B.c. seem suspect on these and
other grounds. The Ugaritic eclipse cited above gives an indication of some of the problems. Besides the
assumption discussed above Stephanson and Sawyer must also assume that the Ugaritic calendar is the same as
the Babylonian and that the history of Babylon and Egypt is dated precisely enough to limit the time range of the
Ugaritic eclipse to afairly narrow range. But this history has been dated by astronomical means as questionable
as the method now being used to date the Ugaritic eclipse. Again it is the problem of one set of questionable data
being used as the beginning point for establishing a new astronomica date which will then be cited as support of
thefirst.

Another example is the only astronomical date of Hittite history. Thistoo is based on a vague reference
which may be atotal eclipse.”

In summary, | have not been able to find any eclipse records from the 2™ millennium which seem to be
precise enough to be very helpful in establishing the chronology of this period.

For the 1% millennium “ The Great Eclipse of Bur Sagale” is aleged to provide such a dating basis. So we
will now turn our attention to this very important basis of astronomical dating. This reference is found in the
Assyrian eponym list. Thisisalist of the officias after whom the Assyrian years are named. They are listed
consecutively so if we can date one year, we should be able to date them al if the list is complete. In this case
Bur Sagaleisthe officia who gave his name to one of the years of the reign of the Assyrian king Assur Dan. The
citation in question smply says, “Bur-Sagale of Guzana, revolt in the city of Assur. In the month Simanu an
eclipse of the sun took place.” This eponym list overlaps the Canon of Ptolemy by about 100 years. Ptolemy’s
canon or king list begins with Nabonassar, a king of Babylon, whose reign began about 747 B.C. according to
Ptolemy. Since we can identify some of the Assyrian kings in the last part of the eponym list as contemporaries of
some of the Babylonian kings in the earliest part of Ptolemey’s Canon, we have an approximate starting point for
the Assyrian eponym list which leads us to look for the year of Bur—Sagale somewhere in the 8" century B.c.
The eclipse of Bur—Sagale has been commonly identified with an eclipse which occurred on June 15, 763 B.C. If
thisis correct, we can accurately date the kings of Assyriawho are named in this portion of the king list to the
period from 891 to 648 B.C.

Thefirst question, of course, is whether the Canon of Ptolemy is accurate enough to provide a starting
point for the Assyrian eponym list. Because of the great reputation of Ptolemy, it has generally been assumed that
his canon deserves the highest respect as a starting point for ancient chronological work. In fact all ancient
astronomical dating has the data of Ptolemy as its starting point. The reason for this confidence is that the canon
can be checked against astronomical observations recorded in Ptolemy’s Almagest. However, R.R. Newton has
brought extreme criticism against the usefulness of Ptolemy’s data. He points out that there is disagreement
between Ptolemy and the cuneiform records for the only eclipse which can be found in both sources.” Newton
charges that the data in the Almagest is not based on genuine observational records which Ptolemy possessed but
on calculations which he fabricated. For example, in Ch. 6.6 of the Almagest Ptolemy refersto alunar eclipse
which occurred in the night between the 18" and 19" of Thoth in the second year of Merodachbaladan. Newton



16

believes that Ptolemy did not have an accurate observational record for this eclipse. He smply calculated how
many years before his own time such an eclipse would have occurred, and he then looked up the proper king year
in the canon which he had and assigned the eclipse to that year. The fact that modern astronomers can locate
eclipses that correspond fairly well with Ptolemy’ s eclipses merely indicates that Ptolemy’ s eclipse calculations
were quite accurate. These co-incidences do not confirm the accuracy of Ptolemy’s canon since the connection
between the eclipses and the kings listed in the canon is not based on ancient Babylonian observational records,
but is merely an artificial creation of Ptolemy. In other words, all that can be established astronomically is that an
eclipse actually occurred about 720 B.C. when Ptolemy said it did. This does not prove that 720 B.C. was actually
the second year of Merodachbaladan. Since the accuracy of Ptolemy’s canon of kings cannot be established, it
cannot be used to provide an astronomically dependable starting point for the Assyrian eponym list, and the
dating of the Bur-Sagale eclipse is less certain than is generally assumed.”® Swerdlow strongly criticizes
Newton’s attack on Ptolemy, primarily on the grounds that his charges are based on a misuse of probability
statistics and that he demands unreasonable accuracy of Ptolemy’ s observations. Swerdlow argues quite
effectively that Newton cannot prove charges of deliberate fraud against Ptolemy, but he does acknowledge
problems with the accuracy of Ptolemy’s data. Although he defends Ptolemy against charges of deliberate fraud,
he does not demonstrate that Ptolemy’s data is accurate enough to be useful to usin chronological work.” For
our purposes it does not really matter if Ptolemy’s errors are due to deliberate fraud or honest mistakes. If they
are of sufficient magnitude they will have the same negative effect on chronological work in either case. | will not
evaluate the debate any further here since it is not that significant for our purposes here. All Ptolemy’s canon
doesis provide a general starting point for the Assyrian eponymn list by placing Bur-Sagale somewhere in the
700's. Heis assigned his precise date by a study of the eclipses occurring in the 700’ s not by Ptolemy’s canon. If
the charges against Ptolemy are true, they would have serious implications against using Ptolemy’ s data for
precision dating of events from 600 B.C. to 200 A.D. to exact months or days, or for using it to calculate precise
acceleration values. These questions are outside our main interest here.

If we assume that Bur-Sagale must be dated some time around the 700’ s must we accept 763 B.C. asthe
only possible date? If we assume that the eclipse must be atotal eclipse, 763 B.C. isthe most likely date.
However, we have ancient records that show that recorded eclipses were not necessarily total eclipses. If we
accept that tge eclipse could have been a partial eclipse, 791 and 751 B.C. are possible dates and perhaps even
803 or 723.

It is quite probable that the eclipse date of 763 is correct athough other possibilities should still be
evaluated. Since the date is so important the original basis for this date which was established in the mid 1800's
should be re-examined, rather than simply accepted uncritically. This identification was supposedly made by
George Smith in 1867, but checking his Assyrian Eponym Canon yields only the information that this date was
calculated by Mr. Hind using the table of Mr. Airy, the royal astronomer, without providing any evidence which
adequately supports the accuracy of this date.”® An investigation into the basis for this important date would be
worth while.

Summary

It appears that astronomical dating for the 1st millennium B.C. is reasonably accurate, especially for the
second half, because for this period there are literary records of sufficient accuracy to give the astronomer a
pretty good definition of the astronomical event which he islooking for and the time range in which he should
look for it. However, the astronomical dating for the 2™ millennium B.C. is subject to serious doubts because the
literary and astronomical information available to historians and astronomersis not clear and precise enough to
put very great confidence in the results which are obtained from it. Some of the commonly accepted forms of
dating, such as the Sothis dating of Egypt and the Venus dating of Babylon should be seriously re-examined since
such great weight has been put on them in nearly all recent research and writing on the history of the 2™
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millennium. Historians should be aware of the fact that the dates established by these methods are much less fixed
than the standard reference sources for the period imply.

Astronomical Dating Bibliography

Aaboe, Asger, “Remarks on Theoretical Treatment Of Eclipses In Antiquity”, JFHA 3 June 1972, p. 105-119.

--, Babylonian Planetary Theories, Brown University Dissertation, 1957, 58-4346. ( in Centauris V, 1958, p.
209-277.)

Al-Biruni, The Chronology of Ancient Nations, C. E. Sachau (trans.). Oriental Trandation Fund, Vol. 73,
London: Willaim H. Allan, 1879.

Baker, Robert, Introduction to Astronomy, Princeton, N.J.: D. Van Norstrandt 1961.

,Bartar W. “Die Chronologie der 1. bis 5. Dynastie nach den Angaben des rekonstruierten Annalensteins’ ZAS
108(1981). p. 11-23.

Bevent, Edwyn. A History of Egypt Under the-Ptolemaic Dynasty London: Methuen & Co. 1927, p. 208-216. re
Canopus Decree.

Bickerman, E.J. Chronology of the Ancient World, London: Thames & Hudson# 1968. Many of Sinzel’ s tables.
Boeckhr, August. Menetho und die Hundsternperiode, Berlin 1945.

Borchardt, Ludwig. “Der zweite Papyrusfund von Kahunp” Zeitschrift futr Aeawtische--8grache 37_(1IM)r p.
89-103.

--, Die Annalen und die zeitliche Festleguna des alten Reighen der aegwtischen Geschichte. Quellen und
Forschungen zu Zeitbestimmung der ASMMtischen Geschichte. Berlin 1917, esp. p. 55-56.

-- Die Mittel-zur zoitliche Festl2gung von Punkten der aewptilghen Seschichte und ihre Answenduna. Cairot
1935.

Breastad, J.H. Ancient Records Of Egypt, I-1V 1906 esp. | p. 1-75.

Brecher, Kenneth, “ Sirius Enigmas’ Astronomy Of The Ancients, Cambridge, Mass.: MIT Press, 1979, p.
91-116.

Britton, John, On the Quality of Solar and Lunar Observations and Parameters In Ptolemys Almagest, Y ale
Dissertation, 67-6997.

Brugsch, K.H. Thesaurus Inscriptionum Aeavaticarum, I-1V, Graz v Austriac Akademische Druck, 1968 reprint.
--'Ein neues Sothis-Datum” Zeitschrift der Aegyptische Sprache 8, (1870) p.108-111.

Budge, E.A.W. The Decree of Memphis and Canopus, London:Kegan Paul, 1904. AMS Reprint N.Y. 1976.
Byron, Cyril. The Papyrus Ebers, N.Y.:D. Appleton, 1931.

Cambridge Ancient History, 3" Edition 1970. I:1, p. 173-237, 1:2, p. 740-752, 769-771.

Casperson, L.W. “The Lunar Dates of Thutmose I11,” INES 45 (1986), p. 139-150.

Censorinus, ( ed. Otto Jahn) De Die Natali, Berolini, 1845, p. 55, 56, 64. English Edition by Wm. Maude, New
Y ork, 1900.

Corny, J. “Note On The Supposed Beginning Of A Sothic Cycle Under Seti 1” JEA 17 (1961), p. 151-153.



18

Courviller, Donovan. The Exodus Problem Vol. 2, Loma Linda, Calif.: Chalenge Books, 1971 esp. 48-90, 288-
326.

Curott, D.R. “Earth’s Deceleration From Ancient Solar Eclipses’ Astronomy Journal 71 (1966) p. 264-269.
Deimelt, Anton. Die Altbabylanische Koenigsliste und ihre Bedeutung fuer die Chronoligie Rome, 1935.
Dicks, D.R. “Ancient Astronomical Instruments’ Journal of British Astronomical Society 64 (1954), p. 77-85.
--- Early Greek Astronomy to Aristotle, Ithaca N.Y: Cornell University Press, 1970.

Ebers, G. “Papyrus Ebers’ Zeitschrift fuer Aegyptische Sorache 11 (1873), p. 41-46, and ZAS 12 (1874) p. 4.
Edgerton, W.F. “Chronology of the 12" Dynasty” JNES 1 (1942), p.307-314.

Ehrich, Robert, ed. Chronologies of Old World Archeology, Chicago: University of Chicago, 1965.

Eisenlohr, A. “Das doppelte Kalendar des Herrn Smith,” Zeitschrift fuer Aegyptische Sporache (1870), p.
165-167.

Finegan, Jack. Handbook of Biblical Chronology Princeton, N.J.: Princeton University Press, 1964.
Fleming, Stuart. Dating in Archeology N.Y:St. Martin's Press 1976.

Fotheringham, J.K. et. al. The Venus tablets of Ammizaduga Oxford, 1928

--- “Historical Eclipses’, Oxford Lectures on History, Oxford, 1921.

Gandz, Sol. Studies in Hebrew Mathematics and Astronomy, N.Y.: KTAV, 1970. Esp p. 73-85, 219.
Ginzel, F.K. Handbuch der mathematischen-und technischen Chronologie Il, Leipzig, 1911.

Goodwin, C.N. “Notes on the calendar in Mr. Smith’s papyrus,” Zeitschrift fuer Aegyptische Sprachell (1873)
p. 107-109.

Hartner, Willy. “The Role of Observation in Ancient and Medieval Astronomy”
JFHA8 (1977), p. 1-11.

___“the Earliest History of the Congtellations,” Oriens Occidens, Hildesheim: Georg Olms V erlagsbuchhandlung
1968, p. 227-260.

Heath, Thomas. A History of Greek Astronomy To Aristarchus Oxford, 1913.

Hodson, F.R. ed. The Place of Astronomy in the Ancient World, Philosophical Transactions of the Roya Society
of London 276 (1974).

Hornung, Erik. “Untersuchungen zur Chronologie und Geschichte des Neuen Reiches,” Aegyptologische
Abhandlungen, 1V 1964.

Huber, Peter. Early Cuneiform Evidence -for the Planet-Venus AAAS Annua Meeting, San Francisco 1974.
Reprint in Y ale Babylonian Collection.

---, Astronomical Dating of Babylon | and Ur 111, Occasional Papers on the Near East, Udena, 1982.
Humboldt, Alexander von. Cosmos 111, N.Y .:Harper, 1851, esp. p.131-136.

Idler, Ludwig. Handbuch der Chronologiel & 11, Berlin: August Rucker, 1825.

Ingham, M.F. “The Length of the Sothic Cycle,” Journal of Egyptian Archeology 55, (1969), p. 36-40.

Jones, Wilbur. Venus and Sothis: How the Ancient Near East Was Discovered, Chicago: Nelson and Hall, 1982.
Popular overview.



19

Kraus, Rolf K. Probleme des altaegyptischen Kalendars-und der Chronologie des mittelern and neuen Reiches
in Aegypten. Dissertation, Berlin, 1981.

Krupp, E.C. In Search of Ancient Astronomies Garden City, N.Y.: Doubleday, 1977.

Kudlek, Manfred and Mickler, Erich. Solar and Lunar Eclipses From. 3000. BC to 0 With Maps Neu Kirchen
Vluyn: Verlag Butzon & Bercher, 1971.

Kugler, F.X. Sernkunde und Sterndienst in Babel, I-111, Muenster, 1907-1912.

Lauth, A. “Die Schaltage des Ptolemaeus Euergetes | und des Augustus,” Sitzunaberichte der Muench
Akademie, | 1874, p 56-129

Lelo, Glenn. “Thutmose I1I’s First Lunar Date” JNES 7 (1948) p. 327-331.
Lepsius, R. Chronologie der Aegypter, Berlin: Nicolaische Buchhandlung, 1949.
---, “Einige Bemerkungen ueber denselben Papyrus Smith” Zeitschrift fuer Aegyptische Sorache 8 (1870) p.

167-170.

---, “Ueber einige Beruehrungspunkte der Aegyptische, Griechischen und Roemischen Chronologie”, Berlin,
1859.

Lloyd, G.E.R. Greek Science After Aristotle, N.Y.: W.W. Norton, 1972.

Lockyer, J. Norman. The Dawn of Astronomy, Cambridge, Mass.: MIT Press, 1964 Reprint, esp.

p. 120-131, 196-200, 212, 249-273.
Long, Ronald. “A Reexamination of the Sothic Chronology of Egypt,” Orientalia 43 n.s._(1974), p. 261-274.

--- “Ancient Egyptian Chronology: Radio-carbon Dating and Calibration,” Zeitschrift fuer Aegyptische Sprache
103 (1976) p. 30-48.

Luckenbill, Daniel. Ancient Records of Assyria and Babylonia I, Chicago: University of Chicago, 1927 p. 430
ff.

Macnaughton, Duncan. A Scheme of Babylonian Chronology, London: Luzac and Co. 1930, esp. p. 32-43,
132-139, 162-165.

---, A Scheme of Egyptian Chronology, London: Luzac and Co. 1932.

Mahler, E. “Koenig Thutmosis 111" Zeitschrift fuer Aegyptische Sorache 27 (1889), p. 98.

Maetho of Sebennytos. History of Egypt and Book of Sothis, (W.C. Waddell, ed, Loeb Volume 350).

Méllaart, James. “Egyptian and Near-Eastern Chronology-A Dilemma’. Antiquity 53/207 (1979) p. 6-18. C-14.

Meyer, Eduard. Aegyptische Chronologie Abhandlungen der koeniglich preussischen Akademie der
Wissenschaften. Phil.-hist. Klasse. Berlin, 1904 p. 1-212, “Nachtraege zur Aegyptischen Chronologi€’
1907v p. 1-46.

Motz, Lloyd and Duveen, Anetta. Essentials of Astronomy, N.Y.: Columbia University Press, 1977, esp. p.
4-34, 124-150.

Mucke, Herman & Meeus, Jean. Canon of Lunar Eclipses -2002 to +2525 Astronomisches Buero Vienna, 1979.
---, Canon of Solar Eclipsess -2003 to +2526 Astronomisches Buero Vienna 1979.
Munk, W.H. and McDonald, G.J.F. The Rotation of the Earth, Cambridge, 1961.

Naaman, Nadav. “ Statements of Time-Spans by Babylonian and Assuyrian Kings and Mesopotamian
Chronology” Iraq 46, (1984), p. 115-123.



20

Neugebauer, Otto. A History of Ancient Mathematical Astronomy 1-111 Berlin: Springer Verlag 1975, esp. end
111.

--- Astronomical Cuneiform Texts, I-111, Princeton: Institute for Advanced Study, 1953.
---“The Origin of the Egyptian Calendar” INES 1 (1942), p. 396-403

--- Exact Sciencesin Antiquity, N.Y.: Harper, 1962.

--- “The History of Ancient Astronomy” JNES4 (1945) p. 1-38.

--- “Die Bedeutunglosigkeiten der Sothisperiode fuer die aeltere aegyptische Chronologi€’, Acta Orientalia 17
(1938), p. 169-195.

--- “The Chronology of the Hammurabi Age’, JAOS 61 (1941) p. 58-61

Neugebauer, Paul. Astronomische Chronologie, I-11 Berlin-Leipzig: De Gruyter, 1929.

---, Die verbesserten Syzygientafeln van C. Schoch Astr. Abhand. 8.2.

Newton, R.R. Ancient Astronomical Observations, Baltimore: Johns Hopkins, 1970, p. 1-9, 35-49, 57-61.

---, The Moon’ s Acceleration and its Physical Origins As Deduced From Solar Eclipses Baltimore: Johns
Hopkins 1979, esp. p. 47-53, 66-74.

---, The Crime of Claudius Ptolemy, Batimore: Johns Hopkins, 1977.

---, Ancient Planetary Observations and the Validity of Ephemeris Time Baltimore: Johns Hopkins, 1976 esp. p.
1-46, 93-147.

---, “Two Uses of Ancient Astronomy” Royal Society of London 276 (1974) p. 99-117.
---, “Introducing Some Basic Astronomical Concepts’ Royal Society of London 276 (1974) p. 5-20.
Norton, Arthur. Norton’s Star Atlas, Cambridge Mass.: Sky Publishing Corp., 1973.

Olsson, Ingrid. (ed.) Radiocarbon Variations and Absolute Chronology 12" Nobel Symposiums Stockholm:
Almsquist and Wiksell Forlag, 1970.

O’'Mara P.F. The Chronology of the Palermo and Turin Canons. N.A.

Oppolzer, Theodor von. Canon der Finsternisse, Denkschriften der kaiserlichen Akademie der Wissenschaften
Math-Maturwissensch. Klasse, LI1, Vienna, 1887. English: New Y ork, Dover, 1962.

---, Syzygientafln zur den Mond Leipzig, 1881.
Pannekoek, A. A History of Astronomy, N.Y .: Interscience Publishing Corp. 1961 p. 18-36, 122-133, 164.

Parker, Richard, and Dubberstein, Waldo. Babylonian Chronology-625 BC-AD 45, Chicago: University of
Chicago, 1946.

Parker, Richard and Neugebauer, O. Egyptian Astronomical Texts I-11, Providence, RI: Brown University, 1960.

Parker, Richard. “The Sothic Dating of the 12" and 18" Dynasties’, Sudies in Ancient Oriental Civilization 39
(1976), Chicago: University of Chicago, p. 177-189.

---, The Calendars of Ancient Egypt, Studies in Ancient Oriental Civilizations 26, Chicago: University of
Chicago, 1950, esp. p. 63-70.

---, "Lunar Dates of Tutmose Il and Ramesses I1”, INES 16 (1957)p. 39-40.
---, “Ancient Egyptian Astronomy,” Royal Society of London 276 (1974), p. 51-66.



21

Pederson, Olaf. A Survey of the Almagest, Odenske U Press, 1974.

Plutarch. De Iside et Osiride Loeb Classical Library, MordiaV, 1962 p. 1-191. (or C.W. King version, London:
George Bell, 1903).

Pooler, R.S. The Chronology of Ancient Egvpt, London: John Murray, 1851.

Ptolemy (Catesby Tdliaferro, trandator) Almagest, London: Encylopedia Britannica, 1954. (Forthcoming English
edition by Toomer most reliable)

Read, John. “Early 18" Dynasty Chronology”, JNES 29 (1970) p. 1-12.
Redford, Donald. “On The Chronology Of The 18" Dynasty”, JINES 25 (1966) p.113-124. Bibliography.
Reiner, Erica & Pingree, David. The Venus Tablets of Ammisaduga, Malibu, Ca: Udena 1975.

Riel, Carl. Die Sonnen- und Sriugahr der Ramessiden mit Geheimnis der Schaltung und des jahr des Julius
Caesar. Leipzig: F.A. Brockhaust 1875.

Rowton, M.B. “Mesopotamian Chronology and the Age of Hammurabi” Iraq 8 (1946) p. 94-110.
---, “Date of Hammurabi” JNES 17 (1958) p. 97.

Sachs, A. “Babylonian Observationa Astronomy”, Royal Society of London 276 (1974) p. 43-51.
---, “Absolute Dating From Mesopotamian Records’ Royal Society of London 269 (1971) p. 19-23.
Scharpe, S. The Decree of Canopus, 1870.

Schoch, C. Die Neubeartbeitung der Syzygientafln von Oppolzer. Mit des. Astr. Reicheninstitutes. Berlin:
Dahlem, 7, 2, Kidl, 1928

Schroeter, J. Fr. Haandbog | Kronologi I-11, Oslo: Forlagt Cammermeyers, 1927. Tables.
“Sirius,” Pauly' s Real Encyclopedia Il1A1, Munich, 1927, C.314-350.

Smart, William. Spherical Astronomy, Cambridge, 1971.

Smith, George. Assyrian Eponym Canon, London, 1875, p. 28, 42-55.

The Assyrian Canon, London: Samuel Bagster, n.d.

Smith, Sydney. History of Early-Assyria, London: Chatto and Windus, 1928, p.343-366.

Stephanson, F.R. “Astronomical Verification and Dating of Old Testament References Referring to Solar
Eclipses’ PEQ, July-Dec. 1975, p.107-120.

Stephanson, S.K. and Sawyer, JF.A. “Literary and Astronomical Evidence for a Total Eclipse of the Sun
Observed at Ancient Ugarit,” London University: Bulletin of the Schools of Oriental and African Studies
33 (1970), p. 467-489.

---, Nature 228 (1970), p. 651-652.

Struve, W. “Die Ara apo Menophreos und die X1X Dynastie Manethos,” Zeitschrift fuer Agyptische Sporache 63,
(1928) p. 45-50.

Swerdlow, Nodl. “Ptolemy On Trial” American Scholar no date, p.525-53I.

Thiel, Edwin. The Mysterious Numbers of the Hebrew Kings, Grand Rapids, Mich.: We. B. Eerdmans 1965,
p.16-53, 208-219.

Van der Waerden, B.L. Science Awakening Il - Birth of Astronomy, Oxford, 1974.



22
---, “Babylonian Astronomy Il, The 36 Stars’, INES 8 (1949) p.6-26.

---, “Die Berechnung der ersten und letzen Sichtbarkeit von Mond und Planeten und die Venustafeln des
Amisaduga’. Berichte der math.-phys. Klasse der Sachischen Akademie der Wissenschaften zu-Leipzig,
Volume 94, 1943, p. 23-56.

---, “The Venus Tablets of Ammizaduga’ Ex Oriente Lux, No. 10, 1945-1948, p. 414-424.

Velikovsky, Immanuel. Worlds In Collision, N.Y.: Doubleday, 1950. Esp. p. 202-207, 333-340.

---, Peoples of the Sea, N.Y.: Doubleday, p. 205-245.

Weidner, E.F. Alter und Bedeutung der babylonischen Astronomie, Leipzig, 1914, p. 51-52.

---, Archiv fuer Orientalforschung 14, (1942), 172-195.

Weir, W. Venus Tablets of Ammizaduga, Leiden and Istanbul: Nederland Institut voor het Nabye Oosten, 1972.

Weir, John D. “The Venus Tablets, A Fresh Approach,” Journal for the History of Astronomy 13 (1982) p. 23-
50.

Wiedemann, A. “Eine Altaegyptische Aera’, ZAS 17, (1879) p. 138-143.
Wood, Lynn. “The Kahun Papyrus and the Date of the 12" Dynasty” BASOR 99 (1945), p.5-9.

WF. Al bright, BASOR 88, p. 28

O Neugebauer, History IIl, p. 1071

S. Fleming, Dating in Archael ogoy, p. 19

Neugebauer, History Ill, p. 1072

Flem ng, p. 19

L. Wod, BASOR 99, p. 8

Bor chardt, ZAS 37, p. 101

R Parker, SACC 39, p. 177-183

8 L. Borchardt, ZAS 37, p. 102-103

® Ehrich, Chronologies, p. 21-23

® For a survey of the relationship of carbon 14 and astrononical dating see Long, ZAS,
Mel | aart, and A sson in the bibliography. Carbon 14 dates for Sesostris and Hanmurabi are
Presented in W Libby, Radi ocarbon Dating.

! The heliacal rising is the time when the star becones visible again just before sunrise
after it has been invisible for awhile because it was out during daylight hours.

12 Brugsch, Thesaurus, p. 215

13 Borchardt, Die Annalen, p. 55-56

4 Theon in Comrentaire sur les tablets manuel |l es astronom que de Ptol enee, Abbe Hama
Paris, 1822, quoted in Long, Oientalia, p. 273

Al Biruni, The Chronol ogy of Ancient Nations, London, 1879, p. 33, 58

3. N Lockyer, Dawn of Astronomy, p. 266-273

' Lockyer, p. 251, 261, 170

8 E Krupp, In Search of Ancient Astrononies, p. 208

19 parker, SACC 39, p. 182

2 Lockyer, p. 291

Brugsch, Thesaurus |, pg. 71, 82-83, 104

o g s~ W N P

~

Gandz, p.219
2L parker, Calendars, p. 33, 49
22 pauly, Il1Al, c. 322-325

23
24
25

Pool e, Chronol ogy of Ancient Egypt, p. 30-31

Macnaught on, Egyptian Chronol ogy, p. 30-31

Furt her bibliography Parker-Neugebauer, Egyptian Astronomical Texts I, p. 24-25
% Brecher, Astronony of the Ancients, p. 96, 99, 114

Pauly, I11A1, 325



23

WA
31
32

33
34
35
36
37
38
39
40
41

42
43
44
E
45
46
47
48

ﬁi
50
51
52
53
54

Da
fo
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

74
75

Hunbol dt, Cosnobs 111, p. 131-135
Courville, Exodus, p. 55, 60-62
Manet ho, p. 99 and 241

Lockyer, p. 269. Courville, p. 61

Breastad, History I, p. 29

Par ker, Cal endars, p. 37-40. Al so Egyptian Astronom cal Texts, p. 54-55. Van der
erden, Awakeni ng, pg. 10

From De errore profanarumreligi onum 27, cited by Long, p. 263

Par ker, Cal endars, p. 47, and Finegan, p. 21-29

Van der Waerden, Awakening, p. 10

Fi negan, p. 25

Par ker - Neugebauer, 1, pg. 109

Van der Waerden, Awakening, p. 27, 28

Neugebauer, Bedeutungl osi gkeit, p. 175

Breastad, I, pg. 25

Par ker, Cal endars, p. 54-58

Par ker, Cal endars, p. 57

Neugebauer, JACS 61, p. 59

Krupp, p. 204: 208

Par ker, Royal Society 276, p. 55ff

Brugsch #

Neugebauer, JACS 61, p. 58-61

Long, p. 261-262

Long, p. 267-268. For the argunments in detail cf. Also the ZAS articles of Brugsch
senl ohr, Lepsius, Goodwi n, and Ebers listed in the bibliography.

Par ker, SACC 39, p. 185. Calendars, p. 37:39

Theon re Menophres #

Rowton, lraq 8, p. 94-110. Cerney, JEA 1961, p. 151-153

For exanpl es: Parker, JNES 16, p. 39-40, and Cal endars esp 63-69. Also Lello, JNES 7,
237

CAH 1:1, p. 194

CAH 1:1, p. 195, 200-202

R R WIlson, Biblical Archaeol ogy 42:4, p. 13-16

Macnaught on, Babyl oni an Chronol ogy, p. 34. CAH 1:2, p. 770-771

CAH 1:1, p. 203

See P. Van der Meer, The Chronol ogy of Western Asia and Egypt, Leiden, 1955, p. 25-73,
vid Cates, The Ancient History of Northern lIragq, London, 1968, p. 27, CAH 1:2, p. 751
r nore on this point.

Weir, Amm zudaga Tablets, p. 28-29, 32

Van der Waerden, Awakening, p.50

Rei ner and Pinegree, p. 23 F. Hommel quoted in Velisovsky, Wrlds, p. 206
Pannekoek, History, p. 33-34. The best very brief sunmary of the problem

Newt on, Pl anetary Cbservations, p. 93-94. Wir, p.

Weir, p. 16-22

Weir, p. 1-15, 47.

Weir, p. 13

Weir, p. 11

Weir, p. 26, 62

Weir, p. 43, 47. Enphasis mne

Al al akh #
CAH I:1, p. 208, 231-233
Neugebauer, History 11, p. 1091-1092

Neugebauer, JACS 61, p. 59, and Newton, Mwon Accel eration, p. 51
Neugebauer, JACS 61, p. 61
St ephanson and Sawyer, London Schools, p. 468
F. R Stephanson, PEQ 1975, p. 108
Pannekoek, p. 44
Newt on, Moon Accel erations, p. 191
CAH 1:1, p. 206, 215, 216
Newt on, Pl anetary CObservations, p. 118



24

76
77
78

Newt on,

Mbon Accel erati ons,

Swer dl ow, Anerican Schol ar,

Newt on,

Mbon Accel erati ons,

p. 43-53,
p. 525-531
p. 51-53,

Smith, Assyrian Eponym Canon, p. 82

Newt on,

Mbon Accel erati ons,

p. 50

and The Crinme of d audius Ptoleny

and Pl anetary Cbservati ons,

p. 60



