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NEAR EAST CHRONOLOGY: TOWARDS AN INTEGRATED

14 C

TIME FOUNDATION

Hendrik J Bruins
Ben Gurion University of the Negev, Jacob Blaustein Institute for Desert Research, Social Studies Unit, Sede Boker Campus
84990, Israel. Email: hjbruins@bgumail.bgu.ac.il.
ABSTRACT. Chronology is the backbone of all history, as the flow of time is identical in scholarly and scientific fields, even
in the Near East. Radiocarbon dating can provide an essential and unifying chronological basis across disciplines, despite precision limitations. This issue presents exciting new 14C developments in archaeological and environmental contexts, ranging
from Proto-Neolithic cultures to historic earthquakes along the Dead Sea. Dark periods devoid of settlement in the deserts of
the southern Levant seem to disappear with 14C dating. Significant new findings collectively indicate the need for major chronological revisions in the 4th and 3rd millennia BCE in Egypt and the Levant. The implications for the 2nd millennium BCE
are not yet established, but the use of 14C dating in the Iron Age is finally beginning to focus on current controversies. The
chronological way forward for Dynastic Egypt and the Levantine Bronze and Iron Ages is a multi-disciplinary approach based
on detailed high-quality 14C series as a unifying time foundation to anchor archaeological, textual, and astronomical data.

INTRODUCTION

The 17th International Radiocarbon Conference in 2000 was the first such major gathering held in
Israel and the Near East since the invention of radiocarbon dating some 50 years before by Willard
Frank Libby (1952). Ancient organic material from Egypt was used by Libby around 1950 to test his
new method (Berger 1983) against the historical dates of the so-called Egyptian Calendar. It is,
therefore, somewhat paradoxical that 14C dating hardly played a role in scholarly chronological
debates concerning Dynastic Egypt and the cultural periods known as the Bronze and Iron Ages in
the Levant in the second half of the 20th century.
A pioneering evaluation study of 14C dates in the southern Levant was made by Weinstein (1984),
who at that time considered 14C dating of limited value for the Early Bronze Age and later periods.
He regarded archaeological and historic age assessments more precise than 14C dating. That perception is, unfortunately, still widely prevalent today among archaeologists and Egyptologists, hampering independent chronological progress.
What somehow became overlooked is that precision and accuracy may be centuries apart! Distinguished scholars gave already very precise dates for Dynasties 1 and 2 in the first half of the 20th
century: 3400–2980 BCE1 (Breasted 1921) or 3407–2888 BCE (Weigall 1925). However, scholarly
opinions became “younger” for Dynasties 1 and 2 during the second half of the 20th century and
alternative precise dates were given: 3100–2686 (Hayes 1970) or 3000–2635 (Gutgesell 1984). This
example illustrates that dates based on historical age assessment may be very precise but not necessarily accurate (Bruins and van der Plicht, this issue), as a shift in interpretation of essentially the
same corpus of Egyptian texts “made” the above dynasties younger by two to four centuries.
EXPOSING CIRCULAR REASONING

Why is 14C dating relevant in these periods for which a massive chronological building has already
been erected on the basis of cultural remains, foreign synchronisms, and historical chronological
1 Note:

The more general notation BCE (Before Common Era) is often used in the Near East instead of BC (Before Christ),
and likewise CE (Common Era) instead of AD (Anno Domini). Concerning the notification of calibrated radiocarbon dates,
it was decided in 1986 during the business meeting of the 12th International Radiocarbon Conference in Trondheim, Norway
to use cal BC and cal AD as technical terms by convention (Mook 1986). Hence, the notation “cal BCE” and “cal CE” for
calibrated dates should preferably be avoided.
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data from Egypt and Mesopotamia? The answer is simple and potentially very disturbing: circular
reasoning. For example, the age and time duration attributed to diagnostic pottery types or stone
implements are often based on opinion rather than detailed and independent physical age measurements.
Time is senso stricto a physical dimension. Cultural classification should not be confused with dating, although stratified cultural objects do of course carry a sense of relative timing that may be more
refined than individual calibrated 14C dates. However, the primary pillars of chronology must be
based on actual dates, not on cultural periodization (Bruins and Mook 1989). Some of the foundations of the conventional chronological building may be less secure than hitherto perceived. Quite a
number of articles in this issue challenge and revise, on the basis of new 14C dates, various aspects
of “conventional” chronology and archaeological interpretation.
The excavation of material remains, their cultural interpretation, and their placement in time constitute three interrelated but different activities. It is obvious that age assessment or dating has a bearing on the interpretation of cultural remains. Whether certain Iron Age layers in Israel are 10th century or 9th century is currently hotly debated (Balter 2000), as it is perceived to affect archaeological
interpretation and association concerning the Biblical period of the United Monarchy. 14C dating,
amazingly, did not form part of the debate, but this is finally beginning to change (Mazar and Carmi,
this issue; Gilboa and Sharon, this issue). Quality control of 14C dating and intercomparison of dating results between labs is always important, particularly in such fine-tuning as in the above case.
Solomonic wisdom seems required to differentiate between the scientific potential and limitations of
both archaeology and 14C dating in relation to ancient Hebrew texts.
SYNCHRONIZATION BETWEEN HUMAN AND ENVIRONMENTAL HISTORY

Another crucial aspect in the use of 14C dating is the synchronization between human and environmental history. The Near East is rather unique in terms of its combined archaeological, historical,
and environmental attributes. Exotic rivers, in terms of outlandish origin and environmental setting,
provide precious water from wetter regions into hyper-arid zones in Egypt and Mesopotamia. Large
deserts meet with semi-arid to sub-humid Mediterranean zones in the Levant. Rainfall events transpire mainly during the cool winter months, as the first and latter rain occur during the adjoining
autumn and spring. The influence of tropical, monsoonal, summer rains in the Near East is limited
to Yemen, in the southern part of the Arabian Peninsula. The completely dry and hot summer in
most of the Near East required resourcefulness in water management, also in antiquity. Drought was
and is a natural hazard that should be taken very seriously in the region (Bruins, forthcoming).
The history of the environment in its various aspects is very relevant in relation to archaeological
history. Extreme geological events also play a role, such as earthquakes (Ken-Tor et al. this issue;
Bowman et al., this issue) and volcanic eruptions (Manning 1999). Natural hazards caused stress or
even disaster in ancient societies. The synchronization of environmental history and archaeological
history requires a uniform chronology in terms of methodology (Bruins 1994). Using only cultural
or historical classifications as “proxies” for time in archaeological contexts, while dating environmental changes largely by 14C may lead to a deceptive comparison between “time-apples” and
“time-oranges”. Differences of about two centuries have been found between 14C dating and historical-archaeological age assessment of EB layers in Jericho, as related to Dynastic Egypt (Bruins and
van der Plicht, this issue). Erroneous synchronization between archaeology and the environment
may result from a mistaken methodology.
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ADVANCES IN NEAR EAST CHRONOLOGY

This issue emphasizes the need to use 14C dating as the universal yardstick to measure time in both
archaeological and environmental contexts. As such the issue presents the latest 14C developments in
Near East chronology. The articles are largely organized in general chronological sequence, going
from the distant past to more recent periods. The following article by van der Plicht and Bruins (this
issue) concisely reviews the state of the art in 14C dating in relation to its usage in the Near East during
archaeo-historical periods. The authors call for widespread application of 14C dating to build up a
regional chronology based upon 14C time, also in Dynastic Egypt and for the Levantine Bronze and
Iron Ages. The update on methodology may remove some confusion about radiocarbon dating
amongst current and potential users. Suggestions are made for necessary quality control in 14C dating.
Late Pleistocene Near Lake Kinneret

Nadel et al. (this issue) report on new discoveries in the Sea of Galilee area, made possible as a result
of the very low lake level during recent years. A large fisher-hunter-gatherer camp was dated by 14C
to 19,430 BP (average). The archaeological remains include quantities of excellently preserved
organic remains. About 2 km south of the site eight Salix tree trunks were found, dated by 14C to
16,100 BP. The authors suggest that the finds represent two separate episodes of deposition during
low lake levels, followed by a rapid rise in the water level.
Holocene Chronology of the Dead Sea Area

Frumkin et al. (this issue) made an important attempt to compare different Holocene records from
several sites along the Dead Sea, based on 14C chrono-stratigraphy, including the paleoclimatic
record of the Nahal Darga ephemeral stream valley. Investigation of former Dead Sea levels is complicated by possible tectonics and the rise of the Mount Sedom salt diapir. A relatively high level of
the Holocene Dead Sea occurred around 3000 cal BC. The lake level fell sharply around 2500 cal
BC, and later fluctuated close to early 20th century levels. The rise of Mount Sedom may be calculated in the range of 5 to 7 mm per year.
Dating the Inventions of Agriculture, Livestock Raising, and Pottery Production

It was in the Near East that human beings inaugurated an entirely new interaction with the environment, which was truly revolutionary. Following a few million years of food gathering and hunting by
hominids and more recent human species, a radical change occurred rather suddenly and inexplicably. Humans in the Near East started to domesticate plants and animals in order to produce food in
an actively managed way. The annual cycle of sowing and harvesting of food crops, as well as the
annual cycle of pastoralism for milk and meat production had begun. Farmers and herders interacted
with the environment in a new manner, affecting the landscape, the vegetation, and the soils.
The question may be asked why agriculture did not develop earlier, after previous Ice Ages, climatic
changes, environmental pressures and opportunities, if it is an obvious and logical development for
Homo sapiens society. Material remains may not be able to provide the answer to this question,
though interesting non-environmental suggestions are made in an important book by Cauvin (2002),
reviewed by Bar-Yosef (2001) and others. Even within the frame of Homo sapiens sapiens, it is
interesting to note that agriculture never developed in Australia, where hunting and gathering persisted among the local Aborigine population until European colonization in the 17th century.
The actual beginning of agriculture and livestock raising in the world apparently took place in the
Near East just before or during the Neolithic period, depending somewhat on definition and inter-
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pretation. Aurenche et al. (this issue) carried out a unique collective approach to date the first distinct agricultural cultures with 14C to the period between 8300 and 8000 cal BC. The beginning of
agriculture and livestock raising is truly revolutionary, as it enabled human cultures to increase the
carrying capacity of the land, which gradually enabled development of a larger population with
social specialization and the rise of civilization. Indeed, the first appearance of ceramics has been
dated by 14C to about 7000 cal BC (Aurenche et al. this issue), i.e. about a millennium after the onset
of agriculture. Finally, the authors dated to about 6000 cal BC the emergence of Mesopotamian cultures that later became responsible for the beginning of the urban revolution.
Continuous Habitation in the Southern Levant Deserts: 6000–2000 cal BC

Avner and Carmi (this issue) analyzed 14C dating of desert settlements in the Southern Levant from
the Late Neolithic through the Early Bronze Age (6th–3rd millennia BCE). They show that perceived dark periods without settlement in the traditional chronology and archaeological interpretation largely disappear, if the chronology is based on 14C dating. This is a very important discovery.
Avner and Carmi (this issue) state: “The time factor was usually based on archaeological estimates
rather than comprehensive physical dating.” For example the perceived age and time-duration of
“hole-mouth” pottery sherds and tabular flint scrapers became a source of circular reasoning to
“date” sites and their “duration”.
The Chalcolithic Period

Bourke et al. (this issue) present important new accelerator mass spectrometry (AMS) dates from
Teleilat Ghassul in Jordan. They conclude that the earliest occupation at Ghassul postdates the
Neolithic, while significant occupation at Ghassul had ended by the time of the Beersheban Chalcolithic. “These possibilities have revolutionary significance for our understanding of the development of Chalcolithic culture in the southern Levant” (Bourke et al., this issue).
Burton and Levy (this issue) discuss the sequence and timing of Chalcolithic socio-economic
change in relation to new technologies, such as metallurgy, groundstone, agro-technology, and the
elaboration of social institutions. They evaluate available 14C dates but consider the radiometric
database still too coarse-grained to resolve sequences of social, political, and economic formations.
Aardsma (this issue) obtained new 14C dates on a reed mat found with the famous Chalcolithic treasure of copper objects in the Judean desert (Bar-Ardon 1980). The latter mat was initially dated by
14C in the 1960s to about 3500 cal BC. The new AMS dates from the University of Arizona 14C lab
are about 800 years older. Aardsma (this issue) calibrated the new dates to the range 4500–4200 cal
BC, while 4300 ± 50 cal BC is given as his best estimate. The results emphasize that 14C dates measured during the first decades after the invention of the method cannot always be trusted (Bruins and
van der Plicht 1998). Modern high-quality dating is required.
Predynastic, Early Dynastic Egypt, and the Early Bronze Age in the Levant

Savage (this issue) is developing a very detailed 14C-based chronology of Predynastic ceramics in
Egypt. One of his important conclusions states the following: “the Nagada II a/b to Nagada II b/c
transition may occur earlier than previously estimated, which impacts the dating of the Early Bronze
Age in the Southern Levant”. The methodological implications of the excellent research by Savage
are obvious: detailed 14C dating of ceramic complexes, wherever possible, is highly recommended
for other archaeological periods, such as the Bronze and Iron Ages in the Levant.
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Braun (this issue) analyzed a significant number of recent 14C determinations from his own excavations and several other sites in the region concerning Proto-Dynastic and Early Dynastic Egypt and
Early Bronze Age I and II. The 14C results from EB-I suggest that the period is older than conventionally considered. However, Braun (this issue) feels, understandably, very uneasy about the implications for conventional time-correlations with Egypt. He states: “The logical outcome of an acceptance of these new dates puts such a strain on chronological correlations between the 14C data and
the archaeological record, that the entire system would no longer be tenable if they were accepted”
(Braun, this issue).
Bonani et al. (this issue) present a very important list of new 14C dates from the Old and the Middle
Kingdoms in Egypt. The authors collected and dated a few hundred organic samples from monuments. Although they refrain from making definite conclusions, most dating results clearly confirm
the trend found in various articles in this issue that conventional historical and archaeological age
assessments for Predynastic and Early Dynastic Egypt appear too young by a significant margin. In
an earlier publication of initial results from Egyptian Old Kingdom monuments (Haas et al. 1987),
using a different calibration approach, an average difference of about 300 years was mentioned.
Bruins and van der Plicht (this issue) show in a detailed case that high-quality stratified 14C dates
from EB Jericho are older by up to a few hundred years than conventional archaeo-historical time
frameworks, related to Dynastic Egypt. These results seem to confirm the data obtained by Haas et
al. (1987) and Bonani et al. (this issue). The authors conclude: “Egyptian chronology should not be
regarded as ultimately fixed. Egyptologists in the first half of the 20th century gave much older dates
for the earlier Dynasties. The new 14C evidence is overwhelmingly in favor of an older Early Bronze
Age and older dates for Dynasties 1–6” (Bruins and van der Plicht, this issue).
The Iron Age Controversy

What’s in a date (Van Strydonck et al. 2000)? Well, the suggestion by Finkelstein (1996, 1998) to
lower the Iron Age I and II by some 50–100 years has caused a great controversy, because it is perceived to affect the credibility of the Biblical period of the United Monarchy through archaeological
association or rather dissociation (Balter 2000). It also has repercussions for chronological relationships with other areas in the Near East and Eastern Mediterranean region. The viewpoint of Finkelstein has been opposed by Mazar (1997), Ben-Tor and Ben-Ami (1998) and Ben-Tor (2000).
Can 14C dating help to find a solution in this controversy? Two articles in this volume bring 14C
finally into the debate. Mazar and Carmi (this issue) discuss 32 new 14C dates in Iron Age I and II
contexts from Tel Beth Shean and Tel Rehov in northern Israel. The latter site produced one of the
best Iron Age IIa stratigraphic sequences in Israel. The 14C results from both Tel Rehov Stratum V
and Beth Shean Stratum S1 are so far ambiguous in the sense that they may allow for a 10th or a 9th
century date. Ongoing high-quality 14C dating of these stratified ceramic sequences may give more
conclusive results.
Gilboa and Sharon (this issue) present 22 14C dates from a detailed Iron I–IIa stratigraphic/ceramic
sequence at Tel Dor, on Israel’s Mediterranean coast. The site has also strong Phoenician and other
links through a variegated sequence of ceramics. The majority of 14C dates obtained so far are up to
a century lower than those established by conventional ceramic chronology, apparently supporting
the lower chronology proposed by Finkelstein. However, the authors caution that more sites need to
be dated by 14C before major conclusions can be drawn. Gilboa and Sharon (this issue) emphasize
that a possible “low” chronology of the Levantine Iron Age can no longer be ignored but must be
tested further.
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The Southern Part of the Near East: the Republic of Yemen

Görsdorf and Vogt (this issue) present many new 14C dates from the Bronze and Iron Age cultures
in Yemen, in the southwestern part of the Arabian Peninsula. 14C dates are very important in the
study of the Sabir culture and to correlate its developments with other parts of the Near East on the
basis of chronology. The monumental mudbrick architecture is an interesting aspect of the above
culture. The dates are from Ma’layba and Sabir, which is the largest archaeological site. The results
provide a significant chronological basis for architectural and ceramic developments during the 2nd
and 1st millennia BCE.
In their second article, Görsdorf and Vogt (this issue) focus on Ma’rib, the most famous archaeological site of Yemen. It had the largest irrigation system in the world based on rainwater-floodwater
harvesting from an ephemeral river (wadi) situated in a desert area. Ma’rib became the capital of
Saba and the economical and cultural center of South Arabia in the 8th century BCE. The Almaqah
Temple of Bar’an was investigated in detail, showing four building phases, as it was used from the
9th century BCE to the 4th century CE. The 14C dates from the temple provide important new information of Sabaean chronology in general and the history of Mar’ib in particular. Irrigation agriculture in the area continued until the final destruction of the Mar’ib Great Dam around 600 CE.
Historic Earthquakes in the Dead Sea Area

Major geological events such as earthquakes may have a devastating effect on the human environment. Ken-Tor et al. (this issue) have admirably investigated the record of Late Holocene earthquakes in lake-facies sediments of the Dead Sea through the stratigraphic study of “seismite” layers.
In this article they evaluate the degree of chronological precision that can be obtained from calibrated 14C dating in order to link seismite layers with historic records of earthquakes in the region.
The authors showed that it is feasible to refine the calibrated age ranges through stratigraphic information and historical dates of earthquakes. They evaluate the age of the vegetation debris in the layers, used for dating, in relation to the age of the sedimentation layer and the time of the earthquake.
Bowman et al. (this issue) investigated along the Dead Sea exposed sections in various fan deltas that
show abruptly changing facies of alluvial fan, beach, and shallow lacustrine environments. Soft sediment seismites of the load-structure type were studied, which are different in character and show a
limited lateral extent compared to the lacustrine mixed layer seismites studied by Ken-Tor et al. (this
issue). The potential of load-structures as seismic-chronological benchmarks in landscape analysis
through 14C dating is demonstrated by Bowman et al. (this issue). The authors were able to correlate
for the first time load structure and mixed layer seismites in different spatial locations through 14C dating, through comparison with the key stratigraphic section of Ken-Tor et al. (this issue).
CONCLUSIONS

Chronology is the backbone of all history, whether human or environmental, enabling juxtaposition
and synchronic interpretation. The Near East has witnessed some unique developments in human
history, which have taken place in dramatic settings of drylands and desert environments. 14C dating
is the most widely applicable physical method to measure time with the same yardstick in a variety
of contexts during the Late Pleistocene and Holocene, including historical periods. Thus, it can provide an essential and integrative chronological basis across disciplines, notwithstanding precision
limitations of calibrated age ranges.
This issue presents many new 14C dates and important chronological evaluations concerning the
Late Pleistocene Lake Galilee and the Holocene Dead Sea, a regional examination of Proto-
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Neolithic and Neolithic cultures in the Near East with the beginning of agriculture, livestock raising
and the invention of ceramics, the erasing of dark periods in the habitation of deserts in the southern
Levant, exciting new chronological developments in the Chalcolithic period, in Predynastic and
Dynastic Egypt, in the Levantine Bronze and Iron ages, in ancient Yemen, as well as the dating of
earthquake layers along the Dead Sea.
Collective evidence in this issue clearly indicates that major chronological revisions seem required
for the 4th and 3rd millennium BCE, as proto-historical, predynastic, and early dynastic periods, EB
I and EB II are considerably older according to 14C in comparison to archaeo-historical age assessments. This may also have some repercussions for the 2nd millennium BCE, but detailed stratified
series of high-quality 14C dates from Egypt and the Levant are so far largely absent for this period.
Concerning the Levantine Iron Age, the use of 14C dating to investigate current chronological controversies is finally taking off. More results from different Iron Age sites are required before definite
conclusions can be made.
A precise chronological framework based on ancient texts is not necessarily accurate, as there is a
principal difference between precision and accuracy. 14C dating can provide an independent basis to
anchor detailed but floating historical chronologies to absolute time. Astronomical events recorded
in ancient texts are very important but may have multiple time windows. 14C dating may help to
decide which window is the correct one.
The chronological way forward for Dynastic Egypt and the Levantine Bronze and Iron Ages is first
and foremost the establishment of detailed high-quality 14C series as a unifying time foundation,
integrated with detailed stratified archaeological series and with historical chronologies based on
ancient texts, possibly linked to astronomical time windows.
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RADIOCARBON DATING IN NEAR-EASTERN CONTEXTS: CONFUSION AND
QUALITY CONTROL
Johannes van der Plicht1 • Hendrik J Bruins2
ABSTRACT. Near-Eastern archaeology has long remained oblivious to radiocarbon dating as unique historical calendars
brought about a perception that 14C dating is superfluous. Circular chronological reasoning may occur as a result. There is
now strong 14C evidence that the early part of Egyptian history seems older than age assessments currently in vogue among
scholars. It is vital to apply systematic and high-quality 14C dating to each and every excavation in the Near East to measure
time with the same yardstick. Such a strategy will enable chronological comparison of different areas at an excavation site and
also between sites and regions, independent of cultural deliberations. This is essential for proper interpretation of archaeological layers and association with data from other fields. Radiocarbon ( 14C) is the most common radiometric dating tool applied
in archaeology, geosciences, and environmental research. Stringent quality control is required to build up a reliable 14C chronology for the historical periods in Near-Eastern contexts. Important aspects of quality control involve regular laboratory
intercomparisons, transparent duplicate and triplicate analysis of selected samples, conventional versus accelerator mass
spectrometry (AMS) (i.e. sample size), sample selection and association. Finally, bones may provide short-lived dates in
important stratigraphic archaeological contexts.

INTRODUCTION

Does radiocarbon dating make sense for those periods of the ancient Near East in which archaeological strata and finds are linked with the unique historical calendars of Egypt and Mesopotamia, or
later historical periods? Initially, many archaeologists working in the region answered this question
negatively, considering the method too crude as compared to archaeological age assessment. Even
today considerable confusion is encountered about the merits and applicability of 14C dating in
Near-Eastern contexts.
It must be stated clearly that both historical calendars and 14C dating have their own unique assets
and limitations. “A scholarly attitude towards 14C dating as a mere indication of probability not to be
taken seriously, is as unhelpful in the search of past reality as scientific derision of archaeo-historical
dating is merely subjective interpretation of layers and antiquities with no semblance of probability”
(Bruins and Mook 1989).
Each year many thousands of dates are produced worldwide by more than a hundred 14C laboratories. Large samples, on the order of grams of carbon, can be measured by conventional techniques:
proportional gas counting and liquid scintillation spectrometry. Small samples, on the order of milligrams of carbon, can be dated by accelerator mass spectrometry (AMS).
Misconceptions or misunderstandings with regard to 14C dating can be technical in nature—such as
isotopic fractionation correction, calibration and the question of absolute dates, geochemical complications such as reservoir ages, single year versus multiyear samples, and wiggle-match dating.
However, the worst confusion is related to perceived or real quality problems of the dating results.
Both 14C laboratories and archaeologists can make mistakes. The former in relation to methodology
and accuracy, and the latter in relation to stratigraphic or cultural association.
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The aim of this opening article in the special issue on Near East Chronology is threefold: 1) to advocate the necessity and potential of high-quality 14C dating in Near Eastern contexts, 2) to bring some
updated order in issues that often confuse non-specialist 14C users, and 3) to emphasize the importance of quality control and intercomparison.
14C

DATING, THE EGYPTIAN CALENDAR, AND NEAR EASTERN ARCHAEOLOGY

14C

dating was invented in the late 1940s by WF Libby (1908–1980), who received in 1960 the
Nobel Prize in Chemistry (Berger 1983). Libby (1952) used archaeological material linked with the
Egyptian Calendar to verify his new method. The onset of 14C dating appeared very successful. In
most parts of the world archaeologists adopted 14C dating as the main chronological data source. But
in Near Eastern archaeology 14C dating appeared too crude for cultural periods that could be associated with Egyptian and Mesopotamian historical calendars (Kenyon 1960).
14C dating has improved dramatically since its inception around 1950. In the beginning there were rela-

tively large errors due to a lack of exact knowledge of contamination factors, corrections, and calibrations as we know today. Waterbolk (1994) noted that “the 1950s solid carbon dates are not useful due to
large measurement errors induced by the earlier technology. Other early gas counting results must also
be discarded”. But even in the 1970s and 1980s systematic laboratory errors occurred occasionally as
dates from important sites in the Near East were found too young by 200 to 300 years when compared to
modern measurements (Waterbolk 1990; Bowman et al. 1990; Bruins and van der Plicht 1998). Quality
control and laboratory intercomparison are, therefore, of crucial importance.
Weinstein (1984) made an important pioneering evaluation study of 14C dates in the southern Levant
that included both prehistoric and historic archaeological periods. He compiled a list of 474 dates
and a map showing the various sites. His opening statement illustrates the common perception of 14C
dating in Near Eastern archaeology in the 1980s:
Radiocarbon dating provides the principal chronometric data for the Middle and Upper Palaeolithic, Epipalaeolithic, and Chalcolithic periods in the southern Levant. It is a secondary source of dating evidence
for the Early Bronze Age when archaeological correlation with Syria and especially Egypt become available. For the Middle and Late Bronze age, Iron age, Persian, Hellenistic, Roman, and Byzantine periods,
14 C dating has only limited value because the technique is less precise than the normally available archaeologic and historic materials (Weinstein 1984:297).

Note the limited importance attributed to 14C dating for Near Eastern archaeology during roughly
the last 5000 years, a view essentially similar to that of Kenyon (1960) in the 1950s. Somehow, the
tremendous significance of direct time measurement by 14C independent of scholarly opinion was
not sufficiently appreciated.
Momentous progress in 14C dating was achieved by 1985 as high-precision calibration curves of the
14C time scale based on dendrochronological series from different continents were presented and
recommended by convention at the 12th International 14C Conference (Stuiver and Kra, editors
1986). The resulting significance was underlined by Hassan and Robinson (1987):
Radiocarbon dating began in archaeology with ancient Egypt, for it was to the securely dated materials
from Egypt that Willard Libby naturally turned when his new radiocarbon method needed verification
from reliable historical sources. With this paper the reverse process begins: verifying and correcting the
conventional chronology for Egypt and neighbouring regions by calibrated radiocarbon” (Hassan and
Robinson 1987).
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Notice the different perception about the value of 14C dating in historical Near Eastern contexts as
compared to Kenyon (1960) and Weinstein (1984). In fact, Hassan and Robinson consider 14C dating as the primary source of time measurement ranking it above the Egyptian Calendar.
Important 14C investigations concerning the Egyptian Calendar during the Old Kingdom were carried out by Haas et al (1987). Initially, 80 samples from pyramids and monuments associated with
the 3rd to 6th Dynasties were collected and dated. A very significant age difference of more than 300
years was found on average between their 14C dates and currently accepted scholarly assessments
for the age of the above Dynasties. Their research was later expanded to a few hundred samples
associated with the 1st to 12th Dynasties, though not including every Dynasty in this range. The 14C
results are more complex but most samples give an older age than scholarly assessments (Bonani et
al. 2001).
Egyptologists have generally been very skeptical of these 14C results, often ignoring 14C altogether.
It is certainly not easy to give up established viewpoints in any scientific field. However, strong
accumulative evidence is now emerging from 14C dating. Bruins and van der Plicht (2001) show in
considerable detail that 14C is definitely challenging archaeo-historical time frameworks in Egypt
and the southern Levant for the Early Bronze Age and the early parts of Egyptian history. High-precision dating of short-lived organic samples from Early Bronze Jericho (Bruins and van der Plicht
1998, 2001) yielded 14C results unambiguously older than Kenyon’s archaeological age assessment
(Kenyon 1981; Kenyon and Holland 1983). A detailed comparison and analysis of our results from
Jericho through cultural archaeological linkages with ancient Egypt seems to confirm that the early
parts of Egyptian history ought to be considerably older by some 100 to 300 years (Bruins and van
der Plicht 2001).
A study by Braun (2001) about correlations between Early Bronze I-II sites in Israel with Proto and
Early Dynastic Egypt also gives “uneasy” results as many 14C dates are too old for conventional age
perceptions of the early Egyptian Dynasties. Detailed 14C investigations by Savage (2001) of Predynastic Egyptian ceramics also indicate that the Nagada II a/b to Nagada II b/c transition is earlier
than previously estimated, which directly affects archaeological age assessment of the Early Bronze
Age in the Southern Levant.
Indeed, the great importance of a high-precision calibrated 14C chronology of Near Eastern archaeology (Bruins and Mook 1989) is its intrinsic independence of complex archaeological associations
with historical calendars. Thus, 14C dating has the potential to break through circular reasoning and
built-in bias. For example, based on essentially the same archaeological and historical information
different chronological opinions exist among scholars concerning archaeological associations
between Egypt, the Levant, and the Aegean during the 2nd millennium BC (Bietak 1991; Dever
1992; Weinstein 1992; Manning 1995, 1999). The Iron Age chronology controversy concerning
archaeological strata in Israel is another example (Balter 2000).
Surprisingly, 14C dating does not seem to exist in the majority of these chronological battles, neither
as an item on the agenda nor as an argument in the debate. However, a change in attitude among
archaeologists towards 14C dating in Egypt and the Bronze and Iron Ages of the Near East is at long
last beginning to emerge as can be gauged from this volume.
The Aegean Dendrochronology Project (Kuniholm 1998; Kuniholm et al. 1996) is important for
absolute dating in the Eastern Mediterranean region and the Near East. Investigations by Kuniholm
on wood from Turkey, Cyprus, Greece, Crete, Lebanon, and other countries showed the utility of
dendrochronology as the most precise absolute dating method in the region. Series of tree rings
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dated by both dendrochronology and 14C enabled fixing the period 2687–627 BC (Kuniholm et al.
1996; Manning 1999). It is now possible to link suitable pieces of ancient wood found in excavations
in the Eastern Mediterranean region to the Anatolian-Aegean sequence for the above time period,
which is being expanded.
14C

DATING METHOD—CONFUSION, CONTROL, AND POTENTIAL

BP does not mean “before publication”, a statement we once encountered in a comment about one
of our articles. The 14C time scale is specifically defined by international convention (see e.g. Mook
and Streurman 1983) and is expressed in BP, 14C years “Before Present”. The latter admittedly
seems an unfortunate and confusing expression since “Present” corresponds here to the standard
year 1950 AD. But such a definition is needed because of the natural variations in the atmospheric
14C content, which cause the14C clock to run at a different (and varying) pace in comparison with the
astronomical clock.
The relation between the 14C time scale and real calendar time can be obtained by means of calibration: dating of samples by both 14C and another, independent method. Dendrochronology is most
suitable as this method gives truly absolute dates. Through 14C analysis of wood from tree rings
dated by dendrochronology one can establish the relationship between the two time scales. The most
recent recommended calibration curve is called INTCAL98 (Stuiver and van der Plicht, editors
1998). This curve is decadal, i.e. has a resolution of 10 calendar years. Figure 1 shows the segment
3500–0 BC of the calibration curve relevant for Near-Eastern Archaeology. The 14C wiggles are
clearly visible as real changes in the past atmospheric 14C content that complicates the calibration
process. Calibrated age in astronomical calendar years are expressed as years cal BC or cal AD by
convention (Mook 1986).
Calibration of 14C dates should be carried out by advanced computer programs (Stuiver and Reimer
1993; Bronk Ramsey 1995, 1998, 2000; van der Plicht 1993), updated with the INTCAL98 dataset.
The 14C dating method is based on the measurement of the concentration or the decay rate of the
radioactive isotope 14C. 14C is present in organic matter derived from plants or animals, albeit in
extremely small quantities. 14C dating is the main scientific method for chronological measurements
during the last 50,000 yr. At least a few grams of carbon are needed to measure the radioactivity of
organic material, now called the conventional 14C method (see e.g. Kromer and Münnich 1992;
Theodórsson 1996).
Since the 1980s it became possible to measure the 14C concentration directly by means of AMS. The
AMS method only requires a milligram of carbon, significantly expanding the range of 14C applications (Hedges and Gowlett 1986; Elmore and Phillips 1987; Tuniz et al. 1998).
There are at present some 120 conventional 14C laboratories and 20 AMS facilities (see list of laboratories in Radiocarbon 39(3):361–86; see also listing at http://www.radiocarbon.org), located in
various parts of the world. Many of these laboratories have a routine annual sample throughput of
about 1000 samples. The applications of 14C are wide-ranging: dating (archaeology, geology,
hydrology), carbon cycle research (atmospheric trace gases, ocean sciences, soil sciences), and others such as biomedical research (Taylor et al. 1992).
The intrinsic nature of radioactive decay causes the results of repeated measurements to spread around
a “true” value. “The possible discrepancy between a measured value and the “true” value is indicated
by the standard deviation (σ)” (Mook and Waterbolk 1985). The standard deviation in the Physical
Sciences commonly corresponds to 1σ (68% probability). 14C laboratories produce ages with uncer-
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Figure 1 Part of the calibration curve INTCAL98 for 14C dating (Stuiver et al. 1998) obtained
from dendrochronologically dated wood. The 14C measurements are plotted in BP along the
vertical axis, the horizontal axis represents the dendrochronological time-scale (cal BC/AD).
The straight line would indicate a constant atmospheric 14C content through time. The figure
is generated by the Groningen Radiocarbon Calibration Program (van der Plicht 1993)

tainties of about 0.5%, i.e. a few decades for most archaeological samples. More precise measurements
(down to 0.2%) are called “high-precision measurements”. These can only be achieved under certain
conditions, including a sufficiently large amount of datable material (conventional laboratories), a low
background, and the “quality” of the 14C laboratory (Mook and Waterbolk 1985).
Our series of Middle Bronze Age II 14C dates for Tell es-Sultan (ancient Jericho) is an example of a reliable set of high-precision 14C measurements. Short-lived botanical remains from stratified layers were
dated at the Groningen Conventional Laboratory. Enough material (50 g of charred seeds) was available for measurement in the large (25 L) counter. Gauging the radioactivity from a sample for about 4
days in this counter—in addition to the appropriate standard and background measurements—yields a
precise date with a standard deviation down to about 15 BP (Bruins and van der Plicht 1995, 1996,
1998).
True point dates cannot be achieved with 14C dating as there always is a standard deviation. Another
limitation is the shape of the calibration curve that can cause even very precise BP dates to get a
rather wide age range in historical years (e.g. Bruins and van der Plicht 1995, 1996, 1998; Manning
1999). Less precise BP dates, on the other hand, would render an even wider calibrated date. Hence,
the quality of the BP date always forms the basis for every 14C age determination. Comparative analysis between dates within the 14C time scale remains important (Bruins and van der Plicht 1996),
which may have become overlooked in the quest for calibration.
Despite these inherent limitations it must be realized that a 14C date does provide a universal physical measurement of time, independent of cultural-historical viewpoints and associative reasoning.
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Such information is of irreplaceable value as both an independent and unifying data set in a variety
of disciplines, i.e. archaeology, geology, soils, paleoclimatic, and environmental studies.
More detailed information on 14C dating—principles of the method, measuring techniques, etc.—
can be found in textbooks, i.e. Tuniz et al. (1998), Taylor and Aitken (1997), Aitken (1990), Geyh
and Schleicher (1990), Mook and Waterbolk (1985), Mook and Streurman (1983), Libby (1981), as
well as via the website of the journal Radiocarbon: http://www.radiocarbon.org.
SAMPLES

Sample selection is a critical component in the 14C dating process. The layers from which archaeological or geological samples are taken during excavations have not always remained static and may
have been affected by different kinds of post-depositional processes. For example, perturbation by
plants and animals, soil carbonate movement or human activities (e.g. digging) may cause migration
or contamination of carbon in samples used for 14C dating.
Another key question is the relationship between the age of the sample and the archaeological or historical question addressed: “how is the 14C event related to the human event to be dated” (Van Strydonck et al. 2000). A well-known problem in this respect is the so-called “old wood effect”: cedar
or oak wood used (or re-used) to construct a building may have a 14C date that differs from the
human construction event by several centuries. It must be emphasized that the 14C date in such a case
is NOT a measurement mistake. Rather, the age of the wood sample is older than the age of the
archaeological layer or building in which it was found.
Samples of organisms living in carbon reservoirs different from the atmosphere (such as marine and
fluviatile environments) can have deviating 14C dates resulting from so-called “reservoir effects”
(Stuiver et al. 1998; Olsson 1983).
Another important matter related to sample selection is the respective choice of “conventional dating
versus AMS”. There can be a temptation to collect and submit isolated flecks of charcoal. The dating
of such samples by AMS should be discouraged. If sufficient material is available, samples can be
dated more cheaply and often more accurately by conventional means. The possibility of dating
erratic post-depositional influences is considerable when isolated small fragments of charcoal or
seeds are used, which are liable to movement by faunal or human digging activity. Such tiny samples
have to be derived from a clearly defined context or association to justify dating. For a more detailed
discussion with examples, see Lanting and van der Plicht (1994). It is a “myth” that AMS is better
than conventional 14C dating: standard deviations are not smaller.
Finally, time width effects represented by a sample have to be considered. Bulk samples of peat layers, for example, are centimeters thick for conventional 14C analysis. Such a sample comprises many
years of sedimentation or growth. Isolated seeds, macrofossils, and grains represent single year samples and are typical AMS material due to their small sample size, but the stratigraphic context must
be clear, as noted above. The correct calibration procedure of 14C dates from multi year or single
year samples needs to be considered. Smoothed curves are recommended for multi year samples,
while single year samples ought to be calibrated with the most detailed calibration curve available
(Mook and Waterbolk 1985).
For all 14C-measurement techniques, CO2 has to be prepared from a wide variety of organic materials such as wood, bone, charcoal, peat, textile, carbonates, etc. The carbon must be representative of
the material to be dated. Obviously, carbon from other sources signifies contamination and has to be
removed. Pretreatment depends strongly on factors such as the kind of sample, the quality of the
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sample, and the quantity of material. More specific details on pretreatment can be found in the technical treatise by Mook and Streurman (1983). Following pretreatment, the extracted datable fraction
of the sample is combusted to CO 2.
Contamination includes any carbon that is foreign to the sample material. Contamination may occur
in nature, in the field, and in the laboratory. Depending on the source of the foreign carbon, sample
dates can be made younger or older. We present here only a short survey of most common contamination problems encountered.
Natural sources of contamination are fossil organic matter, fossil carbonate, humic infiltration, root
penetration, secondary carbonates, and biological admixture by animal activity. Fossil carbon does
not contain a measurable amount of 14C (is older than 50,000 yr). Such contamination makes the
sample older than its real age. On the other hand, penetrating plant roots, if not removed, cause samples to become younger than their real age. Human handling can also contaminate samples: admixture during collection, packing materials, and preservatives. Most notorious are preservatives used
for bone collections, quite often collagen glue. However, the datable fraction to be extracted from
the bone is also collagen! Preservatives can be fossil (14C free, modern industrial, or synthetic origin) or contemporaneous with the time of preservation (natural origin, for example medieval glue).
Short-lived samples are always of key importance in 14C dating, but dates on multi year charcoal
remain important and should not be dismissed. Seeds such as cereal grains and olive pits often constitute excellent short-lived material. However, bones too are usually short-lived and may be dated
successfully. A breakthrough has recently been accomplished in the dating of cremated bones (Lanting et al 2001). Cremated means that the bones were exposed to temperatures above 600 °C, causing
bioapatite to recrystallize. This structural carbonate appears to be datable with a high rate of success
(see Lanting et al 2001 for a report on an extensive testing program). Note that charred or burnt
bones that were exposed to lower temperatures usually around 300 °C remain problematic for dating
purposes.
QUALITY CONTROL AND INTERCOMPARISON IN NEAR EASTERN CONTEXTS.

The 14C community has a long tradition of standardization and intercomparison:
All 14C measurements are relative to a standard. This standard is oxalic acid, distributed by NIST
(formerly NBS) and defined as corresponding with 1950 AD. The standard is independent of the
measurement technique—conventional (counters and scintillation) and AMS. Of course, there are
complications, as the original standard became exhausted and had to be replaced by a new batch of
oxalic acid. In addition, there are fractionation corrections, etc. For a full treatise we refer to the specialized literature (e.g. Mook and van der Plicht 1999).
Working standards exist with different 14C concentrations, such as the series C1-C8 distributed by
the International Atomic Energy Agency (IAEA, Rozanski et al. 1992; Le Clercq et al. 1998). C1 is
marble of infinite age, C2 is chalk with an age of 7135 BP, C3 is modern (129.41%) paper, C4 is
wood (>43,500 BP), C5 is wood (11,790 BP), C6 is modern (150.61%) sucrose, C7 and C8 are
oxalic acid mixtures (5645 BP and 15,225 BP, respectively).
Laboratories active in 14C dating of dendrochronological series for calibration of the 14C timescale
often exchange tree ring dated wood for cross checking the reliability of their results (Kromer et al.
1996). These are usually quality laboratories capable of high precision measurements.
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Intercomparison exercises of unknown samples are periodically organized. These include sample
treatment effects, measurement techniques, backgrounds, and samples for the complete dating
range.
Currently, a Fourth International Radiocarbon Intercomparison (FIRI) exercise is running with the
following aims:
• evaluation of the comparability of routine analysis of both AMS and conventional laboratories;
• quantification of the extent of and the sources for any variation; and
• investigation of the effects of sample size, precision, and pretreatment on the results (Bryant et
al. 2000, 2001).
Laboratory quality assurance has a number of components, including the use of in-house reference
materials, measurement of international standards, provision for detailed sample, procedural documentation, and regular participation in laboratory inter-comparisons. The outcome of FIRI will provide a detailed quantification of the uncertainties associated with 14C measurements, including the
issues of accuracy and precision. Past intercomparison reports can be found in Scott et al. (1990),
Rozanski et al. (1992), and Gulliksen and Scott (1995).
The significance of quality control and laboratory intercomparison in relation to Near Eastern
archaeology became clear from the investigation by Bruins and van der Plicht (1998) concerning
Early Bronze Jericho. Some EB strata excavated by the late Dame Kathleen Kenyon were dated during the early 1970s in the British Museum 14C laboratory (Burleigh 1981). Our high-precision 14C
dates on short-lived samples, partly derived from the same strata, were carried out during the 1990s
in the Groningen Radiocarbon laboratory. The results showed that the BM dates were systematically
about 300 years too young on the 14C time scale. An earlier comparative study by Waterbolk (1990)
of Near Eastern 14C dates had already shown that BM dates tended to be on the younger side as compared to other 14C labs. It was also found that BM dates issued during the period 1980–1984 were
on average 200–300 14C years too young (Bowman et al. 1990).
It is clear that occasionally a 14C laboratory may inadvertently produce erroneous 14C dates. The formation of a high quality 14C chronology of Near Eastern archaeology of the Bronze and Iron Ages,
including the verification and possible time fixation of elements in the Egyptian Calendar requires
thorough quality control through ongoing laboratory intercomparison. One possibility is that important uniform samples that are sufficiently large in size—e.g. grains from a silo—should be split for
duplicate, or even triplicate conventional analysis, and likewise AMS for smaller samples.
Duplicate measurements of samples may already give confirmation of the result and hence ensure
quality control. But it may also lead to different results. Waterbolk (1990:148) stated: “If a sample
has been measured twice, be it by the same or by an other laboratory, and the results are not congruent, we cannot know which date to reject”. In such cases a third measurement on the same sample should be conducted in order to determine the correct 14C date. Obviously, this will raise the
costs.
In addition, it may be advisable to have some samples dated as a duplicate or triplicate at a known
“high quality” laboratory, be it conventional or AMS. However, archaeologists should discuss such
important quality control strategies in a transparent way with the 14C labs involved. Sometimes samples are not uniform and also may not be divided correctly in duplo or triplo. Different dating results
may then be wrongly blamed on the 14C labs, while in fact sample non-uniformity and erroneous
sample splitting may have been the cause.
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DATING PRECISION

The standard deviation σ of the 14C date is usually based on the uncertainty in the 14C counts for
sample, standard, and background. A measure of the reproducibility of the result is another very
important factor that influences the standard deviation. Reproducibility is generally estimated by
using in-house standards (known age material) and may often be negligible. However, this factor is
nevertheless crucial in quality control. Laboratories may be tempted to report a small standard deviation based on radiometry counting only, but neglecting the reproducibility of the date. The latter
may also be related to other factors in standard lab routine and performance, including the quality of
equipment, etc.
The measured result in conventional 14C years reported in BP with 1σ standard deviation assigned
corresponds to a relatively simple mathematical concept: a Gaussian probability distribution. After
calibration a 14C date is usually not Gaussian but much more complex due to the presence of wiggles. The calibrated probability distribution that represents the real age of the sample may result
from several intersects of the BP date with the calibration curve. Hence the calibrated date may be
bimodal or even have three or more possibilities (Bruins and van der Plicht 2001). The calibrated
result may also be very imprecise due to a plateau in the calibration curve as occurs between 800–
400 cal BC (see Figure 1). Computer programs are best suited to calculate calibrated 14C dates in
view of the complexities involved.
The calibrated age range is not only defined by counting statistics, but is also “wiggle” dependent.
The calibrated age range for a series of dates can be narrowed down by “wiggle matching” (Pearson
1986) or using special statistics (Bronk Ramsey 1998). “High precision” measurements are usually
defined as those with errors < 0.2%. For very large samples containing more than 10 grams of C and
measured with proportional gas counting, the smallest feasible limit of σ is more or less 15 BP. This
lower limit of σ precision results from the following constraints:
• the error margins of standards and backgrounds are of the same order; and
• the error margins of the calibration curve are not smaller as the 14C measurements of the dendro-dated wood are “high precision” by themselves. The INTCAL98 curve is decadal (i.e. one
datapoint per 10 tree rings representing 10 calendar years).
Nevertheless, the smaller the σ of the original 14C BP date, the more precise the calibrated result in
cal BC or cal AD. Conventional counting methods are able to give a smaller standard deviation than
AMS measurements. Samples for high precision dating consist of sizable quantities of short-lived
organic material, such as cereals and other seeds. Bones can also be a very useful short-lived material, as even cremated bones can now be dated successfully (Lanting et al. 2001). Young wood
(small twigs or branches) are also likely to be rather short-lived. Multi year charcoal is often older,
though not necessarily by a large margin (Bruins and van der Plicht 1995).
Combined stratified series of short-lived samples and multi year charcoal are better than only a few
isolated short-lived dates. A paramount requirement for the establishment of a high-quality 14C
chronology of Near Eastern archaeology involves the 14C data acquisition of as many archaeological
layers as possible. Short-lived samples are unfortunately not available from every layer, so many
dating gaps would occur in a stratified series. Therefore, only the combination of multi year charcoal
and short-lived samples can provide a more complete series of dates. The number of stratified dates
is important, as it provides for internal consistency and quality control, contributing to the reliability
of the respective values of the short-lived dates (Bruins et al., in preparation).
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The calibration wiggles can become an opportunity for accurate and precise dating in the order of
decades if seriated series of many stratified 14C dates are measured from archaeological sites. Simultaneous multi phase calibration may be possible to fit the stratigraphic sequence of 14C dates on the
calibration curve, i.e. archaeological wiggle matching (Weninger 1992, 1995; Manning and
Weninger 1992). If insufficient seriated dates are available for wiggle matching, it is still possible to
narrow down the individual calibrated age ranges through statistical techniques provided in the
OxCal program (Bronk Ramsey 2000).
Moreover, pieces of ancient wood that cannot be related to the Anatolian-Aegean dendrochronological sequence (Kuniholm et al 1996), due to age or tree species, may be “wiggle-matched” to the 14C
calibration curve. Slices of ten tree rings must be dated individually and the seriated sequence of
dates may be matched to the 1998 master 14C curve, provided the sequence is long enough.
CONCLUSION AND RECOMMENDATIONS
14C

dating in the Near East and Eastern Mediterranean has entered a crucial verification and correction phase of archaeo-historical chronologies. There is now increasing 14C evidence that the early
part of Egyptian history seems older than currently assumed on the basis of scholarly reasoning.
Time ought to be measured by physical dating methods, 14C, and dendrochronology as a standard
procedure. Complex archaeological age assessments based on cultural definitions and foreign synchronisms have their own value, but the inherent danger of circular reasoning must be recognized.

14C dating does have

its limitations, particularly, the rather wide age ranges that often result after calibration due to the irregular shape of the calibration curve. Nevertheless, 14C dating is irreplaceable
as a time measurement independent of archaeological age assessment and historical estimates.
Charred bones can now be dated accurately by 14C, while the fact that bones are usually short-lived
adds great significance and quality to their dating.
Statistical evaluation of data series is important for the establishment of a high-quality 14C chronology of Near Eastern Archaeology. Sophisticated calibration procedures with sequence analysis
based on site stratigraphy and seriation may be possible, and sometimes even archaeological wiggle
matching. In fact, the wiggles in the calibration curve may become an advantage with high stratigraphic and 14C data resolution that may enable very accurate and precise dating.
Data compilation and comparative analysis of large time series from many sites is of great significance. However, such analyses must include a quality evaluation of the dates in relation to the
respective 14C laboratories.
Reproducibility of a 14C measurement on the same sample is both a check and confirmation of accuracy and reliability. It is, therefore, important that key samples are measured to the highest possible
precision, i.e. the samples are short-lived, large in size, and preferably subject to duplicate or triplicate analysis. If two measurements are carried out on material from the same sample, either at the
same laboratory or at two different 14C labs and the results are dissimilar, then a third analysis is
required to establish the correct date assuming that by now at least two dates will be similar.
A joint effort should be made to capture the past flow of time and events in relation to the great civilizations of the Old World as reliably as possible with 14C. Dendrochronology and wiggle matching
of stratified 14C series may enable greater precision where possible and applicable.
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NEW DATES FROM SUBMERGED LATE PLEISTOCENE SEDIMENTS IN THE
SOUTHERN SEA OF GALILEE, ISRAEL
D Nadel1 • S Belitzky2 • E Boaretto3 • I Carmi • J Heinemeier4 • E Werker 5 • S Marco6
ABSTRACT. Unusual low water levels in the Sea of Galilee (Dead Sea Fault, Israel) have caused the recent exposure of submerged Late Pleistocene prehistoric sites and lacustrine sediments along the southern shores of the lake. The Ohalo II site is a
large fisher–hunter–gatherers camp with in-situ brush hut floors, hearths, and a human grave. The site is radiometrically dated
by 25 charcoal dates to 19,430 BP (average, uncalibrated). The archaeological remains include quantities of excellently preserved organic remains. These would not have been preserved without a rapid rise of lake level immediately after the occupation, covering the remains with silts and sand. Recently a concentration of eight tree trunks were found about 1.5 km south of
Ohalo II, of which five trunks were identified as Salix species and dated as a single accumulation at about 16,100 BP. The
trunks, too, had to be submerged quickly together to ensure excellent preservation. The camp and the trunks were found at –212/
–213 m, almost 4 m below modern high water levels. We suggest that the finds represent two separate episodes of deposition
during low lake levels, almost 3,000 radiocarbon years apart, each followed by an abrupt water rise. It is possible that climatic
changes caused the observed fluctuations, though earthquakes (blocking or lowering the Jordan outlet, for example) cannot be
ruled out.

INTRODUCTION

The study of global climatic changes during and immediately after the last glaciation is based on
investigations from a wide range of sources. The most commonly cited ones are deep sea and ice
cores, though other marine sediments and formations are also incorporated in the reconstruction of
past climates. Terrestrial sources provide additional data, and of these inland lake sediments contribute to regional climate reconstruction. It is within this framework that new data from the Sea of Galilee, Dead Sea Fault (Israel) are presented here.
During the last decade severe droughts caused dramatic lake level changes in the Sea of Galilee.
During these years, Late Pleistocene submerged archaeological sites and lacustrine sediments were
temporarily exposed and for the first time visible to archaeologists and geologists. Fieldwork has
concentrated on the excavation of Ohalo II, an in-situ Late Pleistocene fisher-hunter-gatherers camp,
and a thorough archaeological/geological survey and study of the newly exposed beaches (Figure 1).
This paper presents new radiometric dates of Late Pleistocene finds, correlates them with past lake
level changes, and points to possible environmental changes during and immediately after the Last
Glacial Maximum. All radiocarbon dates in this paper are uncalibrated (calibrated dates will be indicated).
THE SEA OF GALILEE BASIN

The Dead Sea Rift is a plate boundary that traverses the Red Sea and extends to the Zagros-Taurus
convergence. Sinistral displacement of the Arabian plate along the transform started in the Neogene
and is about 100 km with respect to the Sinai plate (Garfunkel 1981).
The Sea of Galilee is an intermediate lake that occupies one of the morphotectonic depressions
within the Dead Sea Fault. The lake is almost oval in shape, with maximum dimensions of
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20 × 12 km, and a maximum depth of 46 m. The upper Jordan River drains the Hula basin into the
Sea of Galilee and forms the most important inlet to the lake. The lower Jordan River is the only natural outlet draining the Sea of Galilee to the lowest erosion base level in the world—the Dead Sea,
now at about –410 m msl.

Figure 1 Location of dated sites: Ohalo II–Ohalo II South prehistoric camp, Beit Yerah
Southern Beach (with Salix trunks and lacustrine sediments), and Tel Katsir Beach
(with lacustrine sediments). Note that Ohalo I is a location of surface finds attributed to
the Late Pleistocene but not radiometrically dated.

The Sea of Galilee was formed in a composite basin, the southern part of which is a graben (Ben–
Avraham et al. 1996) filled by more than a four-km-thick accumulation of evaporites, igneous, and
clastic rocks (Marcus and Slager 1985). In the Late Quaternary the graben was covered by the brackish to hyper saline Lake Lisan, in which marly lacustrine sediments and clastics of the Lisan Formation (Fm.) were deposited. This lake was more than 200 km long, extending southward beyond the
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current Dead Sea (Neev and Emery 1967; Begin et al. 1974). Towards the end of the Pleistocene the
Lisan Lake shrank and retreated from the northern part of the lower Jordan Valley. According to
bores in the northern part of the lake (Horowitz 1979), from about 19–18 ka BP dark colored silts
and clays of freshwater Tabgha Fm. were deposited in the Sea of Galilee.
The southern area of the lake is much shallower and the slope of the bottom is relatively gentle. It
has been suggested that this area was formed by an erosional process that caused the southward
retreat of the original shore; the rate of the modern retreat has been measured, reaching up to 0.5 m/
yr before protection measures were undertaken (Ben-Arieh 1965).
The lake region was tectonically active and folded structures as well as active faults have been
detected along the margins and at the center of the lake (Ben-Avraham et al. 1996). A steep underwater slope forming a discrete morphological step suggests a tectonic origin for the northern shores
of the Sea of Galilee. Evidence for faults, landslides, and powerful floods in the northern part of the
basin has been provided recently. Several of these were radiometrically dated (from Upper Pleistocene to Late Holocene: Shroder et al. 1999; Marco et al. 2000).
During the 20th century the water surface was usually at –209/–210 m (below msl) when the lake was
full. However, the reconstruction of pre- 20th century water levels on the basis of direct geomorphological evidence is rendered difficult due to a late rocky coverage of beaches with potential indications of past water levels. Furthermore, these beaches were submerged during most of the 20th century (they were exposed only a few times for several months each). However, the southern perimeter
of the lake is mostly devoid of rocks and thus is more suitable for geo-archaeological prospecting.
Between 1989 and 1999 the water level of the lake dropped dramatically five times (due to severe
droughts and heavy pumping to the national water conduit). In each event the drop was of a 3–4 m
magnitude. The first evidence for Pleistocene remains was found in a surface scatter of flint implements. The site was named Ohalo I (Figure 1) and the artefacts were tentatively ascribed to the Epipalaeolithic Geometric Kebaran Culture, about 14,500–12,800 BP (Bar-Yosef and Nadel 1988).
More recently further widespread evidence for somewhat earlier human occupation of the shores of
the Sea of Galilee derives from an ongoing project at the nearby in-situ site of Ohalo II. Neither earlier nor contemporaneous in-situ sites are known from the current beaches of the lake.
THE OHALO II CAMP

Excavations at the Ohalo II camp revealed the remains of six brush huts, a human grave, hearths, and
other installations (Figures 1, 2; Nadel 1996; Nadel and Hershkovitz 1991). The site is located at –
212/–213 m and thus usually is submerged in modern times. It was excavated during the extremely
low lake levels of 1989–91 and 1999. Organic remains in particular are excellently preserved and
some are the oldest of their kind ever found. These include the bases of brush hut walls (Nadel and
Werker 1999) and the fragments of cords (Nadel et al. 1994). Also, the largest Late Pleistocene
assemblage of charred seeds/fruit was found on the floors and in the hearths. A sample of about
40,000 specimens has been studied and identified so far (Kislev et al. 1992; Simchoni 1997). The 29
charcoal dates from 10 separate loci range from about 18,000–21,000 BP, with an average for 25
dates of 19,430 ± 770 BP (Nadel et al. 1995). The archaeological remains suggest a relatively brief
overall occupation of the site and definitely not in the order of thousands of 14C years.
Sections through the archaeological features and adjacent geological trenches provide a detailed
stratigraphy. The relevant data here include three major points. First, all the archaeological features
(grave, brush hut floors, etc.) are in situ on fine sands/silts that are a local facies of the Lisan Fm.
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Figure 2 Aerial photo of Ohalo II camp during excavations, looking west. The dark oval
areas between the narrow trenches are floors of in situ Late Pleistocene brush huts. Sediments
at bottom left are post-occupation. Water level is about –213 m (photo by Arik Baltinester).
i

Figure 3 Aerial photo of Beit
Yerah Southern Beach, looking
east. Water level is about –213 m.
The arrow points to the location
of the trunks (photo by Arik Baltinester).
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Accordingly, the camp was occupied after the retreat of the Lisan from this basin. A wealth of fish
bones and plant remains found in sealed archaeological contexts suggest an adjacent coeval body of
fresh water (Nadel et al. 1994). This, most probably, represented the earliest phase of the present Sea
of Galilee. Second, only some of the archaeological features are exposed (and thus found and excavated). Others are still completely covered by layers of fine-grained lacustrine sediments and have
only been identified in trench sections. These layers dip eastward from the center of the site. One of
the post-occupation layers was dated in the current study to 15,430 ± 10 BP (Table 1). It should be
noted that this was not the earliest post-occupational layer. It appears that subsequent small-scale
tectonic uplift has caused the exposure of some archaeological and later lacustrine layers and the dip
of the rest. At any rate, this date indicates that lacustrine sediments were still being deposited after
the occupation, at the very end of the Pleistocene.
The third point relates to phases of occupation at the site. The various in situ archaeological features
cluster into three depositional cycles. In other words, there were at least three episodes of occupation, separated by inundations. The occupational phases were short, according to thickness of layers
and extremely high similarities in material culture remains. The in-between sediments reflecting
inundations are less than 50 cm thick. Since the beginning of the project, we observed that in this
part of the lake a deposition of 10–20 cm layer of fine sediment can occur in one season (in shallow
waters, less than one meter deep). It should also be pointed out that charcoal dates from all loci are
inseparable into the distinct phases identified through the sedimentological sequence. It is suggested
that the three cycles were short. Each inundation deposited enough sediment to immediately protect
the archaeological features, and by the end of the last cycle water level remained high and long
enough to cover the entire area with thicker layers.
The camp covers a contiguous area of at least 2,000 m2. However, during the 1999 field season further finds were discovered some 130 m to the south of the central excavation area (Ohalo II South).
Here, at an elevation of about –213 m and in an identical geological setting, flint artefacts, and bones
were found that appear to be identical to the main area finds.
Dating of samples from Ohalo II South has provided analogous results to those at Ohalo II, with
dates of 19,550 ± 250 BP and 19,940 ± 210 BP for the occupation, and 12,830 ± 80 BP for the overlying lacustrine layers. The two archaeological dates fall within the range of the Ohalo II dates,
though the average of the latter is somewhat younger. However, both parts of the Ohalo II site indicate contemporaneous occupation and a cover by lacustrine sediments. In both cases the post-occupation dates derive from much later layers, and not from the immediate post-occupation ones. It is
thus clear that the deposition over the area continued for several millennia, until the very end of the
Pleistocene.
It should be stressed that both areas of the site could not have been preserved without anaerobic conditions created by a rapid rise in water level and the deposition of fine sediments. Prolonged exposure to the open air and/or a catastrophic cover by floods would have caused severe damage and
leave a site very different from the one we know. Accordingly, two conclusions are inferred: a) the
Ohalo II site was occupied when the lake water level was lower than –213 m, and b) there was a
rapid and substantial rise immediately following the occupation episodes during which fine sediments were deposited over the entire site and covered and protected the remains. The 15,430 BP and
12,830 BP dates reflect subsequent deposition of sediments and not the speedy cover of the site. So
far, Ohalo II is the only Late Pleistocene site along the Sea of Galilee shores where in-situ human
occupation is radiometrically dated and directly correlated to water level changes and depositional
conditions.
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Lab nr

dates from the southern Sea of Galilee.
Collection site

RTA–3275

Ohalo II, post–occupation

RTA–3276

Ohalo II south, post–occupation

RT– 3277

Tel Katsir Beach

RT–3531
RT–3532
RT–3533
RT–3534
RT–3535
RT–3536

Beit Yerah Southern Beach 1
Beit Yerah Southern Beach 2
Beit Yerah Southern Beach 3
Beit Yerah Southern Beach 4
Beit Yerah Southern Beach 5
Beit Yerah Southern Beach

RT–3537
RTA–3539

Ohalo II South, prehistoric camp
Ohalo II South, prehistoric camp

Type
Stem of
reed
Plant
material
Organic
material
Wood
Wood
Wood
Wood
Wood
Organic
material
Charcoal
Charcoal

Age ± 1σ
(BP)

m bsl

δ13C
(‰)

15430 ± 110

–212.5

–28.0

12830 ± 80

–212.5

–26.6

21020 ± 100

–212.5

–27.4

15400 ± 160
15860 ± 160
16090 ± 160
16020 ± 160
16410 ± 160
16320 ± 160

–213
–213
–213
–213
–213
–212

–28.7
–28.2
–28.6
–27.9
–28.5
–28.2

19550 ± 250
19940 ± 210

–212.5
–213

–13.0
–22.3

THE SOUTHERN BEIT YERAH AND TEL KATSIR BEACHES

Another important location for understanding of the lakes’ history was discovered about 1.5 km
south of Ohalo II, near the current outlet of the Jordan River (Figures 1, 3). First, still submerged
when water level was –212.30 m, were several segments of what look like a part of an ancient harbor
or dock. If so, they probably date to the Hellenistic/Roman/Byzantine time span. This is because
similar installations found around the lake were dated to this period (Nun 1991). However, the new
finds are topographically lower (2–3 m) than any contemporaneous archaeological remains around
the lake. Accordingly, they could reflect post Hellenistic/Roman/Byzantine vertical displacement of
this part of the beach.
Pleistocene remains were also discovered at this beach. These include eight tree trunks embedded in
lacustrine sediments at heights between –212.80 and –213.20, within an area of about 100 m2 (Figure
4). However, most were concentrated over some 50 m2 (excluding trunk nr 1). The trunks lay horizontally in various orientations and the excavated portions had no branches or roots attached to them
or near them. All are excellently preserved, with diameters of 20–40 cm and lengths of 1 m or more.
Sampled sections from five trunks indicated that all are, apparently, willow trees (Salix species).
Two Salix species currently grow on riverbanks and lakeshores in the Jordan Valley, but it is impossible to distinguish between them by anatomical sections of the trunks.
The same five logs were recently dated with all ranging between 15,400 ± 160 BP and 16,410 ± 160
BP (Table 1). The average of the trunks 2,3,4,5 is 16,100 ± 80 BP. Only trunk nr 1 is relatively
younger and thus excluded from the average. It is notable that it was found somewhat separated from
the other trunks (5 m away), though still in the same lacustrine layer.
The concentration of the trunks in one place, in horizontal positions, and with similar dates is taken
to reflect a single event, or at least a brief period of deposition on the beach. We believe that this depositional episode reflects one year, and, at any rate, not more than several years occurring about
16,100 ± 80 BP. If the period had been longer (on the scale of hundreds of years) the earlier trunks
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Figure 4 A Salix trunk embedded in Late Pleistocene clay sediments at Beit Yerah Southern Beach. Scale bar
is 20 cm..

would probably have decomposed before the later ones would have been deposited. Thus, the facts
that they are concentrated (and not visible elsewhere on the beach) and excellently preserved reflect
one short depositional episode followed by an immediate water level rise. It is also noteworthy that
the trunks do not look like the remains of natural bank vegetation. The absence of other tree parts
and other species, and the presence of a gazelle horn core and isolated bones might indicate human
intervention here. This can only be tested in future excavations (water levels permitting).
Adjacent to these logs, lacustrine layers form a shore bar. Some of the layers dip steeply (up to 60°),
and organic material was collected from one (Figure 5). This was dated to 16,320 ± 90 BP, which is
very close to those obtained from the willow trunks. It appears that the trees were deposited during
or immediately after the deposition of the dated lacustrine layers.
A systematic survey of this area of the beach was conducted and many tens of basalt implements
were collected from the surface. These include pestles, handstones, and bowls (most of which are
broken), though the finds are not chronologically diagnostic.
The entire southeastern shore of the lake, at heights of –212/–213 m, is composed of fine lacustrine
sediments. They look very similar in color and composition to the southwestern exposed sediments.
Here, too, dipping structures similar to the one recorded near the willow trees were visible. Furthermore, organic material was detected in some places (Figure 6). An identification attempt was unsuccessful, but the remains look like a jumble of leaves and stems that underwent deformation processes, probably due to the pressure of overlying sediments. One sample (from Tel Katsir Beach)
was dated to 21,020 ± 100 BP. Thus, the exposed southeastern sediments are all of Late Pleistocene
origin, more or less contemporaneous to the Ohalo II camp or the immediate underlying strata.
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Figure 5 A close-up view of in-situ organic matter in steeply dipping lacustrine sediments
near the Salix tree trunks looking northeast (Beit Yerah southern Beach)

DISCUSSION

The submerged southern shore of the Sea of Galilee is composed of Late Pleistocene sediments.
They have been radiometrically dated in four different locations, where in-situ organic materials
were excellently preserved (Ohalo II, Ohalo II South, Beit Yerah Southern Beach, and Tel Katsir
Beach). Two of these locations represent human camps on the Lisan Fm (the trees may also reflect
human presence, though direct evidence is lacking). Systematic archaeological surveying of the
beaches at times of low water levels around the Sea of Galilee has thus far revealed Late Pleistocene
human occupations only at the southwest end of the lake, at the adjacent sites of Ohalo I and Ohalo
II (Nadel 1993). The difference between the southern and northern shores of the lake in terms of
Late Pleistocene human sites is partially explained by the fact that the Jordan River and other active
wadis continuously cover the northern shores with sediments.
Two similar, sequential environmental events are recorded in the data presented here. The first is the
Ohalo II complex, where a well dated prehistoric camp is excellently preserved. The remains indicate about three cycles of human occupations and rapid inundations within a general transgressive
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Figure 6 A close-up view of in-situ organic matter in lacustrine sediments at Tel
Katsir Beach. Scale bar is 10 cm.

trend. Each water level rise deposited a low-energy cover over the abandoned camp. Thus, the site
reflects a time of short water level fluctuations around the –213 m level, and then a high stand long
enough to deeply cover the area by additional sediments. Such a rise is evident in the finely laminated layers covering both Ohalo II and Ohalo II South. This event is dated to about 19,500 BP.
The second event is the willow trees complex. At this location, trees were deposited on (or near) the
lakeshore about 16,100 BP. Here, too, it is suggested that a quick water rise submerged the trees and
caused their cover by layers of fine sediments.
The two groups of dates (about 19,430 ± 770 BP and 16,100 ± 80 BP, corresponding to 23,850–
22,250 cal BP and 19,550–18,850 cal BP, respectively) represent two episodes of water level
changes. They could have been caused by climatic changes at the end of the glacial period (the
Ohalo II event) and the transitional glacial-interglacial period (the willow trees). The effects of the
climatic events on water level changes could have been amplified by local hydrological and morphological conditions (e.g. sudden changes in water influx from the Upper Jordan).
Direct correlation of lake level changes to climatic fluctuations is only tentative. Indeed, global climatic fluctuations during the period discussed here are well established and it is reasonable to suggest that climate is the key factor controlling water levels. However, there are other factors to be considered. Seasonal rains or droughts could temporarily affect the lake water balance. Also, there is
evidence for Pleistocene and Holocene tectonic deformations around the lake. Thus, water level
changes could reflect a combination of several environmental and other events.
Site location analyses, combined with the geomorphologic and sedimentological evidence, suggest
a major lowering of Lisan Lake by about 19,500 BP or a little earlier. This was probably the result
of dry climatic conditions that prevailed between 22,000–19,000 BP (uncal. Horowitz 1978; Weinstein-Evron 1993). The lowering event was severe enough to cause the retreat of the Lisan from the
Sea of Galilee basin. The morphotectonic depression that was formed in the Sea of Galilee area was
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filled by fresh water that supported large populations of fish (amply evident in the Ohalo II material
remains). This was the occupation time of the Ohalo II camp (three phases of small-scale fluctuations). The camp was then completely abandoned, submerged, and gently, though quickly, covered
by fine lacustrine sediments deposited by the rising lake level.
Later, about 16,100 BP, a similar episode of a low lake stand is evident about 1.5 km south at the
location of the willow tree trunks embedded in fine lacustrine sediments, east of a shore bar. This bar
marks a low lake stand. Interestingly, the Ohalo II camp was not affected by erosion during this second event of low stand. This indicates that by 16,100 BP the Ohalo II site was already covered by
protective sediments. This is in accordance with our model that shortly after occupation a layer of
fine sediments was deposited over the site. In addition, this implies that the exposure of the archaeological remains postdates 16,100 BP Indeed, we believe this exposure was caused by a recent
small-scale tectonic uplift of the Ohalo II area.
The most cited evidence for regional climatic changes during the late Pleistocene in the Levant
comes from pollen studies (lake cores). The nearest core to the Sea of Galilee was extracted from
Lake Hula, less than 50 km to the north. The relevant curve presents an arid and cold period at the
time interval discussed here (25,000 BP–16,000 BP, uncal., Tsukada in Bottema and van Zeist
1981). Within this dry period, there are at least three short wetter events. Two of these could coincide
with the Sea of Galilee events, dating limitations making this tentative at best.
A higher resolution of dated changes was recently published for the Soreq Cave speleothems
(Judean Hills, Israel). According to this study, arid conditions prevailed in the eastern Mediterranean
area during the period of 25,000 cal BP and 17,000 cal BP (Bar-Mathews et al. 1997, Bar-Mathews
et al. 1999; Kaufman et al. 1998). The period was also characterized by low precipitation and a low
evaporation/precipitation ratio. Detailed analyses showed that there were some identified climatic
fluctuations in this period. In particular, there are many fluctuations around 22,000 BP–19,000 BP.
Two of these could correspond to the lake level changes attested by the data presented here.
On a global scale, there is ample isotopic evidence for climatic changes dated to the time period discussed here. Of interest are the data from Lake Suigetsu (Japan) laminated sediments that provide a
well-dated sequence with fluctuations almost coinciding with the two events in the Sea of Galilee
(Kitagawa and van der Plicht 1998). Recent publication of a marine sediment core from the Iberian
margin presented a high-resolution paleoclimatic record (Bard et al. 2000). Of direct relevance is the
fact that the two Sea of Galilee events fall well within two global cold phases documented there. Furthermore, well dated climatic fluctuations are available for North Atlantic ice cores and sediments,
as well as for lower latitudes affected by ocean circulation (see Neftel et al. 1988; McCabe and Clark
1998; Marchitto et al. 1998 and references therein). In these examples several fluctuations begin at
about 24,000 BP (cal.) and a marked though short cooling event is evident about 2,500–3,000 years
later. This corresponds well with the sequence presented here for the Sea of Galilee.
CONCLUSIONS

The Ohalo II camp and the willow trunks represent two periods of water level lower than –213 m.
The first, at about 19,500 BP was followed by an abrupt lake level rise submerging the site and preserving the wide range of organic remains. The second, at about 16,100 BP was also followed by an
immediate water rise. In both cases the evidence is found at the same absolute height, though they
are not contemporaneous. It is therefore inferred that the earlier site was already well covered by
lacustrine sediments when the willow trunks were deposited on the shore.
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There are two plausible ways of explaining these events: one involving climatic fluctuations and the
other tectonic deformation. Yet, there is no unequivocal evidence to directly support either interpretation. There are, indeed, global climatic fluctuations more or less contemporaneous to the Sea of
Galilee events. However, earthquakes could have easily affected water levels. There is ample evidence around the lake for tectonic deformations, with dates ranging from Late Pleistocene to Late
Holocene (Marco et al. 2000). Similar events could have temporarily blocked the entrance and/or
exit of the Jordan River, or have caused small-scale vertical movements of certain beach areas. Only
additional fieldwork, providing dated evidence for direct correlations between tectonic deformations
and lake level changes may shed more light on this aspect of the lakes’ history.
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RADIOCARBON CHRONOLOGY OF THE HOLOCENE DEAD SEA: ATTEMPTING A
REGIONAL CORRELATION
Amos Frumkin1,2 • Galit Kadan3 • Yehouda Enzel1,4 • Yehuda Eyal3
ABSTRACT. Holocene sedimentary and geomorphic sequences from the Dead Sea region, Israel, are compared by correlation of more than 50 radiocarbon dates. The 14C dates provided the chronological basis that enabled us to detect basin-scale
events that are hard to ascertain in single-site records. This paper is the first attempt to compare different Holocene records
from several sites along the Dead Sea, based on their chrono-stratigraphy. Included is the first publication of the paleoclimatic
record of the Nahal Darga ephemeral stream valley. Such a regional compilation is needed, because only the integration and
comparative evaluation of several records can produce a reliable climatic history by establishing the height of former Dead
Sea levels that may be complicated by tectonics and the rise of Mount Sedom. A relatively high level of the Holocene Dead
Sea occurred during the mid-Holocene around 4400 BP or about 3000 cal BCE after calibration. The lake level fell sharply
around 4000 BP, i.e. 2500 cal BCE, and later fluctuated close to early 20th century levels. The 14C-based correlation is also
used to estimate the rising rates of the Mount Sedom salt diapir that are apparently smaller than 10 mm per year.

INTRODUCTION

The Dead Sea is a Holocene lake with a catchment area of some 40,000 km2, including the Jordan
River catchment system (Figure 1). Being a terminal lake with historical documentation of about
4000 yr (Neev and Emery 1967; Frumkin 1997), its hydrologic history is important for past geologic, paleoclimatic, and historic reconstruction.
The Dead Sea is located within an extremely arid environment with annual precipitation of 50–
100 mm, but the northwestern part of its catchment has a semi-arid to sub-humid climate. Most of
its water is, therefore, derived from Mediterranean environment rainfall at the wetter northern part
of its catchment. In addition, the Dead Sea serves as a base level for intermittent streams (wadis)
with catchments in the arid to semi-arid regions, including the Judean Desert, the western part of
Jordan, and a large portion of the Negev Desert. The water mass of the Dead Sea contains mostly
Mg-Ca-chloridic brine close to saturation with respect to salt and gypsum (Neev and Emery 1967;
Stiller et al. 1997). The water has a wide range of inorganic radiocarbon composition (Stiller et al.
1988; Talma et al. 1997). Runoff water often formed a less saline layer at the top of the water column. This stratification of the lake water continued until 1979 (Steinhorn et al. 1979), when recent
human impact caused an overturn of the lake water and holomictic (unstratified) conditions. Meromictic (stratified) conditions reoccurred shortly from 1992 to 1995 following the 1992 and 1993 wet
years (Anati et al. 1995). Alternations between holomictic and meromictic structure have also
occurred naturally in the past (Stiller and Chung 1984) inducing changes in the bottom lake sediments—conditions for salt deposition may develop during unstratified stages indicating low precipitation/evaporation ratio, while marl is a common deposit during stratified conditions resulting from
high precipitation/evaporation ratio (Ben-Avraham et al. 1999). The marl typically contains thin layers of aragonite, calcite, detrital silt, and clay (Elazari-Volcani 1943; Neev and Emery 1967).
The detrital component of the sediments is mostly clay at the center of the lake, but grain size and
quantity of clastic sediments increase towards the margins of the lake, especially near fan-deltas
where gravel is transported by streams into the lake or deposited close to its shore (e.g. Manspeizer
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1985; Kadan 1997). The shore environment is characterized by interfingering relations between fluvial, lacustrine, and shore deposits. Grain and clast size changes dramatically within each stratigraphic section, according to lake level and the lake-shore position relative to the studied site (e.g.
Enzel et al. 2000). Clay and silt sediments located further onshore commonly indicate higher lake
levels, allowing for low-energy underwater deposition. Allogenic supply of sediment may also vary
according to runoff regime in the catchment of the transporting fluvial system that is climatically
controlled—larger portion of the fine-grains is probably associated with wetter conditions in the
catchment (Bull 1991). The climatic conditions and associated grain size distribution may vary
between neighboring catchments draining into the Dead Sea from the west. Near-shore sections suffer more often from unconformities associated with non-deposition and erosion during low levels of
the lake.

Figure 1 Catchment of the Dead Sea (a) and location of the Dead Sea records (b):
(A) Mount Sedom caves (Frumkin et al. 1991); (B) Nahal Darga (Enzel et al. 2000;
Kadan 1997); (C) Core drilled near En Gedi (Ben-Avraham et al. 1999; Heim et al.
1997); (D) Core drilled in Nahal Zeelim fan-delta (Yechieli et al. 1993)

Radiocarbon Chronology of the Holocene Dead Sea

1181

Some of the best 2- to 3-dimensional exposures of Holocene deposits are located in fan deltas, as
they are often dissected by the downcutting streams that follow the present falling level of the lake
(Kadan 1997; Ken-Tor et al. 1998, and this volume; Enzel et al. 2000; Bowman et al. 2000 and this
volume). Such outcrops often allow the exact determination of the shoreline position at a specific
stratigraphic unit by following the changes and shoreline indicators, such as beach ridges (Otvos
2000). Identification of such features allows using the lake level itself as a correlation tool between
various sites along the shoreline (Bartov et al. in press). Terraces and caves along the escarpment
border of the lake often preserve a good record of the shoreline too (Klein 1982; Frumkin 2001).
Excellent preservation of sediment and organic material can be found in underground cave passages.
The salt caves of Mount Sedom provide a good record for high lake levels, but not for levels below
about –390 m—the base of Mount Sedom (Frumkin et al. 1991). As the caves are formed in an
actively rising salt diapir, the lake level cannot be independently determined from these caves unless
the diapir uplift rate is known.
Borehole data, collected by several researchers (e.g. Yechieli et al. 1993; Neev and Emery 1995;
Heim et al. 1997; Migowski et al. 1998), may not always be so well understood in terms of sedimentation and truncation history, because they lack the horizontal lateral dimension. However, boreholes
can be drilled in most places where outcrops and geomorphology cannot be used. In the deeper
lacustrine environment boreholes may supply more complete records than subaerial exposures.
The overall complex association of sediments and shore morphology challenges the attempts to correlate the evidence in various locations using the methods mentioned above, although recently
Machlus et al. (2000) showed their potential. 14C dating has been used successfully in the past as a
correlation tool in other lakes (e.g. Butzer and Issac 1972; McClure 1976; Street and Grove 1979;
Roberts 1982), but such attempts have hardly been made for the Dead Sea. We attempt a chronological correlation based on 14C-dated sequences along the western side of the Dead Sea. These 14C
ages allow us to detect basin scale events. In this paper we use previously published sequences from
several sites dated in several laboratories to establish the chronological framework of the region during the Holocene. We show the possible use of these correlations for paleoclimate reconstruction
and estimation of Mount Sedom uplift rate during the Holocene.
14C

CHRONOLOGY

To allow simple correlation we use conventional uncalibrated dates (unless indicated otherwise),
thus, the precision of our correlation is limited by the probability distribution of calibrated ages,
especially, when it involves several ranges of possible age.
We use ages from sequences previously shown to be internally consistent; each sequence is dated by
at least four 14C dates of organic matter, all in correct stratigraphic order within 2σ confidence level
of the 14C ages. We omitted dated carbonates, in which the autogenic carbonate was not carefully
separated from allogenic detrital carbonates with low 14C content resulting in large dating errors
(Neev and Emery 1995). This problem has been avoided in the study of the Lisan, the predecessor
of the Dead Sea, by using only autogenic aragonite (Schramm et al. 2000).
Within the non-dated parts of the records the adopted age model is based on the assumption that constant average deposition rate occurred between adjacent 14C ages, provided that the lithology does
not change. Rates of deposition are assumed to change across major lithological boundaries (BenAvraham et al. 1999) so the rates are calculated separately for each lithozone.
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Our correlation is based upon the major dated events in the studied proxies represented by outstanding lithological changes such as between salt and marl or between gravel and lacustrine silt. We
ignore the observed smaller changes assumed not to represent major environmental changes,
although we admit that this assumption might be wrong. A common regional environmental control
of the Dead Sea is suggested only in cases where a similar type of event (e.g. change from high to
low lake level) occurs concurrently in a few records. The correlation takes into account the appropriate confidence level of the ages. Apart from the laboratory estimate of the dating error, we also
consider the reliability of the published ages in terms of the shape of the 14C calibration curve in the
relevant period and the type of material used for dating. We assume larger error margins for materials that might have experienced considerable delay between the plant’s consumption of atmospheric
14C and the deposition within the studied site, although Ken-Tor et al. (this volume) show that this
delay is probably very short. Some undated parts of the discussed records were added to Figure 2
(dotted lines) to complement the discussion that predominantly relies on the dated sequences.

Figure 2 14C chronology of four Dead Sea records: (A) Dead Sea level according to Mount Sedom caves assuming
diapir rising rate of 6 mm/yr (Frumkin 1997; Frumkin et al. 1994); (B) Nahal Darga fan-delta outcrop (Enzel et
al. 2000; Kadan 1997), dotted lines indicate non-dated stratigraphic changes in the record; (C) Core drilled in the
northern basin near En Gedi (Ben-Avraham et al. 1999; Heim et al. 1997); (D) Core drilled in Nahal Zeelim fandelta (Yechieli et al. 1993)

REGIONAL CORRELATIONS
End of Pleistocene Salt Deposition

The latest Pleistocene ends with extensive salt deposition known from several boreholes along the
Dead Sea shore (Yechieli et al. 1993; Migowski et al. 1998; Yechieli 2000). The salt deposition event
is supposed to be associated with the drying of late Pleistocene Lake Lisan (Neev and Emery 1967;
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Begin et al. 1985; Druckman et al. 1987) but it is not well dated. A single 14C age of 11,315 ± 80 BP
(ETH-4982) (Yechieli et al. 1993) from just below the base of a salt unit indicates that this dry event
may be associated with the Younger Dryas (e.g. Kudrass et al. 1991; Roberts et al. 1993; Taylor et
al. 1997).
Early Holocene Rising Lake

Three ages within the clay overlying the salt in the same Nahal Zeelim core fall in a short time range
from 8255 ± 70 (RT-947) to 8440 ± 95 BP (ETH-6156) (Figure 2D). These ages are corroborated by
a similar preliminary age of plant relicts overlying the salt in En Gedi (Migowski et al. 1998). This
lower Holocene time range correlates to a lacustrine deposit in Nahal Darga (Enzel et al. 2000;
Kadan 1997), the lowermost age of which is 9255 +290 –280 BP (A-7952), followed by 9180 +630
–585 BP (A-7953) (Figure 2B). This is a silt deposit overlying some gravel layers that lack any
matrix. Altogether, the early Holocene event of rising lake level from its low stage and initiation of
deposition of fine lacustrine sediment correlates well through the known dated sequences. This
event commenced probably around 9000-9500 BP or somewhat earlier.
The end of this early Holocene wet event is less well dated. In Nahal Zeelim this falling lake event
is indicated by a depositional shift from clay to gravel, occurring about 2 m above the uppermost
age, 8255 ± 70 BP (RT-947) (Yechieli et al. 1993). Goodfriend et al. (1986) reported a high lake level
of –280 m which precipitated salt over land snails dated to 6660 ± 400 BP (RT-725). The receding
lake has exposed the top of the southern Mount Sedom to salt karst development (Frumkin 1996a),
as indicated by the earliest cave in the mountain dated to 7090 ± 75 BP (RT-886H) (Frumkin et al.
1991). This is followed by downcutting in the cave indicating rapid fall of the lake level.

Figure 3 The main terraces at the northern wall of Nahal Darga, with active channel at the bottom: (1) Top of midHolocene terrace, with a beach ridge at a level of about –370 m. (2) Contact between early Holocene (?) and midHolocene layers; (3) Late Pleistocene fan-delta terrace
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Mid-Holocene High Lake Level

Mount Sedom caves record suggests that the wettest event of the last 7000 yr occurred during the
Mid-Holocene indicated by wide and high cave passages (Frumkin et al. 1994). Twelve 14C ages
from this stage in Mount Sedom range between 5220 ± 50 (RT-1205) and 3900 ± 90 BP (RT-810B)
(Figure 2A). In Nahal Darga this phase is most probably represented by a few-meter-thick layer of
lacustrine silt yet undated directly (Kadan 1997). Support for this assumption is the westward termination of this unit with a beach ridge at a level of about –370 m (Figure 3, previous page) that is
higher than any shore deposits since (Kadan 1997; see also BenDavid-Novak 1998). A level higher
than about –370 m at this stage, suggested by the distribution of oak twigs in Mount Sedom caves
(Frumkin et al. 1991), is not supported by other records.
Rapid Lake Level Fall at the End of Mid-Holocene High Stage

Rapid downcutting of narrow canyon passages is documented in Mount Sedom caves around 3580
± 80 BP (RT-810D) indicating rapid fall of the Dead Sea level (Frumkin et al. 1994). A major unconformity in Nahal Darga was attributed to this event (Kadan 1997), although direct dating for this site
is not available. A gypsum layer in En Gedi just beneath the age of 3680 ± 40 (Migowski et al. 1998)
probably reflects the same lake falling event.
Small Amplitude Rising Levels of Late Holocene

A somewhat higher level event is documented in Mount Sedom by two ages: 3100 ± 55 (RT-982G)
and 3030 ± 50 BP (RT-982E) (Figure 4) (Frumkin et al. 1994). Two other Sedom ages, 2880 ± 50
(RT-943B) and 2750 ± 50 (RT-943A), may also be associated with this event (Figure 2A). This event
is apparently recorded as a lacustrine silt layer embedded between gravel and sand units above a
major unconformity in Nahal Darga (Kadan 1997; Enzel et al. 2000) dated at the same age of 2565
± 50 BP (A-7948) (Figure 2B). This correlation still demands corroboration.
The next relatively higher lake level recorded in Mount Sedom is dated by four 14C ages ranging
from 1990 ± 50 BP (RT-982F) to 1690 ± 50 BP (RT-1235). In Nahal Darga the age of a lacustrine
silt layer overlying sand and overlaid by gravel is constrained between 2115 ± 50 BP (A-7949) and
1750 +80 –75 BP (A-8358) (Kadan 1997; Enzel et al. 2000). Within the deeper part of the Dead Sea
northern basin this event is expressed by laminated marls sandwiched between salt layers (Heim et
al. 1997). Four 14C ages within this marl unit range from 2270 ± 105 (ETH-15434) to 1765 ± 75 BP
(ETH-15432) (Figure 2C).
Holocene stratigraphy observed in seismic reflection profiles across other parts of the northern Dead
Sea basin can be interpreted similarly (Ben-Avraham et al. 1999). The documented sediment
sequence indicates changes in the salinity of the upper water mass associated with lake level fluctuations. Both are controlled by evaporation/runoff ratio as corroborated by palynological data from
the same core (Heim et al. 1997).
19th–20th Century

The latest high level event that is common in the various records has occurred during the late 19th
to mid-20th century (Frumkin 1997; Kadan 1997; Ben-Avraham et al. 1999). This period is well
documented by historical evidence and direct measurements of rising lake up to about –390 m
(Klein 1965). Laminated marl was the main deposit of the Dead Sea until the overturn of its water
column on 1979 CE. The marl of this last high level event is exposed today along most of the Dead
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Figure 4 The north-eastern face of Mount Sedom, with four-level outlets
(indicated by numbers) of Mishqafaim Cave: Level 1 is the uppermost outlet dated by two radiocarbon ages to 3100 ± 55 and 3030 ± 50 BP. The passage is close to the top of the salt (indicated by triangles), just under the
caprock; Level 2 is lower, with ages ranging from 1990 ± 50 to 1690 ± 50
BP; Level 3 is dated to 930 ± 50 and 885 ± 95 BP; Level 4 is active today

sea shore. The Dead Sea reached the base of Mount Sedom at this stage and the outlets of most caves
are graded to about –390 m.
Halite has been a major deposit of the Dead Sea since 1982/3 (Anati et al. 1987; Gavrieli 1997;
Stiller et al. 1997). The shift to halite deposition is attributed to human use of the water from the
catchment and evaporating Dead Sea water for potash extraction. Therefore, during the second half
of the 20th century the Dead Sea level ceased serving as a proxy for climatic change.
High Runoff Events in the Desert

Events that are not recorded by several Dead Sea proxies may be of local importance or may relate
to the southern arid part of the Dead Sea catchment. A possible example may be the period of highintensity runoff dated to about 1100–700 BP by five 14C ages from Mount Sedom where cave passages became wide (Frumkin et al. 1998), two ages in Nahal Zin (Greenbaum et al. 2000), and
apparently also at Nahal Darga (Kadan 1997). During this period Nahal Zin had the highest flood
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frequency during the last 2000 yr (Greenbaum et al. 2000). The absence of this event from the deep
Dead Sea record may indicate an increase of local storms in southern Israel produced by active Red
Sea Trough that is responsible for most high-intensity rainfall and flood events at the southern
Negev Desert today (Kahana 1999). Such an increase of floods may be insignificant to the total
amount of water in the Dead Sea, which receives most of its water input from the Mediterranean
westerlies.
IMPLICATIONS FOR THE RISING RATE OF MOUNT SEDOM DIAPIR

Mount Sedom salt diapir is rising during the Holocene compared with its surroundings and the Dead
Sea shore (Zak 1967). The uplift rate may change with time. Past estimations of average rising rates
of Mount Sedom diapir were based on Lisan deposits deformation (Zak 1967), direct measurement
(Frumkin 1992), and cave levels (Frumkin 1996b). Lacking a stable point of reference, only relative
average values are obtained from these estimates.
Absolute average values of uplift rate may be obtained if a certain Dead Sea level indicator can be
identified in both Mount Sedom and in comparatively stable shore outside the diapir. Reliable correlation between such benchmarks can be established based on 14C-dated cave levels of Mount
Sedom to 14C-dated shorelines such as found in Nahal Darga. A relevant data point is a lacustrine silt
layer at –400 m elevation, dated to 2565 ± 50 BP (A-7948) or 802–543 cal BCE (1σ) (Kadan 1997).
Assuming only minor tectonic movement of this layer since deposition, the –400 m elevation of the
layer must be the minimum Dead Sea level for the deposition period. A cave level in Mount Sedom,
today at –365 m, has two 14C ages: 3100 ± 55 (RT-982G) and 3030 ± 50 BP (RT-982E) or 1436–
1312 cal BCE and 1393–1258 cal BCE (1σ), respectively (Frumkin et al. 1994). The general similarity of the chronology of lake levels derived from Mount Sedom and Nahal Darga may suggest that
the high level event recorded in Mount Sedom at about 3030–3100 BP could have continued until
close to about 2565 BP as recorded in Nahal Darga. If additional dating will show that the two
indeed belong to the same high lake level event, then a diapir uplift rate may be inferred. If the cave
passage developed when Dead Sea level was higher than –400 and assuming an average calendar
age of 1350 BCE for the cave (Frumkin et al. 1991), then the associated cave level has been rising
up to 35 m during the last 3350 yr, yielding an average diapir rising rate less than 10.5 mm/yr. This
range is in agreement with previous estimated rates relative to base level (Frumkin 1996b). If we
assume that the Dead Sea level was not much higher than the –400 m reference level during this
period (Kadan 1997), then the diapir uplift rate would be only slightly smaller than the calculated
10.5 mm/yr value. This is in agreement with the 9 ± 5 mm/yr measured for recent years (Frumkin
1992) and the maximum mean rate of 6–7 mm/yr estimated for the Holocene by evaluating all dated
cave levels (Frumkin 1996b).
The above calculation is approximate, because it is based on near shore lake deposits of unknown
initial depth below water level. To arrive at a more accurate estimate of the diapir rising rate we
should rely on more dated lake-related benchmarks, such as beach ridges of the Dead Sea (Kadan
1997). Such an estimate may be derived from the mid-Holocene beach ridge whose maximum elevation at Nahal Darga is about –370 m. This terrace is presently not well dated and must be older
than the overlying age of 2565 ± 50 BP (A-7948) or 802–543 cal BCE (1σ).
CONCLUSIONS

Holocene millennial scale variations in the hydrologic balance of the Dead Sea catchment are
observed through several independent records of the region suggesting a common climatic control
over the east Mediterranean. Most 14C ages are derived from high level cave passages and high lake
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stands represented by clay and silt beds that in places bound the ages of buried shore deposits. These
higher stands most likely indicate higher precipitation/evaporation ratio over the east Mediterranean
climate region (Table 1).
Table 1 Periods with higher stands of the Dead Sea level related to high precipitation/evaporation
ratio. Estimations of Dead Sea levels and ages are derived from the correlation of several records discussed in the text. Age ranges are rounded to the nearest 100 yr and calibrated according to Stuiver
et al. (1998). MSL—Mediterranean Sea Level
Approximate maximum level of the
Dead Sea (m below MSL)

Period 14C BP

Calibrated age range

–340?
–370
–385
–390
–392

9200–7000
5200–4200
3100–2600
2100–1700
60–0

8300–6000 BCE
4000–2900 BCE
1400–800 BCE
100 BCE–300 BCE
1890–1950 BCE

The 14C-based chronology allows regional correlations with a wide range of disciplines, including
paleobotany, archaeology, and history. When it will be more precise, the chronology will allow correlation with global Holocene paleoclimatic patterns that control the regional paleohydrology and
therefore the environmental change.
The regional paleoclimatic chronology from the studied level indicators can help evaluate cultural
changes in the past and predict future impacts of climatic changes.
The 14C-based correlation is also useful for measurement of the Mount Sedom diapir mean rising
rate. This appears to be less than 10 mm/yr. Further study of the available records and the systematic
collection of more 14C ages is indispensable for fine-tuning of the above conclusions.
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PROTO-NEOLITHIC AND NEOLITHIC CULTURES IN THE MIDDLE EAST—
THE BIRTH OF AGRICULTURE, LIVESTOCK RAISING, AND CERAMICS:
A CALIBRATED 14C CHRONOLOGY 12,500–5500 cal BC
O Aurenche1 • P Galet 2 • E Régagnon-Caroline1 • J Évin2
ABSTRACT. We present for the first time a fully calibrated radiocarbon chronology of Proto-Neolithic and Neolithic cultures in the Middle East covering the time range from 12,500 to 5500 cal BC. A total of 1300 14C dates were evaluated, leading
to the selection of 731 reliable dates. These were calibrated in a special collective approach presented in a series of graphs.
The 14C dates are derived from 160 sites across the Middle East. The period with Proto-Neolithic cultures began around 12500
cal BC and lasted for more than 4000 years. The true Neolithic, with agriculture and livestock breeding, appeared just before
8000 cal BC, subsequently spreading across a wide area within just a few hundred years. Ceramics first occurred around 7000
cal BC. The Mesopotamian cultures that emerged around 6000 cal BC started the urban revolution.

INTRODUCTION

The first attempt based on radiocarbon data to challenge the chronology of the development of
Proto-Neolithic and Neolithic cultures in the Middle East was published in 1987 (Aurenche et al.
1987). Initially, a theoretical calendar was developed, based on stratigraphic and archaeological
information. This led to the establishment of the succession of cultures, i.e. a relative chronology
presented in the Atlas des Sites du Proche Orient (ASPRO, Hours et al. 1994). Subsequently, this
chronology was compared with the results of 14C dating from the same sites. Such an approach is
likely to produce elements of an absolute chronology.
Then, a total of 598 available dates were screened and only 317 were used, selected according to criteria of quality control. The available dates were evaluated on the basis of physical reliability,
including the nature of the sample, treatment, and the quality of the laboratory. In addition, the
archaeological reliability was also screened, including the nature of the context, and conditions of
the excavation. The selection process is explained in Evin et al. (1990; see also van der Plicht and
Bruins 2001).
Justification for another detailed evaluation 15 years later is obvious for several reasons. We now
have twice as many dates for the above periods, which significantly improves the statistical validity
of the individual cultures and stages. From the 1300 14C dates available, we selected 731 reliable
dates (see Table 1). However, the principal reason is that with the further development of calibration
curves all dates from the Proto-Neolithic and Neolithic cultures can now be calibrated. In the late
1980s the calibration curves only covered the younger periods in the above time range. Nowadays
the whole sequence that includes the truly momentous developments of the beginning of agriculture
and livestock breeding as well as the beginning of pottery making can be studied by calibrated 14C
dating.3
STATISTICAL PRESENTATION OF THE DATES

Besides the dramatic increase in the number of available 14C dates, current computer technology has
also led to a qualitative improvement of the way in which we can present the findings. It seemed
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opportune to profit from the capacity of computers to handle large amounts of data. If we want to
verify the cultural succession in relation to a series of 14C dates, it is imperative that we represent
those dates in a single graph. In order to draw such a graph it was necessary to take into account the
variable uncertainties that may affect our measurements. Thus, in order to “correct the inconvenience of having to make allowances for uncertainty” Gasco (1994) suggested weighting dates
within each histogram to take into account their margins of error. The use of this weighting principle
enabled us to add more dates to the graphs.
Table 1 Number of reliable dates available in 1986 and in 2000 for each period P1 to P9
(see also the figures). Periods 7–9 are not covered in this article.
1986
2000

P1
25
88

P2
41
128

P3
87
172

P4
55
116

P5
36
67

P6
24
49

P7
23
36

P8
4
49

P9
22
26

Figure 1 Cumulative curves of probability for calibrated dates in the first six periods of the ASPRO chronology
Hours et al. 1994.

In our current study (Figure 1 above) we implemented the following methodology: 1) all dates
deemed to be reliable are converted into sidereal years by a calibration program that uses the most
up to date graphs drawn up in the field of dendrochronology (Stuiver et al. 1998), 2) each date, thus,
generates a curve that is correct to 95% probability; the dates are summed in value files (a scale of
10 years was chosen to smooth out the shape of the data without visibly altering the form), 3) the
sum of the values is calculated by computer to order and regroup the dates. The weight for each
group of values is calculated, 4) the ability to read the final probability curve is aided by omitting the
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smaller weights and by the impression of the barycentre (point of application of the resultant of all
the weights of a period,
n

1
g = --n

∑ xi , named central point below).
i=1

This method of presenting large numbers of dates is considered valuable. Hence, this particular
computer program is used for all calibrated dating of many dates for each period distinguished in
this article. First, the graphical curve for each period is established. Subsequently, the series of dates
coming from each site are represented in the form of horizontal lines (Figures 2–8). The normal
lines indicate the 1 sigma (68% probability) range, whereas the dotted lines found at either side
extend the range to 2 sigma (95% probability). Moreover, we checked that the main peaks of
probability nearly always occurred within the 1 sigma range (normal lines). Dates with a margin of
error of more than 2% of the measurement taken were eliminated.

Figure 2 Cumulative curves of probability for Period 1 and the chronological position of the main sites

COMMENTARY ON THE RESULTS DRAWN FROM THE STATISTICS
Period 1 (Figure 2)

In sidereal years, this period begins about 12,500 cal BC and ends towards 9500 cal BC. The duration is, thus, longer than the imagined theoretical period. There are two noticeable peaks: the first
one around 12,000 cal BC applies to the Ancient Natufian culture found in the Levant, as confirmed
by the dates from Hammeh, Mallaha, Beidha, the Hayonim cave or El Wad. It is interesting to note
that sites further east that belong to different cultures such as Belt (the Trialetian culture), Shanidar
(the Zarzian culture) or Okuzini are also occupied during this period. Ali Tappeh, on the Caspian
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Sea, like Belt, present problems of methodology, because the results in the GX laboratory are given
with a large statistical interval (350–450 years) that weakens their reliability. However, these dates
are coherent with the stratigraphy and we notice that they are grouped in an interval that is compatible with dates found in other cultures that we can therefore consider as being contemporary.
The second peak, around 11,000 cal BC corresponds to the Recent Natufian culture where the
majority of sites are found. The central point of the period is at around 11,098 cal BC. Rosh Horesha, Nahal Oren, Mureybet, and Abu Hureyra stand out as being of a somewhat later Natufian culture. The two sites on the Euphrates mark the northern boundary of the Natufian region. At Abu
Hureyra though, most of the dates are clustered between 11,000 cal BC and 10,000 cal BC, a series
of accelerated dates (OxA) would suggest occupation continued there until beyond 9500 cal BC.
These could be indicative of a problem with the samples or the stratigraphy. At Mureybet, occupation would have taken place between 10,600 cal BC and 9600 cal BC.

Figure 3 Cumulative curves of probability for Period 2 and the chronological position of the main sites

Period 2 (Figure 3)

As was also found for the previous period 1, the theoretical duration of Period 2 should be lengthened. Period 2 began about 10,500 cal BC and it lasted until at least 8300 cal BC. Thus, there was a
large overlap with the end of the preceding Period 1, which is significant. However, the main peak
of Period 2, about 9200 cal BC, falls squarely within the existing theoretical period and the central
point is at 9512 cal BC. The dates highlight the succession of cultures very well: the Khiamian culture developed between 10,500 cal BC and 9800 cal BC, rather earlier than is usually acknowledged,
as can be seen, for example, by Mureybet or Hatoula. This was followed by the Mureybetian culture
(in the Northern Levant) and the Sultanian culture (in the Southern Levant), which lasted about 9800
cal BC to 8800 cal BC. These were evidently two contemporary cultures found at the same two sites,
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as well as at various other sites such as Gilgal, Gesher, Dhra, Netiv Hagdud, Iraq ed Dubb for the
Sultanian culture, or Jerf el Ahmar for the Mureybetian culture.
The chronology of the phases of occupation at Mureybet can be subdivided in the following way:
Phase Ia (Late Natufian culture, cf. Period 1 between 10,600 cal BC and 9600 cal BC) partly overlaps Phases Ib and II (Khiamian culture) around 10,000 cal BC to 9500 cal BC, and these precede
the Phase III (Mureybetian culture) between 9500 cal BC and 8800 cal BC. The occupation of Jerf
el Ahmar, about 9300–8900 cal BC corresponds well with the end of the Mureybetian era, which is
confirmed by material elements of the culture.
Another interesting result of our investigation is the evidence that the occupation of Iraquian
Djezireh and the higher valleys of the Tigris and the Euphrates (where the sites of Hallan Cemi, Qermez Dere, M’lefaat and Nemrik can be found) occurred at the same time as the occupation of the
Levant, albeit with different cultures. Though less well documented than this latter region, Djezireh
underwent an autonomous but parallel development. On the other hand, the occupation of the Anatolian plateau (Pinarbasi) and of Zagros (Asiab, with the exception of one isolated date which stratigraphically is much older, and Ganj Dareh) does not appear to happen until after 8500 cal BC.
Period 3 (Figure 4)

This period is a particularly crucial time, during which the true Neolithic, characterized by the revolutionary beginning of agriculture and livestock breeding, became established (Aurenche and
Kozlowski 1999). This development was accomplished around 8000 cal BC during a phase that is
called “middle PPNB” in the Levant. The central point for dates in this period is 8053 cal BC.
Three different groups of sites become apparent. The oldest belong to the Early PPNB4, with the continued occupation of Mureybet (Phases IVa and b) between 9200 and 8000 cal BC, at Aswad (Phases
Ib and II) between 9200 and 7600 cal BC, and also at Nemrik between 9200 and 7200 cal BC. Other
sites are “new” and belong to the same cultural phase: that’s the case for Horvat Galil in the southern
Levant, Djaade, lower Cayonu, Nevali Cori, situated on the middle stretches of the Euphrates, and
Gobekli in the northern Djezireh. These were occupied between 9200 and 8200 cal BC. The re-occupation of Okuzini appears to be contemporaneous. These dates partly overlap those of preceding cultures (cf. Period 2) and this lack of precision means we cannot put a more accurate date for the period
of transition. Using the current data, the Early PPNB stretched from 9200 to 8300 cal BC.
However, it is certain that all sites clustered from 8400 to 8000 cal BC belong to the following phase,
the Middle PPNB, and, in theory, were familiar with agriculture and livestock breeding. That was
the case in the Levant and in the high valleys of the Tigris and the Euphrates, in Jericho, Beidha, Ain
Ghazal, Abu Hureyra, Halula, Hemar, Cafer, Cayonu, Jilat 7 and 26, Reu’el, Yiftahel. During the
same period the Neolithic also appeared to have reached the Anatolian plateau (Asikli) and Zagros
(Ganj Dareh). The Middle PPNB can thus be dated from 8400 to 7500 cal BC.
The third group of sites was wrongly placed within this period using the ASPRO chronology (Hours
et al. 1994). These sites are distinct in two ways5: 1) by the chronology of their occupation as shown
by the table, and 2) by the fact that culturally they belong to the “Late PPNB”. This is the case for
Azraq 31, Basta, Jilat 13, Bezet. Logically, they ought to be transferred to Period 4. The areas of

4 Their
5 Their

names can be seen in italics on the left hand side of Figure 4.
names can be seen in italics on the right side of Figure 4.
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Figure 4 Cumulative curves of probability for Period 3 and the chronological position of the main sites

overlap would thus be shortened and the chronological sequence would regain its coherence. But for
the provisional purposes of demonstration, they appear in both the graphs for Period 3 and Period 4.
The most important result to be gleaned from the chronology of Period 3 is the rather accurate dating
of the beginning of the true Neolithic between 8300 and 8000 cal BC. Moreover, it can be concluded
that within less than 500 years (by 7500 cal BC) the true Neolithic had begun to spread to the whole
of the Middle East.
Periods 4 and 5 (Figures 5–7)

All the dates for Period 4 (Figure 5) are well grouped between 7600 and 6400 cal BC with a central
point at 7069 cal BC. Thus, the theoretical length of the period may initially be extended by 500
years. This period corresponds to the integration of Neolithic culture throughout the entire region. It
includes the first occupation of lower Mesopotamia (Ali Kosh), as well as confirmation of occupation in Zagros (Jarmo) and on the Anatolian plateau (Catal, Can Hasan III, Suberde). In the Levant
this phase is traditionally termed the Late PPNB, i.e. a Neolithic phase without ceramics. The latter
criterion was adopted by ASPRO (Hours et al. 1994) to attribute sites to this period.
However, it has now become apparent that, in certain areas, ceramics appeared much earlier than we
first imagined, while in other areas, the phase without ceramics lasted longer than we first imagined.
In fact, a quick glance at the graph for Period 5 (Figure 6) shows us that, in chronological terms, the
sites attributed to this period show significant overlap with those of Period 4. This overlap is related
to several factors: a) the duration of the above periods has been shortened without the occurrence of
a corresponding reduction in the statistical margin of error, b) a smaller number of available dates—
67 as opposed to more than 100 for the preceding periods—due to a lack of long analogue series on
certain sites as compared to preceding periods (see infra). Based on the available dates, the beginning of this period occurs about 7500 cal BC and it ends about 6000 cal BC. The central point is
6607 cal BC.
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Figure 5 Cumulative curves of probability for Period 4 and the chronological position of the main sites

It would thus appear reasonable to regroup Periods 4 and 5 (Figure 7), which J Cauvin (Cauvin
1997) proposes anyway on cultural grounds. Despite this regrouping, we confirm by 14C dating the
stratigraphy of the following sites: Catal Hoyuk (level XII-IX between 7300 and 6800 cal BC, level
VIII-II between 7200 and 6400 cal BC), Ain Ghazal (Late PPNB between 7400 and 6900 cal BC,
PPNC between 7400 and 6500 cal BC), and Ramad (Ramad II between 7400 and 6700 cal BC,
Ramad III between 6800 and 6700 cal BC).
Another most interesting phenomenon is highlighted by examining this series of dates: the simultaneous appearance of ceramics in various parts of the region around 7000 cal BC. This is the case at
Bouqras, Damishliya, Kashkashok, Kumar in the Euphrates basin, at Guran and Sarab in the Zagros
Mountains, and at Catal Hoyuk on the Anatolian plateau.
However, other regions, inhabited at the same time, did not feature ceramics: the Southern Levant
(Ain Ghazal), the oases of the Syro-Jordanian steppes (Kowm 2, Naja, Burqu’), and the Iranian plateau (Sang-i-Chakhmak).
Period 6 (Figure 8)

The curve of this graph is distinguished quite well from those of the two preceding periods. The
beginning of Period 6 occurs about 6400 cal BC and ends about 5600 cal BC—a duration that is
slightly longer than the theoretical period. The central peak around 5900 cal BC is not far from the
central point at 5889 cal BC. Notwithstanding the comparatively smaller number of available dates,
the beginnings of several, mainly Mesopotamian, cultures that are defined by ceramic assemblages,
can at least be calibrated provisionally in a collective way. A number of sites confirm this approach,
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Figure 6 Cumulative curves of probability for Period 5 and the chronological position of the main sites

though only a tiny proportion of these so far produced reliable dates, many of which are isolated.
Thus, the pre-Halaf sequence at Subhi Abiad is dated from 6200 to 5900 cal BC, followed by the
Halaf sequence around 5900–5500 cal BC. The latter range is confirmed at Arpachiyah: 5900–5700
cal BC. These calibrated dates lend a certain credit to a single date between 6400 and 6200 cal BC
obtained on a sample from Halaf itself, a long time after the excavation, at levels considered to be
pre-Halaf (Altmonochrom). At Yarim I, the pre-Hassuna levels are dated between 6000 and 5900 cal
BC, while at Sawwan, the level I (pre-Samarra) is dated around 6300–5800 cal BC, preceding the
level III (Samarra), grouped between 6100 and 5900 cal BC.
At Oueili in southern Mesopotamia, the beginning of the Obeid sequence (Obeid O) is placed
between 6400 and 6100 cal BC—a hypothetical date due to the significant statistical margin of error
for the two available dates. Another cultural development (Obeid 1) occurred between 5700 and
5400 cal BC. It is most interesting to compare these well known ceramic sequences with other
sequences that are less documented and scattered over a wide area, but which seem perfectly contemporaneous: Hacilar on the Anatolian plateau, Hajji Firuz and Yanik in the Zagros Mountains, Zaghe
on the Iranian plateau, and Jeitun, Togolok, Chagylly in Turkmenistan.
The beginnings of ceramics in the Southern Levant seems to date to about 6400–6200 cal BC, if the
only available date from Ain Rahub is reliable. In order to verify these hypotheses it would be necessary to have more detailed sequences. But we can already take 6000 cal BC (slightly before or
slightly after) to be the starting point for the principle ceramic cultures of the ancient Middle East.
These characteristics are traditionally part of the second phase of the Neolithic culture.
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Figure 7 Cumulative curves of probability for Periods 4 and 5, and the chronological position of the main sites

COMMENTARY ON THE RESULTS OF CALIBRATION

One of the first results of this collective calibration process is the extension of the duration of the theoretical periods that were defined by the ASPRO chronology. It will be necessary to take this into
account in future finds. We must also be aware of the overlap between periods. For reasons of clarity,
each of the theoretical periods was given well-defined limits that, of course, are not representative of
reality. The number of dates available to us to accurately position this long sequence chronologically
is (still) relatively small. It does not yet allow us to reduce the areas of overlap. We have already seen
how this inaccuracy forced us, provisionally, to merge two periods. The solution of these problems
remains an objective in future investigations.
However, the difficulties are not only due to the small number of dates available. For instance, if we
examine the curve of calibration (Figure 9) we notice the existence of rather flat areas in the curve.
In these plateau periods the conversion of the BP date into real years leads to a wide age range in
sidereal years, even if the BP date has a small sigma. On the other hand, for those periods in which
the calibration curve has a steep gradient, even BP dates with a medium sigma may get upon calibration a rather precise date in sidereal years. Thus there are “good” and “bad” periods for using 14C
dating (Evin et al. 1995).
If we apply that principle to the Middle East, we find that, in terms of the reliability of sidereal dates,
the following calibration periods are particularly satisfactory: 9400 to 9200 cal BC (second half of
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Figure 8 Cumulative curves of probability for Period 6 and the chronological position of the main site

Figure 9 Curve of calibration between 12,000 cal BC and 5000 cal BC, showing “good” and “bad” periods
for precise calibrated radiocarbon dating

Proto-Neolithic and Neolithic Cultures in the Middle East

1201

Period 2), 8400–8200 cal BC and 7700–7500 cal BC (the beginning and end of Period 3 respectively), 7100–7000 cal BC (end of Period 4), and from 6700 cal BC onwards (the end of Period 5).
The whole of Period 6 (6500–5600 cal BC) and Period 7 (not studied here) can also be considered
as favorable periods for 14C dating.
On the other hand, unfavorable time periods include the beginning and end of Period 2 (9800–9400
cal BC and 9100–8800 cal BC). These two plateaus, on either side of a favorable period, only accentuate, albeit perhaps too much, the effect of extending the periods in real years. The reverse situation
appears in Period 3, in which the beginning and end are well dated, but with a plateau area in the
middle, between 8200 and 7600 cal BC. Regretfully, this is precisely the time when the true
Neolithic culture with agriculture and livestock rearing began to establish itself throughout the Middle East.
The two plateaus of 7400–7200 cal BC and 7000–6700 cal BC may explain the wide field of overlap
between Periods 4 and 5, which brought about their merger (cf. supra).
CONCLUSIONS

Despite the above uncertainties, there is a need for a general extension of the chronology. Particularly, the period that preceded the true Neolithic Age should be extended in time. We suggest calling
this period the Proto-Neolithic, although its importance should not be exaggerated. It includes the
Periods 1 and 2 of the ASPRO chronology.
The Proto-Neolithic begins about 12500 cal BC and ended about 8400 cal BC, spanning more than
four millennia. Therefore, we must acknowledge that this period, which includes the Natufian in the
Levant and other contemporary cultures in the East (Zarzian and Trialetian) and also the PPNA
(Period 2) in the Levant, and other contemporary cultures in the East (Mlefatian and Nemrikian), is
longer than we estimated until now.
This collective 14C calibration of cultures, based on many dates, has enabled us to obtain convergent
results. Thus, we can date several phenomena that are truly unique in the archaeological record:
1. The advent of the true Neolithic in the Middle East with the beginning of agriculture and livestock rearing, can reasonably be dated around 8000 cal BC or, more correctly, between 8300
and 8000 cal BC.
2. The “invention” of ceramics occurred around 7000 cal BC.
3. Finally, the beginnings of the “great” Mesopotamian cultures—the Obeid culture led directly
to the urban phenomenon—took place around 6000 cal BC.
4. These results should encourage further investigations to date more precisely the chronological
position of the cultures towards the end of the Neolithic (Periods 6 and 7), for which there are
still not enough dates available at present.
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SETTLEMENT PATTERNS IN THE SOUTHERN LEVANT DESERTS DURING THE
6TH–3RD MILLENNIA BC: A REVISION BASED ON 14C DATING
Uzi Avner1 • Israel Carmi2
ABSTRACT. Archaeological surveys conducted in the Negev and Sinai during the 20th century were commonly interpreted
as representing short settlement periods interrupted by long gaps. The time factor was usually based on archaeological estimates rather than comprehensive physical dating. For example, the perceived age and time duration of “hole-mouth” pottery
sherds and tabular flint scrapers became a source of circular reasoning to “date” sites and their “duration.” Thus, desert sites
became to be perceived as temporary, seasonal, short-lived, while the cultures of desert populations were somehow undervalued. However, radiocarbon dating of desert sites from the Late Neolithic to the Early Bronze Age IV presents a very different
scenario. The deserts of the Southern Levant exhibit a full sequence of settlement, a longer life span of individual sites, and
a higher level of activity and creativity of the desert people. This paper describes the controversy and presents the 14C data that
form the basis for the revised view.

INTRODUCTION

The southern Levant deserts discussed in this paper include the areas of southern Jordan, the Negev,
and Sinai. The climate of the region is arid or hyper-arid, characterized by summer temperatures that
often rise above 40 °C in the hottest parts. Annual average precipitation is below 100 mm, while the
potential evaporation may reach 4000 mm per year. The mountains of southern Jordan, southern
Sinai, and the Negev Highlands enjoy better conditions, but are still very dry. The climate during the
periods under discussion, the 6th to 3rd millennia BC, was somewhat moister than at present, but the
environment clearly remained a desert.
In view of the negative water balance of the region most scholars described the occupational history
of the Southern Levant deserts as a series of short settlement periods separated by long intervals of
abandonment. During historical periods settlement in the desert was attributed to the initiative of
strong political entities from the neighboring fertile regions. The dearth of archaeological remains
during the intervening periods was related to nomads, who did not leave traces. The commonly
accepted occupation scenario of the deserts in the southern Levant includes: 1) several pre-pottery
Neolithic B sites (PPNB), 2) hardly any human presence during the 6th–4th millennia BC (Late
Neolithic, Chalcolithic, and Early Bronze I), 3) a sudden and extensive settlement throughout the
desert in the Early Bronze II (EBII, about 3000–2650 BC), 4) another period of emptiness during
EBIII, and 5) extensive human presence in the EBIV period (about 2300–2000 BC).
This picture of “ups and downs” is well represented by the publications of the Negev Highland surveys. So far, nine survey maps have been published, covering altogether 900 km2 encompassing
about 65% of the Negev Highlands. Figure 1 presents a compilation of site numbers in each period.
Settlement Patterns Based on Radiocarbon Dating

In 1994 we published a detailed description and discussion of the settlement pattern in the deserts of
the southern Levant during the 6th–3rd millennia BC with emphasis on the southern Negev (Avner
et al. 1994). Based on archaeological surveys, excavations, artifacts, and 84 radiocarbon dates, we
asserted a full sequence of settlement in the desert from the PPNB until the EBIV. Since then, more
information accumulated on desert settlements and this concise paper provides an update.
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Figure 1 The traditional view of settlement patterns in the Negev Highlands based on archaeological age assessment.
Compilation of site numbers in each period is derived from the Negev Highland surveys published by the Israel Antiquities Authority (Avni 1992; Cohen 1981, 1985, 1999; Haiman 1986, 1991, 1993, 1999; Lender 1990; Rosen 1994).

The new 14C list from the area includes 175 dates from 73 sites in the time period of about 6000–
2000 BC (see also Figures 2 and 3). This list provides a higher resolution of the settlement sequence
and better illuminates the “dark ages” in the desert: the Late Neolithic, Chalcolithic, EB-I, and EBIII. In fact, these periods proved not to be “dark” at all. An arbitrary division of these dates by cultural periods gives a general idea of the settlement patterns as shown in Table 1.
The sequence of settlements by numbers of dates per century in each period is demonstrated in Figure 2. It shows that only one part of the sequence remains with a low number of dates: the period
4000–3500 BC, or the Late Chalcolithic in cultural terms. This is partly related to the fact that some
sites previously dated as Chalcolithic were later proven to be EB-I (Adams and Genz 1995; Genz
1997; Khalil and Eichmann 1999). Nevertheless, no settlement gaps are apparent and additional
excavations will most probably provide further information on the Late Chalcolithic.

Settlement Patterns in the Southern Levant Deserts
Table 1 Number of
period

14C
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dates according to cultural

Cultural Period

Number of 14C dates

Late Neolithic
Chalcolithic
Early Bronze I
Early Bronze II
Early Bronze III
Early Bronze IV

53
38
21
25
23
11

Figure 2 A different picture of settlement patterns in the Southern Levant deserts during the 6th–
3rd Millennia BC is clearly emerging from 14C dating

Settlement Duration of Desert Sites

Another point illuminated by the 14C dating is the life span of individual sites. Usually, desert sites
were described as “short lived and a passing phenomenon” or “seasonally used for only several
years” (Haiman 1986:16, 1989:185) and having a “brief lifespan” (Beit-Arieh 1982:155, 1986:51).
However, when a series of 14C dates is retrieved from excavated sites, a long timeline is revealed
spanning hundreds of years or even more (Figure 4, Sites 22, 25, 39, 50). The best example is the
Nahal Issaron site (Figure 4, Site 29) in the Uvda Valley, where 35 dates cover 4500 years from early
PPNB to late Chalcolithic (Figure 5). It is not asserted here that these sites were inhabited every day
or even every year, but still, their long duration contradicts common notions about desert settlement
and suggests a great demographic and cultural significance.
What is the reason for the time difference between settlement patterns obtained through archaeological surveys and through 14C dating? The main answer, in our opinion, lies in the archaeological age
estimate attributed to ceramics and flint tools. The two major types of artifacts collected from the
surface in the Negev and Sinai surveys—the “hole-mouth” pottery sherds and tabular flint scrapers—were considered to identify only EB-II. However, a closer examination shows that a much
longer time range is obtained when these artifacts are found with other datable finds and with 14C
dates (Avner et al. 1994:280–81). As a result of the limited dating, the EB-II period was overemphasized, at the expense of the Late Neolithic, the Chalcolithic, the EB-I, and EB-III. It still seems that
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Figure 3 Histogram of calibrated BC dates: Late Neolithic to EBIV from southern Jordan, the Negev and Sinai
from north to south. Each spot represents the mean value of one or more calibrated dates based on OxCal 3.4
(Ramsey 2000). For locations of the sites see Figure 4.

Settlement Patterns in the Southern Levant Deserts

Figure 4 Location of archaeological sites dated by 14C. The site numbers refer to Table 2.
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EB-II was indeed the climax of settlement in the southern Levant deserts, but the other periods
should not at all be considered as “missing.”

Figure 5 Distribution of 14C dates at the Nahal Issaron site (Carmi
et al. 1994).

CONCLUSION

Our knowledge of archaeological history in the deserts of the Southern Levant is still far from satisfactory. Much work is still needed before we can reconstruct the desert’s past with some reliability.
Most areas in these deserts have not been surveyed in detail. The typology and chronology of sites
and artifacts is not clear enough as yet. And there is still much to be done in interpreting the known
types of sites. However, as the speed of destruction of desert sites is very high, we cannot be sure
how many sites will survive for investigation in the near future.
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Even with our limited knowledge, archaeological remains in the desert can no longer be attributed
only to foreign initiatives during the late prehistory and early historic periods. Moreover, it can no
longer be claimed that the desert population had no role in the cultures of the Near East. On the contrary, the desert peoples were innovative enough to develop a successful and sustainable form of
agriculture under harsh conditions (Avner 1998). They were also involved in the development of
copper mining and metallurgy (Rothenberg and Glass 1992) and they were especially creative in the
realm of religion and philosophy. In these fields they had an important influence on the population
of the fertile zones for many generations (Avner 1993, in press 1, 2, 3).
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APPENDIX

Table 2 Calibrated 14C dates of Late Neolithic to Early Bronze-IV sites in the deserts of Southern
Jordan, the Negev, and Sinai. The sites are arranged in geographical order from north to south. The
references for the 14C dates of each site are presented in the last column, next to the first date of
the respective sitea
Mb

Years (BP)

Cal BCc

Mean

Reference

RT1556

C

4660 ± 55

3520–3360

3440

Segal and Carmi
1996

Har Dimon

RT1557

C

3845 ± 50

2410–2200

2305

Har Dimon

RT1558

C

3915 ± 50

2470–2300

2385

RT885A

C

3960 ± 90

2580–2300

2440

‘En Zik

RT885B

C

3880 ± 50

2460–2200

2330

‘En Zik

RT885B1

C

3880 ± 50

2460–2290

2265

‘En Zik

RT2514

W

3700 ± 45

2200–1980

2090

Nr

Site name

1

Har Dimon

2

‘En Zik

Site type
Habitation

Habitation

Lab nr

Cohen 1999

3

Mushabi 103

Habitation

RT447B

C

3800 ± 330

2700–1700

2200

Sharpensel et al.
1976

4

Qadesh Barne’a
3

Habitation

SMU662

C

7530 ± 80

6450–6250

6350

Bar Yosef 1987

Pta3662

C

7350 ± 80

6340–6070

6205

Qadesh Barne’a
3
5

Hagamal site

Habitation

Rt2043

C

4115 ± 50

2860–2580

2720

Segal and Carmi
1996

6

Kvish Harif

Habitation

Pta3374

C

5260 ± 60

4230–3980

4105

Rosen 1984

7

Har Harif E22H

Habitation

Tx1122

C

5960 ± 100

4960–4710

4835

Forenbaher
1997

8

W. Fidan

Habitation

HD17471

C

6082 ± 44

5050–4850

4950

Hauptmann
2000

9

Faynan 9

Copper
smelt

HD10577

C

4140 ± 110

2880–2580

2730

Faynan 9

HD10993

C

3981 ± 50

2580–2400

2490

Faynan 9

HD10994

C

3973 ± 85

2620–2310

2465

Faynan 9

HD10584

C

3812 ± 77

2410–2130

2270

HD13776

C

4654 ± 50

3520–3360

3340

W. Fidan 4

HD16378

C

4424 ± 51

3270–2920

3095

W. Fidan 4

HD16379

C

4576 ± 44

3500–3120

3310

10

W. Fidan 4

Habitation
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Table 2 Calibrated 14C dates of Late Neolithic to Early Bronze-IV sites in the deserts of Southern
Jordan, the Negev, and Sinai. The sites are arranged in geographical order from north to south. The
references for the 14C dates of each site are presented in the last column, next to the first date of
the respective site.a (Continued)

No

11

Site name

Type of
site

Lab No.

Mb

years (BP)

cal BC c

Mean

W. Fidan 4

HD16380

C

4702 ± 37

3630–3370

3500

W. Fidan 4

HD16327

C

4718 ± 25

3630–3380

3505

HD16533

C

4044 ± 44

2630–2470

2550

HD16534

C

3914 ± 45

2470–2310

2390

H. Hamdan Ifdan

Habitation

H. Hamdan Ifdan

Reference

12

Ras al Naqab 1

Copper
smelt

HD10574

C

3971 ± 67

2580–2350

2465

13

Tel W. Faynan

Habitation

HD10567

C

6410 ± 115

5490–5260

5375

Tel W. Faynan

HD12335

C

6360 ± 45

5470–5300

5385

Tel W. Faynan

HD13775

C

6312 ± 50

5210–4950

5080

Hauptmann
2000

Tel W. Faynan

HD12338

C

6110 ± 75

5210–4850

5030

Najjar et al.
1990

Tel W. Faynan

HD12337

C

5740 ± 35

4680–4500

4590

Tel W. Faynan

HD12336

C

5375 ± 30

4330–4110

4200

14

W. Ghwir 4

Copper
smelt

HD10573

C

4059 ± 55

2840–2470

2655

15

W. Ghwir 3

Copper
smelt

HD16529

C

3919 ± 26

2470–2350

2410

16

Fainan 16

Copper
smelt

HD10579

C

3923 ± 61

2490–2300

2395

17

Barqa al Hetiye

Habitation

HD13975

C

4376 ± 57

3090–2900

2995

Barqa al Hetiye

HD13976

C

4267 ± 43

2920–2780

2850

18

‘Uvda 4

RT724D

C

5400 ± 110

4350–4040

4195

19

‘Uvda 96/III

Threshing
fl.

RT648B

C

4250 ± 50

2920–2700

2810

20

‘Uvda 6

Sanctuary

RT628A

C

6560 ± 200

5710–5310

5510

RT628B

C

6400 ± 70

5470–5310

5390

‘Uvda 6

Najjar et al.
1990

Hauptmann
2000
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Table 2 Calibrated 14C dates of Late Neolithic to Early Bronze-IV sites in the deserts of Southern
Jordan, the Negev, and Sinai. The sites are arranged in geographical order from north to south. The
references for the 14C dates of each site are presented in the last column, next to the first date of
the respective site.a (Continued)

No

21

Site name

Type of
site

23

cal BC c

Mean

Reference

C

6400 ± 60

5470–5310

5390

‘Uvda 6

RT1739

O
E

6390 ± 60

5470–5310

5390

Segal and Carmi
1996

RT724B

C

6410 ± 120

5490–5260

5375

Avner et al. 1994

RT724C

C

4540 ± 100

3490–3040

3267

RT1419

C

4370 ± 100

3310–2880

3095

‘Uvda 124/IV

RT1452

C

4370 ± 50

3090–2910

3000

‘Uvda 124/IV

RT1449

C

4285 ± 60

3020–2710

2865

‘Uvda 124/IV

RT1451

G
C

4280 ± 60

3020–2700

2860

‘Uvda 124/IV

RT1448

C

4120 ± 60

2870–2570

2720

‘Uvda 124/IV

RT1450

C

4075 ± 55

2860–2490

2675

‘Uvda 124/IV

RT3174

G
C

4030 ± 45

2620–2470

2545

‘Uvda 124/IV

RT3172

G
C

4015 ± 40

2580–2470

2525

‘Uvda 124/IV

RT3173

G
C

4010 ± 45

2580–2460

2520

RT640A

C

4800 ± 70

3660–3380

3520

RT640B

C

4400 ± 60

3260–2910

3085

Pta3340

C

4100 ± 50

2860-2500

2680

Pta3342

C

3870 ± 40

2460-2280

2370

RT670D

C

7960 ± 200

7200-6550

6875

Avner et al. 1994

Pta3646

C

6960 ± 70

5890-5730

5810

Avner
in press

‘Uvda 7

Habitation

‘Uvda 124/IV

‘Uvda 16

Habitation

Habitation

‘Uvda 17

Habitation

‘Uvda 17
25

years (BP)

Pta3621

‘Uvda 16
24

Mb

‘Uvda 6

‘Uvda 7
22

Lab No.

‘Uvda 9 (124/
XVII)
‘Uvda 9 (124/
XVII)

Upright
standing
stone

Avner et al. 1994

Avner et al. 1994

Bet Arieh unpublished
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Table 2 Calibrated 14C dates of Late Neolithic to Early Bronze-IV sites in the deserts of Southern
Jordan, the Negev, and Sinai. The sites are arranged in geographical order from north to south. The
references for the 14C dates of each site are presented in the last column, next to the first date of
the respective site.a (Continued)

No

Type of
site

Mb

years (BP)

cal BC c

Mean

RT3369

C

4130 ± 90

2880-2580

2730

RT899A

C

4530 ± 50

3360-3100

3230

‘Uvda 9

RT889B

C

4520 ± 60

3360-3100

3230

‘Uvda 9

RT864B

C

4440 ± 180

3360-2890

3125

‘Uvda 9

RT1436

O
E

4440 ± 60

3330-2920

3125

‘Uvda 9

RT864A

C

4310 ± 90

3110–2700

2905

‘Uvda 9

RT714A

O
E

4070 ± 100

2860–2470

2665

Site name

‘Uvda 9 (124/
XVII)
‘Uvda 9

Habitation

Lab No.

Reference

Avner et al. 1994

26

“Uvda 151

Standing
stone

RT684A

O
E

5670 ± 85

4610–4360

4485

Avner et al. 1994

27

Shaharut IV

Tombs

RT899C

W

3700 ± 55

2200–1970

2085

Avner et al. 1994

RT771B

W

3582 ± 130

2140–1740

1940

RT714B

C

3850 ± 80

2460–2200

2330

RT1421

C

3680 ± 50

2140–1970

2055

RT1516

C

7460 ± 95

6410–6230

6320

‘Uvda 14

RT1640

C

7135 ± 95

6160–5890

6025

‘Uvda 14

RT1691

C

7100 ± 70

6030–5840

5935

‘Uvda 14

RT1606

C

6680 ± 85

5670–5480

5575

‘Uvda 14

Pta2999

C

6460 ± 70

5480–5360

5420

‘Uvda 14

RT1692

C

6350 ± 90

5470–5210

5340

‘Uvda 14

Pta3486

C

6130 ± 70

5210–4940

5075

‘Uvda 14

RT1663

C

5755 ± 85

4710–4490

4600

‘Uvda 14

RT1608

C

5690 ± 55

4600–4450

4525

‘Uvda 14

RT1506

C

5635 ± 70

4540–4360

4450

Shaharut IV
28

‘Uvda 166

Habitation

‘Uvda 166
29

‘Uvda 14d

Habitation

Avner et al. 1994

Carmi et al.
1994
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Table 2 Calibrated 14C dates of Late Neolithic to Early Bronze-IV sites in the deserts of Southern
Jordan, the Negev, and Sinai. The sites are arranged in geographical order from north to south. The
references for the 14C dates of each site are presented in the last column, next to the first date of
the respective site.a (Continued)

No

30

31

Site name

Type of
site

Lab No.

Mb

years (BP)

cal BC c

Mean

‘Uvda 14

RT1630

C

5625 ± 70

4530–4360

4445

‘Uvda 14

RT1513

C

5170 ± 55

4050–3810

3930

‘Uvda 14

RT1518

C

4990 ± 50

3910–3700

3805

Yotvata Hill

Ramp

RT1548

C

5468 ± 55

4360–4240

4300

Yotvata Hill

Copper
smelt

RT1546/7

C

4650 ± 70

3520–3360

3340

Yotvata 6

Habitation

RT1439

C

3980 ± 60

2580–2350

2565

RT1438

C

3770 ± 50

2290–2060

2175

Yotvata 6

Reference

Segal and Carmi
1996

Avner et al. 1994

32

J. Queisa (J24)

Habitation

SMU804

C

5770 ± 40

4690–4550

4620

Henry 1995

33

Samar

Kite

RT2716

C

4080 ± 25

2840–2500

2670

Avner et al. 1994

Samar

Pta3627

C

3940 ± 60

2560–2310

2435

Holzer and
Avner in press

Samar

RT2715

C

3775 ± 40

2290–2130

2210

34

Timna S27

Copper
mine

Bonn2538

C

7680 ± 120

6650–6410

6530

Rothenberg, unpublished

35

Timna 39

Habitation

OxA7632

C

5485 ± 45

4430–4250

4340

Rothenberg and
Merkel 1998

36

Timna S28/2

Copper
mine

Bonn2363

C

4000 ± 90

2840–2340

2590

Conrad and
Rothenberg
1980

Bonn2632

C

3890 ± 70

2470–2230

2350

Timna S28
37

Timna 30

Copper
smelt

Ham215

C

4020 ± 100

2900–2350

2625

Rothenberg
1990

38

Shehoret hill

Copper
smelt

RT591

C

4010 ± 150

2900–2300

2600

Avner et al. 1994

39

Eilat IV/16

Tumuli

RT989

C

6470 ± 80

5490–5320

5405

Avner et al. 1994

Eilat IV/3

RT926A

C

6340 ± 60

5470–5260

5365

Eilat V/27

RT1215

C

6400 ± 210

5650–5050

5350
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Table 2 Calibrated 14C dates of Late Neolithic to Early Bronze-IV sites in the deserts of Southern
Jordan, the Negev, and Sinai. The sites are arranged in geographical order from north to south. The
references for the 14C dates of each site are presented in the last column, next to the first date of
the respective site.a (Continued)

No

a

Site name

Type of
site

Lab No.

Mb

years (BP)

cal BC c

Mean

Eilat V/28

RT1216

C

6060 ± 65

5050–4850

4950

Eilat V/22

RT1214

C

5980 ± 130

5050–4710

4880

Eilat V//18

RT1212

C

5930 ± 80

4910–4710

4810

Eilat IV/8

RT1210

W

5710 ± 75

4680–4450

4565

Reference

Sites where excavators are not mentioned in the table are: Har Dimon – G. Tal; Mushabi 103 – Sass & Klemer; Hagamal Site
– Rosen; Feidan 8 – Adams; Feidan 4– Adams & Genz, Adams & Levy; Hamra Ifdan – Adams; Baqa a Hatiye – Fritz; ‘Uvda
4 – Eisenberg; ‘Uvda 7 – Saas & Goren; ‘Uvda 16 – Yogev; ‘Uvda 17 – Beit Arieh; ‘Uvda 9 – Amiran, Arnon, Ilan and Avner;
Yotvata Hill – Meshel; Yotvata 6 – Meshel & Sass; Ras el Naqeb – Avner; Hashem el Taref XVII – Avner; Hashem el Taref
650, 317, 317a, W. Kyke 649. W. Malha 332, Themel 699 – Kosloff; ein Abu Rugum – Sass; W. Watir – Avner; ‘Ein Um
Ahmed – Goren; W. Zalaqa – Avner; W. Dab’yia – Goren, Avner; Serabit el Khadim – Beit Arieh; J. ‘Adeideh – Goren; Abu
Khalil – Goren; Sinai 1130/3 – Beit Arieh; Sheikh ‘Awad – Beit Arieh.
b The abbreviation are: M – material; C – charcoal; GC – goat coprolite; OE – ostrich eggs; W – wood; SS – sea shell
c Calibration based on OxCal 3.4 (Bronk Ramsey, 2000). 1σ confidence is used. Mean values were calculated for the construction of the histogram.
d Uvda 14 is the same as N. ‘Issaron. For additional 22 dates see Figure 3.

THE CHRONOLOGY OF THE GHASSULIAN CHALCOLITHIC PERIOD IN THE
SOUTHERN LEVANT: NEW 14C DETERMINATIONS FROM TELEILAT GHASSUL,
JORDAN
Stephen Bourke1• Ewan Lawson2 • Jaimie Lovell1 • Quan Hua2 • Ugo Zoppi2 • Michael Barbetti 3
ABSTRACT. This article reports on ten new accelerator mass spectrometry (AMS) dates from the Chalcolithic period (fifth
millennium BC) archaeological type-site of Teleilat Ghassul in Jordan. Early radiocarbon assays from the site proved difficult
to integrate with current relative chronological formulations. The ten new AMS dates and follow-up enquiries connected with
the early assays suggest that the original dates were up to 500 years too early. A necessary reformulation of regional relative
chronologies now views the Ghassul sequence falling between Late Neolithic Jericho and the Beersheban Chalcolithic.

INTRODUCTION

Traditionally, the Jordan Valley Chalcolithic cultures are seen to develop relatively smoothly out of
the preceding Late Neolithic around 5000 BC (6100 BP) (Stager 1992). Over the course of an
approximately thousand year sequence current radiometric evidence would suggest a series of overlapping but essentially smooth transitions from Early to Late Chalcolithic assemblages around 4500
BC (5700 BP). The latest Chalcolithic strata within the Jordan Valley date to 3900 BC (5100 BP)
(Levy 1992; Gilead 1994). This cultural phasing is delimited by radiocarbon determinations from a
series of atypical but recognizably Late Neolithic horizons at Wadi Ziqlab 200 (Banning et al. 1996)
and Abu Hamid Lower (Lovell et al. 1997), and a comparable suite of earliest EB I dates from North
Shuna (Philip, in press) and Tell Magass (Kerner, personal communication). This view of the Jordan
Valley Chalcolithic enjoys broad consensus (Joffe and Dessel 1995). The major anomaly was Hennessy’s five (SUA 732–739) very early 14C determinations from the Chalcolithic type site of Teleilat
Ghassul (Weinstein 1984; Joffe and Dessel 1995). Joffe and Dessel noted the anomalous early position of Hennessy's Ghassul dates, but as these were first published without any contextual details, it
remained unclear how anomalous they actually were.
EARLY

14C

DATES FROM TELEILAT GHASSUL

Before the current assays, 12 14C dates were known from Teleilat Ghassul—one taken from the very
early Pontifical Biblical Institute (PBI) excavations (Lee 1973), eight deriving directly from J Basil
Hennessy's University of Sydney excavations (Hennessy 1982; Weinstein 1984), and three taken
from standing sections several years after Hennessy’s excavations had ceased (Neef 1990). Whilst
Hennessy’s (SUA) assays come from reliable contexts, the PBI (RT) and Groningen (GrN) assays
derive from uncertain contexts that can only be very approximately equivalenced with known strata
(Table 1, below).
The five Early Chalcolithic dates (1–5 below) are relevant to our immediate concerns. A number of
publications have acknowledged Hennessy’s early dates, but generally without comment. Gilead
(1988) was first to note the implications for long-term in-situ cultural development, a view Hennessy
(1989) subsequently emphasized. Levy (1992) outlined a similar claim for the length of occupation
at Shiqmim, a view Perrot (1993) attempted to support for Beersheba, although Gilead (1994) was
largely successful in rebutting both claims. A comprehensive synthesis of southern Levantine Chal-
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colithic 14C data has recently been published by Joffe and Dessel (1995). Although they position
Hennessy’s assays within their “Early Chalcolithic” phase, they noted the anomalous early date of
the samples. As it was generally assumed that these samples derived from the earliest (and littleknown) horizons at the site (Stager 1992), such readings were not seen as particularly problematic.
However, Bourke’s (1997) observation that the early Hennessy assays did not derive from the earliest strata threw their problematic status into high relief. Lovell’s (1999) comprehensive review of all
the contexts in question emphasized the need to revisit the early readings. One aim of renewed excavations at Teleilat Ghassul (1994–99) was to explore this problem (Bourke et al. 1995; Bourke et al.
2000). Ten new short-life samples were obtained from strata equivalent to those sampled in Hennessy’s assays and processed at the ANSTO AMS Centre in 1997.
Table 1 Early dates from Teleilat Ghassul
Reference

Lab

Date BP

Cal BC

Material

Context

1.

Weinstein 1984

SUA–732

6550 ± 160

5440

Wood

Early Chalco

2.

Weinstein 1984

SUA–734

6370 ± 105

5280

Wood

Early Chalco

3.

Weinstein 1984

SUA–736

6430 ± 180

5370

Wood

Early Chalco

4.

Weinstein 1984

SUA–738/1

6300 ± 110

5260

Wood

Early Chalco

5.

Weinstein 1984

SUA–739

6070 ± 130

4950

Wood

Early Chalco

6.

Hennessy 1982

SUA–511a

5507 ± 120

4350

Wood

Late Chalco

7.

Hennessy 1982

SUA–511b

5796 ± 115

4650

Wood

Late Chalco

8.

Hennessy 1982

SUA–511c

5661 ± 120

4480

Wood

Late Chalco

9.

Lee 1973

RT–390A

5500 ± 110

4350

Wood

Late Chalco

10.

Neef 1990

GrN–15194

5330 ± 25

4190

Wood

Late Chalco

11.

Neef 1990

GrN–15195

5270 ± 100

4060

Wood

Late Chalco

12.

Neef 1990

GrN–15196

5110 ± 90

3940

Dung

Late Chalco

TECHNICAL DATA: PREPARATION AND PROCESSING

A standard AAA (acid/alkali/acid) method of pretreatment was used for all samples (all were charcoal); hot 2M HCl for 2 hr, then hot 2% NaOH for 2 hr, followed by 2M HCl for 2 hr. Pretreated
samples were combusted to CO2 using the sealed tube technique. A small portion of this CO2 was
collected for the determination of δ13C at the University of Wollongong (using a Stable Isotope
Ratio Mass Spectrometer), while the remainder was graphitized using the Zn/Fe method. The technical aspects of these processes have been described elsewhere (Hua et al. 2000). The graphite
masses were in the range 1.70–2.63 µg carbon, except sample OZD030, which had a mass of 90 µg
carbon (see Table 2).

Chronology of the Ghassulian Chalcolithic Period in Southern Levant

1219

The graphite derived from the samples was loaded into cathodes and measured by AMS using the
ANTARES tandem accelerator (Lawson et al. 2000). The 14C/13C ratio of each sample was measured relative to the NIST standard of HOxI and sample 14C ages were calculated after correcting for
backgrounds (accelerator and chemistry) and isotopic fractionation using δ13C. The results were
then converted to calendar ages using INTCAL 98, the most recent data set (Intcal98 1998), and the
calibETH calibration program (Niklaus 1992). The cumulative probability distribution was used and
the one standard deviation (1σ) range is reported here in Table 2.
Table 2 Ten new AMS dates from Teleilat Ghassul

ANSTO code

Graphite mass
(µg C)

δ13 C
per mil

Radiocarbon age (BP)

Calibrated Age (BC)

OZD024

2.04

–22.2

5791 ± 86

4723–4559 BC

OZD025

1.87

–20.4

5902 ± 71

4845–4726 BC

OZD026

2.29

–22.4

5851 ± 117

4794–4600 BC

OZD028

1.78

–23.8

5581 ± 67

4461–4370 BC

OZD029

2.20

–21.3

5524 ± 88

4435–4290 BC

OZD030

0.09

–23.2 *

5552 ± 163

4496–4295 BC

OZD031

2.63

–24.7

5605 ± 80

4490–4376 BC

OZD032

2.32

–22.7

5577 ± 71

4461–4368 BC

OZD033

2.15

–24.8

5454 ± 58

4338–4262 BC

OZD034

1.70

–23.8

5342 ± 71

4274–4085 BC

*This value is the average δ13C of the remaining 9 samples because of insufficient sample for the
measurement of both δ13C and 14C

DISCUSSION

The new determinations derive from two well separated but equivalent stratigraphic profiles (Areas
A and G) at Teleilat Ghassul and both returned equivalent results, which suggest that Hennessy’s
Early Chalcolithic dates (SUA 732–739) were as much as ±500 years too early. The SUA Ghassul
dates were measured in 1977, several years before a non-systematic error was discovered by the laboratory. The error was probably due to non-uniformities in the shape of the hand made glass vials
used for measurements in one of the liquid scintillation counters and revisions of up to several hundred years proved necessary for samples measured between December 1978 and November 1980
(Temple and Barbetti 1981). For the Teleilat Ghassul samples it was not possible to calculate appropriate corrections due to vial changes made between 1977 and 1979, but the error from this source
could be up to ±400 years.
CULTURE SEQUENCING AND RELATIVE CHRONOLOGY

The broad assemblage sequencing provided by the new 14C dates allow us to suggest several modifications to the accepted relative chronological placement of problematic assemblages, particularly
the basal Hennessy H-I ‘Neolithic’ assemblages from Ghassul. The new dates go some way towards
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Figure 1 Plan of the University of Sydney excavation areas at Teleilat Ghassul
Table 3 Archaeological contexts and phasing
Site context

ANSTO code

AXI 10.15
AXI 9.37
AXI 13.7
GII 66.55
AXI 11.14
GII 64.4
QI 13.1
N I 11.7
GII 55.11
GIII 10.10

OZD 025
OZD 026
OZD 024
OZD 031
OZD 028
OZD 032
OZD 030
OZD 029
OZD 033
OZD 034

BP age
5902 ± 71
5851 ± 117
5791 ± 86
5605 ± 80
5581 ± 67
5577 ± 71
5552 ± 163
5524 ± 88
5454 ± 58
5342 ± 71

Calibrated age
4845–4726 BC
4794–4600 BC
4723–4559 BC
4490–4376 BC
4461–4370 BC
4461–4368 BC
4496–4295 BC
4435–4290 BC
4338–4262 BC
4274–4085 BC

Site phasing
Hennessy “Neolithic” Phase H-I
Hennessy “Neolithic” Phase H-I
Hennessy “Neolithic” Phase H-I
Early Chalco Hennessy Phase E-G
Early Chalco Hennessy Phase E-G
Early Chalco Hennessy Phase E-G
Late Chalco Hennessy Phase A-D
Late Chalco Hennessy Phase A-D
Late Chalco Hennessy Phase A-D
Late Chalco Hennessy Phase A-D

explaining the lack of parallels between the geographically proximate Jericho Late Neolithic and
early Ghassulian assemblages (Hennessy 1989) as it now seems probable that Ghassul was not occupied during the Jericho Late Neolithic. Recent study of the basal levels at Abu Hamid (Lovell et al.
1997) suggests that this assemblage contains elements contemporary with Late Neolithic Jericho,
and similarities with both the Ghrubba (Mellaart 1956) and Beth Shan (Fitzgerald 1935) assemblages (Lovell 1999). Also, 14C data (Lovell 1999) suggests that the Abu Hamid “Early” levels precede the basal (Hennessy H-I) levels at Ghassul. The Abu Hamid “Middle” levels would seem to be
broadly contemporary with the “pre-Ghassulian” Early Chalcolithic (Hennessy G-E) phases at
Teleilat Ghassul.
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Figure 2 Revised relative chronology for southern Levantine Chalcolithic assemblages

CONCLUSION

The new AMS dates from Teleilat Ghassul clarify our understanding of both the origins and cultural
contemporaries of the various phases of the Ghassul Chalcolithic sequence. It is likely that the earliest occupation at Ghassul postdates Neolithic exemplars and that significant occupation at Ghassul
had ended by the floruit of the Beersheban Chalcolithic (Joffe and Dessel 1995). These possibilities
have revolutionary significance for our understanding of the development of Chalcolithic culture in
the southern Levant.
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THE CHALCOLITHIC RADIOCARBON RECORD AND ITS USE IN SOUTHERN
LEVANTINE ARCHAEOLOGY
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Email: mburton@weber.ucsd.edu and tlevy@ucsd.edu.
ABSTRACT. Archaeological evidence suggests that the Chalcolithic period (5th–4th millennium BCE) in the southern
Levant was a time of significant settlement expansion and increasing social complexity. Important technological and social
developments during this era set the stage for the later rise of fortified sites and nascence of urbanization in the Early Bronze
Age. Controversy surrounding the chronology of Chalcolithic settlement and the reconstruction of social trajectories has stimulated an interest in building a database of radiocarbon dates to measure the tempo of change and help resolve these issues.
To facilitate social evolutionary research, this paper reviews and updates published 14C data for the southern Levantine Chalcolithic. The now-substantial database supports the generally accepted time frame for this archaeological period and allows
synchronic comparisons across diverse geographic subregions in the southern Levant. In addition, it helps to temporally place
the emergence of sophisticated technologies and the development of complex social institutions within the Chalcolithic
period. However, radiometrically based attempts at pan-regional internal periodization of the Chalcolithic and fine-tuning of
protohistoric events such as site establishment and abandonment are frustrated by the lack of precision in 14C dates, which
limits their ability to resolve chronological sequence. Improved delineation of Chalcolithic social trajectories can be achieved
most effectively by focussing research efforts on stratigraphic and typological investigations of deeply-stratified settlement
sites such as Teleilat Ghassul and Shiqmim within their local contexts.

INTRODUCTION

The Chalcolithic period (5th–4th millennium BCE) in the southern Levant has attracted the interest
of scholars since the 1920s. A growing corpus of archaeological evidence suggesting the development of new technologies (metallurgy, groundstone, agro-technology) and the elaboration of social
institutions (public temples and formal burial grounds, craft specialization, settlement site hierarchies) reflects the dynamic nature of society at this time. The need to understand the sequence and
tempo of Chalcolithic socioeconomic change that directly influenced the structure of Levantine
urban societies in subsequent periods has contributed to an emphasis on building a data base of
radiocarbon dates for this protohistoric era. Yet while the radiometric record is now substantial and
provides a general time frame, it remains too coarse-grained to resolve sequences of social, political,
and economic formations on its own. The purpose of this paper is then threefold: 1) to provide a current compendium of 14C dates for the Chalcolithic period in the southern Levant, 2) to review the
usefulness and limitations of these dates for the reconstruction of Chalcolithic social trajectories,
and 3) to encourage renewed research focus on stratigraphic and typological studies within local
contexts in order to illuminate patterns of societal development.
Previous Reviews of the Southern Levantine 14C Record

J Lee (1973) and J Weinstein (1984) presented the first synthetic reviews of Chalcolithic 14C dates
for the Levant. By the 1990s the number of dates had grown significantly, establishing the groundwork for A H Joffe and J P Dessel’s (1995) most recent summary of southern Levantine Chalcolithic chronology. They provided a very useful discussion of the dates available at that time and
proposed an internal periodization for the southern Levant as a whole into “Early”, “Developed”,
and “Terminal” Chalcolithic based primarily on the 14C evidence. However, the clustering of dates
for the “Developed” and “Terminal” Chalcolithic observed by Joffe and Dessel (1995) seems to rely
largely on the use of date range midpoints. When more properly treated as probabilistic ranges, the
14C dates exhibit considerable overlap. Furthermore, because Joffe and Dessel’s paper included an
edited list of the dates available from Chalcolithic and late Pottery Neolithic sites in Israel, Egypt,
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and Jordan at the time of publication (1995:509–510, Table I), it did not comprise a complete record
of the radiometric evidence for the entire southern Levant. Their phasing scheme appears to be
focused on the Mediterranean and Irano-Turanian climatic zones, which have produced the majority
of the published 14C dates for the Chalcolithic period. Explicitly omitted were dates from SaharoArabian arid zone regions of Israel and Sinai (Avner et al. 1994). 14C data from these seemingly hostile environments suggest long-term, continuous human habitation and, in some cases, apparently
conservative desert socioeconomic adaptations from the Late Neolithic through the Early Bronze
Age that are incompatible with Joffe and Dessel’s tri-partite subdivision of the Chalcolithic. Finally,
the subphased temporal framework they propose has limited capacity for evaluating social processes, including as it does a ca. 800-year time span (4500–3700 BCE) for the “Developed” Chalcolithic.
In 1994, I Gilead reviewed 14C dates for the Nahal Beersheva vicinity (Irano-Turanian semi-arid
zone) sites of Horvat Beter, Safadi, and Shiqmim in an attempt to more finely delineate their chronological relationship. He presented a “short duration” hypothesis for Shiqmim, in which settlement
may have been limited to “… one or two centuries around 4300 and 4200 BC”, preceding the occupations of Horvat Beter and Safadi (Gilead 1994:7). This suggestion was based on an averaging of
the complete sets of dates for Horvat Beter and Safadi and of the interquartile range of dates from
Shiqmim (Gilead 1994:6). Such a procedure may be used to narrow the sigma spread for a cluster of
statistically similar dates from the same archaeological context. Assuming that the relatively few
dates from Horvat Beter (3; C-919 was omitted from the calculation) and Safadi (7) adequately sample their respective settlement periods, this exercise seems to bring the timing of occupation at these
two sites into better focus at the turn of the 5th millennium, between about 4000 and 3900 BCE (one
sigma range; Gilead 1994:4). However, as Gilead points out, when all the Shiqmim dates are considered along with their sigma ranges, one cannot reject the alternative that the settlements of Horvat
Beter and Safadi may have been contemporary with that of Shiqmim, and that the duration of occupation at Shiqmim may have spanned and exceeded that of the other two sites (Gilead 1994:7). Evaluation of these different settlement scenarios must rely on stratigraphic and artifactual analysis
(Gilead 1994:11). Similarly, assertions that all three sites were abandoned by 3800 BCE and that the
Nahal Mishmar treasure was significantly later than habitation at these northern Negev sites cannot
be confirmed on the basis of the available 14C dates alone. The sigma ranges make it exceedingly
difficult to chronologically pinpoint short-term events precisely.
These recent radiometrically based syntheses of Chalcolithic chronology and attempts to reconstruct
settlement sequences have been unsatisfactory or inconclusive largely because 14C dates, which represent ranges within which the true date of the sampled material probably falls, have limited ability
to refine site contemporaneity and phasing across the southern Levant within the approximate thousand-year time span of the Chalcolithic. They can provide only gross chronological resolution.
Stratigraphy and typological associations, however, can potentially contribute to finer-grained chronologies (Gilead 1994:11; Marcus and Feinman 1998:12). Thus, deeply stratified sites with superimposed floors and buildings, such as Teleilat Ghassul and Shiqmim, hold the key to better understanding of social developmental processes during the Chalcolithic. Because the tempo and nature
of social trajectories may differ from subregion to subregion, sequencing must be constructed within
local, rather than pan-regional, contexts. To facilitate such research, this paper provides a complete
list (updated through 1999) of 14C-dated 5th–4th millennium Late Neolithic/Early Chalcolithic and
Chalcolithic sites in the southern Levant arranged by geographic subregion. Brief descriptions of
dated occupation phases at Teleilat Ghassul and Shiqmim are presented as examples of the kind of
intrasite diachronic studies needed to investigate social evolutionary sequences. On-going research
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at these sites, coupled with new dates and contextual information from other recently excavated sites
such as Gilat, Peqi’in Cave, Cave of the Warrior, Nahal Qanah Cave, and Abu Hamid should lead to
improved temporal resolution of social evolutionary processes in the southern Levant during the
Chalcolithic period.
METHODS

We have included in our compilation all available (through 1999) 14C dates for sites in Israel, Jordan,
and Sinai with artifact assemblages identified as belonging to Late Neolithic/Early Chalcolithic
(Wadi Raba and Wadi Raba variants following Gopher and Gophna 1993) or Chalcolithic cultural
complexes (see map in Figure 1). (Four 6th millennium calibrated BCE dates for Ard Tlaili in the
Beqqa Valley of Lebanon, representing the northernmost extension of the Wadi Raba Late Neolithic/
Early Chalcolithic cultural entity, are not included here. These are given in Gopher and Gophna
(1993:305). In the case of desert regions such as southern Jordan, the southern Negev, and Sinai
where many dates are from tumuli fields and assemblages and typological parallels are sparse, we
have selected dates from those sites which fall within the chronological range established by excavated and dated sites with recognized Late Neolithic/Chalcolithic and Chalcolithic material assemblages. The aim here is to create an inclusive picture of broadly contemporaneous occupied areas in
the southern Levant within which synchronous socioeconomic trajectories may be examined and
compared. To provide as complete a radiometric record as possible, we have avoided editing dates
beyond these general parameters.
The entire corpus of dates is presented in two formats. A table of the dates, organized by site and
geographic region, is presented in the appendix and includes uncalibrated BP and calibrated BCE 1sigma (68% probability) and 2-sigma (95% probability) ranges. Published BP dates have been calibrated using the CALIB 4.0 Radiocarbon Computer Program (Rev. 4.1.2) based on INTCAL98 data
(Stuiver et al. 1998). Figure 2 shows the calibrated BCE date ranges (thick bar = 1-sigma range; thin
bar = 2-sigma range) from all dated sites in chronological order. This provides a visual impression
of the overall temporal framework of Chalcolithic society for the region as a whole.
RESULTS AND DISCUSSION
Building a Chronological Framework for the Chalcolithic of the Southern Levant

Examination of Figure 2 reveals that the 2-sigma ranges of most of the 14C dates fall entirely within
the 5th and 4th millennia BCE, substantiating the generally accepted time frame for the Chalcolithic
cultural entity. Dates that extend into the 6th millennium BCE are primarily from sites or strata identified on the basis of their assemblages as Late Pottery Neolithic, Jericho IX/Lodian, Qatifian, or
Wadi Raba (normative or variant) entities. These include Nahal Qanah Cave Late PN level, Tel Tsaf,
Newe Yam, Kfar Samir, Nizzanim, Teleilat Ghassul II/III, Abu Hamid basal levels, Peqi'in Cave
Wadi Raba and pre-Ghassulian levels, Tel Wadi Fidan Profile B, Nahal Issaron, Uvda 7, Megadim,
Tel Hreiz, Givat Haparsa, and Qatif Y-3 (see Gopher and Gophna 1993 for classification). Conversely, Jericho IX/Lodian, Qatifian, and Wadi Raba sites/strata only rarely yield dates with 2-sigma
ranges extending later than the mid-5th millennium (Ein el Jarba GX-786 and GX-787, Givat
Haparsa?, Newe Yam HV-4256?, Kfar Samir RT-70 and RT-1929A). Thus, the preponderance of the
available radiometric and stratigraphic evidence suggests that the Chalcolithic proper emerged during the first half of the 5th millennium BCE. Late Pottery Neolithic material culture appears to have
been largely supplanted by identifiably Chalcolithic assemblages in many parts of the southern
Levant no later than 4500 BCE.
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Figure 1 Map of Late Neolithic/Early Chalcolithic and Chalcolithic sites with 14C dates
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Figure 2 (1 of 5) Calibrated 14C dates for Late Neolithic/Early Chalcolithic and Chalcolithic sites in the Southern Levant
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Figure 2 (Continued; 2 of 5)
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Figure 2 (Continued; 3 of 5)
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Figure 2 (Continued; 5 of 5)
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The end of the Chalcolithic period—the Chalcolithic/Early Bronze I (Early EB I or EB IA) transition—has been described as a case of social, political, economic, and demographic collapse
(Gophna 1998). Gaps in our knowledge probably serve to accentuate apparent disjunctions in settlement patterns and artifact assemblages. Still, current stratigraphic and radiometric evidence indicates that most large Chalcolithic sites were abandoned by the mid-4th millennium BCE and not resettled, although some may have had limited and ephemeral occupation extending into what may be
termed the Early Bronze IA (EB IA). It is difficult at present to temporally place this cultural horizon more precisely, and concerted research efforts are needed on this subject. Known, welldescribed sites with stratified Chalcolithic/EB IA sequences are rare. The problem is exacerbated by
the relatively few published 14C dates from southern Levantine sites that span the centuries from
about 3600 to 3200 BCE. Only Golan Site 12 (RT-1866), Cave of the Warrior (RT-1943), Nahal
Mishmar (W-1341, I-353, I-285, I-1819), Shiqmim (RT-1332, RT-1329), Gilat (RT-860B, RT-2058),
and Tel Shoqet (RT-863A) have thus far yielded dates that range into the late 4th millennium BCE
from clearly-defined Chalcolithic cultural contexts.
The validity of some of these previously published late dates now in fact seems questionable, with
new testing of the Nahal Mishmar “Treasure” mat suggesting a 5th millennium BCE date (Aardsma
2001). Braun’s (1996:155–70) review of late 4th millennium BCE 14C dates from early EB I sites,
many of which are from tombs used for considerable spans of time, outlines the significant interpretation problems inherent in that corpus of dates. Some new 14C dates from settlement sites identified
as early EB I (e.g. Afridar Area G: E Braun [personal communication], and Ashqelon: Segal and
Carmi [1996:91] on Israel’s Coastal Plain; Wadi Fidan 4 in Jordan: Adams and Genz [1995:19])
imply that the beginning of this period could be placed at around 3600 BCE, earlier than previously
thought. Other very recent information—such as new AMS determinations from Teleilat Ghassul
(Bourke et al. 2001)—seems to corroborate an early 4th millennium BCE denouement of the Chalcolithic, at least in some subregions (cf. Gilead 1994:11).
Such a “high chronology” would be consistent with the early work of J Mellaart (1979:19; Figure 1),
whose synthesis of Near Eastern historical and 14C chronologies posited the beginning of Palestine’s
EB at around 4000 BCE (see also Lee 1973). Yet firm conclusions in this regard require an evaluation of the late dates from the Golan, Cave of the Warrior, Gilat, Tel Shoqet, and Shiqmim. Furthermore, the final occupation levels of Shiqmim were inadequately sampled and additional dates from
this site are needed to clarify a local Beersheva valley Chalcolithic terminus. Forthcoming reports
on Nahal Tillah/Halif Terrace, one of very few habitation sites with continuous stratified occupation
sequences from the Chalcolithic into the late Early Bronze Age (EB IB), may also contribute to
chronological and typological delineation of this transition (cf. Levy et al. 1997). Even as more evidence comes to light it should be acknowledged that absolute chronological boundaries between
archaeological periods, which represent taxonomic constructs imposed on social developmental
continua, are likely to remain shifting and locally defined.
An internal periodization of the main Chalcolithic time period (ca. 4500–3600 BCE) continues to be
elusive despite the more than 200 14C dates now available. The lack of obvious gaps in Figure 2’s
chronologically arranged sequence of dates suggests that there is no occupational lacuna within the
southern Levantine Chalcolithic as a whole. There is no apparent clustering of dates when the sigma
ranges are considered. Furthermore, the general homogeneity and stability of Chalcolithic material
culture has so far offered little in the way of high-resolution temporal markers. Thus, pan-regional
subdivisions of the period proposed on the basis of 14C dates and uneven typological evidence, such
as Joffe and Dessel’s (1995) “Developed” and “Terminal” Chalcolithic, seem premature. Attention
should be directed instead toward detailed studies of sites on a subregional basis. Gilead’s (1994:11–
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2) effort to reconstruct the history of Beersheva valley Chalcolithic settlement, though inconclusive
and hindered by the incomplete stratigraphic and artifactual data available for some of the sites
involved, provides an example of the spatial and analytical scale needed to delineate social trajectory.
Reconstructing Subregional Social Trajectories

The geographically-arranged table of 14C dates (Appendix) facilitates chronological comparisons
within and across subregions of the southern Levant. Detailed discussion of each set of dates is
beyond the scope of this paper. However, some general observations may be made that serve to illustrate the usefulness as well as the limitations of the 14C data.
First, it is clear from the radiometric record that a variety of environmental zones were occupied during the 5th–4th millennium BCE. Chalcolithic societies were distributed throughout most areas of
the southern Levant including the Golan, the Galilee, Samaria, the Judean mountains, the Judean
desert, the Jordan valley, the northern, central, and southern Negev desert, southern Jordan, and the
Sinai peninsula. 14C dates play an especially important role in determining chronological parameters
for settlement in extreme arid zones such as the southern Negev and Sinai where human habitation
was previously thought to have been intermittent or absent before the beginning of the Bronze Age
(Avner et al. 1994: 267; Rothenberg and Glass 1992:141). This is because relative dating of desert
sites, many of which are cult or burial sites, is complicated by re-use over long periods by many
social groups, frequently sparse artifact assemblages, and lack of typological parallels with material
culture from more humid parts of the Levant. Scholars have identified the Timnian complex, a tool
kit adapted to desertic economic strategies, as a dominant material tradition in southern Jordan, the
southern Negev, and Sinai, in contrast to the Ghassulian/Beersheva complexes of regions to the
north (Henry 1995:353–4; Kozloff 1974:47–8; Rothenberg and Glass 1992:145).
14C

data for Timnian sites in Sinai and southern Jordan indicate a very wide chronological range
(6th–3rd millennium BCE), which suggests a relatively slow rate of technological change in these
arid zone assemblages and a developmental trajectory that was to some extent independent of that
experienced in better-watered areas of the southern Levant (Rothenberg and Glass 1992:152).
Meanwhile Avner (1998) has recently outlined a developmental sequence for sites in the Uvda valley, in the southernmost Negev, that corresponds to the traditional Late Neolithic-Chalcolithic-Early
Bronze Age classification. The Uvda valley seems to have experienced relatively high population
densities throughout the 6th–3rd millennia BCE compared to other desert areas and, based on an
analysis of changes in architecture and artifacts, an evolution from hunter-gatherer to desert agricultural economies (Avner 1998:188). Thus, while other kinds of archaeological evidence are needed to
clarify the details of socio-economic process and possible interaction among Levantine subregions,
14C dates have contributed greatly to our ability to identify such broadly synchronous yet divergent
social patterns between and within different environmental zones.
Second, 14C dates from a number of sites have helped to chronologically place significant technological and social innovations within the Chalcolithic period. For example, ossuaries and rich grave
goods, including gold ingots, were found in association with child and adult skeletal remains in the
Chalcolithic level at Nahal Qanah Cave and dated to the late 5th–early 4th millennium BCE (RT861A, RT-861C, RT-861E, RT-1545) (Gopher 1996:217). 14C dates for the Nahal Mishmar Cave
“Treasure”—a unique cache of fine carved ivory and manufactured copper maceheads, standards,
and “crowns”—are too imprecise to pinpoint the deposition event (BM-140, W-1341, I-285, and I353 are associated with the “treasure” itself; see Bar-Adon 1980:199, 216; see also new dates,
Aardsma 2001). They do, however, securely place the manufacture of these technologically sophisticated items within the main Chalcolithic time frame, providing independent corroboration of the
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original attribution based on artifact parallels. Specialized metallurgy, prestige objects, and the association of rich grave goods with child burials are important archaeological correlates of complex
society. Their 14C dating to this time period lends support to models that posit the emergence of
social inequality in some parts of the southern Levant during the Chalcolithic. Additional radiometric, stratigraphic, and other archaeological evidence is needed to more finely resolve the tempo of
these social processes within the Chalcolithic period.
Finally, it should be recognized that in certain archaeological contexts and depending on the rate of
stylistic change, 14C dates may not always be helpful in distinguishing chronological trends in artifact assemblages and cultural differentiation. This is especially true in the case of burial caves which
may have been used by different social groups and where earlier deposits may be disturbed by later
interments. Peqi’in Cave, discovered in the Galilee in 1995, has yielded 22 14C dates from Early
Chalcolithic (dwelling) and Ghassulian Chalcolithic (burial) levels (Segal et al. 1998). The numerous artifacts, including elaborate ossuaries found in disarrayed burial contexts, show clear links with
other, better known areas of Chalcolithic settlement, including the Golan, the Jordan valley, the
Coastal plain, the Judean desert, and the northern Negev. This diverse collection at a single site is
unique and may be interpreted as representing a chronological development. Alternatively, the finds
may be the products of a previously unrecognized, syncretistic Upper Galilee Chalcolithic culture.
It is also possible that the cave served as a common burial site for social groups from different areas
thus providing evidence of the co-existence of these subregional Chalcolithic cultures (Gal et al.
1997:154, 1999:15). The 14C dates do not help sort out these different interpretations, indicating
only that the main Chalcolithic period of use occurred between about 4500 and 4000 BCE. The Cave
of the Warrior in the northern Judean desert near Jericho presents a somewhat different case. 14C
dates confirmed the chronological sequencing of two superimposed burials as “Ghassulian Chalcolithic” and “late Chalcolithic” (Jull et al. 1998:111). Unfortunately, and despite the remarkable
nature of the preserved perishable artifacts such as straw mats, fine textiles, and wooden implements, the lack of pottery and flint makes it difficult to establish links with most settlement sites.
Recognizable and widely distributed typological markers correlated with reliable stratigraphy are
needed in order to extrapolate chronological sequencing from site to site. Therefore, while artifacts
from these Chalcolithic burial caves are interpreted as providing evidence of social ranking (Gal et
al. 1999:14; Schick 1998:19–22) and suggest the possibility of interaction between distinct social
groups—and the 14C dates place this activity in the 5th–4th millennium BCE, evolutionary trajectories must be charted primarily on the basis of well-stratified settlement sites within their subregional
cultural contexts.
Studying Deeply Stratified Sites: Teleilat Ghassul and Shiqmim

Teleilat Ghassul in Jordan’s Dead Sea valley and Shiqmim in Israel’s northern Negev desert are the
two most deeply stratified Chalcolithic settlement sites now known in Palestine. Continuing investigation of stratigraphic and typological sequences at these sites can potentially provide the key to
understanding social evolutionary change in their respective subregions.
A series of intermittent excavations at Teleilat Ghassul, beginning in 1929 and renewed by the University of Sydney in the 1990s, has revealed at least ten major building phases with over 100 successive floor levels extending from the late Pottery Neolithic through the main phase of the Chalcolithic.
The 12 14C dates available in 1999 for Teleilat Ghassul are shown in Figure 3. According to Bourke
(1997:410–1), the earlier set of five dates (SUA-732, 734, 736, 738/1, 739) corresponds to Ghassul's
“Middle” or “pre-Classic” phase (Hennessy Phase G-E), and thus does not represent Neolithic
assemblages (Hennessy Phase I-H) but rather what may be termed “Early Chalcolithic” (see also new
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AMS dates for this phase in Bourke et al. 2001). Middle Phase ceramic finds include the first appearance of churns, cornets, and fenestrated stand vessels (Bourke 1997:407–8). Bourke notes that
despite the overlap in 14C dates from other Late Neolithic/Early Chalcolithic assemblages, ceramic
parallels can be drawn only with the pottery of nearby Tel Tsaf, also in the Jordan valley. The “Classic
Ghassulian” or “Late Phase” levels at Teleilat Ghassul are sampled radiometrically by seven dates
(SUA-511a,b,c; RT-390A; and GrN-15194, 15195, 15196). Taken conservatively, these dates suggest
that fully developed Chalcolithic material at Teleilat Ghassul—marked by sanctuary architecture and
a significant degree of specialization and refinement in art and manufactured goods—probably falls
within a time frame of approximately 4900–3700 BCE, broadly contemporaneous with similar
developments exemplified in northern Negev assemblages. While the dates are extremely important
in terms of confirming general stratigraphic-typological sequence at Ghassul, the sample of seven
shown here (with overlapping sigma values) may be too small and imprecise to define possible occupation horizons within the Classic Ghassulian phase at the site. In 1997, Bourke (1997:411) commented that the dated samples did not represent either the earliest or the latest Classic Ghassulian
strata and that Chalcolithic settlement at Teleilat Ghassul may have continued well into the mid-4th
millennium BCE. More recently, he has proposed a final date of around 4000 BCE for significant
Chalcolithic occupation at the site (Bourke et al. 2001). Additional 14C dates and detailed material
analyses from this key site should help to clarify Chalcolithic social trajectory in the Jordan Valley.

Figure 3 Teleilat Ghassul calibrated 14C dates

Excavations between 1978 and 1993 at Shiqmim, one of the largest Chalcolithic sites in western Palestine, have revealed four main stratigraphic levels corresponding to three principal occupation
phases (Levy et al. 1991). Twenty-nine 14C dates, more than from any other Chalcolithic site in Palestine, have been published from all four levels including the system of subterranean rooms and tun-
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nels. Figure 4 shows 27 of these dates, grouped according to stratigraphic level and defined as
“Early”, “Main”, and “Final” occupation phases (after Levy et al. 1991; the two dates not shown in
the figure are RT-554B, which has a very large estimate of error, and RT-1329, which falls almost
entirely within the 3rd millennium and probably represents later intrusive activity). It should be noted
that the available dates from Shiqmim are biased in that Stratum I, the “Final” occupation, is underrepresented. Only four of the 27 dates shown are from this last phase. More 14C dates are needed to
clarify the terminus of settlement at Shiqmim which is most likely coincident with the breakdown of
northern Negev Chalcolithic societies. A further complication in interpreting Shiqmim dates from
the underground room network is that these systems appear to have been frequently re-used, re-configured, and subject to infilling and collapse during and possibly even after the Chalcolithic settlement period (see RT-1329 above). Overall, the lack of a significant chronological break in the current
Shiqmim 14C date record shown in Figure 4 suggests continuity of settlement probably occurring
within temporal boundaries of about 5500–3300 BCE, conservatively speaking. The 14C dates support the possibility that Shiqmim was part of a regional Chalcolithic settlement system including contemporary polities such as Horvat Beter, Safadi, Abu Matar, Gilat, and other sites yet to be dated with
radiometric methods. The corpus of dates also highlights the importance of stratigraphy for defining
occupation phases and hence refinements of developmental trajectory. In short, the individual 14C
dates alone are too imprecise to distinguish cultural sequencing within less than about a 200-year
period (however, where there are multiple dates from the same archaeological context averaging may
help to restrict this range). Detailed typological studies are presently being carried out for Shiqmim
and another stratified northern Negev settlement center, Gilat (Alon and Levy, in press). These
results may help to explain Chalcolithic social evolutionary processes in the northern Negev region.

Figure 4 Shiqmim calibrated 14C dates
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Although of limited use within narrow time scales, sets of 14C dates for a number of multi-level
Chalcolithic sites, both settlement and burial, suggest possible hypotheses for further research. In
this example dates from “early Chalcolithic” or “pre-Ghassulian” contexts as defined by the excavators are not included.
14C

boundaries (BCE) for Chalcolithic activity
Settlement Sites
Abu Hamid (GrN-16358, 17496, 14623)
Ghassul (SUA-511a,b,c; RT-390A; GrN-15195, 15194, 15196)
Shiqmim (all dates except RT-1329)

BCE
4700–4300
4900–3700
5500–3300

Burial Caves
Peqi’in Cave (RT-2376, 2377, 2387)
Nahal Qanah (RT-861E, 861C, 861A, 1545)
Cave of the Warrior (all dates)

4500–4000
4500–3500
4700–3300

While the date ranges provide no assurance that human activity was continuous between the end
points of the range or indeed occurred at any particular intermediate point, they do bound the possible points of contemporaneity (subject to sampling problems as described above). Thus where there
is a lack of overlap we may begin to ask questions such as: What factors may have precipitated the
abandonment of Jordan valley Chalcolithic centers Teleilat Ghassul and Abu Hamid by the early 4th
millennium while significant occupation at Shiqmim in the Beersheva valley may have endured for
several more centuries? Or, why did use of the Peqi’in Cave for elite burials cease by 4000 BCE,
possibly 400–700 years before the apparent collapse of Chalcolithic chiefdom societies? The completeness and accuracy of the underlying 14C data base must be verified before proceeding, but it
does provide an important foundation for social evolutionary studies.
CONCLUSION

In this paper we have provided a compilation of currently available 14C dates for the Chalcolithic of
the southern Levant. This work builds on the important earlier studies of Gilead (1994), Joffe and
Dessel (1995), Lee (1973), and Weinstein (1984). The now-substantial radiometric data base has
established general chronological parameters for the Chalcolithic period (ca. 4500–3600 BCE)
within which social evolution in the southern Levant may be charted. In addition, the data has significantly contributed to our appreciation of the existence of broadly contemporaneous human settlement across diverse environmental zones at this time. Because these subregions experienced different socioeconomic trajectories reflected in distinctive material traditions, such a finding could not
have been supported on the basis of typological parallels alone. Furthermore, and of crucial importance to our understanding of social prehistory, 14C dating has helped to securely placed technological and socio-political innovations connected with the emergence of southern Levantine complex
societies within the Chalcolithic era.
It is clear, however, that the large standard deviations observed in 14C dates permit only a gross resolution of cultural sequence. Temporal subphases of the main Chalcolithic period cannot be determined by exclusive appeal to the current radiometric record. More refined evaluations of settlement
patterns, social interaction spheres, and developmental trajectories during this protohistoric period
depend on stratigraphic and typological analyses, including detailed seriation studies, carried out on
a subregional scale. Settlement sites such as Shiqmim and Teleilat Ghassul—with multiple occupation levels, abundant material remains, and stratigraphically controlled excavations—appear to have
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the greatest potential to further delineate patterns of southern Levantine social development and
organization within their respective locales during the 5th–4th millennium BCE.
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NEW RADIOCARBON DATES FOR THE REED MAT FROM THE CAVE OF THE
TREASURE, ISRAEL
Gerald E Aardsma
Aardsma Research & Publishing, 412 N Mulberry, Loda, Illinois 60948-9651, USA
ABSTRACT. Modern radiocarbon dates were procured for the Cave of the Treasure, Israel reed mat at the University of Arizona accelerator mass spectrometry (AMS) laboratory in late 1999 and early 2000. Three samples from various locations on
the mat were dated. One of these samples was dated twice, and another was dated three times, yielding a total of six new radiocarbon dates on the mat. The new 14C dates overturn expectations of a late Chalcolithic, roughly 3500 BC, date for the origin
of the mat. It is suggested that the mat may not have been of common use but may rather have been a religious heirloom with
a history stretching back into the early Chalcolithic.

INTRODUCTION

Progress in the field of biblical chronology over the past decade (Aardsma 1999) has prompted new
interest in the absolute chronology of the archaeological time periods within the land of Israel. One
target of current interest stemming from this field is the proper calendar date of the terminal Chalcolithic. The present involvement with the Cave of the Treasure mat results from this interest.
It is now beyond reasonable doubt that traditional biblical chronology has inadvertently foreshortened the dates of biblical events from Genesis through Judges by a full millennium (Aardsma 1993).
The foreshortening appears to result from a scribal copy error in a single number in a very early
manuscript of 1 Kings. Restoration of this biblical number yields a quantitatively precise correction
of traditional biblical chronology. This correction moves the chronology of the biblical narrative
from Genesis through Judges back exactly 1000 years relative to traditional expectations.
A realignment of several key biblical events relative to the secular history of the land of Israel resulting from this correction is shown in the first three columns of Figure 1. While the dates of the monarchical and later biblical periods remain unchanged, the dates of the exodus, conquest, and prior
events all fall exactly 1000 years earlier than traditionally calculated, as shown by the dashed lines
in Figure 1. This realignment has successfully explained why nothing suitable to the biblical narrative of the exodus and conquest has ever been found in the secular history and archaeology of the
second millennium. These events do not belong to the second millennium, but rather to the third millennium, where they immediately find a convincingly suitable secular setting.
Interest in the calendar date of the terminal Chalcolithic stems from the observation (Figure 1) that
the corrected biblical chronology places Noah’s flood in apparent temporal coincidence with the terminal Chalcolithic. Noah’s flood is depicted in the Bible as a catastrophe of unusual magnitude and
large geographical extent, which left only a handful of survivors. Strikingly, a comprehensive survey
of archaeological data for the Chalcolithic in Israel leads modern archaeologists to conclude, independent of all biblical considerations, that: “The impression is created of a sudden end of the period
as a result of a catastrophe of some sort, either natural or inflicted by man…” (Gonen 1992). In point
of fact, the termination of the Chalcolithic is archaeologically unique in Israel. It appears as an
abrupt extinction of a sophisticated civilization, and the succeeding period, the Early Bronze Age,
marks a new beginning in which civilization appears to have started again “from scratch” (Gonen
1992). Nothing comparable to this is ever seen again in the entire subsequent archaeological record
of the land of Israel. The uniqueness of the Chalcolithic termination is perhaps most easily illustrated by the fact that the vast majority of Chalcolithic sites are single-period sites—when they come
to an end they are not rebuilt—in contrast to Early Bronze sites, many of which show continued
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Figure 1 Time chart showing all available 14C dates on the Cave of the Treasure mat relative to traditional and modern biblical chronology, and also relative to an archaeological chronology of the land of Israel. The numbers above the radiocarbon
date ranges correspond to the sample numbers in Table 1. Black bars show one sigma, and open bars two sigma ranges. Calibration was accomplished using the 1998 atmospheric decadal dataset of CALIB 4.0 (Stuiver and Reimer 1993).
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occupation and reoccupation even into modern times. These observations lead to the hypothesis that
the biblical narrative of Noah’s flood and the archaeological reconstruction of the terminal Chalcolithic are two perspectives of one and the same historical event.
The robustness of the apparent synchronization between the modern biblical date of Noah’s flood
and the secular date of the end of the Chalcolithic is clearly of interest in this context. The date of
Noah’s flood calculated on the basis of modern (corrected) biblical chronology has a high precision,
if still uncertain accuracy. It is 3520 ± 21 BC. The secular date for the end of the Chalcolithic has a
much lower precision. Modern archaeological estimates generally range between about 3000 and
3600 BC. The New Encyclopedia of Archaeological Excavations in the Holy Lands (Stern 1993)
adopts a value of 3300 BC, for example, while Gonen (1992) says a corpus of 14C dates from Chalcolithic sites in Israel implies “about 3600 B.C.E.” One would obviously like to improve the precision of the date of the terminal Chalcolithic. This leads to an interest in the Cave of the Treasure mat.
The Cave of the Treasure mat was discovered by an archaeological team working under the direction
of Pessah Bar-Adon in 1961 (Bar-Adon 1980). Its stratigraphic context was clearly Chalcolithic.
The treasure of mainly copper objects found together with the mat also pointed to a Chalcolithic date
for the mat.
Several observations suggested a late Chalcolithic date for the burial of the mat. First, the mat was
found buried beneath a thick Chalcolithic deposit within the Cave of the Treasure. This deposit had
been dug through to secure a hiding place for the mat and its associated treasure. The depth of
deposit dug through implied that the mat was not hidden near the beginning of the Chalcolithic.
Second, the copper objects found in association with the mat displayed an advanced technological
ability, which seemed most appropriate within a late Chalcolithic setting (Bar-Adon 1980).
Third, the whole setting of the burial of the treasure seemed to suggest an imminent calamity of
some kind. The treasure was obviously buried in haste. After its burial, Chalcolithic occupation of
the Cave of the Treasure ceased. The fact that the Chalcolithic closes at many other sites in Israel
with some sort of calamity leading to apparent abandonment suggested that the mat may have been
buried near the end of the Chalcolithic period (Bar-Adon 1980).
Since a mat made of reeds may be expected to have a short service life in ordinary usage, the foregoing observations implying a terminal Chalcolithic date for the burial of the mat also suggested that
the mat itself may have originated very near the end of the Chalcolithic period in Israel. 14C measurements made on the mat and its associated objects in the early 1960s seemed to corroborate this
expectation (Table 1). Three of four 14C dates made at that time, when calibrated using tree-rings,
grouped near 3500 BC, a reasonable date for the terminal Chalcolithic.
But these early dates were not altogether satisfactory. First, measurement techniques were crude
compared to modern-day standards when these dates were obtained 35 or more years ago. It was
clear that a much more precise date could be obtained on the mat using modern 14C dating technology and methods.
Second, there was not complete harmony between the three 14C dates (1, 2, and 3 of Table 1) which
had been made on the mat itself. The three dates had been obtained by three separate labs. Two of
the dates were in agreement (1 and 3), but the third (2) was some 500 to 600 years older. (A fourth
date, sample #0 in Table 1, not on the mat itself but rather on wood found in association with the mat,
harmonized with the two mat dates that were in agreement. This gave three 14C dates in agreement
and one significantly different.)

1250

Table 1 All radiocarbon measurements presently available on the Cave of the Treasure mat
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Third, these early 14C determinations had not been corrected for isotope fractionation (δ13C had not
been measured), introducing the possibility of inaccuracies of several centuries in the reported dates.
SAMPLES

Three samples were procured from the mat and dated using accelerator mass spectrometry (AMS)
in late 1999 and early 2000. The first, ARP-201, was a fragment of the mat that was not part of the
permanent museum display. Only a portion of the ARP-201 sample was needed for the initial AMS
measurement. Because this measurement yielded a significantly older date than had been expected,
the remaining portion of ARP-201 was dated to check for inadvertent experimental error. These two
determinations gave results in agreement within statistical counting uncertainties. Normally the two
determinations would be averaged to yield a single date for the sample. This has not been done in the
present case because the sample was not homogenized before analysis (i.e., it consisted of individual
pieces of plant remains) and there now seems significant probability that the reeds of the mat are not
all of the same age (see below). The two portions of the ARP-201 sample are designated ARP-201a
and ARP-201b in Table 1; they share a common AMS lab number, AA35141.
The remaining two samples were taken from the mat at the locations shown in Figure 2. ARP-212
was composed entirely of the straw twine used as weft. ARP-213 was entirely of reeds (also not
homogenized). The AMS result for ARP-213 was checked twice, yielding a total of three dates. The
three different portions of the bulk ARP-213 sample used are designated ARP-213a, ARP-213b, and
ARP-213c.
RESULTS

All available 14C dates on the mat are shown in Table 1, together with one date on the piece of wood
mentioned above. The nine calibrated mat dates resulting from these data are shown in the final column of Figure 1.
DISCUSSION

Once δ13C had been measured on the ARP samples it was possible to correct the three 1960s dates
on the mat for isotope fractionation using the average measured δ13C value of −9.8 ± 1.1. This correction moved the calibrated dates for these mat samples (1 through 3 in Figure 1) back several centuries relative to their uncorrected calibrated dates. (The date ranges shown for samples 1, 2, and 3
in Figure 1 include this correction for isotope fractionation.) This removed the initial apparent support of samples 1 and 3 for a late Chalcolithic date for the origin of the mat.
The six modern AMS dates (4 through 9) also fail to support a late Chalcolithic date for the origin
of the mat. Thus, the principal conclusion of interest to the main purpose of this work is that the
Cave of the Treasure mat is evidently not well suited to the problem of refining the date of the terminal Chalcolithic after all. This artifact now appears to have a much more ancient and complex history than has previously been assumed.
While this is the primary conclusion, so that in one sense we are done, the nine 14C results on the mat
(Figure 1) beg further discussion. In greatest need of discussion, from an experimental perspective,
is the fact that they do not group around a single mean. Rather, they are spread out in at least three
groups over a millennium or more. This large spread not only makes it impossible to assign a precise
date of origin to the mat, it also seems to call into question radiocarbon’s ability to date this object.
In this regard, however, it is important to notice that measurement reproducibility has been demonstrated with discrete samples from this mat. ARP-201a (4 in Figure 1) and its check, ARP-201b (5),
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Figure 2 Cave of the Treasure reed mat. The left circle marks the region from which ARP-213 was taken and the right circle marks the region from which
ARP-212 was taken, according to the curator, Ms Osnat Misch-Brandl. (See Bar-Adon 1980:192 for original photo.)
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display good reproducibility, as do ARP-213a (7) and its second check, ARP-213c (9). Thus, the
observed spread does not appear to arise from any deficiency in the dating technique. Rather, it
seems to be a property of the mat itself, as if different pieces of the mat have different 14C ages.
This surprising result is perhaps not entirely inexplicable. If one accepts the late Chalcolithic setting
for the burial of the mat which the excavator, Bar-Adon, claimed, and which the single wood date,
I-353 (Table 1), still supports, then the 14C dates presently available on the mat imply that the mat
was already centuries old by the time of its burial. This implies that the mat must not have been of
mundane use.
This deduction is supported by the nature of the horde of mainly copper objects found buried
together with the mat. These objects are generally regarded as temple furnishings, possibly from the
nearby Chalcolithic temple at ‘En-gedi (Bar-Adon 1980). It is obviously possible that the mat was
also part of the temple furnishings—that it was a cult object, rather than for common use as has previously been assumed. If the mat was a religious heirloom and used as a display item only, then it is
possible to see how it might have been preserved over many centuries prior to its burial.
Such a view of the mat’s purpose lends itself to the idea that the mat may have been repaired over
the centuries, and that such repairs may be responsible for the divergent 14C ages from different portions of the mat. But the unique construction method of the mat argues against this idea. The warp
of the mat consists of parallel reeds (Figure 2; Bar-Adon 1980). The weft of the mat is a two-ply
straw twine. The twine is not woven back and forth between the reeds in the usual way, however.
Rather, the reeds are slit at intervals and the twine is passed through these slits (Figure 2). This
method of construction does not lend itself easily to spot repairs.
There is another potential explanation of the different dates, however. This is the possibility that the
initial object of cult significance, back near the beginning of the Chalcolithic, was not a mat but simply a loose collection of reeds. If this bundle of reeds was kept for centuries before being supplemented by more reeds and fashioned into a mat around 4350 BC (the most probable date of the one
weft sample, 6, in Figure 1) most of the 14C data in Figure 1 would be explained.
Such conjectures can only be validated or refuted by additional 14C dates on the mat itself, for which
I am hopeful they may provide both incentive and direction. They suggest, for example, that determining whether the straw twine weft is all of the same date might be a fruitful next step. If the twine
is all of the same date, then it seems reasonable to conclude that the mat was probably constructed
at that date, which the single weft sample (6) reported on here places within a century of 4350 BC.
ACKNOWLEDGMENTS

I would like to thank the Israel Antiquity Authority, particularly Ms Hava Katz, for permission to
have the mat redated; the curator, Ms Osnat Misch-Brandl, for her provision of sample material from
the mat; the staff and faculty of the University of Arizona AMS radiocarbon lab for their fine work
on the samples, their ready willingness to check specific results, and their cooperation in meeting
deadlines; R E Taylor for constructive criticism of the original draft of this paper; and Mr Thomas
Godfrey for his assistance with locating the right people to enable this project to happen.

1254

G E Aardsma

REFERENCES
Aardsma GE. 1993. A new approach to the chronology of
biblical history from Abraham to Samuel. Loda, IL:
Aardsma Research & Publishing. 112 p.
Aardsma GE. 1999. Biblical chronology 101. The Biblical Chronologist 5(4):7–12.
Bar-Adon P. 1980. The Cave of the Treasure. Jerusalem:
The Israel Exploration Society. 243 p.
Gonen R. 1992. The Chalcolithic Period. In: Ben-Tor A,

editor. The archaeology of ancient Israel. New Haven:
Yale University Press. p 40–80.
Stern E, editor. 1993. The new encyclopedia of archaeological excavations in the Holy Lands. New York: Simon & Schuster.
Stuiver M, Reimer PJ. 1993. Extended 14C data base and
revised CALIB 3.0 14C age calibration program. Radiocarbon 35(1):215–30.

TOWARDS AN AMS RADIOCARBON CHRONOLOGY OF PREDYNASTIC
EGYPTIAN CERAMICS
Stephen H Savage
Department of Anthropology, Box 872402, Arizona State University, Tempe, Arizona 85287-2402 USA.
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ABSTRACT. The wide and varied connections between Israel and Egypt during the Early Bronze Age/Predynastic are frequently calibrated through ceramics that depend to a large degree on two seriation methods developed for Predynastic Egypt.
Petrie’s seriation technique and Kaiser’s Stufe dating method utilize whole forms from mortuary contexts. Because of the
ways they were developed and deployed in Predynastic research, a logical tautology exists that makes their usage highly problematic. Radiocarbon dating of the Predynastic is vital if we are to untangle existing ceramic chronologies. But up to now,
almost all 14C dates have come from domestic contexts where whole vessels are not usually found and which differ significantly from cemeteries in their ceramic assemblages. A 14C-based chronology of whole forms in the Petrie Corpus is thus
highly desirable, but has proven elusive until now. Samples of organic materials and Black-Topped Red Ware vessels from
over 100 graves in the Predynastic Cemetery, N7000, at Naga-ed-Dêr have recently been submitted for dating with AMS
methods, providing the first comprehensive 14C chronology of a Predynastic cemetery. The results are compared to a suite of
recalibrated dates from Upper Egyptian Predynastic domestic contexts, which allows the 14C chronology for the region to be
further refined. Absolute date ranges for a number of ceramic forms can be estimated for the first time, and results of early
analysis are discussed.

INTRODUCTION

In this paper I report preliminary results from my efforts to develop a radiocarbon-based chronology
of some predynastic ceramics. The study uses materials collected in 1902–1903 from the predynastic Egyptian cemetery, N7000, at Naga-ed-Dêr, Upper Egypt (Lythgoe 1905; Lythgoe and Dunham
1965). The materials were recovered as part of the Hearst Expedition to Egypt, and are curated at the
Hearst Museum. Cemetery N7000 contained 635 graves and about 900 burials. NSF funding has
been secured to collect, date, and evaluate 100 samples from the cemetery. The samples are currently
being run at the at the NSF-Arizona AMS Facility. This paper reports results from 30 samples in the
current batch and 12 samples from an earlier set of submissions. Since the analysis is just beginning,
not all the dates are available yet. I am writing this paper from the field, so these results should be
considered as preliminary. However, when complete, this dating program will be, by far, the largest
ever conducted on Predynastic Egyptian materials. It promises to make important contributions to
our understanding of this critical period in the development of the Egyptian state and its connections
throughout the ancient Near East. Moreover, the results should help resolve a number of long-term
problems that exist in dating the Predynastic. The dates are critical to developing a more accurate
interpretation of complex spatial patterns seen in the cemetery itself, which have been interpreted as
burial grounds of separate descent groups at Naga-ed-Dêr.
BACKGROUND TO THE RESEARCH

Much of the prehistory of the ancient Near East is dependent on synchronisms with the chronology
of Egypt. In particular, synchronizing the Bronze Age in the Levant and Syria depends on the chronology of the Egyptian Predynastic Period, and on the critical date for the unification of Upper and
Lower Egypt and accession of the 1st Dynasty. The later Predynastic, for example, is frequently
dated externally by reference to ledge-handled jars imported from Canaan, but the Early Bronze I
and II periods in Canaan are just as frequently dated by the appearance of pre- and protodynastic
pottery (Albright 1965; Kantor 1992; Stager 1992). As a result of the critical connections between
Egypt and the rest of the Middle East, and the dependence of the region as a whole on the chronol-
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ogy of Egypt, considerable attention has been devoted to controlling time in predynastic and dynastic Egyptian archaeology. Methods based on ceramic or spatial seriation, textual analysis (including
astronomical observations), and 14C dates have been used. Petrie (1901) invented ceramic seriation
to date predynastic graves he had excavated; later Kaiser (1957) developed different techniques
based on grave placement in the predynastic cemetery at Armant and re-evaluated Petrie’s results.
Recently Kemp (1982) used multivariate statistical methods (essentially a form of correspondence
analysis) to develop a ceramics-based chronology.
Textual analysis leads Egyptologists to place the founding of the 1st Dynasty between 3100 and
2900 BC (Hoffman 1982; Trigger 1983). For example, Hayes (1970) estimated the beginning of the
1st Dynasty from the Turin “Royal Canon,” the document that contains Manetho’s king list that
established the traditional division of the historical period in Egypt into dynasties. Manetho said that
the time from the founding of the 1st to the end of the 8th Dynasty was 955 years. Based on these
clues, and working backward from known dates in the later periods, Hayes calculated the date for
the beginning of the 1st Dynasty to be either 3119 or 3089 BC. Among other astronomical events,
the helical rising of the star Sothis (Sirus), which heralded the beginning of the inundation, was carefully observed and recorded in Egypt. These records provide a date of about 2000 BC for the beginning of the 12th Dynasty and the Middle Kingdom, and a later recorded observation places the
beginning of the 18th Dynasty at about 1580 BC. However, working back from these dates presents
problems because of the uncertain length of individual reigns in some cases, and of the First Intermediate Period in general (Kantor 1992). Breasted stated that working backwards from the known
dates was no better than “dead reckoning” (1964:17).
DATING THE PREDYNASTIC PERIOD

Much of our understanding of the Predynastic cultural sequence is based on relative ceramic chronologies. Three different methods have been developed and will be discussed below: 1) Petrie’s
(1901) Sequence Dating; 2) Kaiser’s (1957) Stufe dating system, and 3) Kemp’s (1982) Multidimensional Scaling (MDS) method (also see Hendrickx 1993, 1996; Mortenson 1991: 11–18 for a discussion of these methods).
Petrie’s Sequence Dating Method

By 1895 Petrie had excavated over 3000 Predynastic graves in the Upper Egyptian cemeteries at
Nagada and Ballas. He recorded over 700 forms of pottery from these cemeteries based on a rather
inconsistent typology of form, paste, and decoration (Petrie and Quibell 1896). In 1898–99 he
worked through the cemeteries at Abadiyeh and Hu. By 1901 he had worked out a method of seriation or “Sequence Dating” for the graves from the various cemeteries. Petrie lumped his over 700
pottery forms into nine “ware” classes, based partly on paste, decoration, and on what he thought
were chronological factors. These ware types included B-Ware, (Black-topped Red), P-Ware (Polished Red), F-Ware (Fancy forms), C-Ware (White Cross-lined), N-Ware (“Nubian” Incised Black),
W-Ware (Wavy-handled), D-Ware (Decorated), R-Ware (Rough-faced), and L-Ware (Late forms)
(Petrie 1901). Then, using 900 graves with five pots or more in each, Petrie made strips of paper for
each grave, with the number of pots of each type in separate columns. With 900 strips of paper there
would be a huge number of possible orderings, so Petrie employed two “shortcuts” to make the task
easier. First, he had noted that the class of wavy-handled jars (W-Ware) proceeded from a relatively
globular form with pronounced handles (based on the “Ledge-handled Jars” from Canaan) to an
upright cylinder with only a wavy painted line representing the handle. He had found the later, cylindrical varieties in early Dynastic period graves, so he used this assumed development as a “key” to
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order the later part of his sequence. Second, he used his C-Ware to order the graves where no WWare was found.
Petrie’s goal was to arrange the columns so that the largest frequencies of the different forms concentrated along the diagonal of his matrix of 900 graves and 9 types. Kendall (1971) called this technique “the Petrie Concentration Principle.” The result was a series which progressed across the
strips from earliest to latest, anchored at the late end by W-Ware. Having obtained what he felt was
the best ordering of the graves based on his knowledge of C-Ware and W-Ware, Petrie divided the
900 graves into “Sequence Dates” (S.D.) each containing 18 graves. To these he assigned the numbers 30 through 80. Wisely, Petrie left sequence dates unassigned at the beginning in case an earlier
culture should be discovered, which it subsequently was at Badari by Brunton and Caton-Thompson
(1928).
Later Petrie divided the whole range into three groups, which he termed Amratian, Gerzean, and
Semainean—names derived from “type” sites where particular ceramic forms had first been identified. The first two terms were widely adopted by other scholars and continue in use by some (e.g.
Friedman 1994; Kantor 1992), though his Semainean period was not, owing to its rather ambiguous
definition at the type site of Semaineh and the inability of others to discern such a period at other
places (see Kantor 1944). Some researchers (e.g. Mace 1909; Hoffman 1982) have used the term
“Protodynastic” to refer to the period between the end of the Gerzean and the beginning of the
Dynastic Age.
It was not long before other scholars began noticing problems with Petrie’s shortcuts. For example,
Scharff (1926:73) noticed that the large, globular, wavy-handled jars (Petrie’s form W1) co-occurred
with one of the supposedly more degenerate forms (Petrie’s form 24) at Abusir El Meleq in Lower
Egypt. The globular forms were found in numerous other contexts much later than those assigned to
them by Petrie. As Friedman notes, though, “nevertheless, owing to the geographical distance
between Abusir El Meleq in Lower Egypt and the Upper Egyptian Nagada culture, Scharff was
unwilling to reject the S.D. system as a whole, but simply stated that Petrie's system did not work
well in the cemeteries of the north” (Friedman 1981:2). Later Baumgartel re-examined the material
that Petrie used to create his system and concluded that the wavy-handled jars were not well dated.
The earliest, Petrie's W1 form, had been purchased rather than excavated. Baumgartel believed that
all of the wavy-handled forms were contemporary except for the First Dynasty cylindrical shapes
(1955:42; also c.f. Kantor 1947:77), and graves from Cemetery N7000 contain all the shapes except
the “earliest” and “latest” (Lythgoe and Dunham 1965). Kaiser also found the chronological differences between the globular and upright forms to be extremely small, though Petrie never implied
that each of his fifty sequence dates was of equal length. In fact, Friedman points out that since there
are more ceramics in later Predynastic graves (see Castillos 1982, 1983), the later sequence dates
probably represent shorter time spans, while the earlier Sequence Dates, dominated by B and CWares, probably represent longer periods (Friedman 1981:6-7). Essentially, then, Petrie’s system
works in its broad outline (Amratian, Gerzean, and Semainan or Protodynastic) but is not very reliable in its details.
Kaiser’s Stufe Dating Method

As early as 1928, Guy Brunton, using Petrie’s Sequence Dating, noticed that certain cemeteries in
Middle Egypt exhibited temporal clustering in space. For example, Badari Cemetery 3800 has the
earliest graves in the center and later graves placed to the east and west (Brunton and Caton-Thompson 1928:51). Werner Kaiser (1957) attempted to overcome some of the difficulties with Petrie’s
system by developing a dating method that takes advantage of the horizontal stratification observed
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by Brunton as well as typological differences in Predynastic ceramics. This was an attempt to date
the contents of tombs in part by the position of the grave, rather than dating the graves according to
their contents. His system divides the Predynastic into three main periods, Nagada I, II, and III, and
several sub-periods (stufen). Using the map of Armant published by Mond and Meyers (1937), Kaiser divided the cemetery into three main periods based on relative percentages of B-Ware, R-Ware,
and L-Ware. Eleven, and later 15 sub-periods (Kaiser 1990) were created based on ceramic type
clustering within the main periods: Stufe (“Stage”) Ia-Ic, Stufe IIa-IId2, Stufe IIIa1-IIIb2. These subdivisions relied heavily on the spatial distribution of ceramic types because only 115 forms occurred
more than once, and many were found in only two graves (Kaiser 1957:69; also c.f. Patch 1991:157–
161). W-Ware, C-Ware, and D-Ware were fitted into the system rather than used to determine it
because they were relatively rare forms at Armant. Kaiser’s system validates Petrie’s work in some
respects, since his broad divisions, Nagada I through III, generally parallel Petrie’s. Nagada I is
roughly synonymous with Amratian, Nagada II with Gerzean, and Nagada III with Semainean or
Protodynastic (Kantor 1992:7).
Many scholars have adopted Kaiser’s Stufe dating system since it validates and expands on Petrie’s
system of three main periods in the Predynastic, while eliminating some of the problems. There are,
however, several difficulties in the Stufe system. First, it appears somewhat tautological. Brunton
used Petrie’s Sequence Dates to infer temporal drift in Predynastic cemeteries (Brunton and CatonThompson 1928). Then Kaiser used this spatial patterning to develop his Stufe dates and assign
ceramic forms to his subdivisions.
The “space-as-time” assumption that underlies Kaiser’s system is based on Brunton’s time-as-space
observation at Badari, and reaches its greatest extreme when graves that contain no artifacts are
dated, presumably on the basis of dated graves nearby (extant data files for the Naga-ed-Dêr cemetery contain such dates for empty graves). If the assigned Sequence Date of a given grave can vary
by as much as twenty sequence dates on either side, as Kaiser (1957:69) noted, then the underlying
spatial pattern that Brunton observed may be a result of incorrect grave dates, meaning that any subsequent dating based on the spatial pattern that he observed is also questionable. And the problem
cannot be corrected by re-dating the cemeteries with the Stufe system and then checking their spatial
layout, since that would create an even more vicious tautology. When Friedman applied Kaiser’s
system at Naga-ed-Dêr, she found that the relationship between space and grave dates were not
clear-cut in Cemetery N7000 (1981:70). Rather than early graves being confined to only one area,
and later graves to another, in a form of “drift,” Friedman found several areas with graves from a
variety of Kaiser’s Stufen.
A second problem associated with the Stufe dating system is the way it has been adopted throughout
the rest of Egypt. The forms that Kaiser assigned to his various stufen have been used like “index
fossils” by other archaeologists to re-date graves in other cemeteries and to date the deposits on settlement sites “from Hierakonpolis in the far south (Adams 1987) to Buto in the north-western Delta
(von der Way 1991)” (Wilkinson 1996:10). Application of the system in this manner assumes a uniform developmental sequence for ceramics throughout all of Egypt, but this assumption has not been
tested. Indeed, it cannot be tested using the Stufe system or Petrie’s sequence dates, because to do so
would be to create another tautology. Only an independent dating method, external to the seriation
techniques being tested, can prove or disprove the underlying assumption of ceramic uniformity.
14C dating seems to be the only secure method available.
Even without 14C dating, the implicit assumption of uniform ceramic development that underlies
many applications of the traditional chronometrics is being replaced by an understanding of the
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regional character of Predynastic ceramic production and development. Naville stated emphatically
that “for pottery, the only true classification is not chronological: it is geographical, or rather, local”
(1914:xi). Scharff (1928) suggested that there were regional variations in Petrie’s C-Ware class, and
Finkenstaedt distinguishes three principle regions, each of which “produced a type of C ware peculiar to it.” She infers that “in some cases, individual sites evolved a distinctive local variation on the
regional style” (1981:7). Kaiser himself warned that differences between sequences at Armant and
Nagada might reflect differences in development at the two sites (1957:73). More recently Patch
notes that “it would be surprising if all Predynastic sites followed the same development” (1992:
192). Finally, Freidman’s analysis of ceramics from the settlements at Hierakonpolis, Nagada, and
Hemamiah found that “previously suspected, but poorly defined, regional differences within the
Amratian settlement ceramic assemblages in each of the geographical regions were clearly apparent
from an examination of the utilitarian pottery or kitchen wares at each site” (1994:865). Tempering
exhibits the largest regional differences, but Friedman also notes variation in manufacturing technique, surface treatment, and shape. She also identifies “minor, but possibly regionally significant
morphological differences” in the B-Wares and P-Wares (1994:871), sufficient to rule out the notion
that the ceramics came from a single production center, and further expands on Finkenstaedt’s
(1981) observed regional differentiation in the C-Ware class. The results of Friedman’s exhaustive
study parallel those of Holmes’ (1989), who documents differences in the lithic assemblages in the
same areas. These distinct regional differences make it difficult to justify a normative, “index fossil”
approach to dating Predynastic ceramics.
Multivariate Analysis

The tautological nature of the assumptions that underlie traditional approaches to Predynastic chronology, the regional nature of the ceramic assemblages, and the internal difficulties in the Stufe dating system suggest that a fresh approach is needed. Barry Kemp (1982) used a multi-dimensional
scaling (MDS) program, HORSHU, to test the sequence of graves in Cemeteries A and B at el’Amrah, Armant 1400–1500, and el-Mahasna. MDS, like correspondence analysis, is a form of
“dual scaling,” that can arrange both cases and types in chronological order (see Nishisato 1980).
HORSHU, developed by Kendall (1971) specifically to automate the process Petrie used to create
his original seriation, can handle no more than one hundred graves because of the computationally
intensive nature of non-metric MDS (see Shennan 1990:281–283 for a brief discussion of MDS).
Kemp condensed the Petrie corpus into 43 types for his analysis, and distinguished three clusters of
graves based on their ceramic types. The clusters are interpreted to confirm Petrie’s basic division of
the Predynastic into Amratian, Gerzean, and Semainean (and the major divisions in Kaiser’s Stufe
dating method), although Kemp’s division between Amratian/Nagada I and Gerzean/Nagada II
appears somewhat later than Petrie’s.
Since Kemp’s initial computer seriation others have used similar methods: 1) Seidlmayr (1990)
employed seriation to identify local chronologies at individual sites, and then correlated the results.
2) Wilkinson (1996) used the Bonn Seriation Program (a form of correspondence analysis, see Scollar 1993) to develop independent chronologies at eight different Predynastic and early dynastic sites.
He subsequently correlated them by connecting the various phases from the sites to the Stufe system.
However, his results were hampered by lack of external dating controls, such as those provided by
14C dating, and 3) Savage (1995, 1997) used correspondence analysis to date 143 graves from Cemetery N7000 at Naga-ed-Dêr, and concluded that they should be grouped into four use phases that
span parts of the three Predynastic periods (essentially late Nagada I, all of Nagada II, and early
Nagada III). Like Friedman’s earlier work, it appeared that there were graves from all four use
phases in most parts of the cemetery. The results suggested that spatial clusters observed in the cem-
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etery were the burial grounds of separate descent groups. Twelve 14C dates from graves on Savage’s
seriation curve helped establish an absolute time range for the N7000 cemetery (Savage 1998; see
below).
To summarize, there are clear problems with traditional chronological methods. While the three
methods used in the past all agree on a tripartite division of the Predynastic, they disagree on further
subdivisions, and attempts to rectify problems in any method by resorting to another and then re-dating graves in the first method only create tautological nightmares. Furthermore, the regional variation in Predynastic ceramic assemblages is generally not considered (but see Wilkinson 1996 for a
notable exception), meaning that chronological schemes worked out in one place tend to be applied
uncritically in other places. The whole question of “space as time” rests on an assumption that needs
to be verified by an external, independent dating method. O’Shea stresses the importance of independent reference points: “precise dating, particularly dating that is independent of the material culture and behavior being examined (as in radiometric dating), provides a critical underpinning for any
serious anthropological research into the past” (1996:16). The only way out of the current muddle is
to develop a 14C based chronology.
Dating the Predynastic with Radiocarbon Methods
14C

dates have been obtained from many Predynastic and dynastic sites (for some recent compilations see Close 1980, 1984, 1988; Derricourt 1971; Hassan 1984, 1985; Kantor 1992). Hassan
(1988:138) tentatively suggests a Predynastic 14C chronology as follows: Early Predynastic 4000–
3900 BC, Middle Predynastic 3900–3650 BC, Late Predynastic 3650–3300 BC, Terminal Predynastic 3300–3050 BC.
Because of the history of Egyptian archaeological research, essentially, there are two parallel chronological schemes for the Predynastic period. The first, based on relative methods, is exemplified by
Petrie’s (1901), Kaiser’s (1957), and Kemp’s (1982) work with whole or reconstructed ceramics
from cemetery contexts. The second is based more on sherds for its ceramic typology, and on 14C
dates obtained mostly from settlement sites (and tombs from the later dynastic period). However, the
ceramic assemblages in settlement sites are different than those in cemeteries (e.g. decorated, marl
clay pots, termed “D-Ware” by Petrie, are very rare in settlements [see Hoffman 1987] but fairly
common in cemeteries; low-fired, coarse clay pans, called “Bread Molds,” are hardly ever found in
cemeteries but are abundant in settlements, and R-Ware sherds seem to occur much earlier in settlement sites than they do in cemeteries). The two chronological systems are not well connected. Predynastic cemetery sites remain largely undated by 14C methods, and the possibility exists that cemetery chronologies may not coincide with those from settlements.
Cemetery contexts contain by far the largest body of excavated material from the Predynastic in
Upper Egypt. They are virtually the only source of whole vessels and the best source of organic
remains that are specifically associated with individual, dateable events (the interment). Furthermore, other Near Eastern chronological schemes tie into the Predynastic and Dynastic Egyptian
dates primarily through the presence of ceramics recovered from cemeteries. Thus, an ideal solution
to the chronological problems in the Predynastic and the Bronze Age would be to develop a radiocarbon chronology based on whole forms from cemeteries. Such a goal is clearly in line with Bruins
and Mook’s (1989:1024) assertion that, “many more samples from ancient Egypt ought to be investigated, as urged in the 1969 [Olsson 1970] Twelfth Nobel Symposium.”
At present, there are very few dates from Predynastic cemeteries—fewer than 200 14C dates have
been published from Upper Egypt; fewer than 20 are from mortuary contexts. Five of these are
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based on older methods, and they were calculated on materials gathered from a number of contexts.
For example, Libby’s sample C-810 consisted of about 3 ounces of human hair from four different
graves at Nagada, which had different sequence dates in Petrie’s scheme. In addition, Libby’s dates
have wide standard deviations (about 300 years), so the 95% confidence intervals extend over 1,200
years. As a result, many of the extant dates from Predynastic cemeteries are not as precise as we
would like (and I think the early results soured Egyptologists on 14C dating before the method was
sufficiently developed to produce reliable results). Three dates from graves at Hierakonpolis have
been secured. Sample BM-1127A from Tomb 100 at Hierakonpolis is clearly problematic at 12,900
± 120 BP. (Burleigh 1983:364). Another Tomb 100 (BM-1127B) date has a calibrated one-sigma
range of 235 years at 3900–3665 BC (Burleigh 1983:364), but its wide error estimate is not useful
for a more precise 14C chronology or for a comparison to the tomb’s ceramic inventory. At Hierakonpolis Locality 6, Tomb 1 was nearly empty when excavated!many of the sherds were recovered
from an adjacent spoil pile presumed to have been left by plunderers (Hoffman 1982:41). Comparing the 14C date to the original tomb contents is not possible.
Hassan and Robinson (1987) note that “the existing corpus of 14C measurements for ancient Egypt
is, with a few exceptions, not fully satisfactory.” Since most of what we know about the Predynastic
period in Upper Egypt comes from cemetery excavations, a 14C based chronology of the cemeteries
is needed. Such a chronology could be used to help establish a concordance between cemetery and
settlement contexts. In addition, a cemetery-based 14C series would allow us to test hypotheses
related to ceramic chronology and cemetery use and development.
Unfortunately, most of the known Predynastic cemeteries were excavated in the late 19th or early
20th centuries, long before 14C techniques were available. Hence, it is often necessary to rely on
materials collected in some cases more than a century ago. Many excavators did not collect samples
of materials suitable for 14C analysis, or the extant materials are not well provenienced. Some otherwise well-documented materials, which would have been suitable for dating, were treated with petrochemically based preservatives in the days before 14C dating, thus ruining them for assays. As a
result, there has been considerable doubt about whether a 14C chronology could be recovered from
Predynastic cemeteries.
What is needed is a Predynastic cemetery dug in a well-controlled manner, where there is an abundance of uncontaminated materials dateable by 14C methods, and thorough documentation. Not
many Predynastic cemeteries fulfill these requirements, but, happily, Cemetery N7000 at Naga-edDêr does. The excavators, Albert Lythgoe (1965) and G.E. Smith, took careful field notes, mapped
the entire cemetery and drew virtually every grave; they provided provenience information on artifacts, and took over 1500 large-format photographs. In addition, they recovered many organic
objects, which are now curated at the Hearst Museum of Anthropology, U.C. Berkeley.
Initial Dates

As a result of Friedman’s (1981) and Savage’s (1995, 1997, 1998) efforts considerable progress has
been made in establishing a firm chronological foundation in Cemetery N7000. Friedman (1981:
Appendix III) estimated Sequence Date ranges and Stufe dates for graves in the cemetery with
ceramics. Podzorski (1995, personal communication) estimated dates for graves that did not contain
ceramics, using their proximity to those that did, (based on the questionable assumption that “space
equals time”). Correspondence analysis (CA) was used to analyze 143 graves, each with a minimum
of three ceramic vessels, and at least two ceramic ware “types,” to establish four use phases in the
cemetery (Savage 1995:98–104). CA reduces variability in the data under analysis by producing a
set of scores along “Eigenvectors.” A CA result captures temporal variation when a scatterplot of
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points on the first two Eigenvectors assumes a linear to horseshoe shape (Bech 1988; Bolviken et al.
1982; Hojlund 1988; Holm-Olsen 1988; Madsen 1988). The CA seriation plot from Cemetery
N7000 (Figure 1) matches such a shape, capturing temporal variation well.
A number of graves on the seriation curve contained organic materials (Figure 1, numbers). In 1995
16 samples from 15 graves were submitted for 14C analysis to the NSF-Arizona AMS Facility (Figure 1, underlined numbers). These materials were donated by the Hearst Museum of Anthropology
to test whether the organic items from Cemetery N7000 were still viable for 14C dating, and to help
fix Savage’s seriation curve in absolute time.

Figure 1 Results of the CA-based seriation of 143 graves from Cemetery N7000 (Savage,
1995, 1998)

Twelve 14C dates were obtained (Table 1); four of the samples were not of sufficient size after cleaning to be dated, but larger samples are dateable. Using Bayesian methods to combine dates calibrated with the OxCal program (Bayes 1763; Iversen 1984; see Bronk-Ramsey 1995) Savage concluded that there were four 14C-based use phases in Cemetery N7000 (Table 2), indicating that the
cemetery was most likely in use between about 3800 and 3090 BC (two-sigma ranges). The cemetery’s phases correspond remarkably well with the four use phases developed independently through
seriation (Savage 1998:242–43). Then, by recalibrating a series of 58 published dates from Upper
Egypt and using the same methods to combine the results Savage (1998: Table 4, Figure 5) suggested that each of Hassan’s 14C-based periods in the Predynastic could be divided into two smaller
phases (EP I and II, MP I and II etc.). A comparison of the four use phases from Cemetery N7000
to the recalibrated phasing from Upper Egypt showed remarkable correspondence (Savage 1998:
243–47, Figure 2): Naga-ed-Dêr Phase 1 corresponds to the Middle Predynastic II, Phase 2 to the
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Figure 2 The predynastic cemetery N7000 at Naga-ed-Der showing grave numbers and locations of datable items.
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Late Predynastic I, Phase 3 to the Late Predynastic II, and Naga-ed-Dêr Phase 4 dated to the Terminal Predynastic 1 (thus helping fill a gap in Hassan's 14C chronology from Upper Egypt).
Table 1 AMS radiocarbon dates from Cemetery N7000 at Naga-ed-Dêr (from Savage 1998)
Grave

Sample nr

UCLMA1

7036

AA16770

6-12009

Matting from beneath burials

4775 ± 90

7110

AA16771

6-12021

Leather pouch at pelvis of burial B

4840 ± 85

7151

AA16772

6-12024

Seeds from pot 7151-5, (7151-5.1)3

N.D.

7159

AA16773

6-12025

Charred vegetal matter, in pot 7159-4, (7159-4.1)

4775 ± 75

7251

AA16774

6-12033

Vegetal matter from pot 7251-5, (7251-5.1)

4615 ± 65

7292

AA16775

6-12039

Vegetal matter from pot 7292-6, (7292-6.1)

4505 ± 70

7298

AA16776

6-12041

Vegetal matter from pot 7298-3, (7298-3.1)

N.D.

7394

AA16777

6-12058

Animal hair from left wrist of burial E, (7394-18)

7458

AA16785

6-3763.b

Cloth from neck of burial B, (7458-13)

7468

AA16778

6-12082

Vegetal matter from pot 7468-1, (7468-1.1)

4560 ± 85

7491

AA16779

6-12091

Human hair from below pot 7491-1, (7491-10)

4720 ± 65

7513

AA16780

6-12097

Vegetable matter from pot 7513-3, (7513-3.1)

4525 ± 70

7522

AA16781

6-12103

Cake of vegetal matter in pot 7522-20 (7522-20.1)

4605 ± 65

7526

AA16782

6-12105

Grain/seeds from pot 7526-9, (7526-9.1)

4645 ± 70

7603

AA16783

6-12128a4

Cloth pouch near thigh/pelvis, 7603-5

7603

AA16784

6-12128b4

Lower matting, 7603-5

Item

Uncalibrated2

4950 ± 60
N.D.

N.D.
4690 ± 85

1

UCLMA numbers refer to concession numbers at the Hearst Museum.
Libby half life (5568 years).Radiocarbon years BP.
3 Numbers such as 7151-5 refer to item numbers in Lythgoe and Dunham (1965). Numbers which extend
past their sequence were added by cross-reference to UCLMA catalog cards, the Lythgoe and Dunham
description and the field notes; these numbers are given in parentheses (see Savage 1995:Volume 2).
Designations such as 7151-5.1 are used for vessel contents.
4 These two samples were taken from the same UCLMA object, which preserves part of the cloth pouch
adhering to the matting.
2

This initial test of the viability of organic materials from the Predynastic cemetery at Naga-ed-Dêr
showed that the objects curated at the Hearst Museum are capable of producing reliable, and vital
AMS dates. Preservatives and contamination do not appear to be a significant problem; initial pretreatment is able to remove spurious wood wool or cotton fibers from the original packing materials
used in 1904, thus allowing the samples to be dated. These results contribute to a badly needed, calibrated 14C chronology for Predynastic cemetery remains from Upper Egypt. They constitute one of
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the first series of AMS dates to be run on Predynastic cemetery remains, and the results fit well with
the recalibrated chronology of the Upper Egyptian sequence derived mostly from settlements.
Table 2 Cemetery N7000 use phases based on combined dates (from Savage 1998)
Phase

Graves

1 sigma range1

1 sigma p2

2 sigma range3

2 sigma p

1
(MP I) 4

7110, 7394

3760!3740
3720!3640

0.19
0.81

3800!3630

1.00

2
(LP I)

7036, 7159,
7491

3630!3500
3410!3380

0.82
0.18

3640!3500
3460!3370

0.73
0.27

3
(LP II)

7251, 7522,
7526, 7603

3500!3450
3380!3350

0.62
0.38

3510!3340

1.00

4
(TP I)

7292, 7468,
7513

3340!3290
3240!3100

0.26
0.74

3360!3090

1.00

1

68.2 percent confidence overall. Calendar years BC.
Probability of date falling into alternative date ranges.
3 95.4 percent confidence overall. Calendar years BC.
4 MP I, LP I, LP II, TP I correspond to sub-phases based on recalibrated dates from Upper Egypt (see Savage 1998).
2

METHODS AND PROCEDURES
Selection of Samples

Much of the material available for dating consists of vegetable matter contained in pots that were
included as grave offerings. The vegetable matter comprised mainly seeds or chaff, sometimes
charred. Grain or seed offerings included in graves are thought to have originated as either the
remains of a funeral meal consumed at the grave site, or as food offerings intended to accompany the
deceased on their journey to the afterlife (see Adams 1988). It is likely that the age of the materials
themselves corresponds very closely to that of the interment event (probably within one harvest
cycle).
Other objects available for dating include human hair, matting, and leather or cloth from articles of
clothing. Of these, the human hair is perhaps most problematic in terms of its connection to the
burial event. The excavators observed numerous burials which included balls of human hair as grave
offerings, such as graves 7055, 7130, 7491, and 7596 (samples of these are present in the Hearst
Museum collections). Grave 7491, for example, included about 50 small coils and balls of fine
brown hair, along with straight hair, mostly corn-yellow but with traces of the same brown in it. The
straight hair corresponded to that of the hair found on the cranium. Lythgoe remarked that this provided “the solution of the balls and coils of hair found occasionally in other graves of this cemetery.
It was the hair of the individual at an earlier age which had been preserved and was finally buried
with the individual” (Lythgoe and Dunham 1965:310). Thus, the samples of human hair do not necessarily correspond to the burial episode itself, but to an earlier event. 14C age determinations based
on these hair balls would be expected to read somewhat earlier than the interment. One standard
deviation of the 14C date likely encompasses any discrepancy in age between the hair and the interment, but I will not use hair for dating unless it is absolutely necessary.
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Matting and clothing from the graves also are likely to correspond closely enough to the date of the
interment; they are clearly somewhat earlier than the burial event itself, but probably not so much as
to overly bias the 14C results.
Thus, I adopted an “order of preferability” in sample selection. The items most directly related to the
funeral event are seeds or grain stored in pots deposited in the grave, or stomach contents of the bodies; I selected these items first, obtaining as wide a distribution in the cemetery as possible. Matting
that wrapped the bodies is also closely related to the interment, and graves with matting samples was
chosen as second priority. Clothing probably dates closely to the time of interment, and ceramics
may have been manufactured specifically for the mortuary ritual (see Hoffman 1989). Ceramics
were sampled specifically to judge whether they date closely to the time of other dated items in specific graves. Finally, all items were located in the Museum by Ms. Leslie Freund, and the samples
were collected by Ms. Margaret Fang, both of the Hearst the Museum staff. Every effort was made
to sample items whose specific location in the grave was shown by field drawings (see Savage 1998:
Figures 2 and 3; Figure 4).
Care was taken to select samples whose dating will accomplish as many goals as possible. One goal
is to test the dates of graves in close proximity so some samples were collected from adjacent, or
nearly adjacent graves. However, another goal of the research is to date graves in every part of the
cemetery, so samples were collected from widely dispersed graves as well (see Figure 3). Finally,
since I wanted to test some notions about graves without ceramics, and develop an absolute chronology for some ceramic forms, I chose samples from graves with large numbers of pots, and from
graves with no pots. The final determinations were made based on the condition and quantity of
dateable items. All samples were taken in accordance with standard archaeological practices (e.g.
Bowman 1990; Dancey 1981:163–64), wrapped in aluminum foil, and delivered to the NSF-Arizona AMS Facility. Only items with secure proveniences were sampled—that is, only items
described in Lythgoe’s field notes, and which have an existing catalog card at the Museum. Sample
sizes were in accordance with requirements published by the NSF-Arizona AMS Facility (NSF-UA,
1994).

Figure 3 Cemetery N7000 use phases compared to recalibrated dates and phases from Upper Egypt.
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Figure 4 Grave N7394, showing location of dateable item

Sample Treatment

Since several different kinds of organic materials were submitted for dating, a variety of different
pretreatment methods were required. Table 3 lists the pretreatment method used for each sample.
These methods are summarized by Tim Jull (personal communication):
Samples were 14C-dated using accelerator mass spectrometer at the University of Arizona. Samples
for 14C dating were pretreated using 4 different protocols, depending on the type of material. These
were as follows:
1. Due to the degradation of some of the textile materials, these samples had to be treated very
carefully, some samples were only given a wash in 1N HCl.
2. More robust samples of textile, basketry and other plant-fibre material were given the standard
acid-base-acid pretreatment using 1N HCl and ~0.1%NaOH.
3. Leather samples were given the acid-base-acid treatment and then further cleaned using soxhlet
extractions in hexane, ethanol and methanol, followed by a distilled water washing. Samples
from pretreatments 1 to 3 were then combusted with CuO using standard procedures at the Arizona laboratory.
4. Pottery samples were given the standard acid-base-acid pretreatment. These samples were then
combusted in oxygen at 400 °C using the procedure of O’Malley et al (1998). As noted by
Delque-Kolic (1995), this will allow organic material in the pottery to be oxidized to CO2, but
potentially “older” carbon trapped in clay minerals will not be oxidized.
The pretreatment and combustion procedure adopted for each sample is noted in Table 3. After combustion, the *13C of the gas, or a split of the gas if larger than ~1cm3 STP CO2, was determined by
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Table 3 Raw and calibrated dates from 30 graves.
Calibrated
(2-sigma)2

Sample #,
Treatment3

Item

7454

Vegetal matter
from pot

5530 ±140

4540 (66.9%) 4220
4180 ( 1.3%) 4170

4700 (95.4%) 4000

AA35997 85% g
aba

Wide standard deviation renders date of
little value.

7107

B-War jar

5513 ± 51

4450 (18.0%) 4420
4400 (43.4%) 4320
4280 ( 6.9%) 4250

4460 (95.4%) 4240

AA36043
400EC

Very early result will require crosschecking.

7122

B-Ware jar; Pot
7122-2.

5501 ± 52

4450 (12.7%) 4420
4400 ( 5.5%) 4380
4370 (33.3%) 4320

4460 (95.4%) 4240

AA36045
400EC

Possibly earlier than expected, due to
associated R and P -Ware forms.

7547

Vegetal matter
from pot

5440 ± 50

4345 (68.2%) 4245

4370 (84.5%) 4210
4200 (7.2%) 4160
4130 (3.8%) 4050

AA35980
aba

Another seemingly early result. Contains
P- and R-Ware.

7354

Charcoal

5383 ± 38

4330 (27.4%) 4270
4260 (23.3%) 4220
4200 (15.0%) 4160
4120 ( 2.4%) 4110

4340 (58.5%) 4210
4200 (20.0%) 4140
4130 (16.9%) 4040

AA35979
aba

Probably an early result; grave contains two
D-Ware forms.

7492

Vegetal matter

5310 ± 690

5000 (68.2%) 3300

5700 (95.4%) 2400

AA36013 28% g
aba

Wide standard deviation renders date of no
value.

7274

B-Ware jar;
Pot 7274-1

5310 ± 49

4230 (11.7%) 4180
4170 (56.5%) 4040

4320 (2.9%) 4290
4260 (92.5%) 3980

AA36047
400EC

B 25 H corpus form.

7085A

B-Ware pot;
7085A-5

5258 ± 59

4220 (10.8%) 4190
4170 (15.8%) 4120
4110 ( 5.2%) 4090

4250 (95.4%) 3960

AA36044
400EC

B 29 E3 form seems early, as there are
R-Ware forms in the grave.

7571

Leather pouch, at
legs

5217 ± 50

4220 (0.11) 4200
4140 (0.01) 4130
4050 (0.88) 3960

4230 (0.11) 4190
4170 (0.89) 3940

AA36040
aba

B-Ware beaker and jar.

Comment
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Uncalibrated

Calibrated
(1 sigma)1

Grave

Table 3 Raw and calibrated dates from 30 graves.
5119 ± 48

3980 (0.38) 3930
3880 (0.62) 3800

4040 (0.02) 4020
3990 (0.98) 3790

AA36039
soxhlet

Grave contains B 58 A corpus form.

7416

B-Ware jar

5113 ± 86

3990 (68.2%) 3790

4250 (3.3%) 4100
4050 (92.1%) 3700

AA36042
400EC

Date on a B 53 b form. Also has a P2 24 K
bowl and 3 R-Ware forms

7271

B-Ware jar

5056 ± 50

3950 (68.2%) 3790

3970 (95.4%) 3710

AA36046
400EC

Seems to be early!grave includes B, P, R, and
W-Ware forms.

7111

Folded leather and
rolled cloth at right
leg.

4955 ± 52

3780 (1.00) 3660

3940 (0.10) 3870
3810 (0.90) 3640

AA36015
soxhlet

Leather sampled. Grave contains
P2 22 A bowl.

7497

B-Ware jar

4810 ± 130

371
0 (52.6%) 3490
3460 (15.6%) 3370

3950 (95.4%) 3300

AA36011
400EC

Wide standard deviation covers full range of
Predynastic period at 2-sigma.

7458

Cloth fragments at
neck.

4800 ± 50

3650 (0.23) 3620
3600 (0.77) 3520

3700 (0.92) 3500
3430 (0.08) 3380

AA35999
aba

Contains B, P, and R-Ware forms.

7491

Matting over knees

4794 ± 51

3650 (0.21) 3620
3600 (0.79) 3520

3690 (0.90) 3500
3440 (0.10) 3370

AA36036
400EC

B 72 A, P2 22 A, P2 14 G, P 11D, R 22b
corpus forms.

7055

Cloth; probably a
head cloth.

4791± 48

3650 (13.6%) 3620
3600 (54.6%) 3520

3660 (86.3%) 3500
3430 ( 9.1%) 3370

AA36004
aba

No pottery from this grave.

7027

Cloth garments,
covered body head to
feet.

4776 ± 52

3640 (68.2%) 3510

3660 (79.6%) 3490
3460 (15.8%) 3370

AA36000
aba

B 11 E, P2 14 g; unsp. small B-Ware jar & RWare bowl fragment.

7204

Cloth, from feet,
pelvis & vertebral
column.

4770 ± 190

3800 (66.6%) 3300
3250 ( 1.6%) 3100

4000 (95.4%) 3000

AA35998
aba

Wide standard deviation covers entire
Predynastic period; no pottery.

7019

Cloth, from between
legs

4716 ± 49

3630 (21.7%) 3580
3540 (16.4%) 3490
3460 (30.1%) 3370

3640 (95.4%) 3370

AA36010
aba

B 57 B/A form (see Armant Cemetery)
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Cakes of vegetal
matter from Pot
7517-1.
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Table 3 Raw and calibrated dates from 30 graves.
Seeds near left hand.

4690 ± 55

3630 ( 8.0%) 3600
3530 (14.0%) 3490
3470 (46.2%) 3370

3640 (21.2%) 3550
3540 (74.2%) 3360

AA35978
aba

No pottery from this grave.

7612

Cloth, in front of
face.

4655 ± 73

3630 ( 4.2%) 3600
3530 (64.0%) 3350

3650 (87.7%) 3300
3250 ( 7.7%) 3100

AA36009
aba

P2 22 A, R 74 C corpus forms

7448

Braided cord from
leg area.

4654 ± 49

3520 (58.6%) 3410
3390 ( 9.6%) 3360

3630 ( 7.7%) 3580
3540 (87.7%) 3340

AA36022
aba

7 corpus forms, including B, P, & R-Ware

7166

Cording from leg
area.

4650 ± 70

3620 ( 1.9%) 3600
3520 (66.3%) 3350

3650 (87.1%) 3300
3250 ( 8.3%) 3100

AA36007
aba

No pottery from this grave.

7469

Basket, on 15 cm fill
behind body

4636 ± 52

3520 (0.78) 3410
3390 (0.22) 3350

3650 (1.00) 3100

AA36025
aba

B 19 T, B 62 B, P2 22 A2 corpus forms

7456

Cloth pouch at waist.

4635 ± 41

3510 (54.4%) 3430
3380 (13.8%) 3360

3630 ( 1.5%) 3600
3530 (93.9%) 3340

AA36005
aba

B 25 M, B 74 K, B 25 e, P 76g corpus
forms. Date is weighted average from 3
runs.

7021

Cloth at knees.

4629 ± 46

3510 (50.9%) 3420
3380 (17.3%) 3350

3630 ( 2.2%) 3590
3530 (88.7%) 3330
3220 ( 1.9%) 3180
3160 ( 2.5%) 3120

AA36012
acid

B 21 Q corpus form (see Badari Cemetery).

7415

Sediment. from Pot
7415-6.

4605 ± 48

3510 (37.5%) 3430
3380 (24.4%) 3330
3210 ( 3.1%) 3190

3520 (74.8%) 3300
3240 (20.6%) 3100

AA36008
aba

P2 11 G, P2 14 G, R 66 A, D 67 D21 (see
Badari Cemetery), P2b2 corpus forms

7548

Seeds from pot
7548-1.

4550 ± 80

3490 ( 0.8%) 3470
3370 (28.2%) 3260
3250 (39.3%) 3090

3550 (95.4%) 2900

AA35976
74% g, aba

P2, R 94, R 69 R corpus forms; also
Mostagedda Pl. 36.

7614

Cloth from head.

4300 ± 200

3350 (68.2%) 2600

3600 (95.4%) 2300

AA36002
aba

Wide standard deviation. B 63 A form
(Mahasna).

1

Because of wiggles in the calibration curve, multiple date ranges are often possible. In 1-sigma column confidence values sum to 68.2%. These values represent the amount
of the posterior probability distribution under the probability curve for each date range listed.
2 In 2-sigma column confidence values sum to 95.4%.
3 Acid only treatment with 1N HCl; aba-routine pretreatment with 1N acid, base and 1N acid; soxhlet-aba combined with a series of solvent extractions. These are then combusted with copper oxide at 900E C. 400E C-aba followed by combustion in oxygen at 400E C.
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stable-isotope mass spectrometry. The gas was then reduced to graphite over an Fe catalyst at about
625 °C and the graphite powder was pressed into an accelerator target holder. The targets were
mounted in a 32-position target wheel containing a total of 24 samples and 8 standards (4 Oxalic-I
and 4 Oxalic-II). The samples were measured by AMS using the Tandetron run at 2MV at the University of Arizona and the results of the samples was calculated as described by Donahue et al
(1990).
Analysis Procedures

After raw dates were obtained from the University of Arizona AMS facility, they were calibrated
with the OxCal program, using the 1998 calibration curve (Stuiver et al. 1998). Once all the dates are
in, they will be grouped with the OxCal program as well. In recent years it has been recognized that
Bayesian methods of 14C calibration are preferable to earlier methods (Bowman 1994:841; also see
Bowman and Leese 1995). Earlier calibration routines (e.g. Stuiver and Reimer 1986) used an intercept method, but more recent programs (Bronk Ramsey 1995; Niklaus et al. 1992; Stuiver and
Reimer 1993; van der Plicht 1993) have adopted a Bayesian routine which uses “the eminently reasonable a priori assumption that, in the absence of any other information to the contrary, all calendar ages for the event being dated are equally likely” (Bowman 1994:840). Furthermore, because
Bayesian date combination techniques narrow the probable range of a group of dates rather than
expanding the range as the Long and Rippeteau (1974) date averaging method did, it is possible to
provide two-sigma date ranges that are frequently shorter than the one-sigma ranges calculated with
earlier methods. The specific techniques used for grouping the dates will follow those reported in
Savage (1998).
Preliminary Results from the Current Study

The Hearst Museum preserves some 210 dateable samples from 135 different graves, not counting
human bone (Savage 1995:Tables A6 and A12, Figure 3). One hundred samples were submitted to
the NSF-Arizona AMS Facility. Available materials include seeds from grain offerings, charcoal,
stomach or intestinal contents, human bone, human and animal hair, basketry, matting, cloth, rope
and cordage, and B-Ware sherds. Since Predynastic B-Ware contains a high concentration of atmospheric carbon (because the black top is produced by inverting the vessel in organic material during
firing) these sherds are directly datable. One hundred 14C dates will allow us to establish manufacturing date ranges for many different types of Predynastic pottery by combining 14C dates from a
series of graves with the same ceramic types. This should provide significant information for crossdating graves that do not contain enough ceramics for seriation or organic materials for 14C dating,
and will provide a series of temporal markers for comparison with other Predynastic cemeteries and
settlements.
New Dates

Table 3 lists the new dates for which results have been received (30 of 100 samples). Several graves
(7454, 7492, 7497, 7204, and 7614) returned dates whose standard deviations that are so wide that
the dates are not useful; some cover virtually the entire Predynastic period. Grave 7354 has produced
a surprising result, which should be viewed with some skepticism at this juncture. It contains DWare pots, which are generally associated with the latter half of the Predynastic period, yet even its
latest, calibrated, two-sigma range falls in the early part of the Predynastic (Table 3). If this result is
corroborated by other early dates for Predynastic D-Ware, our current understanding of when DWare appears in the ceramic repitoire might require modification. Such a determination must await
the final results, however. The remaining dates are in general accord with the earlier group of twelve
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I submitted in 1995. With these dates, I can begin to suggest some date ranges for the ceramic forms
the graves contained.
Some Tentative Dates for Various Ceramic Forms. I use the ceramic type designations from the
Petrie Corpus (Petrie 1928) and other sources [e.g. Armant (Mond and Meyers 1937), Badari (Brunton and Caton-Thompson 1928), Harageh (Engelbach and Gunn 1923), Mahasna (Ayrton and Loat
1911), Matmar (Brunton 1948), Mostagedda (Brunton 1937), Petrie’s corpus of Protohistoric pottery (Petrie 1953), and The Archaeological Survey of Nubia (Reisner 1910)]. When the results from
all 100 samples are in, they will be grouped, along with the original 12 dates, so that they can be
compared with the 14C phases from Upper Egypt. For the present, this paper reports some initial
dates from pottery types from the original group of 12 dated graves. Later, when the rest of the
results are in, more definitive date estimates will be possible for a variety of forms, because there
will be many instances where specific forms are found in more than one dated grave.
Since the analysis has barely begun, the date ranges are preliminary estimates only. Figures 5, 6, and
7 illustrate some of the whole B, P, and R-Ware forms by phase. Most of the forms listed or illustrated are currently dated by only one grave, and may therefore extend past the estimated date ranges
reported here. However, some forms, which occur more frequently in Predynastic graves, are better
represented in the initial 12 dates as well. It is therefore possible to tentatively assign larger date
ranges to them. For example, the B 74 series of Black-topped Red Ware jars extends from the LP I
to the TP I (Figure 5). B 74a is currently represented in two graves, one from the LP I (number
7459), and the other from the LP II (number 7251), while the B 74c type is found in one dated grave
from the TP I (number 7468). The closely related B 72a jar form is currently dated by one grave
(number 7491) to the LP I, as is the more squat B 76b jar, which was first identified at Badari (Brunton and Caton-Thompson 1928), and is found in Grave 7036 at Naga-ed-Dêr. Earlier forms, such as
the B 18, B 21, and B 29 beaker series, are currently represented only by graves that date to the MP
II, or late Amratian (Nagada I) period. Two dated graves, numbers 7394 and 7110, contain these
forms. Since there are, as of this writing, no dated graves later than MP II that contain these types,
an “evolution” of B-Ware shapes from relatively straight-sided, open beaker forms to more curvilinear, and/or closed forms appears indicated, confirming earlier results from ceramic seriations, but
assigning absolute time ranges for the various shapes.

Figure 5 AMS radiocarbon dates for some B-Ware forms.
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The P 2, Polished Red Ware bowl series (Figure 6), extends across the entire use life of the cemetery,
from Grave 7110 (a fragment of a P 2 16 form, which is not illustrated) in the MP II to a P 2 23c form
in Grave 7292, dating to TP I. These results simply confirm what scholars of the Predynastic have
stressed for some time—that the P 2 bowl series has such great time depth that it is of little use in
chronometric analysis.
One of the important markers that has been used to signal the transition from Nagada I to Nagada II
is the appearance of Rough-faced ceramics in Predynastic Cemeteries (the transition is now thought
to occur somewhat later, between Nagada II a/b and Nagada II c/d, see Friedman 1994 and Wilkinson 1996). Though R-Wares are abundant in settlement sites (Ginter and Kozlowski 1994) during
the earlier part of the Predynastic, the current study suggests that their initial appearance in Cemetery N7000 at Naga-ed-Dêr may be as early as 3640 BC in the LP I, based on dates from graves 7159
and 7491. If additional dates confirm these findings, then it might be necessary to push the Nagada
II a/b to Nagada II c/d transition back by approximately a century, and a corresponding shift in the
Early Bronze I might be supported as well. LP I forms include the R 94 bottle series (extending into

Figure 6 AMS radiocarbon dates for some P-Ware forms

LP II), the R 22 bowl types, and the initial appearance of the R 81 “Ash Jar” form, which is found
throughout the rest of the Predynastic period (Figure 7).
SUMMARY

Since its development 14C dating methods have been applied to ancient Egyptian materials, with
varying degrees of success. Initial dates run by Libby on combined samples from several tombs in
the Nagada cemeteries produced dates that had such wide standard deviations that they were of no
value to Egyptologists. Perhaps those early efforts dissuaded many from attempting to use the
method, in spite of the more recent refinements that allow much more precise dates to be obtained.
A significant number of dates from Predynastic settlement sites have been run, and Hassan has
grouped them into his Early, Middle, Late, and Terminal Predynastic phases. More recently, Savage’s recalibration of some Upper Egyptian dates with the OxCal program suggests that each of
Hassan’s phases has an early and a late component, with two sigma confidence rather than one. In
spite of these developments, though, there has been a significant gap in our ability to develop a 14C
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Figure 7 AMS radiocarbon dates for some R-Ware forms

chronology for the Predynastic. Earlier dating methods relied on various seriation techniques based
on whole forms from cemeteries, while the more recent 14C dates have been obtained almost exclusively from settlement sites. This has resulted in two parallel dating systems in the Predynastic; its
critical relationship to the Early Bronze Age in the Southern Levant has been based almost exclusively on the earlier seriations. The circular reasoning that occurs in seriation studies of Predynastic
ceramics renders the method suspect at best.
It would seem that the only way out of the current dilemma is to develop a 14C-based chronology of
whole ceramic forms from cemetery contexts. The current study, while in its early stages, illustrates
the value of such an approach, in that individual corpus forms can, for the first time, be assigned
absolute date ranges based on solid 14C evidence rather than estimates derived from the use of
“index fossils” and convoluted reasoning. The initial results are encouraging: about 65 ceramic
types now have date ranges assigned to them, and the whole suite of dates will allow nearly 500
types to be dated. Already the early returns suggest that the Nagada II a/b to Nagada II b/c transition
may occur earlier than previously estimated, which impacts the dating of the Early Bronze Age in
the Southern Levant. While I anticipate that a number of dates may have to be discarded due to
insufficient carbon in the samples, I look forward to being able to publish around 80 graves with reasonable dates. Their associated pottery types, some of which will be dated directly, will provide an
essential first step toward developing a 14C-based chronology of Predynastic ceramics.
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PROTO, EARLY DYNASTIC EGYPT, AND EARLY BRONZE I-II OF THE SOUTHERN
LEVANT: SOME UNEASY 14C CORRELATIONS
Eliot Braun
Israel Antiquities Authority, P.O. Box 21, Jerusalem 91004. Email: eliot@israntique.org.il.
ABSTRACT. A number of recent radiocarbon determinations from several sites in Israel suggest advancing, by some considerable period of time, both the onset of the cultural horizon known as Early Bronze I and the appearance of its latest phases.
The logical outcome of the acceptance of these new dates puts such a strain on chronological correlations between the 14C data
and the archaeological record that the entire system would no longer be tenable if they were accepted. This paper examines
in detail the problematic nature of these “uneasy correlations.”

INTRODUCTION

The later prehistory (from Upper Paleolithic through Early Bronze) of the southern Levant (the land
mass covered by the modern polities of Israel, Jordan, the Palestinian Autonomous Authority, and
Egyptian Sinai) is represented by a well known sequence of cultural facies, for which archaeologists
have determined a basic relative chronology (Mazar 1990:30). For most of these periods radiocarbon determinations are the backbone of an absolute chronology that has become more and more precise with the honing of scientific methodology that allows for calibration of raw data expressed as
calendric dates. They are, indeed, our only source of absolute chronology for all these millennia
until the end of a cultural horizon known as EB I,1 and the beginning of the succeeding cultural
phase EB II.
Initial phases of EB I are conventionally believed to follow the collapse of the Late Chalcolithic culture (Braun 1989; Joffe and Dessel 1995:512; Gilead 1994:10), though just when this event took
place has been subject to debate (cf. Gilead 1994; Joffee and Dessel 1995). The other end of EB I
and the beginning of the succeeding EB II period are intertwined with historical events in Egypt
(Table 1) that firmly anchor the transition between them to sometime within the reign of the first
king of Dynasty I and the end of the reign of its third king.2
This correlation is confirmed by the list of kings and spatially organized cemetery at Abydos in
Upper Egypt (Kaiser 1957) that both mirror the chronological progression of this dynasty. Chance
finds of Egyptian materials in the southern Levant have also yielded relevant archaeological data.
Very briefly, the evidence for this correlation may be summarized as follows:
1. Royal symbols known as serekhs (ancient Egyptian word for “banner”) that often contain the
Horus
name of a king: (Gardiner 1973:591; Wilkinson 1985; O’Brien 1996; Wignall 1998), bearing the name of (Horus) Nar(mer)3—the first King of Dynasty 1 (or the last king
1 Early

Bronze is the term I prefer. Other scholars use alternate nomenclatures to indicate virtually the same chrono-cultural
entities in the archaeological record, Proto-Urban, Late Chalcolithic and sometimes Early Canaanite.
2 There is a general agreement among scholars that the onset of EB II more or less correlates with the beginning of the first
Egyptian Dynasty (Hennessy 1967: 86; de Miroschedji 1976: Table 31; Callaway and Weinstein 1977:1; Tutundzic 1989;
Kantor 1992 and Stager 1992: Figure 16; Amiran and Gophna 1992; Oren and Yekutieli 1992:381), although there is some
dispute concerning the actual date of its occurrence. As noted by Braun (1996:135), one group places it between 3100–3050
BCE (e.g. Amiran 1978; Hassan and Robinson 1987:125; Stager 1992:40; Mazar and de Miroschedji 1996: Table 2; Hendrickx 1996:64), while a second supports the possibility of dating it as late as 2950 BCE (Ward 1991; Ben-Tor 1992; Brandl
1992:note 1).
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of Dynasty 0)—have been found at a number of sites in the southern Levant that can be dated
to very late in EB I on the basis of the local material culture.
2. One serekh from the south Levantine site of Palmahim Quarry is attributable to an unnamed
Egyptian king (possibly “Double Falcon”4) of Dynasty 05. It is likely to be analogous to another
fragment of a serekh from nearby Horvat ‘Illin Tahtit (henceforth HIT). Notably, both these
royal symbols were incised into the fabrics of locally made storage jars of a particularly rare
type, associated with late (but not the latest) phases of EB I occupations at each site6. A date in
Dynasty 0, before the reign of Horus Narmer, fits well with their relative local sequences. At
each of these sites there is an additional Late EB I occupation that would be closely or perhaps
absolutely contemporary with the reign of Horus Narmer and possibly his successor, Horus Aha
(see below: Braun and van den Brink 1998).
3. Definitively EB II types of pottery7 are found in a number of royal tombs of Dynasty 1 at Abydos, beginning with that of Horus Djer (Zer), the third King following the reigns of Horus
Narmer and his successor Horus Aha.
Thus, the latest phases of EB I may be definitively correlated with the end of Dynasty 0 and the
beginning of Dynasty I, with the possibility of EB I ending no later than sometime early in the reign
of its third king Horus Djer. The end of EB I is then firmly anchored into the historical Egyptian
sequence. Accordingly, the length of the period is dependent upon the time span between the onset
of EB I and the beginning of Dynasty I. On one hand, dates for the end of the Chalcolithic period and
initial EB I are obscured by conflicting determinations further complicated by the lack of data, while
on the other hand there are obvious difficulties with a number of suggested dates for later EB I and
contemporary Egyptian events.
When did EB I begin? Traditional chronologies (e.g. Stager 1992:40; Joffe and Dessel 1995:514)
suggest a date about 3500 for the onset of EB I. Recently, A Golani (1997a; Golani and Segal, forthcoming8) suggested (on the basis of a series of 14C determinations purported to derive from EB I
contexts at the site of Afridar, Area E) a date considerably earlier for the initial phase of EB I (Table
1). A second series of dates from what may be a nearby contemporary Initial EB I site (Braun 2000),

3 The

Horus name of this king, Narmer, is written with the hieroglyphic sign of a catfish (and a chisel). To him is attributed the
unification of Upper and Lower Egypt (although we know now that this process concerns a protracted period of time) and the
distinction of being the first ruler of Dynasty 1. Serekhs (incised into Egyptian pottery vessels prior to firing) of this king
found in the southern Levant to date are all on fragments of vessels (e.g. Yeivin 1960; Amiran 1974; Levy et al. 1995).
4 This king is identified by a hieroglyph, or perhaps more accurately, a sign representing two opposing falcons surmounting a
serekh (cf. Clédat 1913).
5 These rulers or elites (identified from either their monumental tombs in special portions of the royal cemetery at Abydos or
from objects bearing their names within serekhs), known to have lived and died in the period preceding the unification of
Upper and Lower Egypt, are assigned to “Dynasty 0”.
6 This king is identified by a hieroglyph or perhaps more accurately, a sign or representation of two opposing falcons surmounting a serekh (cf. Clédat 1913).
7 This so-called “Abydos Ware” (Amiran 1969:59–66) is an unfortunate misnomer. It is neither a single “ware” in the sense
that such a term is most frequently used in ceramic studies, nor is it definitively associated with Abydos, although examples
of it have been found in quantity in the royal tombs at the site. In reality, “Abydos Ware” is an eclectic collection of Levantine
pottery types of distinctive morphologies (jugs and storage jars), decorations (red burnished or painted with triangular patterns often filled with dots) and wares (i.e. fabric types; e.g. “light faced” and “metallic”) imported into Egypt from the
Levant (Kantor 1992:19; Porat 1987; Greenberg and Porat 1996). Examples of these Levantine imports are also found at
other sites in contemporary contexts in Egypt. Their chronological significance lies in their definitive appearance after EB I,
making them hallmarks of EB II.
8 A summary of this paper was presented by the authors at the 3rd International Symposium on 14C and Archaeology held in
1998 in Lyon, France.
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Figure 1 Sites in Egypt and the southern Levant: 1) Palmahim
Quarry, 2) HIT and Hartuv, 3) Sataf, 4) Tel Erani, 5) Saqqara,
6) Abydos.

Afridar, Area G (Braun and Gophna forthcoming; Table 2) appears to corroborate a date for the
beginning of this period early in the 4th millennium BCE.
Despite these new determinations, R Gophna and myself, the excavators of Afridar, Area G, are convinced that such an early date for the beginning of EB I is highly improbable and we offer the following explanation for the data. The artifact assemblages of Areas E and G both contain fossiles
directeurs (e.g. cornets and fenestrated, pedestalled basalt vessels with incised cross-hatching) of the
Chalcolithic period together with EB I diagnostic material. In the case of Area G, we believe that the
site was occupied earlier than Stratum 2 (first phase of EB I), from which the 14C samples come.
Despite the Stratum 2 find spot of the charcoal samples, they are thought to be residual, recovered
in fill ultimately derived from an unexcavated occupation probably associated with the Chalcolithic
period (e.g. Stratum –2 or elsewhere on the site).
An analogous scenario may explain the dates from the Afridar, Area E series, claimed as prima facie
evidence for dating the EB I at the site so early. The samples from Area E derive from a site that has
virtually no architecture, is replete with pits (more than 140 have been definitively identified), was
cut by two later tombs, and was bulldozed prior to excavation. As in Area G, the possibility of a
Chalcolithic occupation at Area E cannot be definitively ruled out for the origin of these samples.
Additional points suggesting the unlikelihood of EB I beginning so early in the 4th millennium BCE
are listed below:
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1. Stratum 2 at Afridar, Area G is understood to represent a continuous sequential occupation within
the same cultural horizon that is proximally close to Chalcolithic but is definitively EB I, termed
“Initial Southern EB I” (Braun 2000).
2. This Initial EB I horizon is shown on the basis of architectural, ceramic, chipped stone, and
ground stone traditions (see above and below) to be correlated with “Early Northern EB I” (Braun
1997:102–107; 2000).
3. More or less contemporary 14C determinations from other Early EB I occupations at Kabri 11 in
the north (Table 3) and Taur Ikhbeineh-Gaza Strip (Phase) IV9 (Table 4) in the south, have yielded
significant series of 14C determinations from occupational sequences that exhibit internal logic (i.e.
the dating sequences reflect the stratigraphic sequence) suggesting the date for Early EB I around
the middle of the 4th millennium BCE.
4. Two 14C determinations from Stratum I, Afridar, Area F (Table 5), an occupation that appears to
share some of the major characteristics of the material culture of Area G (Khalaily forthcoming),
date to the middle of the 4th millennium BCE or later (Table 4). A possibility that there is a gap of
hundreds of years between these occupations is not tenable.
5. Several 14C determinations from Chalcolithic occupations of the southern and central regions
(Table 5) appear to date to the latter part of the first half of the 4th millennium BCE and seem to indicate at least some Chalcolithic occupation in the earlier centuries of the 4th millennium BCE. Our
present understanding of the archaeological record precludes any overlapping of these two cultural
horizons; there is just no clear-cut evidence for it.
More serious problems arise when this new dating is correlated with the archaeological record.
According to a possible scenario, EB I could be lengthened by up to 450 years that—if added to the
500 or so previously ascribed to it—makes for an exceedingly long period. So far, to the best of my
knowledge, there is no known sequence in EB I in the archaeological record that could possibly fill
such a time span (Braun 1996:236–239). Neither is it possible to postulate a gap in occupation of the
region within EB I. An overlap with Late Chalcolithic (cf. Tables 5 and 6), as indicated by 14C determinations also seems wholly unrealistic, given our present understanding of the archaeological
record.
If the same relative time span of about 500 years is allowed for EB I as in more traditional chronologies, then such an interpretation would necessarily entail redating the reign of Horus Narmer of
Dynasty I in Egypt to hundreds of years earlier than is allowed for by even the highest Egyptian
chronologies—a virtually impossible scenario (see below). Dating the EB I settlements of Afridar to
early 4th millennium BCE would also considerably distance them chronologically from other
related Early EB I sites (see above)—an option that does not seem feasible. Finally, if the specimens
are all considered to derive from old wood and residual olive stones—a possibility that does not
seem likely but cannot be totally discounted—that would speak for a later date of the EB I occupations at Afridar.
Arguments for accepting proposed changes for the date of an initial phase of EB I seem rather less
cogent than those against their acceptance cited above. The direct association between the samples
9 Admittedly,

Phase IV is not the earliest evidence of EB I from the site, but information available (Oren and Yekutieli 1992)
suggests there are no major differences (i.e. time span) between the material assigned to the pits (Phase IV) from which the
14C determinations derive and the matrix (Phase 5) into which they were cut (Oren and Yekutieli 1992: Fig. 11). Much of that
material is paralleled in the Area G assemblage.
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and the EB I period remains tenuous and in need of a considerably higher standard of proof than has
been offered. The new dates would, however, fit in particularly well with Gilead’s (1994:296)
hypothesis that suggests a major gap in settlement between the end of the Chalcolithic and the beginning of EB I—however problematic it may be to explain such a hiatus. It appears that dating the Late
Chalcolithic of the Beersheva region to the end of the 5th millennium BCE would likely entail a
landscape rather barren of people if one does not accept the dates for the Chalcolithic occupations
presented in Table 6. Gilead’s suggestion that the only Late Chalcolithic in southern Israel is found
in the Nahal Mishmar Cave seems much less possible with Aardsma’s (2000:9; 2001) new determinations for the mats, in which the hoard of Chalcolithic objects was wrapped. These early dates are
corroborated by two additional determinations from remains of straw mats in nearby deposits (Table
3). They indicate the Chalcolithic deposit (i.e. the treasure) should actually be dated to the second
half of the 5th millennium BCE, thus leaving Gilead with no evidence for any early 4th millennium
BCE occupations. Golani’s and Segal’s (forthcoming) suggestion for redating the beginning of EB I
has the merit of filling this gap or providing evidence of an overlap between these cultural horizons.
However, it lacks substance to make it credible.
14C

DETERMINATIONS AND LATE EB I

As noted in the introduction, the end of EB I is closely correlated with the beginning of Dynasty I in
Egypt (Table 7). Unfortunately, this correlation offers little help for determining absolute chronology, because there are no good absolute dates for the reigns of this dynasty based on non-radiometric
data. Conventional scholarship holds the reign of Narmer to be between 3150 BCE and 2950 BCE
(e.g. Kantor 1992:13–14; Stager 1992:40; DHKPRP 1999:29). The extreme dates in this range
reflect respectively what is sometimes referred to as “high” and “low” Egyptian chronologies (Redford 1992)10 that were arrived at by extrapolating from later chronological markers (i.e. Egyptian
recording of the rise of Sirius [the morning star]; DHKPRP 1999:28–29). The dependence on king
lists representing reigns of non-quantifiable length and counting backward by choosing from several
fixed points explain this significant 200-year difference between chronological schemes.
Such imprecision in chronology has encouraged scholars to turn to 14C determinations for succor in
establishing the absolute chronology of the end of EB I and its contemporary period in Egypt. Rather
unfortunately, data available so far present some formidable problems in interpretation. In some
instances, traditional chronologies based on the abovementioned historical considerations actually
conflict with calibrated 14C dates.
Some 14C dates from Egypt (Table 8), such as several ones from the Abydos cemetery, seem to confirm a conventional (i.e. high) dating. Tomb U-j of King Scorpion11 (probably the earliest of several
kings who reigned before Narmer, and who is appropriately buried in a precinct used in Protodynastic times) offers some interesting 14C determinations. If we exclude Hd 13058–1295 (3362 BCE,
calibrated) as being likely to have been a sample of somewhat aged material, and we take 2 dates
with the greatest probability within the 1-sigma range from the remaining two samples, we get a date
between 3327 and 3223 BCE for Hd 13057–1295 and 3376–3335 BCE for Bin 4673. These latter

10 These

chronologies essentially deal with events of the second millennium, especially connected with Hyksos and Middle
Bronze Age activities. In addition to high and low chronology, there is also “middle chronology” (Redford 1992:104, note
23).
11 This king is identified by his representation associated with objects in his Tomb (designated “j” in Cemetery U) at Umm elQaab (Dreyer 1998) and is not to be confused with King Scorpion associated with a ceremonial macehead of a later period
(Emery 1961:42).
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dates are in essential agreement for a conventional, “high” chronology, although they offer no great
precision.
It should be noted that the time span possible according to historical information on these kings is
somewhat dependent upon the number of kings and the lengths of reigns between Horus Scorpion I
(of Dynasty 0) and Horus Narmer (Wilkinson 1999:52–58). For the present, given our knowledge of
the archaeological record, these data remain, respectively, conjectural and non-quantifiable. Thus, in
this instance there is no conflict between the 14C determinations and conventional chronological
schemes.
Radiometric determinations from the tomb of Aha, Narmer’s successor, place the end of his reign
almost within the conventional chronological framework. Accordingly, if for Hd 13054–1292 a
probability of 0.396 within the 1 σ range is chosen, then the calibrated date for the tomb indicated
is between 3231 BCE and 3172 BC. From the conventional view, a more acceptable dating, albeit
with a slightly lesser probability of 0.303, is represented by a range between 3160 BCE and 3117
BC. It is interesting to note that Hd 13055–1294, from the same tomb at Saqqara, gives us rather earlier dates with the highest probability. This determination should probably be attributed to a specimen somewhat more aged than the others, a phenomenon noted often in Egypt (e.g. DHKPRP 1999:
29, 33).
Within this traditional chronological scheme there is some difficulty explaining the cluster of 4 dates
out of 9 determinations of 14C (Table 9) from a site in the modern town of Beth Shemesh, Israel, HIT.
It is a Late EB I site with two destruction levels (Stratum IV succeeded by Stratum III) representing
virtual continuity of occupation. All the 14C samples come from these two strata dated later than
Tomb U-j at Abydos and prior to the onset of EB II (Table 7).
The relative dates of the EB I occupational strata at HIT are fixed by conventional chronological
markers, local ceramics, and by two Egyptianized objects. Pottery types from these levels are well
attested to at the Late EB I occupations of Arad IV and another site, Palmahim Quarry, that has an
especially close association with HIT. Two locally made storage jars of a rare type found until now
only at HIT and Palmahim Quarry were incised before firing with royal symbols, serekhs of an
unknown king of Dynasty 0 (Braun and van den Brink 1998).12
The HIT serekh is only a tiny fragment, but the serekh from Palmahim Quarry is complete. E C M
van den Brink (Braun and van den Brink 1998) considers them to be coeval and dates them on the
basis of stylistic considerations of the complete serekh to sometime early within Dynasty 0 in Egypt.
He believes the Palmahim Quarry serekh may be associated with the ruler known as “Double Falcon”, one of the successors of King Scorpion (I; see below). The upper limits of the dates of these
vessels somewhere within Late EB I and prior to EB II are confirmed by the absence of the so called
“Abydos Ware”. Both HIT and Palmahim Quarry seem to have been abandoned before this pottery
made its appearance.
A lower limit for their dates is indicated by the complete absence at HIT of another collection of EB
I pottery types related to an earlier phase of the period13 known as Erani C after the stratum and tell
where it was dominant (Kempinski and Gilead 1991). Notably, this same type of pottery also domi-

12 These

two serekhs are the only ones known from the southern Levant to be incised on local pottery. In addition, the Palmahim Quarry specimen is the earliest so far attested to in the southern Levant (The HIT specimen is too non-diagnostic to say
anything specific about the ruler or its date).
13 Study of the large and well preserved assemblage of pottery from HIT has failed to turn up even one sherd of this earlier
type.

Southern Levant: Some Uneasy Correlations

1285

nates an EB I assemblage at the site of Hartuv. Hartuv is a mere kilometer from HIT and the possibility that these two EB I settlements could have existed coevally and not shared pottery traditions
is unthinkable. Clearly, Hartuv must have ceased to exist before HIT was resettled14 in Late EB I.
Affirmation of this sequence is actually obtained from Abydos/Umm el-Qaab. Erani C type pottery
is found in Tomb (U-j) of King Scorpion (Braun and van den Brink 1998), who precedes Double Falcon in Dynasty 0. The Late EB I Stratum (2) in which the serekh of Double Falcon was found at Palmahim Quarry must, therefore, be dated later than Tomb U-j. On typological grounds (based on the
serekh bearing jars and a large selection of additional local pottery types) the Stratum IV occupation
at HIT can be shown to be closely contemporary, if not absolutely with Palmahim Quarry 2 and also
Stratum IV at Arad (Amiran 1978). Thus, based on local ceramic sequences and historical considerations of the sequence of rulers in Dynasty 0,15 Strata IV and III at HIT must post-date Hartuv and
belong to the latest phases of EB I.
One date from the EB I site at Hartuv (RT-924B166; Table 9) suggests, according to this cluster of
early dates from HIT, that settlement to be contemporaneous to that at HIT (Stratum IV). However,
as noted above, it belongs to an earlier cultural horizon. Thus, the dates from these sites are problematic and need to be explained. Interestingly, a calibrated date from Sataf (Gibson et al. 1991;
Table 3), a site in the Judaean Hills with a pottery assemblage reminiscent of that of Hartuv 17 that
cannot be much removed in time from it, seems to corroborate the earlier Hartuv radiometric determination. Although the entire choice of possible dates for the Sataf grape seeds is almost four centuries, the time spans of 3502–3430 BCE and 3380–3326 BCE (within the 1-σ range) have substantial probability factors (0.308 and 0.275, respectively) that argue for their validity.
Given our understanding of relative chronology it would seem that 14C determinations RT 1573, RT
1602, RT 1603, and RT 1660 from HIT (Table 9) are all too early for this occupation. These dates
can, however, be explained by the “old wood effect” and we need not trouble too much about them.
More disturbing is the date derived from Emmer wheat (RT 1604) from this site—the single shortlived sample. Notably, it was recovered from the later EB I level (Stratum III) and may date from
within Dynasty 0 (later than “Double Falcon”) to as late as some time during the reign of Aha, second king of Dynasty I.
The multiple (6) intercepts for this determination leave us with some uncomfortable choices. The
range with the highest probability (0.420) is between 3334 BCE and 3255 BC, dates that suggest
close chronological proximity with Hartuv and, therefore, are highly unlikely (see above). According to our best understanding of the dating of these reigns, the only reasonable calibrated choices for
this determination must fall into the latest dates within the 1-σ range. However, the probability of
14 There

is evidence of a sedentary occupation in the Neolithic period at the site.
internal sequence of rulers or elites of Dynasty 0 is based on traditional scholarship that especially considers ceramic
typologies. ECM van den Brink brought the following information to my attention in personal communication saying: “Traditional scholarship considers Scorpion I to be earlier than “Double Falcon” by a recognition that the few complete preserved storage jars incised with the serekh signs attributed to “Double Falcon” (from el-Beda, N. Sinai, and Turah in Lower
Egypt) belong morphologically to van den Brink’s (1966) Type IIa jars that are found in association with Petrie’s (1953)
cylindrical jar types W 71-85. Therefore, they are securely dated to the Naqada IIIb1 period (van den Brink 1996:153 and
Table 5). On the other hand, Scorpion I is identified by an earlier group of ink-inscribed cylindrical jars bearing his name.
These jars are of Petrie’s types W 50/51 (e.g. Dreyer 1992:297, pl.4) and are dated to the preceding Naqada IIIa2 period (e.g.
Dreyer 1992: 296; 1998).”
16 Two determinations were made from the same piece of “charred wood”. RT 924A seems to have produced an impossible
date late in the 3rd millennium BCE (Table 3).
17 This includes a few examples of Erani C type pottery (see above).
15 The
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these determinations (0.185), between 3190–3154 BCE and 3135–3098 BC, seems almost absurdly
low. A choice of dates within the 2-σ range either lacks precision or similarly suffers from an
extremely low probability factor.
Another 14C determination (Table 9) is from seeds in a Stratum 1 context at Palmahim Quarry18
(Braun and van den Brink 1998) that is very close in time to or perhaps even absolutely contemporary with HIT, Stratum III (see above). This determination offers what appears to be a more acceptable date for a very Late EB I cultural horizon 3104 BCE to 2910 BC. It, too, is based on a shortlived sample and comes from a secure archaeological context (Braun and van den Brink 1998). Significantly, Stratum III at HIT, after a violent conflagration completely destroyed it, was immediately
resettled, while Stratum 1 at Palmahim Quarry represents continuous development from the preceding occupation. This continuity is evident in each instance in ceramic and architectural traditions
that not incidentally are common to both sites.
Although noteworthy, the inconsistency between the 14C determinations from Palmahim Quarry and
HIT is, after all, based on only two determinations. Despite the short-lived nature of the material
used, the sample is far too small to be in any way definitive. It is lamentable that additional determinations that might ameliorate some of the problems of chronological discrepancies between these
sites could not be obtained.19
A recently published series of high-precision dates tends to corroborate the framework of traditional
chronologies that place the end of EB I around the end of the 4th millennium BCE. A Late EB I
phase (1) at Tel Abu al-Kharaz is correlated with Naqada IIIB (mid to late Dynasty 0) and Dynasty
1 (Fischer 2000:Table 12.3) and is cited as likely to fall between 3200 and 3100 BCE. The end of EB
I and the beginning of EB II are, accordingly, dated to about 3100–2900 BCE. Notably, these dates
are almost all based on samples derived from clear stratigraphic contexts; many are also short-lived.
Of interest in this connection are two dates from charred seeds from Tel Bet She’an (Segal and
Carmi 1996:88) that suggest a similar range for what is understood as a late phase of EB I (Amihai
Mazar, personal communication 2001).
SUMMARY

This paper argues for a broad approach to the chronology of the EB Age in the southern Levant that
applies 14C determinations to a holistic study of the archaeological record. For example, typological
ceramic studies have been painstakingly developed through decades of cumulative field experience
and research (e.g. Amiran 1969) and to disregard them is impossible. To ignore such obvious connections in material culture as those between the Afridar Early EB I sites, Kabri 11 and Taur Ikhbeineh Phase IV, and to postulate a very lengthy to extraordinary long span of time between these
occupations, contra other evidence in favor of 14C determinations would be permissible if their EB
I association were beyond question. Even then, and especially in such a scenario, one would need
additional, corroborative evidence to bolster such a revolutionary proposal. For the present, at least,
there is none, while the burden of evidence points to the more traditional framework as the more
likely. In particular, these new data from the Afridar sites point out some of the real problems inherent in interpreting the archaeological record. They underline the importance of the reliability of samples and their ascription to archaeological contexts they are meant to date.20
18 This

site is located about 15 km south of Tel Aviv, on the Mediterranean Littoral.
the sites of HIT and Palmahim Quarry the reason lies in the nature of the samples, most of which consisted of minute
quantities of carbonized material too small for conventional dating. Unfortunately, no funding was available for AMS determinations.

19 For
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To disregard, for example, the obvious signs of disparity in material culture between the neighboring
sites of Hartuv and HIT, especially evident in their ceramic assemblages, in favor of a 14C determination that suggests these sites were contemporarily occupied, would negate a whole delicate web of
information that indicates these sites were sequentially occupied in EB I with no overlap. The correlation is admittedly uneasy and consequently we need to look further and check our data, and also
be aware of the limitations that may be placed upon them.
The 14C determinations discussed above may come as a disappointment to those expecting precise,
absolute dates for the chrono-cultural periodization of the late prehistory of the southern Levant and
contemporary periods in Egypt. However, while 14C data have failed until now to give us great precision in absolute chronology, they do offer us some assurances regarding our traditional assignment
of cultural horizons to general time slots and to the validity of relative cultural sequences. The
present state of research indicates that there is a pressing need for more and better determinations
(e.g. Fischer 2000) based on short-life samples that will allow for greater precision.
Clearly, a holistic rather than a parochial approach to the problem of chronology is indicated. Only
by collating all relevant information—including 14C determinations—can we hope to illuminate the
archaeological record that will provide a better and more accurate understanding of the chronological progression of material culture in the late prehistoric and earliest historic periods of the southern
Levant and Egypt.
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20 The

usual problems of “old wood effect” and residual and intrusive samples must be taken very seriously and the importance of stratigraphic provenience cannot, in this instance, be overstressed.
21 As quid pro quo, Golani and Segal (forthcoming) will publish the determinations from Area G.
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APPENDIX

Table 1

14C

dates form Afridar, Site EA
Probability
1 σ = 68.3
2 σ = 94.2

BP

Material

Calibrated Ranges, BCEb

RT2157

4945 ± 55

Charcoal

3780–3656
3913–3878, 3803–3642

1σ
2σ

RT2219

4755 ± 45

Charcoal

3637–3548, 3544–517, 3400–3384
3644–3498, 3461–3376

1σ
2σ

RT2254

5065 ± 45

Charcoal and olive
pip

3956–3792
3966–3758, 3739–3730, 3723–3713

1σ
2σ

RT2255

4805 ± 65

Carbonized
olive pip

3650–3622, 3601–3523
3705–3500, 3455–3445, 3434–3378

1σ
2σ

RT2256

5055 ± 70

Charcoal

3959–3766, 3716–3715
3981–3694, 3680–3664

1σ
2σ

RT2258

4900 ± 55

Charcoal

3709–3643
3788–3634, 3554–3541

1σ
2σ

RT2272

4890 ± 70

Charcoal and olive
pip

3710–3639
3889–3883, 3797–3625, 3591–3525

1σ
2σ

RT2469

4990 ± 45

Charcoal

3891–3882, 3798–3707
3940–3856, 3851–3840, 3820–3659

1σ
2σ

RT2634

5170 ± 100

Olive pips

4215–4205, 4044–3937, 3876–3871,
3862–3807
4232–3756, 3745–3712

1σ

Sample nr

2σ

a Special

thanks to H Khalaily for making these data available to me prior to their publication.
dates have been computed with Stuiver and Reimer (1993, 2000). The different ranges indicated here represent
different probabilities within the 1 and 2 sigma ranges, not noted here for lack of space.

b These

Table 2

14C

Sample nr
RT-2644

RT-2645

RT-2647

a Three

samplesa from Afridar, Area G (Locus 36)

BP
4945 ± 45

4890 ± 30

4855 ± 30

Material
Charcoal, olive wood

Charcoal, olive wood

Charcoal, olive wood

Calibrated age
rangesb

Relative area
under probability
distribution

Probability
1 σ = 68.3
2 σ = 94.2

3764–3718
3714–3689
3683–3663
3893–3881
3799–3644

0.493
0.288
0.219
0.019
0.981

1σ

3697–3677
3669–3648
3725–3725
3711–3638

0.467
0.533
0.001
0.999

1σ

3689–3683
3663–3637
3704–3632
3559–3539

0.076
0.869
0.890
0.110

1σ

2σ

2σ

2σ

samples, all derived from locus 36, were collected from the same specimen of carbonized olive wood,
albeit at different times. The results are organized in Table 2.
b All calibrations are according to Stuiver and Reimer (1993, 2000).
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Table 3 A series of 14C dates from EB I deposits at Kabria
Field nrb
4650

Probability
1 σ = 68.3
2 σ = 94.2

BPc

Stratum

Locus

Calibrated ranges, BCEd

4430 ± 60

9/EB I

1021

3311–3236, 3171–3161, 3116–3112,
3103–2923
3349–2905

1σ

2σ

4660

4545 ± 60

9/EB I

1039

3365–3307, 3265–3265, 3238–3168,
3163–3102
3498–3459, 3377–3081,3067–3030

1σ

4658

4515 ± 65

10/EB I

1082

3358–3095
3493–3469, 3373–3013, 2981–2960,
2952–2927

1σ
2σ

4684

4450 ± 60

10/EB I

1040

3332–3214, 3187–3156, 31230–3016,
2977–2968, 2948–2936
3355–2915

1σ

2σ

2σ

4684e

4380 ± 60

11/Early
EB I

1084

3091–3057, 3047–2911
3328–3222, 3175–3158, 3120–2884

1σ
2σ

4688

4355 ± 60

11/Early
EB I

1084

3080–3069, 3027–2899
3261–3241, 3166–3164, 3101–2880

1σ
2σ

4688/1

4660 ± 65

11/Early
EB I

1084

3616–3612, 3520–3361
3206–3195, 3149–3140

1σ
2σ

a All

dates are derived from Kempinski and Niemeier (1990:8)
laboratory nor sample code is specifically indicated in the publication.
c YBP = Years before present.
d These dates have been computed according to Stuiver and Reimer (1993, 2000).
e The repetition of this number is probably a mistake in the report.
b Neither

Table 4

14C

Sample nr

dates from Phase IV (Early EB I) at Taur Ikhbeineha

BP

Material

Calibrated ranges, BCEb

Probability
1 σ = 68.3
2 σ = 94.2

PTA 4658

4590 ± 40

Charred wheat

3487–3474, 3370–3348
3500–3452, 3441–3434, 3378–3330, 3215–
3182, 3157-3121

1σ
2σ

PTA 4659

4580 ± 45

Charred wheat

3369–3342, 3147–3143
3500–3453, 3440–3434, 3378–3309, 3236–
3169, 3162–3102

1σ
2σ

PTA 4654

4650 ± 45

Charred wheat

3505–3426, 3382–3364
3623–3597, 3523–3351

1σ
2σ

PTA 4655

4620 ± 45

Charred wheat

3498–3459, 3377–3356
3517–3359, 3207–3194, 3150–3140

1σ
2σ

PTA 4679

4500 ± 60

Charred wheat

3352–3088, 3058–3042

1σ
2σ
1σ

3368–3010, 2984–2924
a All

dates are taken from: Oren and Yekutieli (1992).
b These dates have been computed with Stuiver and Reimer (1993, 2000). The different ranges indicated here represent
probabilities within the 1 and 2 sigma ranges, not noted here for lack of space.

1292

E Braun

Table 5

14C

dates from Afridar, Site F (EB I, early, post initial phase)a
Probability
1 σ = 68.3
2 σ = 94.2

Sample nr

Context

BP

Material

Calibrated ranges, BCE b

RT2247/8

Stratum I

4545 ± 105

Charcoal/
organic c

3495–3467, 3374–3089, 3058–3043
3627–3584, 3533–2916

1σ
2σ

RT2567

Stratum I

4577 ± 45

Charcoal

3368–3341, 3205–3203, 3148–3142
3499–3457, 3377–3307, 3237–3168,
3163–3102

1σ
2σ

a Particular

thanks are due to H Khalaily for making these data available to me prior to their publication.
dates have been computed with Stuiver and Reimer (1993, 2000). The different ranges indicated here represent
different probabilities within the 1 and 2 sigma ranges, not noted here for lack of space.
c This determination was made from two separate samples, combined; hence the double number. Presumably they were
derived from the same find spot.
b These

Table 6 Selected 14C dates from Chalcolithic sites in Israela
Probability
1 σ = 68.3
2 σ = 94.2

Sample nr

Site, etc.

BP

Material

Calibrated Ranges, BCE b

RT-1329

Shiqmim/hearth
SRIII

4260 ± 80

?

2918–2865, 2806–2780, 2760–
2762, 2717–2710
3082–3067, 3029–2656, 2655–
2621, 2607–2602

2σ

3633–3557, 3540–3368

1σ

3647–3345

2σ

RT-1332

Shiqmim/Room
SR6/Sub-phase BII

4700 ± 80

?

1σ

RT-1339

Shiqmim/Loc.
Z201/PhaseII/burial
pit/Chalcolithic

4940 ± 70

?

3787–3650
3940–3856, 3849–3843, 3819–
3636, 3549–3543

1σ
2σ

RT-860B

Gilat/Loc.92/
Bask.595/Stratum II

4800 ± 135

Charcoal

3705– 3498, 3460–3377
3937–3875, 3872–3862,
3809–3340 3206–3198,
3149–3141

1σ
2σ

ETH15428

Shoham/Cave/
domestic context

3945 ± 65
(AMSc
date)

Olive
stone

3893–3881, 3799–3689, 3683–
3663
3955–3643

1σ
2σ

RT1645

Nahal Mishmar
Cave 3

5535 ± 75

Straw mat

4455–4333
3644–3498, 3461–3376

1σ
2σ

RT1408

Nahal Mishmar
Cave 1, hall B

5575 ± 90

Remains
of
straw mats

4494–4470, 4463–4339
4598–4248

1σ
2σ

a All

samples with the RT designation are taken from Gilead 1994 with the exception of those from Nahal Mishmar that
appear in: Segal and Carmi (1969:93–4). The single ETH sample is from Liphschitz et al. 1996.
b These dates have been computed with Stuiver and Reimer (1993, 2000). The different ranges indicated here represent different probabilities within the 1 and 2 sigma ranges, not noted here for lack of space.
c AMS = accelerator mass spectrometry.

Southern Levant: Some Uneasy Correlations
Table 7

14C

1293

samples from Afridar, Area E
Probability
1 σ = 68.3
2 σ = 94.2

Sample nr

BP

Material

Calibrated ranges, BCE a

AAR-4500

4730 ± 55

Charred olive stones

3634–3555, 3541–3500,
3434–3378
3643–3367

1σ

AAR-4501

4755 ± 45

Wood ash with burnt seeds

3315–3410, 3383–3357
3628–3581, 3536–3334,
3211–3190, 3154–3135

1σ
2σ

2σ

a These

dates have been computed with Stuiver and Reimer (1993, 2000). The different ranges indicated
here represent different probabilities within the 1 and 2 sigma ranges, not noted here for lack of space.

Table 8 Selected 14C samples from Protodynastic and Dynasty 1 contexts in Egypt (all dates
from Hendrickx 1999)

Site/context

Sample nr

BP

Abydos, tomb U-j

Hd 13058–1295

4595 ± 25

Abydos, tomb U-j

Abydos, tomb U-j

Abydos, tomb
B19, Hor-Aha

Abydos, tomb
B19, Hor-Aha

Saqqara tomb 3503, Djer

Hd 13057–1295

Bin-4673

Hd13054–1292

Hd13055–1294

BM 229

4470 ± 30

4591 ± 41

4535 ± 40

4505 ± 20

4520 ± 65

Calibrated
age ranges

Relative area
under probability
distribution

Probability
1 σ = 68.3
2 σ = 94.2

3486–3474
3370–3351
3497–3461
3376–3339
3206–3194

0.281
0.719
0.358
0.616
0.025

3327–3223
3174–3159
3119–3106
3105–3090
3057–3045
3339–3207
3196–3148
3141–3078
3071–3025

0.686
0.093
0.071
0.085
0.065
0.548
0.138
0.190
0.125

1σ

3497–3462
3376–3335
3210–3191
3153–3156
3505–3426
3424–3413
3382–3307
3238–3168
3163–3102

0.327
0.470
105
0.098
0.311
0.006
0.380
0.153
0.149

1σ

3356–3325
3322–3313
3231–3172
3160–3117
3110–3104
3365–3256
3249–3098

0.219
0.046
0.396
0.303
0.037
0.367
0.633

1σ

3338–3307
3268–3265
3238–3207
3194–3168
3163–3150
3139–3102
3343–3261
3241–3145
3145–3100

0.288
0.016
0.233
0.182
0.082
0.260
0.343
0.450
0.207

1σ

3351–3306
3302–3264
3239–3168
3163–3102

0.210
0.162
0.339
0.289

1σ

1σ
2σ

2σ

2σ

2σ

2σ
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Table 9 Selected 14C Samples from Middle and Late EB I contexts from southern sites
Site/context

Sample nr

BP

Material

HIT (IV)

RT-1572

4350 ± 35

Charred wood

HIT (IV)

RT-1573

4705 ± 55

Charcoal

HIT (IV)

RT-1576

4365 ± 50

Charcoal

Hartuv (II) a8

RT 924A

3760 ± 110

Charred wood

Hartuv (II)b9

RT 924B

4645 ± 55

Charred wood

Palmahim
Quarry (1)

Satafc0
(Erani C
phase)

HIT (IV)

HIT (IV)

RT-2649

Oxa 3434

RT-1602

RT-1603

4405 ± 40

4590 ± 70

4755 ± 55

4710 ± 80

Seeds

Grape seeds

Charcoal

Charcoal

Calibrated
age ranges

Relative area
under probability
distribution

Probability
1 σ = 68.3
2 σ = 94.2

3016–2978
2968–2948
2935–2907
3082–3067
3030–2891

0.467
0.204
0.329
0.044
0.956

1σ

3625–3590
3525–3497
3462–3376
3633–3556
3540–3369

0.220
0.187
0.593
0.280
0.720

1σ

3078–3072
3024–2911
2396–2390
2338–2317
2313–2027
1993–1982
2468–1885

0.041
0.959
0.013
0.048
0.912
0.026
1.000

1σ

3315–3410
3383–3360
3631–3577
3571–3561
3538–3334
3211–3190
3154–3135
3127–3125

0.820
0.180
0.079
0.006
0.885
0.015
0.014
0.001

3089–3058
3043–3006
2994–2923
3312–3235
3117–3160
3117–3111
3104–2910

0.227
0.262
0.511
0.096
0.011
0.005
0.888

3502–3430
3380–3326
3321–3314
3229–3172
3160–3117
3110–3104
3622–3600
3523–3090
3057–3046
3306–3302
3264–3239
3168–3163
3102–2883

0.308
0.275
0.019
0.212
0.166
0.020
0.014
0.980
0.006
0.002
0.002
0.003
0.973

1σ

3637–3547
3544–3516
3401–3384
3644–3497
3462–3376

0.683
0.213
0.104
0.736
0.264

1σ

3629–3580
3566–3565
3537–3496
3466–3375
3655–3343
3146–3144

0.269
0.005
0.223
0.504
0.999
0.001

1σ

2σ

2σ

1σ

2σ
1σ
2σ

1σ
2σ

2σ
2σ

2σ

2σ
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Table 9 Selected 14C Samples from Middle and Late EB I contexts from southern sites(Cont’d.)
Site/context

Sample nr

BP

Material

HIT (III)

RT-1604

4490 ± 45

Emmer wheat

HIT (IV)

HIT (IV)

HIT (III)

a Mazar

RT-1660

RT-1661

RT-1662

4800 ± 55

3990 ± 90

4255 ± 50

Charcoal

Charcoal

Charcoal

Calibrated
age ranges

Relative area
under probability
distribution

Probability
1 σ = 68.3
2 σ = 94.2

3334–3255
3251–3211
3190–3154
3135–3098
3353–3079
3070–3026

0.420
0.211
0.184
0.185
0.919
0.081

1σ

3648–3621
3602–3522
3697–3677
3699–3502
3431–3380

0.250
0.750
0.024
0.878
0.098

1σ

2828–2823
2658–2652
2623–2605
2604–2396
2385–2342
2863–2807
2778–2772
2760–2718
2705–2274
2254–2228
2222–2205

0.009
0.016
0.050
0.807
0.118
0.059
0.003
0.029
0.883
0.016
0.010

2916–2864
2806–2779
2771–2760
2718–2707
3015–2980
2962–2952
2931–2838
2817–2665
2647–2639

0.632
0.228
0.075
0.066
0.032
0.006
0.507
0.449
0.005

2σ

2σ
1σ

2σ

1σ

2σ

and de Miroschedji (1996).

b Ibid.
c Courtesy

of S Gisbon whom the author wishes to thank for permission to publish this determination.

Table 10 New 14C dates from Afridar, Area E
Probability
1 σ = 68.3
2 σ = 94.2

Sample nr

BP

Material

Calibrated ranges, BCE a

AAR-4500

4730 ± 55

Charred olive
stones

3634–3555, 3541–3500, 3434–3378

1σ

3643–3367

2σ

AAR-4501

4755 ± 45

Wood ash with
burnt seeds

3315–3410, 3383–3357

1σ

3628–3581, 3536–3334, 3211–3190, 3154–3135

2σ

a These

dates have been computed with Stuiver and Reimer (1993, 2000). The different ranges indicated here represent
different probabilities within the 1 and 2 sigma ranges, not noted here for lack of space.

RADIOCARBON DATES OF OLD AND MIDDLE KINGDOM MONUMENTS IN EGYPT
Georges Bonani1 • Herbert Haas2 • Zahi Hawass3 • Mark Lehner 4 • Shawki Nakhla5 •
John Nolan6 • Robert Wenke7 • Willy Wölfli1
ABSTRACT. Between 1984 and 1995 over 450 organic samples were collected from monuments built during the Old and
Middle Kingdoms. The most suitable samples were selected for dating. The purpose was to establish a radiocarbon chronology with samples from secure context and collected with the careful techniques required for 14C samples. This chronology is
compared to the historical chronology established by reconstructing written documentation.

INTRODUCTION
Sample Collection

Radiocarbon dating of dynastic monuments in Egypt goes back to the very beginning of this dating
method. W F Libby included three Old and Middle Kingdom samples in his initial set of known-age
samples as a test of the method (Arnold and Libby 1949). In the following twenty years, numerous
laboratories have followed Libby’s lead and analyzed similar samples. From the published results it
became apparent that close agreement with the historical chronology was often lacking. A closer
study of this disagreement was needed. The American Research Center in Egypt (ARCE) undertook
in 1984 the first of the two projects reported here with financial support from the Edgar Cayce Foundation. The Foundation’s interest in the project rested on a hypothesis offered by Cayce that the Giza
pyramids dated to 10,500 BC.
The Giza pyramids are memorials to 4th Dynasty rulers whose reigns are placed by egyptologists
around 2500 BC. Our project, therefore, concentrated mostly on the Old Kingdom. The results confirmed the sequence of the monuments and their ages as they were established by historians, but the
match between 14C and historic dates was only approximate and left open the possibility of a difference between the two chronologies. These results were reported in Haas et al. 1987. More data was
needed, thus, a second project was begun in 1995. It was designed for confirming, adjusting, or
retracting the difference between the two chronologies. Support for this second project was provided
by David H Koch who established the Pyramids Radiocarbon Dating Project.
In the field we looked for organic materials that were clearly linked to the construction of the monuments. Temples and pyramids built from mud bricks yielded grass, straw, and reed fragments,
which were mixed into the clay and soil before shaping the bricks. Finding suitable materials in
stone monuments was a greater challenge. In most of these monuments the stone building blocks
were leveled and secured in place with mortar that was manufactured locally. This required massive
fires to heat gypsum or limestone. The roasted minerals and the ashes from the fires were added to
the mortar mix, along with remaining charcoal fragments. The usually very small fragments (1–
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2 mm) constituted the datable material. While searching the monuments, we examined seams
between stone blocks for mortar filling and for black specks of charcoal inside the mortar.
Detailed records were established during both sampling projects and photographs were taken from
most sampling locations. In 1984 a provenience data sheet was filled out for every sample. The samples were given a sequential three-digit number preceded by the code ARCE (American Research
Center in Egypt, which provided logistic support to the project). In 1995 detailed observations on the
sample and its location were entered in a field book. The samples were given three-digit numbers
without a prefix. In the date list each sample can be tied to the particular project by these two distinct
numbering systems, shown in column “field nr.”. The samples were packaged in the field and not
reopened until they arrived at the dating laboratories. Loose charcoal fragments were sealed in film
cans or plastic vials. Mortar pieces and mud brick fragments were wrapped in aluminum foil (or
plastic wrap) and put inside a plastic bag. Labels with full provenience data were attached to each
sample package.
Robert Wenke and Mark Lehner collected 76 samples in 1984. The field season began 12 December
1983 and ended 22 March 1984. Provenance details on these samples are given in Haas et al. (1987).
In 1995, Robert Wenke, John Nolan, Mark Lehner, and Herbert Haas participated in the sampling
effort that lasted from 26 December, 1994 until 27 February, 1995. A digest on this field season is
reported in Lehner et al. (1999).
Sample Pretreatment

In spring 1984 all samples were shipped to the Southern Methodist University (SMU) 14C laboratory
in Dallas, Texas. During summer and fall, 64 samples were selected for dating. Pretreatment of these
samples was carried out at SMU. Charcoal and fibrous samples (grass, straw, and reed) were given
the usual acid-base-acid treatment. Earlier Egyptian dating projects on similar sample materials
demonstrated that the integrity of charcoal was strongly degraded by all but the weakest concentrations of chemical reagents. To preserve as much sample material as possible, the treatment with base
was performed with weak solutions of sodium hydroxide (0.05 or 0.1%). Usually, three to five such
applications were made in succession until the typical brown humic acid reactions were no longer
observed. Dissolving mud brick samples in distilled water and wet sieving of the slurry allowed
extraction of the fibrous content. Mortar fragments were dissolved in dilute hydrochloric acid—a
gradual process lasting several days. At frequent intervals the residue—sand, silt, and rare charcoal
fragments—was removed and the charcoal floated off. Thirty-four samples were large enough for
conventional dating (larger than 0.8 g of pretreated organic material) and were dated at the SMU laboratory. Thirty samples weighing 2–400 mg were sent to the ETH laboratory for AMS dating.
There the pre-treated material was pyrolysed at about 800 °C in a pure N2 atmosphere. The pyrolysed carbon was ground, mixed with silver powder, and pressed onto a copper disc which served as
target holder for the measurement (Bonani et al. 1984). Some samples were dated at both laboratories, the results of these comparison tests are given in Haas et al. (1987).
In 1995, 353 samples were collected. At the end of the collection effort these samples were divided
into three groups: 1) to be dated by conventional method at the Desert Research Institute (DRI) in
Las Vegas, Nevada (7 samples), 2) to be dated with AMS at the ETH laboratory in Zurich (163 samples), and 3) samples of lower priority, held in a reserve pool. The samples to be dated were sent
directly to the respective laboratories. Pretreatment was handled separately at these facilities. The
conventional samples received treatments similar to the details given above.
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At the ETH the samples were given the traditional acid-base–acid treatment (0.5 M HCl at 60 °C for
1 hr, 0.1 M KOH at 60 °C for 1 hr and 0.5 M HCl at 60 °C for 1 hr). Between the steps, the material
was rinsed to pH 7 with ultrapure, distilled water and then dried in an oven at 60 °C. The samples
were then combusted to CO2 for two hours at 950 °C in evacuated and sealed quartz tubes together
with copper oxide and silver wire. Finally, the purified carbon dioxide was reduced in a hydrogen
atmosphere to filamentous graphite over a cobalt catalyst as described by Vogel et al. (1987, 1984).
The resulting graphite-cobalt mixtures were pressed onto copper discs which were used as targets in
the ion source.
Measurement Procedures for 14C

The carbon content of conventionally dated samples was converted to benzene. 14C beta decays were
detected with liquid scintillation counting. Procedures for obtaining high accuracy results are
described in Haas (1979); Devine and Haas (1987); Haas and Trigg (1991), Polach et al. (1987). Calculation of 14C ages were performed by the standard method described in Stuiver and Polach (1977).
In 1984, the 14C/12C and 13C/12C ratios of the samples dated with AMS were determined relative to
those of secondary standards of charcoal prepared in the same way as the unknown samples. The
secondary standards were normalized to the NBS oxalic acid I standard by means of high precision
beta decay counting (Bonani et al. 1984). The 14C/12C and 13C/12C ratios of the 1995 batch of samples were determined relative to the NBS oxalic acid I standard values, respectively (Bonani et al.
1987). The background was determined with chemistry blank samples, which were prepared from
anthracite (dead carbon) in the same way as the unknowns. All samples (unknowns, standards, and
blank) of one series were measured several times (typically 3 to 4). The total measuring time per
sample was confined to about 30 to 40 minutes which yielded a statistical precision of about 1–2%
in 1985 and of 0.5–0.6% per sample in 1995. The evaluation procedure described by Stuiver and
Polach (1977) was used to determine the conventional radiocarbon ages.
Reporting of Sample Ages

The report is presented in two appendices. In Appendix 1, samples from each individual monument
are listed in sequence of collection, i.e. by field number and are reported as a discrete group. The
dates in each group are tested for their probability of belonging to the same event, which is the construction of the monument. Chi square is used for this test. Its numerical value and the associated
probability in percent are reported at the end of the sample listing for each monument, as well as the
weighted mean value, the 1 sigma error and the variance. Some monuments include sample dates
which are much older or younger than the established mean. Screening was used in an attempt to
remove dates from samples which are probably from another context. The difference between the
weighted mean of all dates and the individual dates, divided by the product of √2 and the error of the
date, was used to flag outliers. Consistently eliminated were all dates where the computed number
exceeded 5.0. Occasionally, several samples show as a group a distinctly different age. In such cases
the samples are reported with separate mean and statistics.
The results of calibration are reported in Appendix 2. The monuments are listed in the same
sequence as in the first section. The historic age range of the king who built the monument is listed,
the chronology of Clayton (1994), was consulted for this information. The 14C age and the error used
in the calibration are stated. The error is the larger value chosen between the 1 sigma error and the
variance. In this report all calibrations were performed with the calibration program developed at
ETH and described in Niklaus et al. (1992). The program uses the most recent tree ring data published by Stuiver et al. (1998). For almost all monuments calibration yields several probable age
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ranges, up to five for most 4th Dynasty monuments. Listed are all ranges resulting from a one sigma
error as well as from a two sigma error. The statistical weight of each range is listed as a percent
value where the sum of all range weights equals 100 percent.
Figure 1 shows the calibrated monument ages. One sigma errors were used with the averaged monument dates and every calibration range is displayed. The lengths of the solid black bars corresponds
to the BC time span, and their width is proportional to the statistical weight of the ranges. For comparison, the historical chronology of the monuments is shown with the hatched rectangles. Applying
two sigma errors to the monument dates results in wider time spans but does not significantly alter
observed differences between the two chronologies.

Figure 1 Comparison of the calibrated 14C ranges (horizontal black bars) with the historical chronology of Clayton (1994; hatched areas). The width of the black bars is proportional to the probability of
finding the true age within the corresponding one sigma range.
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RADIOCARBON CHALLENGES ARCHAEO-HISTORICAL TIME FRAMEWORKS IN
THE NEAR EAST: THE EARLY BRONZE AGE OF JERICHO IN RELATION TO
EGYPT
Hendrik J Bruins1 • Johannes van der Plicht2
ABSTRACT. Our stratified radiocarbon dates from EB Jericho (Trench III) on short-lived material are significantly older
than conventional archaeo-historical time frameworks. The calibrated 14C date of Stage XV Phase li-lii (Early to Middle EBI Kenyon) is 100–450 years older. Stage XVI Phase lxi-lxii (Early EB-II Kenyon) is 200–500 years older. Stage XVI Phase
lxii-lxiii (destructive end EB-II) is 200–300 years older. Stage XVII Phase lxviii a – lxix a (Early EB-III) is 100–300 years
older than conventional archaeo-historical time estimates. As the beginning of the Chalcolithic in the Near East has “become”
a 1000 years older, from about 4000 in the 1960s to about 5000 BC in current perception based on 14C dating, it should not
be surprising that the Early Bronze Age and related Egyptian Dynasties also yield 14C dates that are older by a few hundred
years than current archaeo-historical time frameworks. Egyptian chronology should not be regarded as ultimately fixed. Egyptologists in the first half of the 20th century gave much older dates for the earlier Dynasties. The new 14C evidence is overwhelmingly in favor of an older Early Bronze Age and older dates for Dynasties 1–6.

INTRODUCTION

The Early Bronze Age in the southern Levant is associated with Egyptian archaeological and historical data through pottery and other artifacts in a complex process of archaeological age estimation.
Though Egyptian chronology is used as the predominant time-basis for archaeology in the southern
Levant, there is a range of chronological solutions to fit the textual Egyptian data and astronomical
options (Ward 1992). Moreover, cultural classifications in archaeology are not necessarily time parallel. Finally, circular reasoning is not a rare characteristic in archaeo-historical time estimates, as
noted for example by Savage (this volume) for seriation studies of Egyptian Predynastic ceramics.
Time is a physical dimension and ought to be measured first and foremost by independent physical
methods, such as radiocarbon dating (Waterbolk 1987; Bruins and Mook 1989; Van der Plicht and
Bruins, this volume). Chrono-stratigraphy should be the basis to study cultural developments in time
and to make comparisons with other areas in spatial frameworks, whether another part of the same
tell or another geographic region. Conventional chronologies for the Early Bronze Age in the southern Levant and Egypt are evaluated in the light of high-precision 14C dates from Early Bronze Jericho dated on short-lived organic materials. The samples are derived from the excavations conducted
in the 1950s by the late Dame Kathleen Kenyon (Bruins and van der Plicht 1998). The results are
discussed in relation to Egyptian chronology and other 14C dates from the southern Levant and
Egypt.
MATERIALS AND METHODS

Our 14C dating results are based on short-lived organic samples from stratified layers in Trench III.
Significant amounts of charred cereal grains constituted ideal material for high-precision 14C dating.
Charred organic matter of Amaranthaceae and onions, though present in small quantities, provided
important short-lived material for dating additional Early Bronze Age layers in Trench III with
accelerator mass spectrometry (AMS). The paleobotany of the organic material had been investigated by Hopf (1983).
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The samples were analyzed for 14C dating at the Centre for Isotope Research of the University of
Groningen. All samples were treated by the acid/alkali/acid (AAA) method (Mook and Waterbolk
1985). The larger samples were dated conventionally (laboratory code GrN) in the 25 L gas counter
and the small samples by AMS (laboratory code GrA). The stratigraphic context of the samples, their
association with archaeo-historical time frameworks, and the 14C dates are presented in Table 1.
The archaeological cultural periods (column 1) are indicated by the system of Kenyon (Kenyon and
Holland 1983) as well as by the system used by others, such as Mazar (1990) and Ben-Tor (1992).
Two conventional Egyptian chronologies were selected in our evaluation (column 1): the relatively
“high” Cambridge Ancient History chronology by Hayes (1970) and the relatively “low” chronology as presented by Gutgesell (1984). The archaeo-historical age estimate is based on Kenyon
(1957; 1981), Kenyon and Holland (1983), cultural association, and conventional relation with
Egyptian dynasties using both the “high” and “low” chronologies (column 2).
Atmospheric data from Stuiver et al. (1998); OxCal v3.5 Bronk Ramsey (2000); cub r:4 sd:12 prob usp[chron]

Sequence EB Jericho {A= 73.3%(A'c= 60.0%)}
Phase Stage XV, Phase li-lii (51-52)
GrN-18545 97.6%
GrN-18546 93.6%
Phase Stage XVI, Phase lxi-lxii (61-62)
GrN-18540 56.3%
GrN-18541 91.1%
Phase Stage XVI, Phase lxii-lxiii (62-63)
GrA-222, -6315, -6332 100.0%
Phase Stage XVII, Phase lxviiia-lxixa (68a-69a)
GrA-224 99.7%
4000CalBC

3500CalBC

3000CalBC

2500CalBC

Calibrated date
Figure 1 Sequence analysis without boundaries using OxCal v3.5 (Bronk Ramsey 2000). The solid black
graphs show the statistically preferred calibrated age ranges, while the black lines over white together with
the solid black show the entire calibrated range.

Calibration of the dates was carried out with the recommended INTCAL 98 calibration data set
(Stuiver et al. 1998), using the OxCal program version 3.5 (Bronk Ramsey 2000). Besides regular
calibration of the dates (column 4), the stratified series from Trench III enabled sequence analysis
with the OxCal program (Figures 1 and 2). Sample GrN-18540 was the only date showing a poor
agreement (56.3%) in the first sequence analysis (column 5; Figure 1). On the basis of its 14C date
we consider it likely that this sample may relate stratigraphically to Stage XV, Phase li-lii, as elabo-

Table 1 Sample stratigraphy, cultural associations, Egyptian chronology,
sequence analyses

14C

dates and calibrated results (1 σ confidence level), including

Lab nr
14C date (BP)

Calibrated date
1σ (cal BC)

Sequence analysis
1σ (cal BC)

Sequence analysis without GrN-18540
1σ (cal BC)

Stage XV,
Phase li–lii (51–52)
Early-Middle EB-I (Kenyon)
Early EB-II (others)
Dynasty 1
3050–2890 or 2955–2780 BC

3000–2800

GrN-18545
4530 ± 19

3350–3320 (15.8%)
3220–3180 (25.8%)
3160–3120 (26.7%)

3360–3310 (37.5%)
3230–3180 (30.0%)
3160–3150 ( 0.7%)
Agreement 96.2%

3360–3320 (21.1%)
3220–3170 (28.2%)
3160–3120 (18.9%)
Agreement 98.6%

Stage XV,
Phase li–lii (51–52)
Early-Middle EB-I (Kenyon)
Early EB-II (others)
Dynasty 1
3050–2890 or 2955–2780 BC

3000–2800

GrN-18546
4512 ± 15

3340–3310 (13.1%)
3240–3170 (32.2%)
3160–3100 (22.8%)

3350–3300 (33.7%)
3240–3170 (34.5%)
Agreement 93.9%

3350–3300 (22.0%)
3240–3170 (35.0%)
3160–3150 ( 3.1%)
3140–3120 ( 8.0%)
Agreement 97.9%

Stage XVI,
Phase lxi–lxii (61–62)
Early EB-II (Kenyon)
Later EB-II (others)
Dynasty 2
2890–2686 or 2780–2635 BC

2800–2700

GrN-18540
4560 ± 16

3370–3340 (44.0%)
3210–3190 (10.1%)
3160–3130 (14.2%)

3205–3195 (11.9%)
3155–3125 (56.3%)
Agreement 56.3%

Stage XVI,
Phase lxi–lxii (61–62)
Early EB-II (Kenyon)
Later EB-II (others)
Dynasty 2
2890–2686 or 2780–2635 BC

2800–2700

GrN-18541
4465 ± 30

3330–3230 (41.6%)
3180–3150 ( 5.9%)
3120–3080 (10.2%)
3070–3030 (10.5%)

3180–3150 (12.6%)
3130–3020 (55.6%)
Agreement 91.0%

3180–3160 ( 5.3%)
3130–3080 (32.2%)
3070–3020 (30.7%)
Agreement 90.1%
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14C

dates and calibrated results (1 σ confidence level), including

Position of sample in Trench III Stratigraphy and correlation with cultural
classifications and with Egypt

Archaeo-historical age estimate
(BC)

Lab nr
14C date (BP)

Calibrated date
1σ (cal BC)

Sequence analysis
1σ (cal BC)

Sequence analysis without GrN-18540
1σ (cal BC)

Stage XVI,
Phase lxii–lxiii (62–63)
EB-II destructive end
(Kenyon and others)
End Dynasty 2
2686 or 2635 BC

about 2700

GrA-222,
GrA-6315,
GrA-6332
4350 ± 27

3020–2900 (68.2%)

3020–2940 (47.5%)
2930–2900 (20.7%)
Agreement 100.5%

3020–2900 (68.2%)
Agreement 100.2%

Stage XVII,
Phase lxviiia–lxixa (68–69a)
Early EB-III
(Kenyon and others)
Early Dynasty 3
2686–2345 or 2635–2290 BC

about 2600

GrA-224
4210 ± 40

2890 –2850 (16.9%)
2820–2750 (38.3%)
2730–2700 (13.0%)

2890–2850 (16.2%)
2820–2750 (39.6%)
2730–2700 (12.4%)
Agreement 99.3%

2890–2850 (17.7%)
2820–2750 (38.5%)
2730–2690 (12.0%)
Agreement 99.3%

Overall agreement
73.3%

Overall agreement
93.8%

Column 1: Kenyon, as based on Kenyon (1957, 1981) and Kenyon and Holland (1983); others including Mazar (1990) and Ben-Tor (1992); related Egyptian chronological data
based on Hayes (1970) and Gutgesell (1984). Columns 4-6: calibrated data and sequence analyses calculated with INTCAL 98 data set (Stuiver et al. 1998) and OxCal v3.5 program (Bronk Ramsey 2000).
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Table 1 Sample stratigraphy, cultural associations, Egyptian chronology,
sequence analyses. (Continued)
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rated in more detail below. The second sequence analysis (column 6), without GrN-18540, showed
a high overall agreement of 93.5% (Figure 2).
The wiggled plateau in the calibration curve between about 3350–2950 BC causes some dates to
have a rather wide calibrated age range, despite the precise BP dates in 14C years. Notwithstanding
these constraints in 14C dating for this time trajectory, the reality and quality of the dates (Van der
Plicht and Bruins, this volume) remain genuine and highly consistent, being significantly older than
historical-archaeological age assessments. If very detailed stratified series of 14C dates would
become available in the future, the above wiggles in the platform could lead to precise calibrated
wiggle matching (Manning and Weninger 1992; Weninger 1995).
Atmospheric data from Stuiver et al. (1998); OxCal v3.5 Bronk Ramsey (2000); cub r:4 sd:12 prob usp[chron]

Sequence EB Jericho {A= 93.8%(A'c= 60.0%)}
Phase Stage XV, Phase li-lii (51-52)

GrN-18545 98.6%
GrN-18546 97.9%
Phase Stage XVI, Phase lxi-lxii (61-62)

GrN-18541 90.1%
Phase Stage XVI, Phase lxii-lxiii (62-63)

GrA-222, -6315, -6332 100.2%
Phase Stage XVII, Phase lxviiia-lxixa (68a-69a)

GrA-224 99.3%
4000CalBC

3500CalBC

3000CalBC

2500CalBC

Calibrated date
Figure 2 Sequence analysis without boundaries using OxCal v3.5 (Bronk Ramsey 2000). Idem as Figure 1,
but the calculation was done without GrN-18540.

STAGE XV, Phases l (50) (SILO), li–lii (51–52) Destruction

Phase l (50) is characterized by a very complete rebuilding, though the plan remained essentially the
same according to Kenyon (1981:198). She described that a brick-lined silo was inserted into wall
NCN. “When the building was destroyed by fire, the silo contained a large quantity of grain”
(Kenyon 1981:198). These are the grains that provided the two samples for 14C dating. The cereal
grains are contemporaneous with the destruction Phase li-lii (51–52), rather than with the preceding
building phase l (50). “The buildings of Phase l were destroyed by a fierce fire… The floor further
south against the eastern arm of NCV was also burnt, including the grain contents of the silo”
(Kenyon 1981:199).
GrN-18545 (4530 ± 19 BP) was measured on charred seeds composed of unsorted cereal grains,
particularly wheat (Hopf, personal communication 1990; sample Jp.N.5.112). GrN-18546 (4512 ±
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15 BP) was measured on a sub-sample of charred fragmented cereal seeds (Hopf, personal communication 1990; sample Jp.N.5.112). Both dates are similar and also have a very small standard deviation, measured by proportional gas counter. Hence the 14C dates seem secure and of high quality
(Table 1).
Calibrating our high-precision dates of Phase li-lii gives three distinct age ranges with various relative probabilities (Figure 1 and 2), due to the wiggles in the calibration curve at this time trajectory.
GrN-18545 gives 3350–3320 (15.8%), 3220–3180 (25.8%) and 3160–3120 (26.7%) cal BC, while
GrN-18546 3340–3310 (13.1%), 3240–3170 (32.2%) and 3160–3100 (22.8%) cal BC.
How do our two 14C dates of Phase li-lii relate to archaeological age assessments? First, a statement
by Kenyon and Holland (1983:xxxvi) referring to a previous 14C date from this layer: “The charcoal
sample (BM-549…) from the destruction of the Phase Tr.III. li room gives a calibrated date, c 2900
BC, which is the date for the end of the first Egyptian dynasty according to Hayes’s ‘high chronology’...”. This correlation by Kenyon and Holland with Egyptian chronology is based on an erroneous 14C date. We found British Museum (BM) 14C dates of EB Jericho, measured in the 1970s, about
200–300 BP years too young in comparison to our high-precision dates, as already presented in
detail (Bruins and Van der Plicht 1998). Indeed the above date BM-549 (4204 ± 49 BP), used by
Kenyon and Holland, is more than 300 years younger in 14C years than our dates on short-lived
material of the same destruction phase: GrN-18545 (4530 ± 19 BP) and GrN-18546 (4512 ± 15 BP).
It was also found that systematic errors had occurred in BM dates measured during the period 19801984 (Bowman et al. 1990), which were on average 200–300 years too young. Therefore, the various
assessments made by Kenyon and Holland (1983:xl, Chronology and Conclusions) in relation to the
erroneous BM dates should not be taken at face value.
Concerning the basis of every archaeological excavation—the stratigraphy of the various layers and
their content—Kenyon and Holland (1983:xxxv) note that the Proto-Urban/Early Bronze sequence
in Trench III is much more complicated than in the other excavated areas of the tell. As a result, the
assessment by the authors for assigning the various stages and phases to cultural periods seems
somewhat uncertain. Stage XI is considered transitional between Proto-Urban and Early Bronze.
But the number of Proto-Urban vessels remains high also in Stages XIII to XVI (Kenyon and Holland 1983:xliii, chart IV). Stage XV has 27 Phases, the highest number for a stage in Trench III. The
authors consider Stage XV to be transitional between the end of Proto-Urban and the end of EB-I,
which seems rather ambiguous, because it means that Stages XI, XII, XIII, XIV and XV are all
somehow transitional between the above periods. This underscores the limitations of cultural
remains to provide clear time separation and chronological estimation.
Kenyon and Holland (1983:xxxvi) state: “The vessels from Phase li-lii provide the best evidence for
the dating and assessment of both the earlier and later pottery Stages in Trench III”. Important is the
spouted jar (“teapot”), which is similar as found in the Jericho Proto-Urban tombs, the Tell el-Far’ah
“énéolithique” Tomb 12, and another example from Ras el-‘Ain. Kenyon and Holland (1983:xxxvi)
consider “that the Phase li–lii pottery assemblage comes late in the Jericho “Proto-Urban” period
and probably should be assigned to the same horizon as Phase III (EBIC) at Ai (Callaway 1980:
273)”.
It seems, therefore, based on the attempted cultural classifications by Kenyon and Holland (1983),
that Phase li–lii is situated in the early to middle part of Kenyon’s Early Bronze I. Kenyon (1957)
stated in an earlier publication: “The full Early Bronze Age covers a period from approximately
2900 B.C. to approximately 2300.” Therefore, the archaeological age estimate for Phase li–lii based
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on the various statements by Kenyon (1957) and Kenyon and Holland (1983) can be put at 2900 BC
or younger.
Many other cultural classification schemes use EB-I for Kenyon’s Proto-Urban period, and EB-II for
Kenyon’s EB-I. The beginning of the more conventional EB-II (Kenyon’s EB-I) in the southern
Levant is often linked with the beginning of the First Dynasty in Egypt (Gophna 1995), or with the
reign of Djer considered the second or third pharaoh of the First Dynasty. The latter association is
based on finds of Abydos ware—characteristic EB-II pottery from the Levant—in Egyptian Dynasty
I tombs that date at the earliest to the reign of Djer (Mazar 1990; Ben-Tor 1992).
When was the beginning of the First Dynasty and when was the reign of pharaoh Djer? There are
various opinions on these issues while there has been a tendency amongst scholars to lower the
Egyptian chronology in the second half of the 20th century. For example, the Cambridge Ancient
History (Hayes 1970) gives a range of 3100(3050)–2890 BC for the First Dynasty. Other scholars
give younger dates: Otto (1966), as well as Drioton and Vandier (1962) put the beginning of the First
Dynasty at 2850 BC, which is in fact 40 years later than the end of the First Dynasty according to
Hayes! Gutgesell (1984) gives a range of 2955–2780 for the First Dynasty, while listing the reign of
Djer from 2925–2880 BC.
The transition between EB-I and EB-II in traditional archaeo-historical frameworks is estimated at
about 3050 BC by Mazar (1990:108–109) or about 2950 by Ben-Tor (1992:122). The time difference is directly related to the respective preference for a “higher” or “lower” Egyptian chronology.
All this shows the uncertainties and differences in scholarly opinion concerning archaeo-historical
time frameworks for the beginning of EB-II (Kenyon’s EB-I). Our calibrated 14C dates of Jericho,
Trench III, Phase li-lii are 200–450 years older than the estimated beginning at 2900 BC of Kenyon’s
Early Bronze Age (EB-II in other classifications), 150–450 years older than the EB-I/EB-II transition at 2950-2900 BC according to Ben-Tor (1992), and 50–300 years older than the estimate of this
transition by Mazar (1990). Moreover, it should be realized that Phase lii-li may be situated later in
Kenyon’s Early Bronze Age, as indicated by Kenyon and Holland (1983:xlvii, chart x). Therefore,
the age difference between archaeological age assessments and the 14C dates may even be larger.
STAGE XVI, Phases lx (60) TO lxi–lxii (61–62) Destruction

Kenyon (1981:202) noted that Stage XVI marked the beginning of new major building activity and
period of occupation (Phase lx). The contemporaneous levels south of wall NDO were designated as
Phase lxa, where also silo NDV is located. The above occupation levels were affected by major
destruction (Phases lxi–lxii), which probably also involved the collapse of the town wall further
south. The charred seeds used in the 14C determination are in all likelihood contemporaneous with
the time of destruction, i.e. Phase lxi-lxii.
GrN-18540 (4560 ± 16 BP) was measured on a sample of charred wheat seeds (Hopf, personal communication 1990; sample Jp.N.5.61). The other date GrN-18541 (4465 ± 30 BP) was determined on
a different sample of charred seeds of Emmer wheat (Triticum dicoccum) (Hopf 1983; personal
communication 1990; sample Jp.N.5.61; SA-1030). The discrepancy between the dates is rather
large. The charred Emmer seeds (GrN-18541) were derived from silo NDV. The source of the
Emmer wheat sample used for GrN-18541 seems more secure than the non-specific wheat seeds
used for GrN-18540, in terms of administrative detail and sample information. Kenyon and Holland
(1983:xxxv) noted some problems in the original stratigraphic assignment in Trench III of certain
terraces and walls that may be the cause of the above difference in 14C dates. They suggested that in
the complicated stratigraphy some mistakes have been made between two destruction levels: Stage
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XV, Phase li-lii, and Stage XVI, Phase lxi-lxii. GrN-18540 is rather close to the other two dates of
Stage XV, Phase li-lii.
The younger date of GrN-18541 fits very well with the relative stratigraphy of all the samples and is
probably to be preferred for Stage XVI, Phase lxa-li–lii. Indeed, sequence analysis with the OxCal
3.5 program (Bronk Ramsey 2000) gives poor agreement of 56.3% for GrN-18540 but good agreement of 91.0% for GrN-18541 (Table 1). The calibrated age is 3330–3230 (41.6%), 3180–3150
(5.9%), 3120–3080 (10.2%), 3070–3030 (10.5%). Following sequence analysis the calibrated result
becomes more narrow and specific: 3180–3150 (12.6%), 3130–3020 (55.6%) with an agreement of
91.0%.
How does this dating result relate to archaeological age assessments of this phase? Kenyon and Holland (1983:xxxvii) state that the transition to EB-II in Trench III has taken place by Stage XVI. They
notice many parallels between the juglets of this Stage and those found in Tomb D12. Moreover,
they consider the small holemouth jar with vertically pierced lug handles of Phase lxi-lxiia similar
as two examples from EB-II levels at Tell Far’ah. The correlation of pottery stages at the tell of Jericho (Kenyon and Holland 1983:xlvii, chart x) shows Stage XVI at the transition between EB-I and
EB-II.
Kenyon’s EB-II appears to be more or less coeval with the younger part of EB-II in other cultural
classification schemes (Mazar 1990; Ben-Tor 1992), and with the Second Dynasty in Egypt. The age
of the latter Dynasty is 2890–2686 BC in the Cambridge Ancient History (Hayes 1970), while Gutgesell (1984) gives 2780–2635 BC. The destruction Phase lxi-lxii may, therefore, be placed in the
early to middle part of the Second Dynasty, around 2800 or 2700 BC in the above archaeo-historical
time frameworks.
Our calibrated 14C date of GrN-18541 is 330–530 years older than this age estimate according to
conventional archaeo-historical time frameworks. Considering the calibrated date after sequence
analysis (Table 1) the possible age difference becomes narrower, but is still 320–380 years older.
Stage XVI, Phase lxii–lxiii (62–63), Final Destruction OF EB–II

Phase lxii is characterized by building alteration and site occupation. “The destruction at the end of
Phase lxii was a severe one, which resulted in the collapse of all the structures in the southern half
of the trench. It was accompanied by heavy burning, and fallen burnt timbers were especially noticeable in the area south of NDY” (Kenyon 1981:204). The charred short-lived organic matter from this
destruction layer consisted mainly of Amaranthaceae (Hopf 1983; SA-739, Jp.N.5.53).
Four duplo’s were made of the sample and were dated by AMS. Three of the four dates are very similar, while one is an outlier that was rejected (Bruins and Van der Plicht 1998). The three similar
dates (GrA-222, 4360 ± 40 BP; GrA-6315, 4330 ± 50 BP; GrA-6332, 4360 ± 60 BP) were averaged,
resulting in a date of 4350 ± 27 BP. The calibrated date is 3020–2900 (68.2%) cal BC (Table 1).
How does this rather precise calibrated 14C date relate to archaeological age assessments. The
destruction Phase lxii-lxiii probably marks the end of the EB-II period in Trench III, according to
Kenyon and Holland (1983:xxxvii). The absence of Khirbet Kerak ware in Trench III means that no
specific Phase may be designated as heralding the EB-III period. However, fully developed EB-III
pottery forms occur in Stage XVII (Kenyon and Holland 1983). It seems that the end of Kenyon’s
EB-II coincides with the end of EB-II in other cultural classification systems, which is related to the
end of the Second Dynasty. The Cambridge Ancient History (Hayes 1970) gives a date of 2686 BC,
Gutgesell (1984) gives 2635 BC, and Otto (1966) gives 2650 BC for the end of the Second Dynasty,
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i.e. the end of the Archaic Period and beginning of the Old Kingdom. In archaeological time frameworks the round number 2700 BC is often used as the transition from EB-II to EB-III (Mazar 1990;
Ben-Tor 1992).
It is clear that our precise 14C date based on three separate measurements is, after calibration, 200–
320 years older than the archaeological age estimate for the transition of EB-II to EB-III, as related
to the above scholarly opinions concerning the respective dates of the Egyptian Dynasties.
Stage XVII, Phases Lxviii A–lxix A (68a–69a)
Phase lxviii was associated with significant occupation layers in Trench III. Kenyon (1981:207)
writes about the related Phases lxviii a–xix a of Stage XVII: “In the western room there was also a
considerable depth of occupation levels, which sagged into the fill of the silo NEH-NEJ”. Charred
onion bulbs, Allium spec. (Hopf 1983; SA-704, Jp.N. 5.30), were found in this layer and used for
14C dating with AMS.
GrA-224 has a date of 4210 ± 40 BP. Another measurement of the same sample turned out to be
much older (Bruins and van der Plicht 1998) and seems unrealistic within the chrono-stratigraphic
sequence. There was not enough material to make a third measurement. Nevertheless, the date of
GrA-224 fits very well in the sequence analysis with an agreement of 99.3% (Table 1). The calibrated date is 2890–2850 (16.9%), 2820–2750 (38.3%), 2730–2700 (13.0%).
The dated Phase lxviii a–xix a of Stage XVII is listed in the early part of EB-III (Kenyon and Holland 1983:xlvii), while the later Phase lxxvi (76) of Stage XIX marks the end of MB-III, followed
by Kenyon’s Intermediate Early Bronze–Middle Bronze Period. The Early Bronze Age III is usually
associated with Dynasties 3, 4, 5, and the beginning of Dynasty 6 (Mazar 1990), while other scholars
also include part of Dynasty 6, the last Dynasty of the Egyptian Old Kingdom (Mazar 1990). Some
archaeologists (Ben-Tor 1992) prefer to define a distinct cultural period EB-IV in parallel with the
Sixth Dynasty. The time span covered by the Old Kingdom (Dynasties 3–6) is 2686–2181 BC,
according to the Cambridge Ancient History (Hayes 1970), while Gutgesell (1984) gives 2635–
2154 BC, and Otto (1966) lists 2650–2189 BC. The archaeological age estimate for EB-III by Mazar
(1990) is 2700–2300 BC.
Anyhow, our dated Phase lxviii a-lxix a of Stage XVII was placed by Kenyon and Holland (1983) in
the early part of EB-III. Hence an archaeological age estimate around 2600 BC seems reasonable on
the basis of the above correlations. The calibrated 14C date of GrA-224 is significantly older, 100–
290 years, than the above age assessment within the conventional archaeo-historical time framework.
DISCUSSION AND CONCLUSION

Our stratified high-quality 14C dates from EB Jericho (Trench III) on short-lived material are all
without exception significantly older than conventional archaeo-historical time frameworks. The
calibrated 14C date of Stage XV Phase li–lii (Early to Middle EB-I Kenyon, Early EB-II others) is
100–450 years older. Stage XVI Phase lxi–xii (Early EB-II Kenyon, Later EB-II others) is 200–500
years older. Stage XVI Phase lxii-lxiii (destructive end EB-II) is 200–300 years older. Stage XVII
Phase lxviii a–lxix a (Early EB-III) is 100–300 years older than conventional archaeo-historical time
estimates (Figure 3).
The above 14C results of EB Jericho are a challenge to the current archaeo-historical time framework
in the southern Levant and Egypt. Albright (1960) noted that his framework (EB-I 3100–2900, EB-
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Figure 3 The significant and consistent difference between the 14C dates
and the archaeo-historical age assessment: all calibrated 14C dates are much
older

II 2900–2600, EB-III 2600–2300 BC) was based on a minimal Egyptian chronology. The assumption was that the lowest possible dates for the first 10 dynasties were likely to be more or less correct.
Albright (1960) remarked that any shift of the Egyptian chronology to older dates must be accompanied by a similar shift of Early Bronze and Chalcolithic periods to older ages.
As a result of 14C dating, the latter periods have indeed “become” much older. In the 1950s and early
1960s, when Albright (1960) wrote the above time assessments, it became quite fashionable to
assign the Chalcolithic on archaeological estimates to about 4000–3100 BC and EB-I to about
3100–2900 BC. However, 14C dating has changed this picture completely! The Chalcolithic is now
understood to have begun almost a 1000 years earlier, close to 5000 BC! The transition between the
Chalcolithic and EB-I has also been pushed back by many hundreds of years to somewhere in the
early to mid-4th millennium (Gilead 1994; Joffe and Dessel 1995; Bourke et al., this volume; Burton
and Levy, this volume).
Concerning EB-I, critical relationships with Egypt are being investigated by Savage (1998; this volume) in detailed 14C analyses of Predynastic ceramics. Based on his initial results the Nagada II a/b
to Nagada II b/c transition seems older than hitherto estimated (Savage, this volume). New 14C dates
from Early Bronze sites in the southern Levant (Braun, this volume) suggest that both the beginning
and end of EB-I seem older than commonly estimated. Braun underlined the dilemma how to relate
the 14C chronology to currently accepted Egyptian chronology: “The logical outcome of an acceptance of these new dates puts such a strain on chronological correlations between the 14C data and
the archaeological record that the entire system would no longer be tenable if they were accepted”
(Braun, this volume).
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It must be realized that the traditional archaeo-historical framework based on Egyptian chronology
is not immutable, because the diverse elements of Egyptian chronology are not yet ultimately
“fixed”. There were various “older” opinions by egyptologists during the first quarter of the 20th
century regarding the age of the First and Second Dynasties as listed by Emery (1961:28). A period
of 3400–2980 BC was given by Breasted (1921), while Hall (1924) in an older version of the Cambridge Ancient History assigned an age of 3500–3190, and Weigall (1925) calculated yet another
time slot of 3407–2888 BC for Dynasties 1 and 2. The opinions became “younger” during the middle of the 20th century, as Frankfort (1948) made an assessment of 3100–2700 and Hayes (1953) of
3200–2780 BC. Notice also that calculations about the total duration of Dynasties 1 and 2 ranges
from 519 year (Weigall 1925) to 310 years (Hall 1924).
What about 14C dates of Egyptian Dynastic material? Haas et al. (1987) published the calibrated
results of 64 organic samples from Old Kingdom monuments. Most 14C dates proved to be much
older than current historical age assessments. Point estimates within the calibrated ranges suggested
that the 14C dates were on average 374 years older than the Egyptian chronology according to the
Cambridge Ancient History (Hayes 1970). Subsequently, many more samples were collected and
some 170 new dates were measured (Bonani et al., this volume). The previous 64 dates and the many
new dates were calibrated in a somewhat different approach. However, many 14C dates remain significantly older—up to a few hundred years—as compared to current egyptology age assessments.
A different 14C study of the remains of an unidentified female from the 3rd Dynasty Step Pyramid
at Saqqara yielded a calibrated date of 3532–2878 cal BC (Strouhal et al. 1998). This result is again
a few hundred years older than the age currently accepted by egyptologists for the 3rd Dynasty,
about 2700–2600 BC.
In conclusion, the collective 14C evidence of the Early Bronze Age from Jericho and other sites in
the southern Levant as well as from Egypt for the Predynastic period and Dynasties 1-6 strongly
challenges the current archaeo-historical time framework for these cultural and political periods.
Most 14C dates overwhelmingly show that these periods are significantly older than currently
accepted.
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ABSTRACT. We discuss the significance of 32 radiocarbon dates from the archaeological sites of Tel Beth Shean and Tel
Rehov in northern Israel. All dates are from Iron Age I and II archaeological contexts (12th–8th centuries BCE). Most of the
dates were done on short-lived samples (seeds and olive pits), while some are on charred timber. The samples are organized
in several homogeneous clusters according to their context. This series is one of the largest groups of 14C dates from the Iron
Age in the Levant. The paper discusses the correlation between the 14C dates and the traditional archaeological dates of the
same context. Results from two laboratories and two calibration curves are compared, showing some significant differences
in one case. We conclude with an evaluation of the relevance of 14C dating for the current debate about the chronology of the
Iron Age in Israel, and in historical periods in general.

INTRODUCTION

The Beth Shean Valley, which is part of the Jordan Valley, is situated in one of the most strategic
locations in the Land of Israel. The valley is strewn with dozens of archaeological sites from different time periods and cover a broad spectrum of sizes. The Beth Shean Valley Archaeological Project
seeks to study the settlement history of the region during the Bronze and Iron ages. The project
started in 1989 with the renewed excavations at Tel Beth Shean, a site extensively excavated by the
University of Pennsylvania between 1921 and 1933 (for summary and previous literature see Mazar
1993a, 1993b, 1997a, 1999a). After nine seasons of excavations at Tel Beth Shean, ending in 1996
the project was extended to the largest site in the valley, that of Tel Rehov (Tell es-Sarem), where
work concentrates on Iron Age strata (Mazar 1999a). At both sites the excavations revealed fine
stratigraphic sequences, architectural complexes, and a variety of finds from various periods. In this
paper, we will concentrate on the stratigraphic sequence and chronology of the Iron Age period,
attempting to compare our stratigraphic results and traditional archaeological dates with the results
of radiocarbon dates. We shall examine to what extent the 14C dates are able to refine the traditional
chronology and may contribute to solve questions like the current debate over the chronology of the
Iron Age in the Southern Levant.
At present, 53 14C dates from our project are available: 33 from Tel Beth Shean and 20 from Tel
Rehov, referring to various archaeological periods. This collection is one of the largest groups of 14C
dates from historical sites anywhere in Israel. There are 32 dates related to the Iron Age: 12 from
Beth Shean and 20 from Tel Rehov. They range from the early 12th century until the 8th century
BCE
All dates except nine were measured in the 14C laboratory of the Weizmann Institute in Israel. Most
of these dates were obtained since 1998, using liquid scintillation counters. Nine grain samples from
one context at Tel Rehov were dated with accelerator mass spectrometry (AMS) at the University of
Arizona-NSF 14C laboratory (reported by Professor D Donahue). Other samples from the same context were dated at the Weizmann Institute (see Table 6). All the samples came from well-stratified
contexts. Short-lived samples such as cereals, lentil seeds, and olive pits were used preferentially.
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When such samples were not available, charred timber was dated, following identification by the
paleobotanist Dr Uri Baruch.
The standard deviation of most BP dates ranged from 25–50 yr, and in a few cases, 60–70 yr (1σ,
68% certainty). These BP dates were calibrated with the OxCal software (Bronk Ramsey 1999)
using the 1998 calibration curve (Stuiver and van der Plicht 1998). Comparisons are made (in the
endnotes) with the 1993 calibration curve (Stuiver and Reimer 1993). The differences between the
1993 and 1998 curves are usually negligible, but in two cases, both referring to the 12th century
BCE, there is a significant and important difference.
DATING RESULTS AND THEIR INTERPRETATION
The data are presented below as clusters of dates from homogeneous contexts, from the oldest to the
latest.
The 12th Century BCE (Historical-Archaeological Age Assessment)

Beth Shean was a stronghold of the Egyptian New Kingdom imperial administration in northern
Israel. The site provided a clear stratigraphic sequence, with a series of phases that can be correlated
with the 19th and 20th dynasties in Egypt (13th and 12th centuries BCE). This makes Beth Shean
one of the most important sites to relate stratigraphic sequences in the Levant with Egyptian chronology. Two groups of 14C dates related to this period are available (clusters 1 and 2 below).
Cluster 1. Samples from Beth Shean, Area N

Three 14C determinations were obtained from one single heap of charred cereal grains (wheat) found
in a storage room inside an Egyptian building at Area N at Tel Beth Shean (Locus 18433, Phase N4;
Table 1). The room was part of a massive building, perhaps of a public nature, which was destroyed
by heavy fire.
Table 1
N4)

14C

Dates from Beth Shean Area N (Locus 18433, Silo in Stratum

RT

δ13C
(‰)

pMC
(%)

BP

cal BCE
(1σ)

cal BCE
(2σ)

2594
2597
2156

−21.2
−21.6
−21.6

69.5 ± 0.2
69.2 ± 0.2
69.7 ± 0.4

2925 ± 25
2985 ± 25
2910 ± 50

1210–1040
1270–1130
1210–1000

01260–1010
01370–1120
1270–930

The weighted average and standard error of the mean (Ward and Wilson 1978) of the three dates in
Table 1 is 2950 ± 15 BP and the calibrated date is 1260–1240 cal BCE (12% probability) and 1220–
1120 cal BCE (88%). These dates fit very well to the generally accepted dates of the archaeological
context.
The samples came from a building that contained local Canaanite pottery, Egyptian pottery, a single
imported Cypriot White Slip bowl, and other artifacts which can be dated to either the end of the
19th Dynasty or beginning of the 20th Dynasty: around 1200 BCE The University Museum expedition found above this building structural remains attributed to Level VI, which was destroyed at the
end of the Egyptian presence, perhaps around 1130 BCE (James 1966: 13–14, Figure 76:1). We
established that these structural remains were in fact renovations of the building excavated by us.
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Therefore, the latter building belongs to an earlier stage of the Egyptian occupation at Beth Shean.
In the adjacent Area S we found two stratigraphically distinct phases: S4 and S3, both belonging to
the time period of the 20th Dynasty. It appears that our phase N4 in Area N corresponds with phase
S4 in Area S, and the two should be dated to the early 20th Dynasty, i.e. the early 12th century BCE
This date fits all three 14C dates in the one σ group according to the OxCal program (Bronk Ramsey
1995) using the 1998 calibration curve (Stuiver and van der Plicht 1998)1.
Cluster 2. Samples from Bin 28817 of Phase S3a at Tel Beth Shean

The four samples in Table 2 come from charred linen seeds and grains found in a small bin (Locus
28817). The weighted average of the four dates is 2940 ± 15 BP and the calibrated ages for a 1σ
range are 1260–10502 and 1260–1040 cal BCE for a 2σ range 3. This bin was found at the northwestern part of area S, below the foundations of a large building of the Iron Age IIA. It belongs to the last
constructional phase of a building, which started its life during the time of the Egyptian 20th
Dynasty (Level VI, our Stratum S3). The bin was attributed by us on the basis of its stratigraphic
location and historical/archaeological considerations to either the last phase of the Egyptian presence at Beth Shean (Phase S3a, mid 12th century BCE) or to a later phase (Phase S2), which continues into the 11th century, during which older Egyptian buildings were renovated. The calibrated 14C
dates support the first alternative. In this case, in spite of the almost 200-year span of the calibrated
dates, 14C dates helped us to decide between the two alternatives.
Iron Age I
Cluster 3. Three olive pits from Iron Age I strata at Tel Rehov

Table 3 shows 14C dates of three charred olive pits found in successive stratigraphic phases in a step
trench excavated on the slope of the lower mound of Tel Rehov (Area D; Mazar 1999a: 10–16). The
pottery associated with these phases is typical Iron Age I painted pottery in Canaanite tradition, traditionally dated to the 11th century BCE. These 14C dates are too low by any standards: the first and
last are dated to the 9th century BCE in both 1σ and 2σ ranges. This date is too low even according
to the “low chronology” suggested by Finkelstein (see below), while the second date (10th century

1 However,

it should be noted that when we first calibrated the BP dates with an earlier calibration curve (Stuiver and Reimer
1993), the results were as follows:
RT2594: 1153–1043 BCE
RT2597: 1120–1006 BCE
RT2156: 1161–1000 BCE
The earliest date in this calibration (1150 BCE) appears to be too low by about 20–30 years from the probable archaeological
date, while the 2σ range of these samples is wide enough to cover the entire 12th century BCE. This significant difference
in calibrated ages between two calibration curves issued at a time difference of five years must be emphasized. The 1998 calibration curve better fits the archaeological-historical considerations than the 1993 curve.
2 Mr H Bruins calculated the following for 1σ: 1260–1240 (3.3%); 1220–1110 (60%); 1100–1080 (3.4%); and 1060–1050
(1.6%) cal BCE.
3 Calibration with the 1993 Pearson-Stuiver calibration curve provided lower dates: (1σ range):
RT2323: 1152–999 cal BCE (99%)
RT2325: 1260–1128 cal BCE (100%)
RT2527: 1127–1040 cal BCE (100%)
The statistical average would be 1210–1120 cal BCE. Yet, in spite of the differences, these lower dates do not contradict the
conclusion that the bin belongs to the last phase of the Egyptian presence at Beth Shean. Only RT2527 is slightly beyond that
time frame. Yet, like in the previous case, the significant differences between the results of the two calibration curves should
be noted. As in the previous case, the results of the 1998 calibration curve are more in accord with the archaeological/historical dates than those of the 1993 curve.
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Table 2 Beth Shean Stratum S3a Bin (Locus 28817) Calibrated with OXCAL 1999, using the 1998
calibration curve (Stuiver et al. 1998)
Lab
nr
pMC
cal BCE
cal BCE
δ13C
(RT–) Material
(‰)
(%)
BP
(1σ)
(2σ)
2323
2325
2527

Charred linum seeds
Charred grains
Common oak,
Common carob,
Linum seeds
Charred seeds

2596

−24.7
−24.9
−24.7

69.7 ± 0.4
69.0 ± 0.3
69.5 ± 0.2

2900 ± 45
2980 ± 40
2920 ± 25

1190–1000
1300–1120
1210–1040

1260–930
01380–1040
01260–1010

−22.7

69.2 ± 0.2

2960 ± 25

1260–1050

01290–1050

BCE) could fit this “low chronology”. The 2σ range of this sample fits also the traditional chronology of this pottery assemblage (11th century BCE). It should be noted that the samples are arranged
in the table according to the stratigraphic sequence: Phase D3 is younger than Phase D4 and Phase
D6 is the oldest. However, the 14C dates do not fit this sequence. Thus, these three dates are suspected as being both unreliable and significantly too low.
Table 3 Tel Rehov, Area D, olive pits from Iron Age I levels
RT

Locus

Basket

Strat.

δ13C
(‰)

3120
3121
3119

1858
1845
1876

28395
28243
28536

D3
D4
D6

−20.8
−21.1
−20.7

pMC
(%)

BP

Cal BCE
(1σ)

Cal BCE
(2σ)

71.7 ± 0.3
70.6 ± 0.3
71.6 ± 0.4

2670 ± 40
2800 ± 40
2685 ± 40

0895–795
1000–900
0900–800

0900–790
1050–830
0920–790

Iron Age II
Cluster 4. Timber from the construction of Stratum S1 at Tel Beth Shean

Table 4 shows dates of two samples of olive tree wood found as construction material in the foundations of a massive building of Stratum S1 at Beth Shean (Mazar 1999b: 92–93). The beams were laid
on top of massive basalt stone foundations of the walls, and served as foundations for a mudbrick
superstructure4.
Table 4 Charred olive tree beams from Stratum S1 at Tel Beth Shean (Locus 38416)
RT

Basket

δ13C
(‰)

2734
2733

384271
384283

−21.5
−21.8

pMC
(%)

BP

cal BCE
(1σ)

cal BCE
(2σ)

69.2 ± 0.2
70.2 ± 0.4

2955 ± 25
2835 ± 40

01260–1120
1050–920

01270–1040
1130–890

The archaeological date of the structures, based on stratigraphic considerations and on a small
amount of pottery, is either 10th or early 9th centuries BCE. The 14C date of sample RT 2734 (1260
–1120 BCE) indicates that this was a beam from an old olive tree or taken from the inner part of the
4 Using

the 1993 Pearson-Stuiver calibration curve the results are:
RT2734: 1208–1118 BCE 100%
RT2733: 1016–919 BCE 100%
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tree trunk, where cells could die long before the tree was cut down. RT2733 (1050–920 BCE) could
fit the time of construction in the 10th century BCE, though it could also be considered as being earlier and providing a terminus post quem for the construction of the building.
Cluster 5. Timber from Tel Rehov, Stratum V (construction)

Table 5 brings the dates of three samples of wood from Strata V–IV at Tel Rehov. (These new strata
numbers replace the temporary ones used in the first preliminary report; Stratum V corresponds to
strata C1b and E1b, stratum IV to C1a and C1a of that report (see Mazar 1999a: 9–28). RT2997
came from beams used in the construction of Stratum V in Area C (Mazar 1999a: 20–3). The wood
served as foundation for both the floor and walls of a large building. RT2996 came from Stratum IV
in area E and its functional context is not entirely clear.5
Both strata V and IV in area C were destroyed by heavy fire and the destruction debris contained
abundant pottery vessels of similar forms that belong to the Iron Age IIA (10th-mid 9th centuries
BCE). The destruction of stratum IV probably occurred during the events following the end of the
Omride dynasty (second half of 9th century), while stratum V was destroyed sometime earlier.
Table 5 Wood remains from Tel Rehov, Strata V–IV. RT 2995 and 2996 are olive wood; RT 2997 is elm
tree
RT

Locus

Basket

Area

δ13C
(%)

2995
2997
2996

1479
1475
1664

14537
14488
16628

C
C
E

−21.8
−23.0
−22.7

pMC
(%)

BP

cal BCE
(1σ)

cal BCE
(2σ)

68.3 ± 0.3
69.9 ± 0.2
70.9 ± 0.2

3070 ± 40
2875 ± 25
2770 ± 25

01400–1260
1130–990
0970–840

01430–1210
1130– 930
1000–830

The beams from Area C come from the construction of this level. The first (RT2995) is dated to the
14th–13th centuries BCE and thus points to the use of old olive wood in the construction, as in the case
of Stratum S1 at Beth Shean (above). The second sample (RT2997) comes from an elm tree, which
has a much shorter life span than an olive tree: its average life span in Israel today is about 50 years
(information provided by U Baruch). Our elm tree beam is dated to the late 11th early 10th century
BCE in the 1σ range, while a lower date in the 10th century is suggested within the 2σ range. This date
may therefore provide sound evidence for the 10th century date of construction of this building.
The olive tree wood from Area E (RT2996) gave a date between 980 and 840 BCE, a time range
which fits almost exactly the entire Iron Age IIA phase to which Strata V–IV belong. However, such
a range does not allow a more precise date within this time range.
Cluster 6. Charred Grain from the Destruction of Stratum V at Tel Rehov

A heap of charred grain was found in a small chamber of Stratum IV in Area C at Tel Rehov, sealed
by a layer of fallen mudbricks (Mazar 1999a:21; Figure 9, Room in Square Y-3; for a photo see Figure 6). Grain samples from this layer were sent to two laboratories: nine samples were dated at the
Weizmann Institute and nine samples were measured by Professor D Donahue at the University of
Arizona, using AMS (Table 6)6.
5 Using

the Pearson-Stuiver calibration curve from 1993 the results would be:
RT2995: 1391–1268 BCE
RT2997: 1113–993 BCE
RT2996: 930–845 BCE
Two of these dates are somewhat lower than the OxCal99 dates.
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Table 6 Tel Rehov, Area C. Charred Grain from Locus 2425, Basket 24251, Stratum V (=C1). Nr
1–9: Weizmann Institute; Nrs 10–18: University of Arizona
Nr

Code

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18

RT3122A
RT3122A1
RT3122A2
RT3122B
RT3122B1
RT3122B2
RT3122BB
RT3122C
RT3122D
AA30431 U3-11
AA30431 U3-12
AA30431 U3-13
AA30431 U3-21
AA30431 U3-22
AA30431 U3-23
AA30431 U3-31
AA30431 U3-32
AA30431 U3-33

δ13C
(%)

pMC
(%)

BP

cal BCE
(1σ)

cal BCE
(2σ)

−20.8
−20.8

71.5 ± 0.2
072.1 ± 0.2
72.8 ± 0.2
71.3 ± 0.2
71.4 ± 0.2
71.9 ± 0.3
71.2 ± 0.2
70.0 ± 0.2
71.4 ± 0.2
70.3 ± 0.5
71.0 ± 0.5
71.2 ± 0.5
70.4 ± 0.4
70.8 ± 0.4
71.4 ± 0.4
71.6 ± 0.4
70.9 ± 0.5
71.1 ± 0.5

2700 ± 20
2655 ± 25
2655 ± 25
2720 ± 20
2700 ± 25
2650 ± 30
2725 ± 15
2860 ± 20
2710 ± 20
2830 ± 55
2745 ± 50
2730 ± 45
2815 ± 50
2770 ± 50
2710 ± 45
2685 ± 45
2760 ± 60
2740 ± 50

0900–810
0824–803
0824–803
0900–830
0900–810
0826–800
0900–830
1050–940
0900–825
1110–900
0970–820
0970–820
1040–890
0980–830
0900–820
0900–800
0980–830
0920–820

0900–805
0895–790
0895–790
0910–815
0900–805
0900–790
0905–825
1130–920
0900–810
1190–830
1000–800
1000–800
1130–830
1020–810
0970–790
0920–790
1050–800
1000–800

−21.0

−20.7
−20.9
−22.5
−22.5
−22.5
−22.7
−22.7
−22.7
−23.2
−23.2
−23.2

The weighted average of the nine samples measured at the Weizmann Institute is 2720 ± 7 BP and
the calibrated age is 900–830 BCE for 1σ and 900–825 BCE for 2σ ranges7. The weighted average
of the nine samples measured at Arizona was calculated by Professor Donahue to 2750 ± 16 BP and
the calibrated age is 905–835 BCE for 1σ and 925–830 BCE for 2σ ranges8. The weighted average
of the combined Tucson and WIS dates is 2725 ± 6 BP and the calibrated age is 900–830 for 1σ and
900–830 for 2σ ranges. Note, however, that 1σ values for the two sets of measurements is 20 and 48
years in WIS and Tucson, Arizona respectively. The difference between the two estimates is 1.4σRT
and 1.0σAA. Therefore the pooling together of the sets of measurements is justified and 900–830
BCE is the true age of the grains. Note, however, that the 1σ dates nr 8, 10, and 13 fall in the 10th
century. Four additional 1σ dates from Arizona (Nrs 11, 12, 14, and 17 in Table 6) provide a wide
range, which includes much of the 10th and 9th centuries. Nr 2 in Table 6, falls at the end of the 9th
century and is later than the assumed archaeological age. These results illustrate the possible mistakes, which may occur when only few samples are dated from a certain deposit.
The grain in these samples comes from the same building where the elm tree in Table 5 was used for
construction. On the basis of the calculated average in Table 6 and the results of the previous para6 The

sample number is AA30431, TRE-2425 U3. We thank Professor D Donahue for carrying out the measurements. Report
was submitted in a letter by Professor Donahue from October 8, 2000, from which we cite in this paper.
7 Using the 1993 calibration curve the dates would be 906–843 (1σ) or 916–832 (2σ).
8 The weighted average of the Fraction Modern was F = 0.7101 ± 0.0015. The calculations in the above paragraph are citated
from a letter from Professor Donahue dated 8 October 2000. Professor Donahue also writes: “the error quoted is the standard
deviation of the average of the nine measurements. In this instance, the error resulting from the scatter of the nine measurements was equal to the uncertainty resulting from statistics. This agreement indicates that the final result is a very good one.
In fact, it is the best that we have done in our laboratory”. And: “the results of the nine measurements are completely consistent, and the weighted average of the nine is a correct statistical result.”
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graph, we thus may conclude that this building was constructed during the 10th century BCE and
destroyed during the 9th century BCE, before 830 BCE These conclusions are in accord with the
archaeological age assessment based on comparative pottery study (see Mazar 1999a: 37–42 and
below).
Cluster 7. Tel Beth Shean: Final Iron Age II Destruction

In Area P at Beth Shean we excavated a large dwelling, which was destroyed by a heavy conflagration (Mazar 1999b). Table 7 shows three 14C dates of charred seeds found on the floor, in the
destruction level of this building. The weighted average of these dates is 2465 ± 20 BP; the calibrated
ages are 760–630 BCE (67%), 600–510 BCE (30%), 450–400 BCE (3%) for a 1σ range and 770–
410 BCE (100%) for a 2σ range.
Table 7 Charred seeds from Tel Beth Shean, Area P Stratum P7, Locus 28616
Lab nr
(RT–)

Basket

δ13C
(‰)

pMC
(%)

BP

2587
2588

286105
286105

−21.4
−21.5

73.5 ± 0.2
73.0 ± 0.4

2480 ± 25
2525 ± 40

2320

286096

−20.4

74.4 ± 0.4

2380 ± 40

cal BCE
(1σ)

Cal BCE
(2σ)

770–520
800–750 (23%)
690–540 (77%)
520–390

770–410
800–510
760–380

Based on archaeological and historical considerations, the destruction of this building occurred in
the mid-8th century BCE, most probably during the conquest of the northern part of the kingdom of
Israel by Tiglath-Pilesser III at 732 BCE.
The flat shape of the calibration curve between 800 and 400 BCE makes 14C dates almost useless for
this period. The BP dates of the three samples in conventional 14C years differ by up to 145 years
with a standard deviation of up to 40 years. The 1σ calibrated dates diverge: two of them are in
accord with the archaeological date, while the third is too low by at least 200 years. The 2σ range of
all three provides a time range of 410 years, which includes the 8th century BCE
CONCLUSIONS

Most of the calibrated 14C determinations and the weighted averages of dates from homogeneous
contexts from the Iron Age strata at Tel Beth Shean and Tel Rehov generally fit the traditional
archaeological and historical chronology of the period under discussion, in spite of the problems
mentioned above. Exceptions are the two olive pits from Tel Rehov area D (Table 3, above), and one
of the dates from Area P at Tel Beth Shean (Table 7, above), which are considerably low. There is
also the problem of divergence between the results of two different calibration curves, as mentioned
in relation to Tables 1 and 2, both relating to the 12th centuries BCE The differences between the
two curves are significant in relating the finds to historical events. In these two cases, the 1993 curve
provided dates, which are later than the end of the Egyptian New Kingdom presence in Canaan,
while the 1998 curve provided earlier dates, which are within the time span of the Egyptian presence. These earlier dates fit better the archaeological situation.
What are the implications of our dates for the current controversy over the chronology of the Iron
Age I-IIA in Israel? This dispute stems from I Finkelstein’s suggestion in 1996 that archaeological
assemblages traditionally attributed to the 12th–10th centuries BCE should be lowered by 50–80
years (Finkelstein 1996; 1998). In fact, a similar controversy existed in the early 1950s when B

1340

A Mazar, I Carmi

Maisler (Mazar) supported a low chronology (ending Tell Abu Hawam III in the late 9th century
BCE) while G van Beek, following WF Albright, supported a high chronology (Tell Abu Hawam III
in the 10th century BCE; Maisler 1951; van Beek 1955). Finkelstein's suggestion faced strong opposition from other scholars (Mazar 1997b; Ben-Tor and Ben-Ami 1998; Ben-Tor 2000). This controversy has far reaching implications on the correlation of archaeological data with the historical
period of the United Monarchy of David and Solomon, as well as on correlations between the
Levant, Cyprus and the Aegean in the Iron Age.
Tel Rehov is important for this discussion, since it produced one of the best stratigraphic sequences
and abundant pottery assemblages from the Iron Age IIa in Israel (the suggested dates for this period
according to Mazar are from around 980 BCE to around 930 BCE).9 Strata VI, V, and IV at Tel
Rehov, indicate a great deal of continuity in the pottery production during this period: red slip and
hand burnish techniques are typical, and the pottery forms show only minor changes. The assemblage of these three strata recalls that of Megiddo Strata IVB-VA, Hazor Strata X-VIII, Ta`anach
Periods IIA-IIB, Jezreel and other sites which belong to the same archaeological horizon. Finkelstein (1996; 1998) suggested dating all these assemblages to the 9th century BCE (in fact only to
part of this century, ending ca. 830 BCE). However, Mazar (following earlier suggestions by Aharoni and Amiran) proposes to allow it a longer time span: from sometime during the first half of the
10th to around 840–830 BCE (Mazar 1997b). This would allow the appearance of the same assemblage in several strata of sites like Hazor and Tel Rehov. In these sites one can observe the continuity
in pottery production from the 10th to the 9th century BCE The excavations at Jezreel seem to provide an historical anchor for the end of this assemblage (for more detailed discussion see Mazar
1999a: 37–42), yet not for its beginning, which probably dates back to the 10th century BCE
Finkelstein (in lectures submitted during the year 2000), Sharon and Gilboa (2001) claim that 14C
dates from Megiddo and Dor support the low chronology suggested by Finkelstein. Our results are
ambiguous. Our dates of timber used in construction at Tel Rehov Stratum V and Beth Shean Stratum S1 tend to show that in both cases the buildings were erected during the 10th century BCE. As
mentioned before, however, these dates may be interpreted as providing only a terminus post quem
for the construction, and thus it could be claimed that the buildings could have been built in the 9th
century BCE. Such a claim, however, seems to be untenable in the case of the elm tree from Tel
Rehov. Its radiometric date (RT 2997) indicates that it was cut in the beginning of the 10th century,
and it would not be logical to assume that it was used for construction almost 100 years later.
The calibrated average date of the 18 measurements of grain seeds from the destruction of Tel Rehov
Stratum IV (Cluster 6 and Table 6) is 900–830 BCE This gives the possible range of dates of this
destruction. In the first preliminary report on Tel Rehov the destruction of Stratum IV (= C1 in that
report) was assigned with reservations to the second half of the 9th century BCE, though a possibility for an earlier date was not ruled out (Mazar 1999a: 41–42). This conclusion was based on both
the 14C dates and on one Cypriot pottery vessel: a bichrome globular jug which is considered in
Cyprus to belong to the Cypro Geometric III period, not earlier than 830 BCE. However, it should
be recalled that the chronology of Iron Age Cyprus depends to a large extent on that of the Levant,
and that the attribution of types to chronological periods is based on mere typological consider-

9 (AM)

The dates 1000–800 suggested by Aharoni and Amiran (1958) to their “Iron Age II” appear to be too long on both
edges; the date 1000 is a round number which is based on the tentative date of David’s accession to the throne; the date 800
BCE is also schematic. I suggest giving the Iron Age IIA period a rough time span of around 150 years, from somewhere
in the first half of the 10th century to somewhere during the second half of the 9th century, perhaps after the Aramean wars,
when a new pottery tradition started to appear in both Israel and Judah.
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ations, and perhaps needs reevaluation. Thus the date of this destruction could be anywhere in the
time range provided by the calibrated average mentioned above.
The chronological debate concerning the 10–9th centuries BCE in Israel is over a time range of
between 50 and 100 years. Can 14C dates contribute to a debate over such a narrow time span? The
14C dates discussed above show that modern, sophisticated dating technology, careful selection of
well stratified samples and a sufficient number of 14C dates may provide an important contribution,
even to chronological debates over such a narrow time span. There are, however, problems, which
may hamper the utilization of 14C dates for historical periods. Some of these are:
• The high cost of dating a large number of samples from the same assemblage.
• The fact that calibrated 14C dates sometimes gives a time range that is too wide or ambiguous
for the problem to be solved. Even when 1σ range dates provide close dating, there is always the
option of the legitimacy of the 2σ range dates, which may provide much wider chronological
time spans.
• Errors in dating yielding unrealistic dates. Examples are the olive pits from area D at Tel Rehov.
• In periods when the calibration curve is flat, like between 750 and 400 BCE, 14C dates are of little value for historical periods.
• Changes in recent versions of calibration curves imply that calibrated date ranges may yet
change for samples of interest to chronological questions involving a time span of only 50–80
years. The case of our Clusters 1 and 2 illustrates this problem; other, less severe changes are
exemplified in the footnotes.
Dating archaeological contexts in historical periods depended traditionally on correlations to documented historical events. However, the precise correlation of events with particular archaeological
phenomena in the period under discussion in this paper is not an easy task. There are only few such
events: the conquest of the Galilee by Tiglath Pilesser III in 732 BCE, of Samaria in 722 BCE, the
invasion of Judah by Sennacherib in 701 BCE and the destruction of Jerusalem by the Babylonians
in 586 BCE In many other cases the attribution of a particular destruction layer to a certain historical
event remains ambiguous. Thus, the military campaign of Pharaoh Shoshenq I (biblical Shishak)
around 925 BCE is well documented by Shishak’s monumental inscription at Karnak as well as in
the bible, but archaeologists disagree whether certain destruction levels were caused by this invasion.
Debates over the dates of archaeological strata are unavoidable. In spite of the above-mentioned
problems, 14C dates are our last resort in establishing a precise as possible absolute chronology for
the Southern Levant in the time span between the mid 12th century BCE and the late 8th century
BCE. The current debate over the 10th–9th centuries BCE is an excellent case study. Yet it seems
that there is a long way to go before the final word will be said in this debate.
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ABSTRACT. The absolute date of the Iron Age I and IIa periods in Israel, and by inference in the Southern Levant at large,
are to date among the hottest debated issues in Syro-Palestinian archaeology. As there are no pegs of absolute chronology
throughout this range, conventional chronology had been established on proposed correlations of the material record with
events and social phenomena as portrayed in historical and literary sources, chiefly the Hebrew Bible. With the growing
impact of so-called “revisionist” notions in Biblical studies, which to various extents question the historicity of the Bible, it
is imperative to try to establish a chronological framework for the Iron I–IIa range that is independent of historical and so forth
considerations, inter alia in order to be able to offer an independent archaeological perspective of the biblical debate. The most
obvious solution is to attempt a radiocarbon-based chronology. This paper explores the possible implications of a sequence
of 22 radiometric dates obtained from a detailed Iron I–IIa stratigraphic/ceramic sequence at Tel Dor, on Israel’s Mediterranean coast. To date, this is the largest such sequence from any single early Iron Age site in Israel. Having been part of the
Phoenician commercial sphere in the early Iron Age, Dor offers a variegated sequence of ceramics that have a significant spatial distribution beyond Phoenicia, and thus transcend regional differences and enable correlation with the surrounding
regions. By and large, the absolute dates of these ceramics by the Dor radiometric chronology are up to a century lower than
those established by conventional Palestinian ceramic chronology. The ramifications of the lower Dor dates for some Phoenician, Israelite, and Cypriot early Iron Age archaeological issues are explored.

INTRODUCTION

A few years ago Israel Finkelstein of Tel Aviv University suggested that the chronology of large
stretches of the Iron Age in Israel, the so-called Israelite period, should be drastically revised (e.g.,
Finkelstein 1996; 1998a). In a nutshell, the claim was that absolute dates for (mainly) the late Iron I
and Iron IIa periods (conventionally 11th to 10th centuries BCE) should be lowered by 75 to 100
years, i.e., 11th century archaeological strata and various material phenomena should be assigned to
the 10th, and 10th century ones to the 9th. The material record, claims Finkelstein, favors this low
chronology better than the higher conventional one.
Acceptance of the low chronology would entail a revolution in our perception of nearly every aspect
of Iron Age archaeology in Israel and in the Southern Levant at large, and, in their wake, of major
historical and historiographic issues—both Biblical and Classic. To provide just one example—perhaps the most bitterly contested one—assigning strata conventionally attributed to the 10th century,
i.e. David’s and Solomon’s United Monarchy according to Biblical chronology, to the 9th century,
would by and large “rob” the United Monarchy of material remains compatible with an organized
state, much less an empire (see more on this below).
In the background of this debate looms an even more fundamental dispute. In the course of the last
two decades, a very conspicuous by now group of “revisionist” Biblicists, so-called inter alia deconstructionalists, nihilists, and more, have suggested that the Hebrew Bible, in large parts or in its
entirety, be moved from the realm of history to that of myth. The United Monarchy, for example,
was claimed to be a figment of late pre-exilic and/or post-exilic socio-political aspirations, and
imagination (for a recent, albeit negative review of these suggestions, with extensive references, see
Dever 1999). As Finkelstein’s low chronology is perceived by some scholars as lending support for
such notions, the archaeological debate, alas, assumed religious, nationalistic, and political overtones.
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The particulars of Finkelstein’s archaeological arguments, and those of his opponents, cannot be
reviewed here (for the former see e.g. Finkelstein 1996, 1998a, 1998b, 1999; for the latter, see e.g.
Mazar 1997; Zarzeki-Peleg 1997; Ben-Tor and Ben-Ami 1998; Cahill 1998). The crux of the matter,
however, is that, as Finkelstein claims (and as most archaeologists would concur, though not always
explicitly admit), for the entire debated chronological range there are no pegs of absolute chronology whatsoever—no stratified objects bearing kings’ names and the like. Absolute dates, Finkelstein’s included, rest on conjectured correlations of the material record with political events and
demographic and socioeconomic processes as portrayed in the Bible. In “revisionist” eyes, this renders the interpretation of the archaeological record of Iron Age Israel totally irrelevant for assessing
their views, based as it is, according to them, on correlation with fiction.
Finkelstein’s low chronology has won some approval, but has failed to convince many. A fair assessment would be that the first round of chronological controversy ended with a tie or rather a stalemate. Neither traditional nor a lower chronology can really be proven and neither can be established
independently of historical, literary, and other such considerations.
This tail chasing begs to be halted by some other means. One likely possibility is to revert to archaeology’s bread and butter—establishing detailed and accurate relative sequences of artifactual assemblages—coupled with radiometric dates. This paper unfolds one such attempt based on Ephraim
Stern’s excavations at Tel Dor on Israel’s Carmel coast.
THE TEL DOR SEQUENCE

After two decades of excavations Dor offers the most extensive exposures and the fullest stratigraphical sequence of the early Iron Age on the northern Levantine coast. All in all, within the Iron I–IIa
continuum there are to date seven stratigraphical phases distinguishable both architecturally and
artifactually, each probably of relatively short duration. (For principal overviews of the Iron Age at
Dor, and interpretations, see e.g. Stern 1990, 1991, 1999, 2000: 85–148, including references to the
preliminary stratigraphic reports; Sharon and Gilboa 1997; Gilboa 1998.) Three excavation areas
were chosen for this study as they offer the most detailed stratigraphical sequences and the most
abundant and well-stratified ceramic assemblages: Area B1 on the eastern fringes of the tell, Area
D2 on its southern perimeter, and Area G in its center (see map in Stern 2000: Figure 244). The correlation between the disparate sequences in these three areas is presented in Tables 1A and 1B.
Radiocarbon dates were obtained to date only from the latter part of this sequence—from four
phases we termed “late Iron Ia”, “Iron Ib”, “transitional Iron I/IIa” and “Iron IIa.” The very beginning of the Iron Age is, thus, beyond the scope of this presentation. The labels assigned to these horizons at Dor do not per force conform to conventional ones, but it is not labels that count here but
ceramic contents.
The general pottery repertoire of Iron Age Dor, as everywhere else in this period, is a very localized
one and as an assemblage can accurately be correlated only to sequences in the very immediate
regions (different facets of this assemblage have been presented in Gilboa 1998, 1999a, 1999b). This
paper, thus, deals with only two classes of pottery, which have a significant spatial distribution outside Phoenicia and are of a wider chronological bearing: decorated Phoenician containers and Cypriot ceramics.
The late Iron Ia ceramic horizon at Dor (Phase 12 in Area B1, Phase 9 in Area G) constitutes an
extension of the Late Bronze Age pottery tradition (e.g. Gilboa 1998: Figures 1 and 6). By and large,
the only vessels bearing any decorations are small containers—flasks and strainer-spouted jugs that
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were employed in overseas trade. They are decorated with monochrome-red concentric circles, and
occasionally other designs (Gilboa 1998: Figure 3: 4–14).
The Iron Ib assemblages (Phases 11 (?) and 10 in Area B1; 11–9 in D2; 8 (?) and 7 in G) evolve from
the former. This is the phase that witnesses the emergence in abundance of the famed Phoenician
Bichrome containers, still alongside the monochrome ones. That this is indeed the initial occurrence
of Phoenician Bichrome containers is deduced not only by the fact that they simply do not occur earlier, but by our ability to follow, in sealed contexts of this horizon, their evolution from the monochrome containers, both morphologically, and in their decoration. Generally, the monochrome containers start exhibiting the very distinct decorative syntax that will soon become the hallmark of
Bichrome—the wide band enclosed by narrow ones and other compositions of Cypriot derivation.
(For a summary of these issues, see Gilboa 1999a, esp. Figures 1, 2, 4–7; see Stern 2000: Plate IX:
5.)
During Iron Ib, Cypriot imports start occurring (Gilboa 1999b: Figures 1, 2) typologically reflecting
an early to mid-Cypro-Geometric I horizon (and on the opposite shore—the profile of the Phoenician decorated containers of this phase is attested to in Cyprus in mid-Cypro-Geometric burial contexts).
The assemblages termed at Dor “transitional Iron I/II” (e.g. Gilboa 1989: Figures 1–3; 1998: Figure
2: 6–20) continue to evolve from the Iron Ib ones. The Bichrome style is now canonized on the commercial containers and is employed on a larger variety of forms (Gilboa 1999a: Figures 10, 11);
monochrome practically disappears.
The numerous Cypriot imports (e.g. Gilboa 1999b: Figures 4, 5: 1– 6) reflect a Cypro-Geometric Ib/
II horizon (and the Phoenician containers of this phase, in turn, are mirrored in CG IB/II assemblages in Cyprus). This is the period, in which the first (very rare) Greek imports are attested, of
Euboean Mid/Late Proto-Geometric types (N Coldstream and I Lemos, personal communication;
see Stern 2000: Plate IX: 4).
Not a single sherd of the very conspicuous Black-on-Red (so-called “Cypro-Phoenician”) pottery
could be attributed to this horizon. This is a crucial fact and requires some elaboration. Though
Black-on-Red is never really abundant at Dor, its absence in the “transitional” phase is not accidental. Typologically, Black-on-Red, of whatever origin, is a Cypro-Geometric III phenomenon, and
thus would be out of place in contexts where the rest of the Cypriot assemblage is typologically earlier.
Black-on-Red at Dor appears, as it should, in the immediate next phase, of the “classic” Iron IIa,
along various other Cypro-Geometric III imports (e.g. Gilboa 1999b: Figure 8).
RADIOMETRIC DATES AND PRELIMINARY REPERCUSSIONS

This ceramic sequence is anchored by the largest yet sequence of 14C dates for this period in Israel.
Samples were taken only from secure contexts that also produced abundant ceramic assemblages,
mostly in-situ ones and a few other sealed deposits.
Our main focus, contrary to usual practice, was to date the transitions between the different horizons, rather than the horizons themselves. This was achieved by a mathematical treatment dubbed
“transition dating” (Sharon 2001; the dates and the nature of the samples are presented in Figure 1
and its legends). A different mathematical approach—Bayesian inference using the Oxford Calibra-
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Table 1A The Dor Iron Age I-IIa stratigraphic scheme
Period
designation
LB | Iron I
Late Iron Ia

Iron Ia | b
Late Iron Ib

Iron I | II
Iron IIa

Area B1

Area G

Area D2

Missing
Phases 13, 12
Massive city wall and
adjacent store rooms
Destruction
Phase 11
Phase 10
Humble residential structures

Phases 12, 11
Phases 10, 9
Residential quarter“cottage industry”
Destruction
Phase 8
Phase 7
Attempts to repair and rebuild the quarter along
the previous plan. Room
of cultic nature
// Destruction (?) //
Phase 6b
Residential quarter
Phase 6a
Continuation of
residences;
possible cult room

(Unexcavated)
(Unexcavated)

Phase 9
Domestic (?) quarter
Phase 8
City wall built and new
domestic structures

(Unexcavated)
Phase 12
Phases 11-9
Monumental constructionthree massive structures of obviously
public nature: “Monumental Stone
Building;” “Bastion;” “Brick Building”
Phase 8c “Brick Building” disused;
smaller stone structure built over it
Phase 8b
Upper floor in smaller stone structure

tion package (Bronk Ramsey 1995) was also employed and produced very similar results. Our point
of departure here are the transition dates obtained (Table 1B, column 5).
By and large, for the entire sequence we investigated these dates are about a century later than one
would expect based on conventional local ceramic chronology (compare columns 4 and 5 in Table
1B). The three archaeological-historical test cases surveyed below illuminate this discrepancy and
some concomitant implications.
The Beginning of Phoenician Expansion Overseas and the Transmission of the Alphabet to
Greece

One of the problems confronting scholars for many decades now is the discrepancy between the
ancient Greek and Latin literary sources, that place the initial Phoenician colonization immediately
following the Trojan war (the 12th century BCE) and the archaeological record that implies a much
later Phoenician impact in the west, probably not earlier than the 8th century. Determining the
proper historical context is, of course, a prerequisite of any attempt at interpreting the stamina of this
process.
There are currently three major schools of thought as to the formation of the Phoenician diaspora in
the west. Some, indeed, date it on archaeological and epigraphic evidence as late as the 8th and 7th
centuries, with possibly a limited preamble in the 9th century in Kition in Cyprus (e.g. Muhly 1970).
An intermediate chronology (based mainly on biblo-historical considerations) dates the initial
expansion to the 10th century—the days of Solomon and Hiram of Tyre (e.g. Albright 1950:175;
Aubet 1993:170–172).
In the last decades, however, it seemed as if evidence in favor of “early” (i.e. 11th century) expansion has been accumulating. This evidence was of dual nature. First, new Phoenician epigraphic
finds in the west, chief among which are the Nora fragment (not the Nora stele) and the Tekke
bronze bowl in Crete, both dated by Joseph Naveh and Frank Moore Cross (two of the most prominent Semitic paleographers of our times) to the 11th century (e.g. Cross 1980:15–17; Naveh 1982:
40–41; see also Peuch 1983:390). And second, the abundant Phoenician Bichrome pottery uncovered in the cemetery of Palaepaphos-Skales in western Cyprus (Karageorghis 1983) dated, as is con-
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Table 1B The Dor Iron Age I-IIa chrono-typological scheme
Period
designation

Main features
of typological horizon

LB | Iron I

Not defined in detail yet**
(has only been excavated in
the last two seasons)

Late Iron Ia

Canaanite; containers decorated with monchrome red circles;
pithoi of both “Collared Rim”
and “Wavy band” varieties;
a few “Philistine Bichrome”
sherds
Same as above, changes in
undecorated assemblage
The earliest types of “Phoenician Bichrome” evolve from
monochrome predecessors;
a period of overlap of the two
styles.
Gradual Changes in the rest of
the assemblage.
Cypro-Geometric impact on
monochrome and Bichrome
production
“Phoenician Bichrome”
reaches its zenith, incorporating new classes of vessels.
Monochrome nearly extinct.
Cypriot impact continues.
Gradual changes in undecorated assemblage
Bichrome expands further.
First occurrences of redslipped pottery.
Undecorated assemblage
hardly altered

Iron Ia | b
Late Iron Ib

Iron I | II

Iron IIa

Foreign corollaries
Philistia: “Myc IIIC?”
“Post Late Bronze Age import?”
Late Cypriot IIC? IIIA?
Egyptian imports
'Philistine Bichrome'?
(early phases)
Late Cypriot IIIB? (jug in
LC IIIB style)
Egyptian imports
End of LC IIIB and early
CGI?
Earliest Cypro-Geometric
imports: early or mid-CG I.
“Philistine Bichrome”?
(late phase)
Egyptian imports

Conventional
(Comparative) date

14C date at
Dor

Late 13th(?) / early
12th c. BCE

?

12th to mid-11th c.
BCE

Till 975 BCE
(at least)

?
Second half of 11th /
early 10th c. BCE

c. 975–880
BCE

Cypro-Geometric import
reaches its zenith, CG IB/II
Rare Greek imports,
Mid/Late Euboean ProtoGeometric
Rare Egyptian imports

Early 10th c. BCE
Davidic?

c.880–c.850
BCE

Cypro-Geometric III
import including first
occurrence of
Black-on-Red

10th c. BCE
Solomonic

After 850
BCE

ventional, to the 11th century (Bikai 1983). The latter was considered as exemplifying the earliest
overseas Phoenician ventures, a small, but decisive step on the trail leading west (e.g. Bikai 1994:
31).
Sass has recently questioned the paleographic hypotheses, arguing for a lamentable inability of
Semitic paleography to pinpoint any date within the 11th-9th century range (Sass 1991:3, 96–97).
The earliest Phoenician Bichrome pottery in Cyprus is no less problematic. Contrary to common
wisdom, it probably does not embody the first move in the Phoenicians’ westbound enterprise (see
Negbi 1992:611, note 83; Gilboa 1998:423). But, for those who would insist, at Dor a date after 975
BCE is suggested for the initial occurrence of Phoenician Bichrome on the mainland. Unless one
chooses to date its appearance in Cyprus earlier than its supposed origins, the first occurrences of
Phoenician Bichrome overseas should be interpreted in the context of the mid-10th century BCE,
rather than in the 11th.
On the other hand, the first hints of a genuine burst of east-west commercial activity are evident in
the chronological horizon that parallels Cypro-Geometric II in Cyprus, and the transition from Middle to Late Proto-Geometric in Euboea, in northeastern Greece (for a convenient summary of these
issues, see Coldstream 1999). According to the absolute chronology of Dor, this horizon, to be
nearly overly prudent, cannot antedate the turn of the 10th century, at the very earliest.
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These dates will probably also affect the controversy over the transmission of the Phoenician alphabet to Greece. An 11th century transmission was advocated primarily by Naveh (1982) and Cross
(1980), based chiefly on Greek and West-Semitic paleographic considerations, contra most Greek
archaeologists that argue for the lack of epigraphic materials at this early stage. The paleographic
reconstruction, as already mentioned, has been challenged. But apart from paleographic considerations such a theory needs to establish some sort of common ground at which this transfer could
have been made. One would need evidence for either Phoenicians in the west in the 11th century or
for Greeks in the Levant, or for both being present on some “neutral ground”, presumably Cyprus or
Crete. Substantial archaeological support for such a background, by the Dor radiometric chronology,
as delineated above, does not exist prior to the end of the 10th century.
The Implications for Davidic and Solomonic Strata

According to the Dor radiometric data, the Iron Ib, characterized by the first appearance of Phoenician Bichrome, dates to about 975–870 BCE, i.e. by and large postdates the reign of David as conventionally calculated (1000–965 BCE). This affects the chronology of other “Phoenician Bichrome
bearing strata”. For instance, Tell Keisan 9a-b—supposed to have been destroyed by David, or at
least during his reign; Megiddo VIA (the so-called pre-Davidic occupation); the latest phase of Tell
Abu Hawam V (on conventional chronology, the next stratum, IV, ends about 980 BCE); Tell Qasile
X (representing the heyday of Philistine hegemony and reputedly destroyed by David); and Tel
Masos II and Izbet Sartah II—usually considered “Israelite settlement” sites (for the conventional
dates of these sites and strata, see Mazar 1990:300, Table 6).
The Cypro-Geometric III typological horizon, including Black-on-Red ware, starts according to the
Dor evidence after 850 BCE. This implies that all “Black-on-Red bearing strata” in the Southern
Levant, or at least their terminal dates postdate Solomon by some 75 years (if the biblical chronology for his reign, 965–928 BCE, holds). Included in this list are sites explicitly mentioned in the
Bible as having benefited from this monarch’s building operations. A few major examples will suffice: Hazor X (the Solomonic establishment); Megiddo Va-IVb (Solomonic); Yoqne‘am XIV (10th
century); Tell Abu Hawam – the latest phase of Stratum IV; Beer Sheva VII and VI (these Strata, and
possibly also the subsequent one, V, are nowadays considered the United Monarchy habitation);
Beth Shean Lower V (often the subsequent stratum, Upper V, is considered Solomonic), and more
(for the conventional dates of these strata, see Mazar 1990:372–373, Table 7). Among the two dozens or so strata conventionally assigned to the United Monarchy, at least ten produced Black-on-Red
vessels, and some have Black-on-Red preceding them.
The ascription of Iron IIa strata such as Megiddo Va-IVb or Hazor X to Solomon (or to David) is of
more than titular significance. As long as the social interpretation of the material differences
between the Iron I and the Iron IIa is maintained, this is the earliest Iron Age cultural horizon to
which might be ascribed phenomena such as fortifications, public buildings, central provisioning
system, and pronounced site hierarchy that are normally taken to be the material correlates of centralized state formation (for a convenient overview of these two periods, see Mazar 1990: chapters
8, 9).
Cypriot ‘Dark Age’ Chronology

Cypro-Geometric chronology, that can offer no absolute dates of its own, is to a large extent dependent on the Levantine chronological scheme, i.e. mainly on Cypriot artifacts found in datable contexts there. Dor produced the largest body of well-stratified Cypro-Geometric pottery ever found
outside Cyprus.
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The dates obtained accord better with parts of the Cypriot chronology than the “traditional” Palestinian one. For example, the transition between the Dor “transitional” Iron I/II phase and the subsequent one, of the Iron IIa—i.e. the transition between Cypro-Geometric II and III, occurs about the
mid-9th century, exactly as on conventional Cypriot chronology (e.g. Karageorghis 1982:9, table A).
This solves the inexplicable situation whereby Black-on-Red pottery, of undoubtedly Cypriot (CG
III) derivation, occurs on the mainland about a hundred years earlier than in Cyprus. Now it does
not.
On the other hand, acceptance of the low chronology for Phoenician Bichrome will probably also
necessitate some readjustments in Cyprus. These ceramics, that according to the Dor evidence start
after 975 BCE, are well represented in Cyprus at least from the middle of Cypro-Geometric I (e.g.
Karageorghis 1983: Figure CVIII:93), a period that on conventional Cypriot chronology dates to
1050–950 BCE (Karageorghis 1982:9, Table A). Not much room then is left for the subsequent,
rather hazy Cypro-Geometric II. But this will probably come as no surprise neither to Cypriot, nor
to Greek “Dark Age” specialists, some of whom have lately pointed out, on independent considerations, the need to “shorten” this period (Coldstream 1999).
CONCLUSIONS

If the chronology established at Dor is adopted, the chronological adjustments and concomitant
archaeological, historical, and historiographical implications, as very sketchily delineated above are
merely the very tip of the iceberg.
This is precisely why we do not suggest that significant stretches of the early Iron Age Mediterranean chronology be modified forthwith on the basis of 22 14C determinations from a single site.
(Indeed, even for Dor, we still lack dates for both the very beginning and the end of the Iron Age
sequence.) A much wider study is now under consideration and even now more dates are rapidly
accumulating from other Iron Age excavations in the region (e.g. Stepanski et al. 1996; Mazar 1997:
note 6; 1999:40–1 and note 39; 2001; Ilan 1999:138–44; Carmi and Segal 2000).
We would, however, insist on two points: first, that empirical evidence has now shifted towards a
“low” chronology of the Levantine Iron Age. This chronology can no longer be brushed away and
must be tested further. Second, that it is indeed feasible to construct strictly archaeological chronologies even for “historical” periods. Moreover, not only is it feasible for the period in question, but,
diverse research goals notwithstanding, it should be a prime target for any Iron Age excavation conducted in the near future in our region. This is the only way by which Syro-Palestinian archaeology
will be able to offer an empirically based, independent, and dispassionate view of the wider cultural
disputes.
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EXCAVATIONS AT MA’LAYBA AND SABIR, REPUBLIC OF YEMEN:
RADIOCARBON DATINGS IN THE PERIOD 1900 TO 800 CAL BC
Jochen Gö rsdorf1 • Burkhardt Vogt2
ABSTRACT. The Bronze and Iron Age cultures in Yemen have no parallels to the well dated cultures in the Syro-Palestinian
region. Radiocarbon datings are therefore exceptionally important for the Yemenite archaeological excavation sites of
Ma’layba and Sabir, the latter being the largest excavation site of the Sabir culture. Dating series were done in order to determine the architectural development of the sites and find time marks for the ceramic development. Sample materials were dated
from the 2nd and 1st millennium before Christ. The 14C dating results allow statements about the cultural development in
Ma’layba and Sabir as well as a comparison with the development of other regions in the surrounding, independent of only
sparse available archaeological parallels.

INTRODUCTION

Since 1994, the joint German-Russian expedition has provided evidence for a hitherto unknown preIslamic archaeological complex in the hinterland of Aden (Republic of Yemen). At present, this
Sabir Culture appears restricted to the southern Saudi Tihama and to Yemen’s coastal plains along
the Red Sea and the western Gulf of Aden. During its later stages it overlaps chronologically with
the much better known South Arabian Civilisation which starts to appear along the desert fringes of
Ramlat as-Sab’atayn and the High Yemen as early as the 12th century BC. Cultural exchange
between coast and interior appears limited and long distance relations with cultures beyond South
West Arabia (Pre-Axumite North East Africa/Levante) cannot be used for the reconstruction of
chronological framework.
The two most important stratified sites of the Sabir Culture are Ma’layba and Sabir in the Lahj Governorate (Figure 1). Partial congruencies of their inventories make them suitable for the definition of
an emerging cultural sequence that can now be dated by 35 radiocarbon dates.
The settlement of Ma’layba is a relatively small tell at the southern edge of the al-Hawta/Lahj oasis
some 20 km north of the port of Aden. In a deep sounding its total stratigraphic sequence with about
6 m of cultural layers could be studied. Anthropogenic deposits start almost immediately above two
superimposed paleosols that elsewhere in Yemen are attributed to the 6th and the 4th millennia BC.
Stratified dwelling architecture has survived only as posthole patterns and burnt pole remains of huts
alternating with layers of agricultural fields and irrigation channels. Associated ceramics reflect the
distinction of two major periods: a long and early period I divided into phases Ia through c, and a
shorter period II after which the site was obviously abandoned.
METHODS

Chemical pretreatment of wood and charcoal samples was done by AAA treatment (Mook and
Streurman 1983). The dating was performed with gas proportional counters of the HoutermansOeschger type, using methane at 133.3 kPa pressure as filling gas. Measurement control and data
processing were done using computers (Görsdorf 1990; Görsdorf and Bojadziev 1996). Since 1997
(Bln-4977), modern electronics have been used. The preamplifier, pulse amplifier, comparator,
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pulse shaper, and anti-coincidence units are located in a box (19cm x 10cm x 5cm), which is directly
connected to the counter. The detection of variation of the environmental radiation and the inspection of the long time stability of the electronics were required in order to reach the measurement
accuracy (Görsdorf 2000). The δ13C measurements were done at the Leibniz-Labor, University of
Kiel, Germany and are reported in permil relative to PDB-standard.

Figure 1 Map of the surroundings of Sabir and Ma’layba

RESULTS

The results with sample numbers, site names, and dating materials are shown in Tables 1 and 2 for
Ma’layba and Sabir, respectively. We show the 14C ages in BP, rounded off to the nearest 5. The datings are corrected for isotopic fractionation using the measured δ13C values. The 14C ages are calibrated using the program OxCal v3.5 (Ramsey 1995, 2000) and employing the decadal calibration
curve (Stuiver et al. 1998) as a first approximation for all samples. The tree ring count of the charcoal samples could not be determined. The calibration intervals were presented for a confidence of
68.2% and are rounded off to 10 years.
Table 1 Summary of dating results from Ma’layba and Sabir 2/2A
Lab no.
Sample
material

Sample number, Site name

δ13C (‰)

Bln-5148
Charcoal

Ma’layba II; ML97/1, trench extension,
Loc. 1, H. 50.00, burnt wooden post

–25.3

14C

age (BP)

3010 ± 35

Calibrated range
1σ (68,2%)
1370–1340 cal BC
1320–1210 cal BC
1200–1190 cal BC
1140–1130 cal BC
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Table 1 Summary of dating results from Ma’layba and Sabir 2/2A (Continued)
Lab no.
Sample
material

Sample number, Site name

δ13C (‰)

Bln-5150
Charcoal

Ma’layba Ic; ML97/3, area H,
Loc. 9; H. 48.90

–26.1

3005 ± 30

1370–1360 cal BC
1320–1210 cal BC
1200–1190 cal BC
1180–1160 cal BC
1140–1130 cal BC

Bln-5149
Charcoal

Ma’layba Ic; ML97/2, trench extension,
area D, Loc. 14; H. 48.62

–25.2

3305 ± 35

1620–1520 cal BC

Bln-5151
Charcoal

Ma’layba Ic; ML97/4, area I-J;
Loc. 20; H. 48.25

–25.5

3290 ± 35

1620–1520 cal BC

Bln-5152
Charcoal

Ma’layba Ic; ML97/5, trench extension,
area F; Loc. 22; H. 47.98

–26.6

3330 ± 35

1690–1580 cal BC
1570–1520 cal BC

Bln-5153
Charcoal

Ma’layba Ic; ML97/6, area H;
Loc. 56; H. 47.52

–26.2

3245 ± 30

1600–1570 cal BC
1530–1440 cal BC

Bln-5154
Charcoal

Ma’layba Ib; ML97/7, trench extension,
area D, Loc. 24; H. 47.67 / 47.47,
burnt wooden post

–26.3

3405 ± 35

1750–1680 cal BC
1670–1630 cal BC

Bln-5155
Charcoal

Ma’layba Ia; ML97/8, trench extension,
area B; Loc. 31; H. 47.16 / 46.96,
standing burnt wooden post

–26.1

3455 ± 40

1880–1840 cal BC
1820–1790 cal BC
1780–1730 cal BC
1720–1690 cal BC

Bln-5156
Charcoal

Ma’layba Ia; ML97/10, trench extension,
area B, Loc. 49; H. 46.73 / 46.47;
fireplace

–25.8

3550 ± 35

1950–1870 cal BC
1850–1810 cal BC
1800–1770 cal BC

Bln-4631
Charcoal

Sabir 2, pit 2; Sab93/3, mud brickwall,
in front of Loc. 4

–11.0

2845 ± 40

1050–920 cal BC

Bln-4632
Charcoal

Sabir 2, pit 2; Sab93/4, upper ash-layer
in Loc. 6

–19.9

2910 ± 40

1210–1200 cal BC
1190–1170 cal BC
1160–1140 cal BC
1130–1010 cal BC

Bln-4633
Charcoal

Sabir 2, pit 2; Sab93/6, 3. ash-layer
in Loc. 6

3030 ± 50

1390–1250 cal BC
1240–1210 cal BC
1200–1190 cal BC
1140–1130 cal BC

Bln 4630
Charcoal

Sabir 2A=Sabir 2, pit 1; Sab93/1, Loc. 1

2820 ± 60

1050–890 cal BC
880–860 cal BC

14C

age (BP)

Calibrated range
1σ (68,2%)
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Table 1 Summary of dating results from Ma’layba and Sabir 2/2A (Continued)
Lab no.
Sample
material

Calibrated range
1σ (68,2%)

Sample number, Site name

δ13C (‰)

Bln 4883
Charcoal

Sabir 2A; Sab95/1, Loc. 3

–15.0

2765 ± 40

970–950 cal BC
930–890 cal BC
880–830 cal BC

Bln 4884
Charcoal

Sabir 2A; Sab95/2, Loc. 18

–25.8

2730 ± 35

900–830 cal BC

Bln 4885
Charcoal

Sabir 2A; Sab95/3, Loc. 22

–26.0

2835 ± 40

1050–920 cal BC

Bln 4886
Charcoal

Sabir 2A; Sab95/4, Loc. 33

–26.8

2840 ± 30

1040–1030 cal BC
1020–920 cal BC

Bln 4887
Charcoal

Sabir 2A; Sab95/5, Loc. 42

–24.9

2875 ± 35

1130–990 cal BC

14C

age (BP)

Table 2 Summary of dating results from Sabir 5 (building 1, 2, 3) and Sabir 8A
Lab no.,
Sample
material,
Site

Sample number, Location

Bln-4727
Charcoal
Sabir 5

Sab94/95-1, building 2, kitchen area, fireplace with
pot V1 in room 1, on the uppermost floor, Loc. 3,
H. 49.94

Bln-4728
Charcoal
Sabir 5

Sab94/95-2, building 2, kitchen area, NE-corner of
the room 1, layer above uppermost floor, H. 50.12

–25.4

2885 ± 35

Bln-4729
Charcoal
Sabir 5

Sab94/95-3, building 2, kitchen area, fireplace in
passage between rooms 1 and 2, layer above
uppermost floor, H. 50.11, Loc. 3-4

–16.1

2775 ± 40

980–950 cal BC
940–890 cal BC
880–830 calBC

Bln-4730
Charcoal
Sabir 5

Sab94/95-4, building 1, courtyard, layer above
uppermost floor, Loc. 18, H. 50.03

–25.9

2840 ± 40

1050–920 cal BC

Bln-4731
Charcoal
Sabir 5

Sab94/95-5, building 2, kitchen area, room 1,
above lower floor, Loc. 46

–26.2

2695 ± 40

900–870 cal BC
860–800 cal BC

Bln-4888
Charcoal
Sabir 5

Sab95/6, building 2, courtyard , layer above lowest
settlement horizon, earliest settlement of 5A, Loc.
52

–25.9

2965 ± 35

1260–1120 cal BC

Bln-4889
Charcoal
Sabir 5

Sab95/7, building 3, uppermost layer, destruction
of building 3, H. 48.93

–26.0

2785 ± 40

1000–890 cal BC
880–860 cal BC
850–840 cal BC

δ13C (‰)

14C

age (BP)

2775 ± 45

Calibrated range
1σ (68,2%)

980–890 cal BC
880–830 cal BC

1130–1000
BC

cal
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Table 2 Summary of dating results from Sabir 5 (building 1, 2, 3) and Sabir 8A (Continued)
Lab no.,
Sample
material,
Site

Sample number, Location

Bln-4890
Charcoal
Sabir 5

Sab95/8, building 3, room 3, Loc. 5/Loc. 14, H.
49.10, dating of skeleton and destruction of
building 3

–23.9

2815 ± 40

1010–900 cal BC

Bln-4891
Charcoal
Sabir 5

Sab95/9, building 3, Loc. 4, vessel contents of
V41, H. ca. 48.80, dating of the destruction of the
deposit

–25.8

2760 ± 35

970–960 cal BC
930– 890 cal BC
880–830 cal BC

Bln-5093
Charcoal
Sabir 5

Sab96–1, Sabir 5c, east of room 5,
Loc. 53

–24.5

2905 ± 35

1190–1180 cal BC
1150–1140 cal BC
1130–1010 cal BC

Bln-4892
Charcoal
Sabir 8A

Sab94/11, Loc. 4 extension, ca. H. 46.70

–25.6

2840 ± 35

1050–920 cal BC

Bln-4893
Charcoal
Sabir 8A

Sab94/12, Loc. 6 East-extension, H. 46.22

–23.8

2835 ± 30

1020–920 cal BC

Bln-4894
Charcoal
Sabir 8A

Sab94/13, Loc. 9A, beginning of the
pottery sequence under the building,
ca. 1m under the surface

–25.2

2965 ± 35

1260–1120 cal BC

Bln 4895
Charcoal
Sabir 8A

Sab94/14, Loc. 9B, H. 46.21

–24.4

2885 ± 40

1190–1180 cal BC
1130–1000 cal BC

Bln-4896
Charcoal
Sabir 8A

Sab94/15, Loc. 9C, H. 45.52

–24.9

2975 ± 40

1290–1280 cal BC
1270–1120 cal BC

Calibrated range
δ13C

(‰)

14C

age (BP)

1σ (68,2%)

DISCUSSION

The calibrated dates from Ma’layba seem reliable. Thus, the series dates an early phase of the
coastal culture—more precisely the seven centuries before the main occupation of the key and type
site Sabir. The stratigraphic distinction of two major occupations at Ma’layba is confirmed, and
moreover, the parallel ceramic development mainly during period I is corroborated.
Almost all samples relate to period I and to its phases a-c assigning them to the 20th to 13th century
BC3. Period Ma’layba II, represented solely by sample Bln-5148, starts during the 14th/13th century
BC—a time when Ma’layba pottery was completely identical to productions from Sabir. Regarding
the stratigraphically older sample Bln-5150 and its associated period Ic pottery, it is highly likely
that the dividing line between the two periods needs to be drawn right through the 13th century BC.
3 Note

that the stratigraphically earliest sample has not yet been submitted for AMS dating but a late 3rd mill. BC date is to
be expected since this sample was collected 50 cm beneath sample Bln-5156.
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The end of period II and the end of the Ma’layba settlement is unclear but may antedate the appearance of solid architecture in Sabir not later than the 12th century BC.
An important by-product is the corrected dating of the remains of irrigation channels to the beginning of the 2nd millennium BC down to about the 16th century BC. Both samples Bln-5152 and
Bln-5153 provide a terminus ante quem for their operation.
The type-site Sabir, just 5 km west of Ma’layba, is a major urban centre and, by far, the largest ruin
of the Sabir Culture. Several smaller elevations can be made out on the surface hardly exceeding 3
m and imperceptibly passing over into the alluvial plain. Excavation trenches, laid out in far distant
locations, are rather extensive and mostly—although not exclusively—devoted to the top cultural
deposits. Recently, dug wells, modern construction pits, and the deep soundings of Sabir 2C and
Sabir 8A show that the depth of the anthropogenic layers is 5–6 m in average.
Two different kinds of architecture can be distinguished: the lower strata as well as what is presently
considered the periphery of Sabir are marked by the postholes of hut-dwellings of a round, sometimes rectangular plan. Better detectable mudbrick constructions, farmsteads, and residential buildings cluster in central locations usually close to the surface. Especially worth mentioning is Sabir 5
—certainly a ritual or politico-economic infrasite center. This general picture is supplemented by
sanctuaries and several workshop areas for manufacturing personal ornaments, bone tools, bronze
melting, and ceramics production.
As obscure as the stratigraphic beginnings of the settlement are, so unclear is also its end: an
extremely dense deflation pavement of potsherds on the surface originates perhaps from several
occupation layers once overlying the mudbrick ruins. They may indicate a re-occupation just before
the armies of successive South Arabian kingdoms campaigned into the Wadi Tuban Delta and established their rule certainly not later than the middle of the 1st mill. BC. No material traces of these
early kingdoms have been recorded from Sabir and its immediate surroundings yet.
One of the smallest, although chronologically most important excavation trenches is that of Sabir 8A
encircling a small square mudbrick building of 3.5 × 3.5 m2. On its exterior a small deep sounding
was started from the bottom end of the mudbrick wall producing a sequence of nine cultural layers
as far down as 4.5 m below the surface. No further mudbrick structures could be traced but stratified
pottery was found, as known already from both period II and late period I at Ma’layba. 14C samples
date the construction of the small building around the late 12th century BC.
Sabir 2 is an elevation mainly known for its unusually high quantity of broken vessels and potsherds.
This includes also a very high amount of overfired fragments that can altogether be associated with
a number of successive pottery kilns tested in sounding Sabir 2C. Without reaching virgin soil the
nearby trenches of Sabir 2 pit 2 (5 14C samples) and Sabir 2A (5 14C samples) yielded evidence for
layers both without recognizable architectural remains and strata with mudbrick foundations antedating, respectively accompanying the operation of the kilns and making a functional connection
between the buildings and the pottery workshops very likely.
In itself, the series of 14C-datings is conclusive. Pottery production goes back to the 11th/10th century BC and is apparently responsible for the fast accumulation of the refuse and the other cultural
layers. The earliest deposits, unrelated to the pottery manufacture, date to the 14th or 13th century
BC—a period roughly contemporary with period I and II at Ma’layba—the earliest mudbrick walls
date to not earlier than the 12th century BC and the combustion of a related timber construction
(Bln-4884) to the early 9th century BC.
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Sample LE-4941 coming from the topmost layer of pit 2,4 requires a comment: its calibrated dating
somewhere between the 8th and the 6th century BC (with a wide standard deviation) has only one
parallel in Sabir, i.e. in sample Bln-4731 from building 2 in Sabir 5 (see below). Although an incidental deposition of sample LE-4941 cannot be excluded a priori (such as the campfire of a shepherd), it is more likely to be associated to a re-occupation of the site, the evidence of which has survived only in the form of the dense deflation pavement.
Sabir 5, the most extensive excavation trench in Sabir, comprises the foundations of a vast monumental mudbrick complex with clear signs of planning which emphasizes its representative, public
function. Its high outer wall enclosed a trapezoidal precinct of more than 5000 m2 surface with two
diametrically opposed entrances. During its occupation the compound underwent several major
architectural alterations to which several sub-phases and associated occupation levels can be added.
Of prime interest within the context of 14C dating are the buildings 1, 2, and 3 (and their vast adjoining courtyards), the foundations of which can be considered contemporary with the construction of
the enclosure wall. All of these were constructed on top of earlier deposits without architecture. The
basic component of buildings 1 to 3 are hypostyles with two, respectively, three naves. The naves of
buildings 1 and 2 were later transformed into small open courtyards. Buildings 1 and 2 are supplemented by several subsidiary rooms, building 3 by a forecourt.
Nine samples come from Sabir 5 that is stratigraphically associated with the earliest occupation
(Bln-4888), the transformation into small internal courtyards (Bln-4730), the overlying occupations
(Bln-4727-4729), and the final destruction of building 3 (Bln-4889-4891).
Within this series from Sabir 5, sample Bln-4731 with a date from the 9th century BC is clearly too
young especially when compared to its stratigraphic position. Although a disturbance in the building’s 2 kitchen annex has not been recorded during excavation, this 14C date can be considered
uncontaminated and therefore reliable. The sample may, in fact, originate from one of those numerous pits dug into the top debris layer after a major destruction, ruining, and temporary abandonment
of the Sabir 5 area. It may reflect the same re-occupation of the site as already suggested through the
8th to 6th century BC sample LE-4941 from Sabir 2.
The earliest occupation of Sabir 5 buildings 1 and 2 can reliably be dated to around the 12th century
BC—a date that, with reference to architectural observations, can be applied also to building 3 and the
entire trapezoidal enclosure wall. While there is evidence that a final occupation of the two buildings
dates probably from the early 10th century BC, building 3 obviously attests to a different and later
end: much care was invested in the regular layout of the building that with its forecourt and lateral
court galleries somehow recalls the plan of South Arabian temples. The building’s inventory, mainly
pottery, is largely different from that of all other contemporary structures underlining its outstanding
significance. Archaeologically, it is also important for a couple of other findings: A brick red color of
the walls and a thick layer of mudbrick debris all over the place attest a heavy conflagration (see Bln4889). The attached store, fully packed with empty vessels and many others still containing plenty of
botanical remains (Bln-4891), was buried directly under carbonized mat weaving and burnt timber.
Behind the central platform of the forecourt a human skeleton was discovered, documenting the fate
of an individual apparently killed by the collapsing and burning roof (Bln-4890). These three samples
overlap chronologically near the end of the 10th century BC, giving testimony of a violent end.

two samples LE-4940: 3040 ± 40 BP and LE-4941: 2520 ± 100 BP, originally marked with the cyrillic letters LE (= Leningrad), were kindly processed in the St Petersburg Radiocarbon Laboratory, Russia. We are grateful for the permission to
publish these dates here.
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CONCLUSIONS

With the results of the German-Russian field work in the Lahj Governorate and beyond the Hadramawt and Ramlat as-Sab’atayn desert belt, the westerly coastal plains have entered the scene as the
third major cultural province of Ancient Southwest Arabia (Vogt 1998, 2000; Vogt and Sedov 1998,
2000). This applies both to the prehistoric and the proto-historic periods.
The Sabir Culture, represented here by the sites of Ma’layba and Sabir, is rooted in a Bronze Age
tradition that continues well into later periods. Manifesting itself in monumental mudbrick architecture, developed centralized political structures, and sophisticated irrigation schemes, the culture
reaches its final though short climax basically just before its disappearance, i.e. by about the 12th
century BC. Elsewhere in the Ancient Near East this is the period of an advanced Early Iron Age.
Evaluating the 14C sequence, the end may not have been as fast and sudden as previously assumed.
Conflagrations were a frequent phenomenon but even the major destruction (of Sabir 5 building 3)
by about the late 10th century was certainly not the ultimate end. Sabir did definitely not recover but
somehow agonized for several more generations. Unproven by archaeological evidence, although
not unlikely, the end came perhaps through the hands of the Sabaeans (by about 700 BC) or slightly
later with the establishment of the rule of the kingdom of Qataban.
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RADIOCARBON DATINGS FROM THE ALMAQAH TEMPLE OF BAR’AN, MA’RIB,
REPUBLIC OF YEMEN: APPROXIMATELY 800 CAL BC TO 600 CAL AD
Jochen Görsdorf 1 • Burkhardt Vogt2
ABSTRACT. Ma’rib is the most famous archaeological site in Yemen. The economical importance of Ma’rib resulted from
an ecosystem that was based on irrigation and existed already in the second half of the 3rd millennium BC. In the middle of
the 8th century BC Ma’rib rose to the capital of Saba and became the economical and cultural center of southern Arabia. In
1975 the German Archaeological Institute began to investigate and document the antique oasis systematically. Radiocarbon
datings were of great importance for clarification of the building’s history. Dating series extend from the 10th century BC to
the 12th century AD. The temple, of which four building phases could be observed up to now, was used from 9th century BC
till the end of the 4th century AD.

INTRODUCTION

From 1988 to 1997 the Sanaa Branch of the German Institute of Archaeology excavated the
Almaqah Temple of Bar’an in Marib, locally also known as Arsh Bilqis, (“Throne of the Queen of
Sheba”). The monument is situated in the middle of the ancient southern oasis of Marib, outside any
known ancient settlement (Figure 1). The monumental complex itself encompasses three major
functional units, the temple podium with an attached forecourt, a massive protection wall with later
added buttresses, and a large irrigation channel.
The architectural and stratigraphic evolution from a temple to a sacred compound covering at least
some 1500 years is very complex, indeed, reflecting simultaneously both a horizontal and a vertical
growth. The combination of its architectural history with the occupational stratigraphy of the monument permits to establish a periodization that can now be corroborated by 24 radiocarbon dates.
Previously, absolute dates were suggested tentatively using paleographic criteria, the mentioning of
Sabaean rulers and royal titles in the inscriptions found, ceramic comparisons, as well as the environmental history of the Marib oasis—chronological instruments which appear more reliable than
previously expected (Schmidt 1998; Vogt 1998). See Table 1.
Through its entire use, the core of the complex was the temple proper. Raised on a solid platform of
maximum 4 m high (almost 6.5 m including foundation plus about 9 m of superstructure) during
Period II this podium encased the foundations and walls of the preceding Temples 1 and 2 of Period I.
METHODS

Chemical pretreatment of wood and charcoal samples was done by AAA treatment (Mook and
Streurman 1983). The dating was performed with gas proportional counters of the HoutermansOeschger type using methane at 133.3 kPa pressure as filling gas. Measurement control and data
processing were done using computers (Görsdorf 1990; Görsdorf and Bojadziev 1996). Since 1997
(Bln-4977), modern measurement electronics is used. The preamplifier, pulse amplifier, comparator,
pulse shaper, and anti-coincidence units are located in a box (19 × 10 × 5 cm) that is directly connected to the counter. The detection of variation of the environmental radiation and the inspection of
the long time stability of the electronic were required in order to reach the measurement accuracy
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(Görsdorf 2000). The δ13C-measurements were done at the Leibniz-Labor, University of Kiel, Germany and are reported in permil relative to PDB-standard.
Table 1 Periodization
Period I
Temples 1 and 2
Period II

Temples 3, 4, and forecourt

Period III

Re-occupation of forecourt,
mudbrick protection wall, and external towers

Period IV

Irrigation channel

Figure 1 Map of the surroundings of Marib

RESULTS

The results are shown in Table 2 together with locations. We show the 14C ages in BP, rounded off
to the nearest 5. The datings are corrected for isotopic fractionation using the measured δ13C values.
The 14C ages are calibrated using the program OxCal v3.5 (Ramsey 1995, 2000) and employing the
decadal calibration curve (Stuiver et al. 1998) as a first approximation for all samples. The tree ring
count of the charcoal and wood samples could not be determined. The calibration intervals were presented for a confidence of 68.2% and are rounded off to 10 years.
DISCUSSION
Period I
14C

sample Bln-4994 comes from the fill of Temple 2. A sounding about 15 m to the west and 4 m
beneath the pavement of the later forecourt produced cultural layers sampled for 14C analysis (Bln4878, 4879, 4881, and 4882) and containing the same kind of pottery as that from Temple 2. It
matches well with ceramics from the early occupation at Raybun in Hadramawt thus giving us a date
during the early 1st millennium BC. The 14C samples from the deep sounding and from Temple 2
should be contemporary.

Radiocarbon Datings from Temples in Yemen
Table 2 Dating results
Lab nr
Material
Location

Per mil

Date

Bln-4994
Wood

Deepsounding, along the cella wall of temple 2

–25.7‰

2660 ± 35 BP
840–790 cal BC

Bln-4879
Charcoal

Deepsounding court, loc.528

–25.0‰

2635 ± 35 BP
830–790 cal BC

Bln-4878
Charcoal

Deepsounding court, loc.516

–24.5‰

2620 ± 40 BP
830–780 cal BC

Bln-4882
Charcoal

Deepsounding court, loc.517

–25.1‰

2620 ± 35 BP
830–790 cal BC

Bln-4881
Charcoal

Deepsounding court, loc. 527

–24.3‰

2565 ± 35 BP
810–760 cal BC
690–660 cal BC
620–590 cal BC
580–560 cal BC

Bln-4445
Charcoal

Locus 239, H. 1101,86–1101,70

–24.3‰

2385 ± 40 BP
520–390 cal BC

Bln-4446
Charcoal

Locus 239/139, H. 1101,65

–24.0‰

2360 ± 40 BP
520–380 cal BC

Bln-4444
Charcoal

Locus 239 A, H. 1101,80–1101,55

–24.7‰

2265 ± 40 BP
400–350 cal BC
290–230 cal BC
220–210 cal BC

Bln-4475
Charcoal

Locus 239 A, H. 1101,80–1101,55

–24.5‰

2235 ± 40 BP
380–350 cal BC
320–230 cal BC
220–200 cal BC

Bln-4474
Charcoal

Locus 239 A, H. 1101,80–1101,55

–24.2‰

2215 ± 55 BP
380–200 cal BC

Bln-4593
Charcoal

Mudbrick protection wall

Bln-4441
Charcoal

Locus 138, H. 1102,79

–24.2‰

1950 ± 40 BP
1–90 cal AD
100–130 cal AD

Bln-4594
Charcoal

Under temple kitchen inside protection wall

–24.1‰

1950 ± 40 BP
1–90 cal AD
130–130 cal AD

Bln-4442
Charcoal

Locus 138, H. 1102,79

–23.8‰

1915 ± 40 BP
20–40 cal AD
50–140 cal AD

Bln-4778
Wood

Early Islamic reoccupation pit

–23.7‰

2410 ± 40 BP
760–720 cal BC
540–400 cal BC
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Table 2 Dating results(Continued)
Lab nr
Material
Location

Per mil

Date

Bln-4447
Charcoal

Locus 258, H. 1100,67

–23.9‰

1920 ± 40 BP
20–40 cal AD
50–130 cal AD

Bln-4448
Charcoal

Locus 258, H. 1100,67

–24.3‰

1865 ± 40 BP
80–110 cal AD
120–220 cal AD

Bln-4449
Charcoal

Locus 240, H. 1100,90–1100,80

–23.1‰

1715 ± 40 BP
250–390 cal AD

Bln-4459
Charcoal

Locus 243 B, H. 1100,80

–24.6‰

1695 ± 40 BP
260–280 cal AD
320–410 cal AD

Bln-4460
Charcoal

Locus 243 B, H. 1100,80

–22.7‰

1670 ± 40 BP
260–280 cal AD
340–430 cal AD

Bln-4476
Charcoal

Locus 240, H. 1100,90–1100,80

Bln-4995
Charcoal

Pit outside cella of temple 4, upper fill

Bln-4595
Charcoal

Irrigation channel, sediment fill

1590 ± 45 BP
420–540 cal AD

Bln-4443
Charcoal

Locus 244, H. 1101,21

1450 ± 40 BP
560–650 cal AD

1660 ± 45 BP
260–280 cal AD
330–440 cal AD
–24.9‰

1685 ± 35 BP
260–280 cal AD
330–420 cal AD

Period II

During this period the monument witnesses dramatic transformation. Associated with Period II are
the 14C samples Bln-4445, Bln-4446 (both from Loc. 239), Bln-4444, 4474, and 4475 (all from the
pit Loc. 239A). Their context is that of extra-mural cultural layers piled up against the northeastern
forecourt wall. They altogether provide a terminus ante quem for the construction of the forecourt.
Period III

A massive mudbrick wall—in places preserved to a height of more than 3 m—was erected parallel
to the western and northern façades of the forecourt and its northeastern corner (samples Bln-4441,
4442, 4593, 4594, 4778).
Constructions within the forecourt were restricted to a square platform that served as a fire altar and
the transformation of the pillared court galleries into closed rooms (samples Bln-4449, 4459, 4460,
4476). In front of one of these a workshop for the manufacture of bronze offerings was established
(samples Bln-4447, 4448).
From the archaeological point of view, the end of Period III by the end of the 4th century AD is
purely hypothetical. It is widely accepted that according to many South Arabic inscriptions from all
over Yemen by about 380 AD the rulers of Southwest Arabia turned from polytheistic religion to
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Christianity and Judaism. Traditional ritual practices were stopped and the sanctuaries were abandoned. At the Almaqah Temple of Bar’an in Marib no artefact was found that can readily be attributed to a period later than the 4th century AD.
Period IV

A later use of the premises and thus the existence of a Period IV is suggested by the discovery of a
big irrigation channel immediately south and outside the forecourt (see sample Bln-4595). The
channel’s stratigraphically late position is beyond doubt; the channel must have ceased to operate
not later than the final destruction of the great dam of Marib sometime between 570 and 600 AD.
From the archaeological point of view, the conventional interpretation that Marib’s southern oasis
was irrigated only until 300 AD can already be rejected.
The 24 calibrated 14C dates from the Almaqah Temple of Bar’an confirm by and large the above
described architectural and stratigraphic findings. Four major and two minor clusters of datings correspond with the periodization.
The occupation of the basalt Temple 2 of Period I and the bottom layers of the deep sounding in the
forecourt with reminiscent of ceramic productions from early 1st millennium BC Hadramawt are
now reliably dated to end during the terminal 9th century BC. The date of Temple 1 remains unclear
but needs to antedate Temple 2.
The beginning of Period II is still unknown and so is the date of construction of the limestone Temple 3 that marks the introduction of a new groundplan laid out on a podium. From this developed the
topmost Temple 4. Due to the quarrying and the systematic cleansing, from Temple 4 itself no stratified samples could be collected. Its dating is therefore related to that of the attached and simultaneously built forecourt. Epigraphic evidence suggests an attribution of the forecourt (and thus Temple 4) to the mukarrib period of the kingdom of Saba or with some more precision, although
tentatively, to the second quarter of the 5th century BC. As to the 14C dates, the respective samples
from outside the courtyard were taken about 1.5 m above the top of the courtyard’s foundation and
the level of the court pavement. Some time is to be accounted for the accumulation of these deposits.
The close stratigraphic (and altitudinal) proximity of the younger pit Loc. 239A (Bln-4444, 4474,
4475) to Loc. 239 makes a calibrated late 5th century BC date for samples Bln-4445 and 4446 more
likely and may thus support the chronological implications of the above epigraphic evidence. Alternatively, assuming a maximum overlapping of the two samples Bln-4445 and 4446 during the early
5th century will markedly reduce the period of accumulation of Loc. 239, ruling out proposed by
von Wissmann early 5th century BC dating of the rulers Yada’il, Yita’amar and Karibil (Wissmann
1964) and attribute the construction of the forecourt close to the late 6th century BC. Both alternative datings permit sufficient time for the construction and use of Temple 3.
Clearly evident is a break within the distribution of 14C dates towards the end of the 1st millennium
BC. This can be explained with the destruction of Temple 4 and its forecourt and its temporary abandonment. Shortly afterwards, a resumption of building activities and repair works can be recorded.
The respective samples (Bln-4441, 4442, 4593 and 4593) are all coming from different sectors of the
massive mudbrick retaining wall. After 1σ-calibration they fall into two groups—the 1st century BC
sample Bln-4593, and the remaining group most consistent in the mid 1st century AD. The 2σ-calibration provides a maximum time overlap for all four samples just around the turn of the Christian era.
One short remark needs to be made with regard to sample Bln-4778, a wooden plank used for the
ceiling in a small guard room next to the gate of the mudbrick protection wall. Compared to the other
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samples from the mudbrick wall the calibrated age of the plank is far too old by at least 400 years.
Quite obviously, it is a re-used timber—a custom not unusual even today.
For quite some time the restored temple—now dedicated to Almaqah, Lord of Maskat and Bar’an—
was well looked after, but then fell increasingly into neglect. Sediments started to accumulate in the
forecourt and as indicated by samples Bln-4448 and 4449 a metal workshop was established in the
northeastern corner just before the middle of the 2nd century AD. A later squatter occupation is
attested for almost all court galleries; samples from the northeastern gallery (Bln-4449, 4459, 4460,
and 4476) date to the 4th century AD simultaneously marking the end of the use of the temple as a
sacred place. This coincides extremely well with the epigraphically suggested shift from polytheistic to monotheistic religions and the immanent abandonment of South Arabian temples.
This interpretation is somehow corroborated by sample Bln-4995, the second wood sample within
the series. It is coming from the very bottom of a deep disturbance within the temple podium. The
reason for the disturbance is unknown, but its date during the 4th century AD indicates that the temple was not in use anymore. The wood may originate from a big tree growing next to the cella or
from a thick wooden column.
Period IV is represented only by sample Bln-4595 which is coming from sediments carried into the
fields from the large irrigation channel just south of the precinct. It dates to the 5th or 6th century AD
but well before the destruction of the great dam and proves that the southern oasis of Marib was still
irrigated.
Bln-4443 from Loc. 244 in the northeastern corner of the forecourt. Collected from the deposits, it
may reflect a limited re-occupation not at all related to the temple. Corresponding with its 7th century AD date is a thin scatter of glazed Islamic pottery that was indeed found in the same context.
With the 7th century AD the site was completely abandoned, irrigation stopped with the destruction
of the great dam, sand dunes covered the ruin, and the area was neglected until modern times when
quarrying started to provide nicely dressed limestone ashlars for the construction of the Governor’s
palace in New Marib.
CONCLUSIONS

The 14C dates from the Almaqah Temple of Bar’an contribute significantly to our understanding of
Sabaean chronology in general and the history of the Marib oasis in particular. Changes in the temple rites that were clear from the archaeological and architectural record can now be dated more precisely. The beginning of ritual practices is now evidenced for a period prior to the late 9th century
BC. The major destruction of the temple around the turn of the Christian era and its successive
reconstruction are more likely to be associated with the intervention of a Roman army by 26/25 BC.
The abandonment of the site as a sacred place can now be reliably linked to the introduction of
monotheistic religions in Southwest Arabia during the late 4th century AD, while irrigation in the
immediate surroundings seems to have continued until the final destruction of the Marib Great Dam
around 600 AD.
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PRECISION OF CALIBRATED RADIOCARBON AGES OF HISTORIC
EARTHQUAKES IN THE DEAD SEA BASIN
Revital Ken-Tor1,2 • Mordechai Stein 1 • Yehouda Enzel1 • Amotz Agnon 1 • Shmuel Marco 2,3
Jorg F W Negendank 4
ABSTRACT. The precise determination of the age of historical and geological events by radiocarbon dating is often hampered by the long intersection ranges of the measured data with the calibration curve. In this study we examine the possibility
of narrowing the calibrated range of the 14C ages of earthquake-disturbed sediments (seismites) from the Late Holocene lacustrine section in the Dead Sea Basin. The calibrated ranges of samples collected from seismites were refined by applying stratigraphic constraints and tuning the calibrated ranges to known historical earthquakes. Most of the earthquakes fall well within
the 1σ error envelope of the 14C age. This refinement demonstrates that the lag period due to transport and deposition of vegetation debris is very short in this arid environment, probably not more than a few decades. This assessment of seismite 14C
ages attests to the validity of 14C ages in Holocene sediments of the arid area of the Dead Sea. Furthermore, it demonstrates
our ability to achieve highly precise (correct to within several decades) 14C ages.

INTRODUCTION

Radiocarbon dating is one of the most widely applied dating methods for late Quaternary geology
and archeology. The introduction of the accelerator mass spectrometry (AMS) technique improved
the possibility of dating small samples and refined the analytical results. Nevertheless, the possibility of achieving highly precise 14C dates is hampered by the need to transform the measured 14C age
to its calibrated date. The intersection of the 14C age of the sample (within the 2σ analytical error
envelope) with the calibration curve, which accounts for the variations in 14C content in the atmosphere (Suess 1965), typically yields a large range of calendar years. This may hamper the geological evaluation of instantaneous catastrophic events such as earthquakes or floods.
Recently, we have studied a late Holocene geological section from the Dead Sea Basin, which contains layers that were deformed by earthquakes (seismites). We established the chronology of this
sequence by 25 14C measurements on organic debris collected along the section including samples
from the seismites themselves. The organic debris, which are used to determine the seismites age,
reached their depositional site prior to the formation of the seismite during the earthquake. Here we
address several fundamental questions: How reliable are the ages to precisely determine the timing
of earthquake? How long was the organic debris traveling in the drainage basin prior to its deposition? Moreover, how suitable for 14C dating are the organic debris collected from the sediments of
the arid area of the Dead Sea, where they can survive and be recycled for longer periods of time? A
comparison between the ages of the debris from the seismites and reported historical earthquakes
from the Dead Sea area (Ken-Tor et al. 2001) can help resolve these issues and assist in age determination of pre-historical sequences.
Here, we use the historical calendar dates of earthquakes to examine the potential for narrowing the
2σ range of the 14C-calibrated ages, and to estimate the time lapsed between the 14C age of the
organic samples and the earthquake event that disturbed the units from which they were collected.
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Geological Background and Chronology

The samples for 14C analyses were collected from a sequence of Holocene deposits exposed along
the shores of the Dead Sea, at the Ze’elim Terrace (Figure 1). The sequence consists of lacustrine
sediments of laminated aragonite and detritus, and sandy beds representing shore and shallow, nearshore environments. The sequence contains several unconformities, representing episodes of lower
lake levels and erosion (see Ken-Tor et al. 2001 for detailed description).

Figure 1 Location map of the Dead Sea area and general setting of the Dead Sea Transform (modified after Garfunkel et al. 1981). The study site is located at the Ze’elim Terrace at the western
shore of the lake.

The Ze’elim section exposes beds that experienced soft-sediment deformation (Figure 2). These beds
consist of mixtures of fine-grained dark clay and silt, with laminated, tabular fragments of aragonite
(millimeters to a few centimeters long) and liquefied coarse sands. The beds are a few centimeters to
a few tens of centimeters thick, with sharp and flat upper contacts with overlying undeformed beds.
Below and above each of these beds, the sequence is laminated and undisturbed, with no preferred
orientation or any other indicators of transported sediments. The lateral distribution of the deformed
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units is not uniform; several of them extend over a large distance and can be traced and correlated
among exposures in different gullies and cross-facies changes; others have limited distribution.
The soft-sediment deformation structures in the Dead Sea Basin sediments are interpreted as
seismites (Marco and Agnon 1995; Marco et al. 1996; Enzel et al. 2000; Ken-Tor et al. 2001).
Seismites were observed in the Late Pleistocene Lisan Formation in association with syndepositional surface fault ruptures that support their seismogenic origin (Marco and Agnon 1995). Each
deformed bed represents an originally flat-lying laminated unit that was fluidized, brecciated, and
suspended during an earthquake, and then re-settled in its present structure at the water-sediment
interface on the lake bottom (Marco et al. 1996).

Figure 2 An example of a seismite in the Ze’elim sequence. The seismite is composed of aragonite fragments suspended in dark detritus. This seismite is correlated to the 31 BC earthquake.

The chronology of the Ze’elim sequence was established by 14C ages on vegetation debris (Ken-Tor
et al. 2001). The detrital sediments from which the samples were recovered are rich in leaves, stalks,
small branches, and seeds. These organic materials are debris of the vegetation growing in the Dead
Sea area along streams and around fresh water springs. They were flushed into the lake by seasonal
floods, and the lake’s wave action could have transported them along the shores. Examination of the
samples and the collection area excludes the possibility of contamination by the scarce vegetation
growing on top of the sequence.
Table 1 lists 25 samples from 16 distinct stratigraphic horizons, their 14C ages from the youngest to
the oldest, the material dated, and their calibrated 14C ages. The oldest part of the sequence was
dated to 2230 ± 30 BP; the top of the sequence was exposed as a result of a lake-level drop about 30
years ago. To test the reproducibility of results, multiple samples were collected from seven sedimentary horizons. This yielded overlapping error ranges, supporting the reliability of the dates. The
precise 14C ages are converted into calendar dates according to their intersection with the calibration
curve of Stuiver et al. (1998). The intersection with the calibration curve can yield more than one
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choice for the calendar date of the sample; when added to the 2σ-envelope error, a range of calendar
dates is deduced (Table 1, Figure 3).
The ages of six seismites in the sequence were constrained by 14C dating of samples collected from
the deformed layers (Table 2) (Ken-Tor et al. 2001). These ages were calibrated and the older intersect of the 2σ range of each dated seismite unit was reduced by the younger intersect of the 2σ range
of the sample located stratigraphically below. This procedure allows us to resolve the calendar ages
of units that yielded statistically indistinguishable analytical data (e.g. units 10 and 11, Figure 3b).
The younger intersect of the calendar ranges of the seismite units is reduced by the historic dates of
the earthquakes that were correlated to them since the calendar range of a sample collected from a
seismite cannot significantly postdate the historic date of the earthquake. Moreover, the comparison
with the historical dates allows the estimation of accuracy of the dating by 14C.
Table 1 AMS results of 14C dating. Calibrated dates according to Stuiver et al. (1998). The samples
are listed according to their stratigraphic height, top to bottom. In bold are samples collected from
seismite units.
Sample
lab nr
(KIA-)

Section
height (cm)

Material

8260

650a

Macro residue, alkali residue

11651

620a

Wood, alkali residue

8261

600a

8259

550a

3213
3214A
3215
3216

14C

yr
(BP)

Calibrated 2σ
error range

279 ± 20

1520–1670 AD

93 ± 36

1670–1960 AD

Wood bark, alkali residue

135 ± 31

1670–1960 AD

Wood, alkali residue

260 ± 24

1520–1800 AD

478.5–532.5

Wood, alkali residue

600 ± 40

1290–1420 AD

519

Wood twig, alkali residue
Twigs, alkali residue
Diverse plant remains, seed, alkali residue

780 ± 30
660 ± 30
680 ± 30

1210–1290 AD
1280–1400 AD
1270–1400 AD

3217
3218
3219

469.5

Wood, alkali residue
Wood, alkali residue
Wood, alkali residue

690 ± 30
700 ± 30
760 ± 30

1270–1390 AD
1260–1390 AD
1220–1295 AD

8258

430a

Wood, alkali residue

909 ± 23

1030–1210 AD

3220

381.5

Wood, alkali residue

1630 ± 40

340–540 AD

3221
3222

282.5

Stick, alkali residue
Stem, alkali residue

1760 ± 40
1800 ± 50

130–390 AD
80–390 AD

3223

146

Plant material, stem, alkali residue

1950 ± 60

100 BC–230 AD

3224
3225

132.5

Wood, alkali residue
Wood, alkali residue

1940 ± 40
1930 ± 50

50 BC–140 AD
50 BC–220 AD

3227A
3227B

107

Diverse plant material, alkali residue
Diverse plant material, humic acid

1990 ± 40
1910 ± 40

50 BC–80 AD
0 AD–230 AD

3228

73.5

Diverse plant material, alkali residue

2120 ± 40

360–40 BC

2050 ± 40
2120 ± 30

170 BC–50 AD
350–40 BC

2230 ± 30
2190 ± 30

390–200 BC
380–160 BC

residueb

3232
3233

51

Root or twig, stem, alkali
Wood, alkali residue

3234
3235

14.5

Stem and root, alkali residueb
Stem, alkali residue

a Samples
b Root

collected from the southern section (see composite section, Figure 3 in Ken-Tor et al. 2001)
debris (not in-situ root)
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Figure 3a Calibrated date distribution for samples from the Ze’elim sequence (Tables 1 and 2). The samples are arranged
in stratigraphic order from bottom to top. Samples collected from the seismite record are marked in capital letters (A–H).
Correlated earthquakes are marked with arrows. The calibrated ranges of the samples collected from seismites E and F are
very similar but show differences in their distribution. The distribution of the older samples from seismite E is larger in the
older part of the range (in gray and labeled II), while that of the younger samples from seismite F is shifted towards the
younger range (labeled I). The difference in the distribution of the samples is in accordance with the stratigraphic order of
the samples and supports the correlation of the 1212 and 1293 AD earthquakes.
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Figure 3b See Figure 3a

Figure 3c See Figure 3a
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Table 2 Chronology of the seismite record
Seismite
unita

Correlated
historic
earthquake

Sample
lab nr
(KIA-)

Calendar date in 2σ error
(95.4% confidence)
and probability

Reduced
calibrated ages of
the seismite unitb

Calendar date
in 1σ error
(68.2% confidence)

A

64 BC

3228

360–290 BC (9.5%)
240–40 BC (85.9%)

200–64 BC

200–90 BC
80–60 BC

B

31 BC

3223

100–70 BC (1.6%)
60 BC–230 AD (93.8%)

50 BC–31 AD

40–30 BC
20–10 BC
AD–130 AD

E

1212 AD

3219

1220–1295 AD (95.4%)

1244–1285 AD

3218

1260–1320 (71.6%)
1350–1390 (23.8)

The correlated
earthquake is out
of the calibrated
range (see text)

3217

1270–1330 (61.6%)
1350–1390 (33.8%)

1280–1305 AD
1370–1385 AD

3216

1270–1330 AD (52.7%)
1340–1400 AD (42.7%)

1280–1310 AD
1360–1390 AD

3215

1280–1330 AD (41.3%)
1340–1400 AD (54.1%)

F

1293 AD

1270–1310 AD
1370–1380 AD

1270–1293 AD
1290–1315 AD
1350–1390 AD

G

1834 AD

8261

1670–1780 AD (41.1%)
1790–1960 AD (54.3%)

1670–1834 AD

1670–1710 AD
1720–1760 AD
1800–1820 AD
1830–1890 AD
1910–1950 AD

H

1927 AD

8260

1520–1580 AD (43.5%)
1620–1670 AD (51.9%)

Reworked sample, out of stratigraphic order.

1530–1550 AD
1630–1660 AD

a Listed

according to their stratigraphic height, bottom to top
calibrated ranges after applying the superposition principle on the samples’ calendar ranges and correlation to a
historically dated earthquake

b Reduced

Correlation with Historic Earthquakes

The Dead Sea area has been affected by seismic activity throughout historical time. Reported damages to nearby sites have been used to produce a historical record of the last four thousand years
(Ambraseys et al. 1994; Amiran et al. 1994; Ben-Menahem 1991), representing one of the longest
earthquake records on earth. Ken-Tor et al. (2001) demonstrated that all the seismites observed in the
Ze’elim sequence correlate with historical earthquakes reported in catalogues. This correlation
reduces the younger limit of the range of calibrated 14C ages that date the seismites. The 14C age of the
sample collected from the seismite cannot be older than the known year of the earthquake that created
the seismite (Figures 4a–e). In the following sections we present the 14C data (2σ calibrated range)
from the seismites labeled A–H (excluding C and D, which were dated by extrapolating sedimentation rates between 14C dates) (Ken-Tor et al. 2001), their correlation with historic documented earthquakes, and discuss the implications of this procedure for the calibrated calendar ranges:
Seismite A. The lowest disturbed unit in the sequence. It was dated to 2120 ± 40 BP based on the age
of sample KIA-3228, which was collected at of 73.5 cm above the base of the sequence. The 2σ calibrated ranges are 360–290 BC and 240–40 BC (Table 2, Figure 3a). Two samples from the sequence
below this seismite, at 14.5 cm, were dated to 2190 ± 30 and 2230 ± 30 BP (calendar ranges: 380–160
BC, 390–200 BC). At 51 cm, two other samples were dated to 2120 ± 30 and 2050 ± 40 BP (350–
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40 BC, 170 BC–50 AD) (Table 1, Figure 3a). These stratigraphically lower ages constrain the timing
of event A towards the younger calendar range of 200–40 BC. Seismite A was correlated to the 64 BC
earthquake, which lies within the 1σ error calibration range of the sample collected from it. Since the
deposition of the sample cannot be younger than earthquake deformation, the calibrated range of sample KIA-3228 is further reduced to 200–64 BC (Figure 4a).

Figure 4a The calibration curve from Stuiver et al. (1998) and the intersection of the 14C age of the samples collected
from the seismites of the Ze’elim sequence. Thick dashed lines represent the 2σ error (68.2% confidence) and fine dashed
lines the 1σ error (95.4% confidence). The uncertainty in the ages of samples collected from the seismites is reduced by
overlapping calibrated ranges of stratigraphically lower samples and by correlating with historical earthquakes (in gray).

Seismite B. The time between events A and B was bracketed by four 14C dates: 1910 ± 40 and 1990
± 40 BP (0–230 AD, 50 BC–80 AD) for samples at the height of 107 cm, and 1930 ± 50 and 1940
± 40 BP (50 BC–220 AD, 50 BC–140 AD) for samples at 132.5 cm. Seismite B was dated to 1950
± 60 BP (KIA-3223) (100–70 BC and 60 BC–230 AD) based on the age of a sample collected at
146 cm (Table 1, Figure 3a). The reduced calibrated range derived from the stratigraphic order of the
samples is 50 BC–230 AD. The association of the lower event A with the 64 BC earthquake implies
that event B is younger and therefore it can be correlated with an earthquake that occurred in the
early spring of 31 BC. This earthquake falls in the 1σ error range of sample KIA-3223 (Table 2).
Since the sample date cannot be younger than the correlated earthquake, the correlation with the
31 BC earthquake reduces the calibrated range of event B to 50–31 BC (Figure 4b).
Seismites E and F. The timing of formation of seismite E is inferred from the ages of three samples
(KIA-3219, KIA-3218, KIA-3217) as 760 ± 30, 700 ± 30 and 690 ± 30 BP (Tables 1 and 2) (combined calendar ranges of the samples: 1220–1330 AD and 1350–1390 AD; Figure 3b). Seismite F is
dated by additional three samples (KIA-3216, KIA-3215, KIA-3214A) to 680 ± 30, 660 ± 30, and
780 ± 30 BP (Table 1) (1270–1330 AD and 1340–1400 AD; Figure 3b). Although remarkably very
close in age, the 780 ± 30 BP age (from seismite F) is slightly out of stratigraphic order and probably
represents reworked material. For the purpose of this study, it is excluded from the seismite age analysis. Statistically, the 14C ages from Seismites E and F are almost indistinguishable. Nevertheless,
the probability distribution of the 14C ages and their stratigraphic order indicate two separate dates.
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Figure 4b See Figure 4a

The samples from seismite E have higher distribution probability in the older range (II in Figure 3b),
while the samples from seismite F are shifted towards the younger range (I in Figure 3b). This is
consistent with the stratigraphic order of the samples, supporting the correlation with the historic
earthquakes. Seismite E is possibly correlated to the 1212 AD earthquake, only a few years separate
the historic date and calendar range (Figure 4c, Table 2). Seismite F was correlated to the 1293 AD
earthquake, which falls in its 1σ error range. The correlation reduces the calendar range of seismite
F to 1270–1293 AD (Figure 4d, Table 2).
Seismites G and H. These were recorded as liquefied sand beds in the most recent part of the
Ze’elim sequence. Seismites G and H are constrained by four 14C ages described here in stratigraphic order (in BP): 260 ± 24 (KIA-8259) from the bottom of this sequence, 135 ± 31 (KIA-8261)
collected from seismite G, 93 ± 36 (KIA-11651) from the topmost laminated lacustrine unit, and 279
± 20 (KIA-8260) from seismite H.
The bottom sample is represented by three 2σ calendar ranges: 1520–1570 AD, 1620–1670 AD, and
1780–1800 AD. The sample from Seismite G corresponds to the calendar ranges of 1670–1780 AD
and 1790–1960 AD. The sample from the laminated lacustrine unit represent the calendar ranges
1670–1740 AD and 1800–1960 AD. The stratigraphically youngest sample corresponds to an old
calendar range of 1520–1580 AD and 1620–1670 AD (Tables 1,2, Figure 3c).
Limnologic and depositional evidence resolves the chronology and stratigraphy of this sequence. The
liquefied layers G and H are separated by the laminated lacustrine unit (alternating aragonite and
detritus), which marks a rise in the Dead Sea lake level at the end of the 19th century (Klein 1961). It
appears that the first two samples from the bottom of the sequence are older than the ~1890 AD lake
level rise (Figure 3c). The age of the sample collected from the lacustrine unit must be limited to its
younger calibrated range that fits the period of the lake rise. The upper sample in the sequence is
stratigraphically younger but has an older 14C age out of stratigraphic order, probably due to recy-
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cling. This interpretation allows the correlation of event G with the 1834 AD earthquake before the
high stand of the lake and event H with the 1927 AD earthquake just following the high stand.
The 1834 AD earthquake falls in the 1σ calibration range of the sample collected from seismite G.
The correlation with the earthquake reduces the calibration range to 1670–1834 AD (Figure 4e). The
disagreement between the age of the upper sample and the 1927 AD event could reflect reworking
of the organic debris, as it occurs in the recent shore environment of the Dead Sea when the lake
level is declining. The difference between the age of the sample and the deformation of the unit by
the 1927 earthquake reflects a possible long transport time (few centuries) of the sample along the
shores or reworking of samples from newly exposed sediments.

Figure 4e See Figure 4a

DISCUSSION

In this study the assessment of the precision of the calibrated 14C data relies on three considerations:
1) statistical treatment of the 14C data (the probability distribution of the measured data and calibration ranges); 2) limitation of the 14C calibration ranges by stratigraphic considerations; and 3) correlation to known dates of seismic events. Thus, even in cases of small deviation from the historical
earthquake date (e.g. the 1212 AD event) the structure of our analysis appears to be robust.
The stratigraphic order of deposition and the correlation with historically dated earthquakes that
were recorded in the Late Holocene sediments in the Dead Sea Basin were used to refine the 14C
dates of samples collected from the Ze’elim sequence (Ken-Tor et al. 2001). The comparison
between the refined 14C ages and the historic earthquake dates enables us to examine the accuracy
of the 14C date. The uncertainty in the 14C age determination contains the systematic errors in the
analytical and calibration procedures and the geological uncertainty, which reflects transportation
and deposition processes. Both uncertainties are not uniform.
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The calibrated ranges of the samples collected from six seismites were reduced significantly by the
use of overlapping stratigraphically older samples and the correlation with known historical earthquakes (Figure 4, Table 2). The refined ages are reduced by a few decades to more than two centuries. The uncertainty remaining for most cases (less than two decades) includes the maximum lag
period of transport and deposition of the sample perior to the earthquake. The only 14C sample that
significantly predates the correlated earthquake (by stratigraphic considerations) was collected from
a coarse sand unit, a typical shore environment deposition. The organic samples probably represent
reworked material yielding ages a few centuries older than the earthquake. This single result must be
supported by more 14C dates, but our observation shows that samples collected from shore deposits
can have a relatively long transport period.
CONCLUSIONS

1. The calibration ranges of 14C ages of organic debris from earthquake-disturbed layers
(seismites) in the Holocene sedimentary section at the Ze’elim Terrace (Dead Sea) were significantly reduced by (a) using the stratigraphic order of dated samples in the section, and (b) correlation to historically dated earthquakes.
2. The corresponding historic earthquake of most seismites lies within the 1σ error envelope of the
14C-dated samples. In several cases the reduced calendar range is less than a few decades.
3. The reduced ranges represent the maximum possible lag period between the age of the sample
collected from the seismite and the time of deformation (which constrains the upper limit of
deposition). This is typically a few decades to less than two centuries for samples collected
from lacustrine facies and probably a few centuries for samples collected from the shore facies.
4. The assessment of the 14C ages of the Ze’elim sediments attests to the reliability of organic
debris for 14C dating of Holocene sediments in the Dead Sea area. It demonstrates our ability
to achieve highly precise (within several decades) 14C ages. This result may have implications
for age determination of older pre-historical sequences in this and other arid regions.
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LOAD STRUCTURE SEISMITES IN THE DEAD SEA AREA, ISRAEL:
CHRONOLOGICAL BENCHMARKING WITH 14C DATING
D Bowman1 • H J Bruins2 • J van der Plicht 3
ABSTRACT. The Dead Sea is a terminal lake located in the seismically active zone of the Syro–African Rift Valley. The
water level of the Dead Sea has been receding dramatically during the last decades, resulting in significant entrenchment of
wadis towards its shores. Exposed sections in fan deltas reveal abruptly changing facies of alluvial fan, beach, and shallow
lacustrine environments. Our study focuses on soft sediment deformations of the load–structure type. Though of limited lateral extent, their field characteristics concur with the widely accepted criteria that define seismites. This paper demonstrates
the potential of load–structures as seismic–chronological benchmarks through radiocarbon dating. We present the first evidence of 14C correlation between two types of seismites in different locations: load structure and mixed layer.

INTRODUCTION

The Dead Sea and its Late Pleistocene precursor, Lake Lisan, have experienced large fluctuations
during the Late Quaternary in response to climatic variations (Klein 1982; Begin et al. 1985; Bowman 1971, 1988; Frumkin et al. 1991; Kaufman et al. 1992; Bruins 1994). Since 1930 the level of
the Dead Sea has dropped by 21 meters.
The plain between the Dead Sea and the western fault escarpment of the Rift Valley is narrow. Wadis
(ephemeral streams) are entrenched here in lacustrine deposits and in telescopic sequences of alluvial fans that radiate from exits of canyons at the fault escarpment (Sneh 1979; Bowman 1988). The
continuing decline and retreat of the lake level of the Dead Sea exposed coastal areas previously
covered by water. The lowered base level triggered entrenchment by wadis through the fan deltas in
the coastal zone. Hence, many new exposures were formed in recent years. Seventeen of such exposures in various alluvial fan deltas (Figure 1) were studied in detail by Bowman et al. (2000). The
studied sections show interbedding of facies that indicate abrupt environmental changes between
shallow lacustrine, beach, fan deltas, and alluvial conditions.
Unique sedimentary features in the Dead Sea Basin are soft sediment deformation structures (Marco
and Agnon 1995; Marco et al. 1996; Enzel et al. 2000; Ken-Tor et al. 2000; Bowman et al. 2000). We
investigated a particular type, called load structures, that we observed in most fan deltas of the Dead
Sea region, including those of the Kidron, Hazezon, and Mor wadis on the western side, and in the
fan delta of Wadi Mujib in Jordan on the eastern side of the Rift Valley (Figure 1). The soft sediment
load structures concur with the widely accepted criteria for defining a “seismite” on the basis of the
following field characteristics: 1) location in a tectonically active area, 2) low cohesion of loosely
consolidated, metastable sands, and silts, 3) similarity to structures formed experimentally under
conditions of earthquake–induced liquefaction, 4) relation to areas where gravity control can be precluded, 5) a stratigraphically sandwiched position of the deformed layers between undeformed
strata, 6) a spatially wide stratigraphic occurrence of the deformed units, and 7) cyclic repetitions of
the load structures.
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Figure 1 Location map showing the investigated alluvial fans (Bowman et al. 2000) in bold. Radiocarbon
studies were conducted in the Ze’elim fan delta by the coast.

The assembled field data provide compelling evidence for a seismic origin of these deformations
(Bowman et al 2000) and the term seismite seems, therefore, appropriate. Earthquake shocks probably caused these load structure deformations in soft sediments on the lakebed of suited textural
composition, sufficiently loose and saturated with water. More consolidated deeper layers were
probably not deformed. Later in time younger sediments covered the deformed layers. The lateral
stratigraphic continuity of the load structure seismites is usually limited at each site to only a few
tens of meters due to rapid textural changes in the fan delta environment. However, the appearance
of seismites in all but one (Hever) of the studied fan deltas underlines their widespread occurrence.
Of seismic origin are also deformations of the mixed layers type (Marco and Agnon 1995; Marco et
al. 1996; Ken-Tor et al. 2000, 2001), which provide an important record of earthquakes in the region.
Mixed layer deformations have a wide spatial extent and represent the deeper lacustrine facies.
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Major geological events, such as earthquakes and volcanic eruptions, can function as chronological
benchmarks on a regional scale across disciplinary boundaries (Dever 1992; Bruins and van der Plicht 1996; Manning 1999). Radiocarbon dating of seismites in various geographic locations and
landscape settings is important for interdisciplinary geological, geographical and archaeological
research (Bruins and Mook 1989).
We examine 1) the potential to synchronize through 14C dating seismites of the load structure and
mixed layers types from different exposures in the Dead Sea area, and 2) whether load structure
seismites may be correlated with historic earthquakes.
METHODS

In the exposed fan delta of Wadi Ze’elim by the coast, where fluviatile, beach, and lacustrine sediments clearly interfinger, a section exhibiting soft sediment deformation load structures was selected
for 14C dating. The section overlies Lisan lacustrine sediments and is, therefore, of Holocene age.
The exposure is located at a distance of about 300 m southwest from another section with deformations of the mixed layers type investigated in detail by Ken-Tor et al. (2000, 2001).
Six organic samples, mostly small twigs or tiny stems embedded in sedimentary layers, were
extracted for 14C dating in the section of wadi Ze’elim. The organic samples were dated at the Radiocarbon Laboratory of the University of Groningen (van der Plicht 1996). All samples were first
treated by the acid/alkali/acid (AAA) method (Mook and Waterbolk 1985), combusted to CO2 and
(for AMS samples only) transferred into graphite (Aerts-Bijma et al. 2001). Most samples contained
too little carbon for conventional 14C method and were dated by accelerator mass spectrometry
(AMS).
14C

Dates of the Multifacies Ze’elim Section

The observed load structures in the studied Ze’elim section are of various magnitudes: small isolated
ball-and-pillow structures as well as big and very big balls. The balls are composed of silt to coarse
sand with some clay and marl laminae. The host sediment is sand, muddy sand or sandy mud.
The patchy seismite horizons in the sampled exposure are classified as A, B, C, D, E, F, and G (Figure 2, Table 2). Seismites A, B and C appear to be the lowest, i.e. the oldest deformed load structures
in the section, while seismite G is the uppermost, i.e. the youngest, in the stratigraphic sequence.
Note, that seismites E and F seem to merge laterally westwards into one deformed unit. Stratigraphic
merging between A, B, and C may also not be excluded. The sequence of load structure seismites in
our section shows no stratigraphic continuity to the mixed layers seismites of Ken-Tor et al. (2000;
2001) in her section situated 300 m to the northeast of ours.
The upper surface plain at the sampled section in the Ze’elim fan delta above seismite G consists of
massive gravel (Figure 2). Organic samples Ze’elim 1 and 2 were collected from a depth of 270 cm
below that surface from just below a single gravel layer embedded in medium to coarse sand and rich
in fine organic remains. The 14C dates are relatively close: 860 ± 40 (GrA–14265) and 970 ± 50
(GrA–14464). The calibrated 1σ ages of these dates are in the range of 1060–1250 cal AD and
1010–1160 cal AD, respectively (for detailed calibration results see Table 1). The dated single gravel
layer lies about 15 cm below seismite layer D (Figure 2), which is characterized by sandy balls with
truncated tops.
Organic samples Ze’elim 3 and 4 were collected from another layer at a depth of 340 cm below the
surface 70 cm below the distinct single gravel layer that marks the position of the previous samples.
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Figure 2 The northern bank exposure of wadi Ze’elim by the Dead Sea shore. Note the lower onlapping sandy
clay unit that is almost free of deformation structures. The sandy unit contains the main cycles of load structures
(A-G) and a one-clast-thick gravel bed that dies out lakewards. The exposure illustrates an interfingering pattern
between the off-lapping, capping gravel, the shallow nearshore sands and the deeper lake sediments.

The lateral distance between samples Ze’elim 3 and 4, within the same layer, was 2 m. The 14C dates
differ somewhat: 2020 ± 20 (GrN–25240) and 1880 ± 50 (GrA –14466). Sample 3 was the largest
sample and the only one in the series measured by proportional gas counting (the conventional 14C
method). Its 14C age seems too old within the studied stratigraphic sequence in comparison with the
other dates, indicating a non–uniform age of the organic material that became incorporated in the
same sampled layer. Unlike the older date, the younger 1880 ± 50 (GrA–14466) fits very well, stratigraphically, in the 14C sequence. The 1σ calibrated age of the younger date ranges from 70–220 cal
AD. This dated layer lies stratigraphically 34 cm below seismite C and 9 cm above seismite B (Figure 2).
Organic sample Ze’elim 5 could be extracted from within a load structure seismite layer (seismite
B), 355 cm below the surface and 85 cm below the prominent single gravel layer (Figure 2). This
seismite layer, 10 cm thick, exhibits ball structures and is composed of loose sand and distorted
marl–clay laminae. The 14C date is 1980 ± 40 BP (GrA–14264) and the calibrated 1σ age ranges
from 40 cal BC to 70 cal AD.
The last organic sample in this exposure, Ze’elim 6, consisted of a tiny twig embedded within a thin
sandy layer, 3 cm thick. The sample was collected at a depth of 374 cm below the surface, 103 cm
below the prominent single gravel layer, and 13 cm below seismite B, dated above. The 14C date is
2120 ± 40 BP (GrA–14261) and the 1σ calibrated age has a range of 200–60 cal BC, fitting well with
the stratigraphy and other 14C dates.
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Field
sample

14C
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dates and calibrated ages in the multifacies Ze’elim outcrop

Depth
(cm)

14C

sample
number

14C

date
(BP)

Ze’elim 1

270

GrA–14265

860 ± 40

Ze’elim 2

270

GrA–14464

970 ± 50

Ze’elim 3

340

GrN–25240

2020 ± 20

Ze’elim 4

340

GrA–14466

1880 ± 50

Ze’elim 5

355

GrA–14264

1980 ± 40

Ze’elim 6

374

GrA–14261

2120 ± 40

Calibrated date Cal25

Calibrated date OxCal

1069–1081,
1125–1135,
1157–1223, 1231–1241
cal AD
1019–1065,
1083–1123, 1137–1157
cal AD
43–16, 15–8,
3 cal BC – 2 cal AD,
15–18 cal AD
75–137, 143–179,
191–215 cal AD
37–31, 21–11 cal BC,
1–67 cal AD
199–187, 179–91,
73–61 cal BC

1060–1090 (6.2%)
1120–1140 (5.7%)
1150–1250 (56.3%)
cal AD
1010–1070 (29.5%)
1080–1160 (38.7%)
cal AD
45 cal BC–5 cal AD
(63.1%)
10–20 cal AD (5.1%)
70–220 (68.2%)
cal AD
40–10 cal BC (11.5%)
0–70 cal AD (56.7%)
200–90 (62.0%)
80–60 (6.2%) cal BC

δ13C
(‰)
–24.17

–25.84
–11.96
–24.46
–11.22
–10.93

DISCUSSION AND INTERPRETATION

As in all research involving 14C dating, the relationship between the age of the organic matter used
for dating and the event to be dated has to be assessed. A certain time lag exists between sedimentary
deposition and earthquake deformation, as is also noted by Ken-Tor et al. (2001). The difference
may range from near zero to the maximum time the accumulating sedimentary layer can remain in
loosely metastable condition susceptible for liquefaction by earthquakes. This mainly depends on
the rate of deposition and lake level changes.
Another uncertainty is the residence time of the organic matter in the landscape system, before its
final deposition, as it is washed down the wadis and alluvial fans with occasional floods. The organic
debris may also float some time in the Dead Sea waters before deposition. Yechieli et al. (1993)
established a residence time of less than 100 years for the organic material to reach the Dead Sea.
The size and type of organic matter, i.e. pieces of wood, tiny branches, stems, seeds, may have influence on individual residence times.
The difference in age of samples from the same layer, such as GrA–14265 (860 ± 40 BP) and GrA–
14464 (970 ± 50 BP), as well as GrN –25240 (2020 ± 20) and GrA–14466 (1880 ± 50 BP), is 110 and
140 14C years, respectively. This may well be explained by variations in the residence time of the
organic matter involved. GrA–14265 and GrA–14464 are within 2σ from each other, thus statistically acceptable as “similar date.” It may seem logical to calculate the average of different 14C dates
derived from the same layer. However, in these circumstances the younger date may be closest to the
age of earthquake deformation.
Organic samples Ze’elim 1 and 2 are from a single–clast bed (Figure 2 between seismites C and D;
Tables 1, 2) that represents an intense alluvial flood event, by which the clast bed was transported
farthermost towards the lake. The youngest date of the two, 860 ± 40 BP (GrA–14265) that may be
closest to the time of deformation, yields a 1σ calibrated 14C age of 1060–1250 cal AD.
The lower boundary of seismite D is only 7 cm above the dated gravel layer. Therefore, seismite D
is somewhat younger than the latter date, but the wide calibrated age range may allow overlap. Historically known earthquakes reported as strong or causing damage in Jerusalem or in the Rift Valley
occurred in 1063, 1068, 1117, 1202, 1212, 1312, 1456/1457 (Amiran et al. 1994). Thus, there are
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Table 2 Stratigraphy of load–structure seismites and 14C dates in the sampled Ze’elim outcrop
Stratigraphy

Depth
below
surface
(cm)

Surface layer
Seismite G
Seismite F
Seismite E
Seismite D

0–75
80
125
160
250

Single gravel
layer in sand
Seismite C
Sandy layer
with laminae
Seismite B

270
300
340
355

14C

sample

14C date
(BP)

Calibrated age range

Historical earthquakes
(provisional correlation)

1063, 1068, 1117, 1202,
1212, 1312, 1456/1457
AD
GrA–14265
GrA–14464

860 ± 40
970 ± 50

GrN–25240
GrA–14466
GrA–14264

2020 ± 20
1880 ± 50
1980 ± 40

1060–1250 cal AD

70–220 cal AD
40 cal BC–70 cal AD

31 BC
30, 33, 48 AD

Sandy layer
374
GrA–14261
2120 ± 40
200–60 cal BC
Explanatory notes: Column 3: GrN is the Groningen laboratory code for conventional 14C dates and GrA for AMS dates.
Calibration columns: the calibration of the dates from conventional radiocarbon years BP into astronomical years has
been carried out according to two methods: Cal 25 (van der Plicht 1998) and OxCal (Bronk Ramsey 1999), which give
similar results. Both programs use the latest internationally recommended calibration data (Stuiver and van der Plicht
1998). Last column: the 13C/12C stable isotope abundance ratio of carbon δ13C is expressed in permil (‰) deviation relative to a standard. This number is also used to correct conventional 14C dates (expressed in BP) for isotopic fractionation.

various events possible for correlation with seismite D. If organic matter could be found in or close
to seismites D, E, F, G, correlation with historical earthquakes would become more precise.
Seismite unit B (Ze’elim 5, Figure 2; Table 2) has a 1σ calibrated 14C date of 40–10 cal BC (11.5%),
1–70 cal AD (56.7%). Thus it may be correlated in time with a number of historic earthquakes that
occurred during 31 BC, 30 AD, 33 AD, and 48 AD (Arvanitakis 1903; Willis 1928; Sieberg 1932;
Turcotte et al. 1988; Amiran et al. 1994). On September 2 in 31 BC an earthquake caused great
destruction and numerous casualties in Judea, Qumran, Massada, and Jericho. Eyewitness accounts
testify to the damage: “many animals and 30,000 persons perished” (Josephus, Antiquities)
“Jason’s tomb in Jerusalem was destroyed“ (Rahmani 64); “in the Galilee the earthquake was
severe… Chammath (Tiberias) was destroyed” (Sieberg 1932). At 30 AD a slight earthquake was
felt in Jerusalem (Sieberg 1932). At 33 AD another earthquake was reported “which caused slight
damage to the Temple” (Arvanitakis 1903; Willis 1928). The earthquake at 48 AD was described
(Willis 1928) as “light in Palestine and Jerusalem,” though some “houses in Jerusalem suffered
damages“ (Sieberg 1932).
One of these events must have been the earthquake that triggered seismite B. The earthquake of 31
BC was clearly the most severe and may be regarded as a likely candidate. This is consistent with the
results of Ken-Tor et al. (2000, 2001). They investigated in detail a lacustrine section some 300 meter
north–east of our exposure. Their 14C date of 1950 ± 60 BP (KIA–3223) for their seismite unit B is
virtually the same as our date 1980 ± 40 BP (GrA–14264). These close results from different sections, different types of seismites and different 14C labs is very promising indeed for chronological
benchmarking. It provides, to the best of our knowledge, the first chronological correlation based on
14C dating between two different sorts of seismites; load structures and mixed layers at different
exposures. We conclude that the same seismic event triggered a deformation of the mixed layers
type in the aragonitic-detritic laminated lacustrine environment and formed load structures in sandy
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deposits under shallow water/beach conditions. Moreover, the remarkable age equivalence strengthens our claims (Bowman et al. 2000), so far mainly based on field relations, that the load structures
are seismites.
Our oldest 14C age (sample 6, Table 1), 2120 ± 40 BP (GrA–14261) in the presented series is from
an undisturbed layer 13 cm below seismite B. This date is exactly the same as the 14C date of
seismite unit A of Ken-Tor et al. (2000, 2001). The time coincidence may indicate unfit textural conditions for liquefiable deformation at our exposure site as compared to the lacustrine conditions at
the section situated at a lower topographic level investigated by Ken-Tor et al. (2001).
Considering stratigraphic relationships within our section, the large deformed load structure A may
be correlated with seismites B and C (Figure 2), also in view of the rather close time correlation
between Ze’elim 4 (GrA–14466, 1880 ± 50 BP) and Ze’elim 5 (GrA–14264, 1980 ± 40 BP). Likewise, the convergence of load structures E and F into one bigger deformation may support the
hypothesis that a number of temporally close seismic events may mold one seismite (Marco et al.
1996).
In conclusion, load structure seismites in interfingering alluvial, beach and shallow lacustrine facies
were shown to correlate through 14C dating with mixed layers seismites for chronological benchmarking. Successful correlation with known historical earthquakes depends upon the time width of
the calibrated 14C date and the number of known earthquakes within that time range.
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REPORT ON THE BUSINESS MEETING, FRIDAY JUNE 23 2000
Conferencia

Wim Mook, the organizer of the Groningen conference discussed an idea that was first brought up
at the Tucson conference in 1991. The idea is that it is not efficient to hold different conferences on
significantly overlapping research areas, e.g. 14C, AMS, and Archaeology, and that it could be a
good idea for these conference to “join forces” and coordinate the timing of future conferences. Following a general discussion it was decided not to change the present situation. The result of a postconference email ballot by Wim Mook and Walter Kutschera was inconclusive.
A New Journal

Ganna Zaitseva brought to the attention of the participants a new journal, Radiocarbon and Archaeology, published by the Institute for the History of Material Culture in the Russian Academy of Science, St Petersburg. Further information is available from ganna@mail.wplus.net.
Next 14C Conference

There was one offer—to hold the 18th International Radiocarbon Conference in New Zealand. It
was put forward by Rodger Sparks of the Rafter Radiocarbon Laboratory was accepted unanimousely.
Applause

A well deserved applause was extended to Target Tours who very ably organized the practical
aspects of the conference.
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RADIOCARBON UPDATES
14C

and Archaeology Conference

The Fourth 14C and Archaeology Symposium is scheduled for 9–14 April 2002, in Oxford. For
details, see http://www.rlaha.ox.ac.uk/c14conf.html. The website has detailed information about the
meeting, as well as downloadable PDF forms for registration, all contact information, instructions
on how to get to the conference venue, where to stay, etc. For more information contact Thomas
Higham at thomas.higham@archaeology-research.oxford.ac.uk
New Calibration Program

A new radiocarbon calibration program, CALPAL (Cologne Radiocarbon Calibration & Palaeoclimate Research Package), can now be downloaded free of charge by the scientific community from
the CALPAL site: www.calpal.de.
The main incentive underlying the development of CALPAL is to show calibrated 14C ages in a
graphic context with selected paleoclimate proxies. This allows the study of human/geo/environmental events and processes versus climate. The paleoclimate database integrated in CALPAL contains about 60 climate proxies, mainly from the polar and equatorial ice cores. Another incentive is
to explore data and methods applicable to the glacial extension of the 14C calibration curve.
CALPAL is designed to run on a PC under one of several Windows operating systems.
New AMS Laboratory

The Foundation of the Adam Mickiewicz University has a new accelerator mass spectrometer. The
Poznan Radiocarbon Laboratory, which opened in late 2001, is led by Dr Tomasz Goslar. The new
laboratory’s code is Poz. The lab is equipped with the 1.5SDH-1 spectrometer “Compact Carbon
AMS” produced by NEC, which has recently been installed and passed acceptance tests. Dr Goslar
and his staff are now testing the reliability of their sample preparation lines. For contact information,
see our List of Laboratories (starting on page 1395), or visit the lab’s website: www.radiocarbon.pl.
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RADIOCARBON LABORATORIES
This is Radiocarbon’s annual list of active radiocarbon laboratories and personnel known to us.
Conventional beta-counting facilities are listed in Part I, and accelerator mass spectrometry (AMS)
facilities in Part II. Laboratory code designations, used to identify published dates, are given to the
left of the listing. (See p 1416 ff. for a complete list of past and present lab codes.)
Please notify us of any changes in staff, addresses, or other contact information.
I. CONVENTIONAL

14C

COUNTING FACILITIES

ARGENTINA
AC

Héctor Osvaldo Panarello
Pabellón INGEIS
Ciudad Universitaria
1428 Buenos Aires, Argentina
Tel: +54 11 4783 3021/23; Fax: +54 11 4783 3024
Email: hector@ingeis.uba.ar

LP

Aníbal Juan Figini
Laboratorio de Tritio y Radiocarbono-LATYR
Facultad de Ciencias Naturales y Museo-UNLP
Paseo del Bosque S/N°
1900 La Plata, Argentina
Tel/Fax: +54 21 270648

AUSTRALIA
ANU

Rainer Grün
Quaternary Dating Research Centre
Australian National University
Research School of Pacific Studies
Canberra ACT 0200 Australia
Tel: +61 6 249 3122; Fax: +61 6 249 0315
Email: rainer.grun@anu.edu.au

SUA

Mike Barbetti
The NWG Macintosh Centre for Quaternary Dating
Madsen Building F09
The University of Sydney
NSW 2006 Australia
Tel: +61 2 9351 3993; Fax: +61 2 9351 4499
Email: m.barbetti@emu.usyd.edu.au

AUSTRIA
VRI

Edwin Pak
Institut für Radiumforschung und Kernphysik
Universität Wien
Boltzmanngasse 3
A-1090 Vienna, Austria
Tel: +43 1 4277 51764; Fax: +43 1 4277 51752
Email: pak@ap.univie.ac.at
Franz Schönhofer
Federal Institute for Food Control and Research
Kinderspitalgasse 15
A-1090 Vienna, Austria
Tel: +43 1 40491 520; Fax: +43 1 40491 540
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IAEA

Manfred Gröning
International Atomic Energy Agency (IAEA)
Isotope Hydrology Laboratory
Wagramerstrasse 5
P.O. Box 100
A-1400 Vienna, Austria
Tel: +43 1 2600 21740/21766; Fax: +43 1 20607
Email: M.Groening@iaea.org
Roland Tesch
Austrian Research and Testing Centre Arsenal
Environment Division
Faradaygasse 3
A-1030 Vienna, Austria
Tel: +43 1 79747 516
Fax: +43 1 79747 587
Email: tesch.r@arsenal.ac.at

BELGIUM
ANTW

R. Vanhoorne
Department of General Botany
State University Centre Antwerp
Groenenborgerlaan 171
B-2020 Antwerp, Belgium

IRPA

M. Van Strydonck
Royal Institute for Cultural Heritage
Jubelpark 1
B-1000 Brussels, Belgium
Tel: +32 2 739 67 11 (institute), +32 2 739 67 02 (lab)
Fax: +32 2 732 01 05
Email: mark.vanstrydonck@kikirpa.be

LAR

Jean Govaerts
Lab. d’Application des Radioéléments
Chimie B6, Sart Tilman
Liège, Belgium

BELARUS
IGSB

N. D. Michailov
Institute of Geological Sciences of the
National Academy of Sciences of Belarus
Kuprevich Street 7
Minsk 220141 Belarus
Tel: +375 0172 63 81 13; Fax: +375 0172 63 63 98
Email: mihailov@ns.igs.ac.by

BRAZIL
FZ

M. F. Santiago
Departamento de Física - UFC
Campus do Pici - Cx. Postal 6030
60455-760 Fortaleza-CE, Brazil
Tel: +55 85 288 9913; Fax: +55 85 287 4138
Email: marlucia@fisica.ufc.br

CENA

Luiz Carlos Ruiz Pessenda
Radiocarbon Laboratory
Centro de Energia Nuclear na Agricultura
Universidade de São Paulo
Avenida Centenario 303
Caixa Postal 96 – CEP 13400-970
Piracicaba, São Paulo, Brazil
Tel: +55 19 429 4656; Fax: +55 19 429 4610
Email: lcrpesse@pira.cena.usp.br

Laboratories
CANADA
GSC

Roger N. McNeely
Radiocarbon Dating Laboratory
Geological Survey of Canada
601 Booth Street
Ottawa, Ontario K1A 0E8 Canada
Tel: +1 613 995 4241; Fax: +1 613 992 6653
Email: mcneely@gsc.nrcan.gc.ca

BGS

Howard Melville
Department of Earth Sciences
Brock University
St. Catharines, Ontario L2S 3A1 Canada
Tel: +1 905 688 5550 ext. 3522; Fax: +1 905 682 9020
Email: hmelvill@spartan.ac.BrockU.ca

WAT

Robert J. Drimmie
Department of Earth Sciences
Environmental Isotope Laboratory
University of Waterloo
Waterloo, Ontario N2L 3G1 Canada
Tel: +1 519 888 4567 ext. 2580; Fax: +1 519 746 0183
Email: rdrimmie@sciborg.uwaterloo.ca

UQ

Serge Occhietti and Pierre Pichet
Radiocarbon Laboratory
GEOTOP
University of Québec at Montréal
P.O. Box 8888, Succursale Centre Ville
Montréal, Québec H3C 3P8 Canada
Tel: +1 514 987 4080; Fax: +1 514 987 3635
Email: occhietti.serge@uqam.ca

CHINA
CG

Yijian Chen and G. Peng
Radiocarbon Laboratory
Institute of Geology
State Seismological Bureau
P.O. Box 634
Beijing 100029 China
Tlx: 6347
HLYunzhang Yue
Second Institute of Oceanography
State Oceanic Adminstration
P.O. Box 1207
Hangzhou, Zheijiang 310012 China
Tel: +86 571 8076924 ext. 328; Fax: +86 571 8071539
Tlx: 35035 NBOHZ CN; Cable: 3152
Dai Kaimei
Department of Physics
Nanjing University
Nanjing 210093 China
Tel: +86 25 3596746
Fax: +86 25 307965; Tlx: 34151 PRCNU CN
Email: postphys@nju.edu.cn

XLLQ

Zhou Weijian
Institute of Earth Environment
XiYing Lu 22-2
Xi’an 710054, Shaanxi, China
Tel: +86 29 5512264 (work); 86 29 5256429 (home); Fax: +86 29 5522566
Email: weijian@loess.llqg.ac.cn; weijian@public.xa.sn.cn
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CROATIA
Z

'UV %RJRPLO 2EHOLÈ DQG 1DGD +RUYDWLQÊLÈ
5XÒHU %R|NRYLÈ ,QVWLWXWH
32%  %LMHQLÊND 

10001 Zagreb, Croatia
Tel: +385 1 4680 219; Fax: +385 1 4680 239
Email: Bogomil.Obelic@irb.hr and Nada.Horvatincic@irb.hr
WWW: http://www.irb.hr/zef/c14-lab/
CZECH REPUBLIC
CU

Jan Šilar
Department of Hydrogeology
Charles University
Albertov 6
CZ-12843 Prague 2 Czech Republic
Tel: +42 2 21952139 or +42 2 21951111
Fax: +42 2 21952180
Email: silar@prfdec.natur.cuni.cz

DENMARK
K

Kaare Lund Rasmussen
Dating Laboratory
National Museum
Ny Vestergade 11
DK-1471 Copenhagen K, Denmark
Tel: +45 33 47 3176; Fax: +45 33 47 3310
Email: kaare.lund.rasmussen@natmus.dk
14C

ESTONIA
Tln

Enn Kaup
Radiocarbon Laboratory
Institute of Geology at Tallinn Technical University
Estonia pst 7
10143 Tallinn, Estonia
Tel: +372 645 4679; Fax: +372 631 2074
Email: kaup@gi.ee; rajamae@isogeo.gi.ee

Ta

Volli Kalm and Arvi Liiva
Radiocarbon Laboratory
Institute of Geology
University of Tartu
Vanemuise St. 46
51014 Tartu, Estonia
Tel/Fax: +372 7 375 836
Email: geol@ut.ee

FINLAND
Su

Tuovi Kankainen
Geological Survey of Finland
P.O. Box 96
FIN-02151 Espoo, Finland
Tel: +358 205 50 11; Fax: +358 205 50 12
Email: tuovi.kankainen@gsf.fi

Hel

Högne Jungner
Dating Laboratory
P.O. Box 11, Snellmaninkatu 3
FIN-00014 Helsinki University, Finland
Tel: +358 9 191 23436; Fax: +358 9 191 23466
Email: hogne.jungner@helsinki.fi

Laboratories
FRANCE
Gif

Michel Fontugne
Centre des Faibles Radioactivités
Laboratoire mixte CNRS-CEA
F-91198 Gif sur Yvette, Cedex, France
Tel: +33 1 69 82 35 25; Fax: +33 1 69 82 35 68
Email: Michel.Fontugne@cfr.cnrs-gif.fr
and
Laboratoire Souterrain de Modane
Laboratoire mixte IN2I 3-CNRS/DSM-CEA
90, Rue Polset
F-73500 Modane, France

Ly

Jacques Evin
CDRC - Centre de Datation par le RadioCarbone
Université Claude Bernard Lyon I, Batiment 217
43, Boulevard du 11 Novembre 1918
F-69622 Villeurbanne Cedex, France
Tel: +33 472 44 82 57; Fax: +33 472 43 13 17
Email: jacques.evin@cismsun.univ-lyon1.fr

GEORGIA
TB

S. Pagava
Radiocarbon Laboratory
I.Javakhishvili Tbilisi State University
I.Chavchavadze av., 3
Tbilisi 380008 Georgia
Tel: +995 32 222105
Email: spagava@access.sanet.ge

GERMANY
Bln

Jochen Görsdorf
Deutsches Archäologisches Institut
Eurasien-Abteilung
Postfach 330014
14191 Berlin, Germany
Tel: +49 01888 7711 339: Fax: +49 01888 7711 313
Email: 14c@dainst.de

Fra

Reiner Protsch von Zieten
Radiocarbon Laboratory
J. W. Goethe-Universität
Siesmayerstrasse 70
60323 Frankfurt am Main, Germany
Tel: +49 69 798 24764 / 24767; Fax: +49 69 798 24728

Fr

Detlef Hebert
Institut für Angewandte Physik
Technische Universität Bergakademie Freiberg
09596 Freiberg/Sa., Germany
Tel: +49 3731 39 2371 / 2594; Fax: +49 3731 39 4004
Email: hebert@tu-freiberg.de

HAM

Peter Becker-Heidmann
Institut für Bodenkunde
Universität Hamburg
Allende-Platz 2
20146 Hamburg, Germany
Tel: +49 40 42838 2003; Fax: +49 40 42838 2024
Email: PBeckerH@Uni-Hamburg.de
WWW: http://www.geowiss.uni-hamburg.de/i-boden/tt14c.htm
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Hv

M. A. Geyh
Niedersächsisches Landesamt für Bodenforschung
Postfach 510153
30655 Hannover-Stillweg 2, Germany
Tel: +49 511 643 2537; Fax: +49 511 643 2304
Email: Mebus.Geyh@BGR.de

Hd

Bernd Kromer
Heidelberger Akademie der Wissenschaften
c/o Institut für Umweltphysik
Universität Heidelberg
Im Neuenheimer Feld 229
69120 Heidelberg, Germany
Tel: +49 6221 5 46 357; Fax: +49 6221 5 46 405
Email: Bernd.Kromer@iup.uni-heidelberg.de

KI

Helmut Erlenkeuser and Pieter M. Grootes
Leibniz-Labor
Christian-Albrechts-Universität
Max-Eyth-Str. 11
24118 Kiel, Germany
Tel: +49 431 880 3894 (P.M.G.); +49 431 880 3896 (H.E.)
Fax: +49 431 880 3356
Email: pgrootes@leibniz.uni-kiel.de; herlenkeuser@leibniz.uni-kiel.de
WWW: http://www.uni-kiel.de:8080/leibniz/indexe.htm

KN

Bernhard Weninger
Labor für 14C-Datierung
Institut für Ur-und Frühgeschichte
Universität zu Köln
Weyertal 125
50923 Köln, Germany
Tel: +49 221 470 2880 / 2881; Fax: +49 221 470 4892

LZ

Achim Hiller
UFZ-Umweltforschungszentrum Leipzig-Halle GmbH
Sektion Hydrogeologie
Arbeitsgruppe Paläoklimatologie
Theodor-Lieser-Strasse 4
06120 Halle, Germany
Tel: +49 345 5585 226; Fax: +49 345 5585 559
Email: hiller@hdg.ufz.de

GREECE
DEM

Yannis Maniatis
Laboratory of Archaeometry
Institute of Materials Science
National Centre for Scientific Research “Demokritos”
153 10 Aghia Paraskevi Attikis
Greece
Tel: +30 1 6503389 or +30 1 6524821; Fax: +30 1 6519430
Email: maniatis@ims.demokritos.gr
WWW: http://www.ims.demokritos.gr/archae

LIH

Nicolaos Zouridakis
Laboratory of Isotope Hydrology
Institute of Physical Chemistry
National Centre for Scientific Research “Demokritos”
153 10 Aghia Paraskevi Attikis
POB 60228
Greece
Tel: +30 1 6503969; Fax: +30 1 6511766
Email: nizouri@cyclades.nrcps.ariadne-t.gr

Laboratories
HUNGARY
Deb

Zsusa Szanto
Institute of Nuclear Research of the Hungarian Academy of Sciences
H-4026 Bem tér 18/c,
P.O. Box 51
H-4001 Debrecen, Hungary
Tel: +36 52 417266; Fax: +36 52 416181
Email: aszanto@moon.atomki.hu

ICELAND
Páll Theodórsson
Science Institute
University of Iceland
Dunhaga 3
IS-107 Reykjavík, Iceland
Tel: +354 525 4800; Fax: +354 552 8911
Email: pth@raunvis.hi.is
INDIA
PRLCH

R. Bhushan, S. Krishnaswami and B. L. K. Somayajulu
Physical Research Laboratory
Chemistry Department
Oceanography and Climatic Studies Area
Navrangpura
Ahmedabad 380 009 India
Tel: +91 79 6462129; Fax: +91 79 6560502
Email: bhushan@prl.ernet.in; swami@prl.ernet.in; soma@prl.ernet.in

PRL

M. G. Yadava
Radiocarbon Dating Research Unit
Oceanography and Climate Studies Area
Earth Sciences and Solar System Division
Physical Research Laboratory
Navrangpura
Ahmedabad 380 009 India
Tel: +91 79 462129; Fax: +91 79 6560502
Telegram: “Research”
Email: myadava@prl.ernet.in

JUBR

S. D. Chatterjee, R. C. Sastri and Haradhan De
Biren Roy Research Laboratory for Archaeological Dating
Department of Physics
Jadavpur University
Calcutta 700 032 India
Tel: +91 33 473 4044; Fax: +91 33 473 4266; Tlx: 21-4160 (VC JU IN)

BS

G. Rajagopalan
Radiocarbon Laboratory
Birbal Sahni Institute Palaeobotany
PO Box 106, 53 University Road
Lucknow 226 007 India
Tel: +91 522 32 4291; Fax: +91 522 37 4528, +91 522 38 1948
Email: bsip@bsip.sirnetd.ernet.in

IRELAND
UCD

Peter I. Mitchell and Edward McGee
UCD Radiocarbon Laboratory
Department of Experimental Physics
University College Dublin
Belfield, Dublin 4, Ireland
Tel: +353 1 706 2220 / 2225 / 2222
Fax: +353 1 283 7275
Email: Peter.Mitchell@ucd.ie; Edward.Mcgee@ucd.ie
WWW: http://www.ucd.ie/~radphys
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ISRAEL
RT

Israel Carmi, Elisabetta Boaretto
Department of Environmental Sciences and Energy Research
Weizmann Institute of Science
76100 Rehovot, Israel
Tel: +972 8 342544; Fax: +972 8 344124
Email: cicarmii@wis.weizmann.ac.il; elisa@wis.weizmann.ac.il

ITALY
ENEA

Agostino Salomoni
ENEA Radiocarbon Laboratory
Via dei Colli, 16
I-40136 Bologna, Italy
Tel: +39 51 6098168; Fax: +39 51 6098187

R

Salvatore Improta
Dipartimento di Fisica
Università “La Sapienza”
Piazzale Aldo Moro, 2
I-00185 Rome, Italy
Tel: +39 6 49914208
Fax: +39 6 4957697
Email: Salvatore.Improta@roma1.infn.it
and
Giorgio Belluomini
Radiocarbon Laboratory
Istituto per le Tecnologie Applicate ai Beni Culturali
Consiglio Nazionale delle Ricerche
Area della Ricerca di Roma
CP 10 – Via Salaria Km 29,300
I-00016 Monterotondo St., Rome, Italy
Tel: +39 06 90672469; Fax: +39 06 90672373
Email: belluomi@mlib.cnr..it

Rome

Gilberto Calderoni
Department of Earth Sciences
University of Rome “La Sapienza”
Piazzale Aldo Moro, 5
I-00185 Rome, Italy
Tel: +39 6 499 14580; Fax: +39 6 499 14578
Email: calderoni@axrma.uniroma1.it

UD

Piero Anichini, Valerio Barbina, per.ind. Ennio Virgili
Azienda Speciale Servizi Laboratorio e CRAD
Via Nazionale, 33
I-33040 Pradamano UD, Italy
Tel: +39 432671061; Fax: +39 432671176
Email: laboratorio@azservizi.cciaa-ud.xnet.it

JAPAN
KEEA

Yoshimasa Takashima
Kyushu Environmental Evaluation Association
1-10-1, Matsukadai, Higashiku
Fukuoka 813-0004, Japan
Tel: +81 92 662 0410; Fax: +81 92 662 0990
Email: kawamura@keea.or.jp
Yasuo Nagashima
Tandem Accelerator Center
University of Tsukuba
Tennoudai 1-1-1, Tsukuba
Ibaraki, 305-8577, Japan
Tel: +81 298 53 2565; Fax: +81 298 53 4461
Email: nagashima@tac.tsukuba.ac.jp
http://www.tac.tsukuba.ac.jp (in Japanese)
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KSU

Osamu Yamada
Faculty of Science
Kyoto Sangyo University
Kita-ku, Kyoto 603 Japan

OR

Setsuko Shibata
Research Center of Radioisotopes
Research Institute for Advanced Science and Technology
University of Osaka Prefecture
1-2, Gakuen-cho, Sakai, Japan
Tel: +81 722 36 2221; Fax: +81 722 54 9938
Email: shibata@riast.osakafu-u-ac.jp

GaK

Kunihiko Kigoshi
Radiocarbon Laboratory
Gakushuin University
Mejiro Toshima-ku, 1-5-1, Faculty of Science
Tokyo 171, Japan
Tel: +81 3 3986 0221 ext. 6482; Fax: +81 3 5992 1029
Email: kunihiko.kigoshi@gakushuin.ac.jp

PAL

Shigemoto Tokunaga
Radiocarbon Laboratory
Palynosurvery Co.
Nissan Edobashi Bld.
1-10-5 Honcho, Nihonbashi
Chuoku, Tokyo, Japan
Tel (office): +81 3 3241 4566; (lab) +81 274 42 8129
Fax: +81 3 3241 4597
Email: palynoa@blue.ocn.ne.jp

TK

Kunio Yoshida
C-14 Dating Laboratory
The University Museum
The University of Tokyo
7-3-1 Hongo, Bunkyo-ku
Tokyo 113 Japan
Tel: +81 3 3812 2111
Fax: +81 3 3814 4291
Email: gara@um.u-tokyo.ac.jp

NU

Kunio Omoto
Radiocarbon Dating Laboratory
Department of Geography
College of Humanities and Science
Nihon University
25-40, 3 Chome, Sakurajosui
Setagaya-ku, Tokyo 156 Japan
Tel: +81 35317 9273 or +81 33303 1691
Fax: +81 35317 9429 or +81 33303 9899
Email: omoto@chs.nihon-u.ac.jp

JGS

Hajime Kayanne
Department of Geography
University of Tokyo
Mongo 113-0033, Tokyo, Japan
Tel: +81 3-5841-4573
Fax: +81 3-3814-6358
kayanne@geogr.s.u-tokyo.ac.jp

PLD

Hideki Yamagata
Paleo Labo Co., Ltd.
63, Shima 5-chome Oguma-cho
Hashima, Gifu 501-6264 Japan
Email: pal@usiwakamaru.or.jp

1403
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Laboratories

KOREA
Jung Sun Ahn
Advanced Atomic Energy Research Institute
150, Duk-Jin Dong, Seo-Ku
Daejeon, Chung Nam, Korea
KCP

Hyung Tae Kang and Kyung Yim Nah
Archaeological Studies Division
National Cultural Property Research Institute
1-57 Sejongno Chongno-gu
Seoul, Korea 110 050
Tel: +82 2 735 5281 ext. 323; Fax: +82 2 735 6889
Email: vvyckht1@chollian.net

LATVIA
Riga

V. S. Veksler and A. A. Kristin
Institute of Science - Application Research
Riga 50 Merkelya 11
Riga 226 050, Latvia
Tel: +371 7 212 501 or +371 7 213 636

MONACO
IAEAMEL

Pavel Povinec (see also Slovakia)
International Atomic Energy Agency
Marine Environmental Laboratory
4 Quai Antoine 1er
MC-98012 Monaco
Tel: +377 979 77216; Fax: +377 979 77273
Email: p.povinec@iaea.org

THE NETHERLANDS
GrN

J. van der Plicht
Centre for Isotope Research
University of Groningen
Nijenborgh 4
NL-9747 AG Groningen, The Netherlands
Tel: +31 50 3634760; Fax: +31 50 3634738
Email: plicht@phys.rug.nl

NEW ZEALAND
Wk

A. G. Hogg and T. F. G. Higham
Radiocarbon Laboratory
University of Waikato
Private Bag
Hamilton, New Zealand
Tel: +64 7 838 4278; Fax: +64 7 838 4192
Email: ahogg@waikato.ac.nz, or thigham@waikato.ac.nz
http://www.radiocarbondating.com

NZ

Rodger Sparks
Rafter Radiocarbon Laboratory
Institute of Geological and Nuclear Sciences, Ltd.
P.O. Box 31-312
Lower Hutt, New Zealand
Tel: +64 4 570 4671; Fax: +64 4 570 4657
Email: R.Sparks@gns.cri.nz

NORWAY
T

Steinar Gulliksen
Radiological Dating Laboratory
Norwegian University of Science and Technology
N-7491 Trondheim, Norway
Tel: +47 73 593310; Fax: +47 73 593383
Email: Steinar.Gulliksen@vm.ntnu.no

Laboratories
POLAND
Gd

Anna Pazdur and Tomasz Goslar
Radiocarbon Laboratory
Silesian University of Technology
Institute of Physics
Krzywoustego 2
PL-44-100 Gliwice, Poland
Tel: +48 32 2372254; Fax: +48 32 2372488
Email: pazdur@zeus.polsl.gliwice.pl

KR

Tadeusz Kuc
Krakow Radiocarbon Laboratory
Environmental Physics Department
University of Mining and Metallurgy
PL-30-059 Krakow, Poland
Tel: +48 12 6172979 or 6333740; Fax: +48 12 6340010
Tlx: 0322203 agh pl
Email: kuc@novell.ftj.agh.edu.pl

LOD

Pawe Trzeciak and Ireneusz Borowiec
Radiochemical Laboratory
Archaeological and Ethnographical Museum in Lódz
Pl. Woln |FL 
PL-91-415 Lódz, Poland
Tel: +48 42 6328440 or +48 42 6334307
Fax: +48 42 6329714
Email: jotmol@krysia.uni.lodz.pl

PORTUGAL
Sac

A. M. Monge Soares
Laboratório de Isótopos Ambientais
Instituto Tecnológico e Nuclear
Estrada Nacional 10
P-2686 Sacavém Codex, Portugal
Tel: +351 1 9550021; Fax: +351 1 9441455
Email: amsoares@itn1.itn.pt

REPUBLIC OF CHINA
NTU

Tsung-Kwei Liu
Department of Geology
National Taiwan University
245 Choushan Road
Taipei, Taiwan, Republic of China
Tel/Fax: +886 2 3657380
Email: liutk@ccms.ntu.edu.tw

RUSSIA
MAG

Anatoly V. Lozhkin
Quaternary Geology and Geochronology Laboratory
Northeast Interdisciplinary Scientific Research Institute
Russian Academy of Sciences, Far East Branch
16 Portovaya St
Magadan 685000 Russia
Email: lozhkin@neisri.magadan.su

GIN

L. D. Sulerzhitsky
Geological Institute
Russian Academy of Sciences
Pyzhevsky 7
Moscow 109017 Russia
Tel: +7 095 230 8136
Email: suler@geo.tv-sign.ru, suler@ginran.msk.su

1405
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IEMAE

L. Dinesman
Institute of Ecology and Evolution
Russian Academy of Sciences
Leninsky Prospect 33
Moscow 117071 Russia
Fax: +7 095 954 5534
Email: sevin@sovamsu.sovusa.com

IGAN

O. A. Chichagova
Institute of Geography
Russian Academy of Sciences
Staromonetnyi 29
Moscow 109017 Russia
Tel: +7 095 230 8366; Fax: +7 095 959 0033
Email: ochichag@mtu-net.ru

IORAN

V. Kuptsov, Chief of Isotope Group
P.P. Shirshov Institute of Oceanology
Russian Academy of Sciences
Nakhimovsky Prospekt, 23
Moscow 117851 Russia
Fax: +7 095 1245983

IWP

Yu. A. Karpytchev
Isotope Laboratory
Institute of Water Problems
Russian Academy of Sciences
13/3 Sadovo-Tschernogryazskaya
Moscow 103064 Russia
Tel: +7 095 208 5471

MSU

P. A. Kaplin and O. B. Parunin
Laboratory of Recent Sediments and Pleistocene Paleogeography
Moscow State University
Vorobyovy Gory
Moscow 119899 Russia
Email: g1706@mail.ru

SOAN

L. Orlova
United Institute of Geology, Geophysics and Minerology (UIGGM SB RAS)
Universitetsky pr. 3
630090 Novosibirsk 90 Russia
Tel: +7 3832 352 654; +7 3832 357 363; Fax: +7 3832 352 692
Email: vitaly@uiggm.nsc.ru; Tlx: 133 123 KORA SU

IVAN

O. A. Braitseva, S. N. Litasova
I. V. Melekestev and V. N. Ponomareva
Institute of Volcanology
Bul Piipa 9
Petropavlovsk-Kamchatsky 683006 Russia
Tel: +7 5 91 94

LE

Ganna Zaitseva
Institute of the History of Material Culture
Russian Academy of Sciences
Dvortsovaya Naberezhnaya, 18
191186 St. Petersburg, Russia
Tel: +7 812 311 8156; Fax: +7 812 311 6271
Email: ganna@mail.wplus.net

LU

Kh. A. Arslanov
Geographical Research Institute
St. Petersburg State University
Sredniy Prospect 41
St. Petersburg 193004 Russia
Tel/Fax: +7 812 218 7904
Email: kozyrev@mail.nevalink.ru

Laboratories
SLOVAKIA
Ba

Pavel Povinec (see also Monaco)
Department of Nuclear Physics
Comenius University
Mlynská dolina F1
842 15 Bratislava, Slovakia
Fax: +42 7 725882

SOUTH AFRICA
Pta

S. Woodborne
Quaternary Research Dating Unit (QUADRU)
c/o Enviromentek, CSIR
P.O. Box 395
0001 Pretoria, South Africa
Tel: +27 12 841 3380; Fax: +27 12 349 1170
Email: swoodbor@CSIR.co.za

SPAIN
UBAR

Dr. Joan S. Mestres and Prof. Gemma Rauret
Laboratori de Datació per Radiocarboni
Departament de Química, 3a. Planta
Universitat de Barcelona
C/. Martí i Franquès, 1-11/Avda. Diagonal, 647
08028 Barcelona, Spain
Tel: +34 3 403 4688; Fax: +34 3 402 1233
Email: jmestres@d3.ub.es

UGRA

M. Purificación Sánchez and Elena Villafranca
Laboratorio de Datación por C-14
Centro de Instrumentación Científica
Campus Fuentenueva, Ed. Mecenas
Universidad de Granada
E-18071 Granada, Spain
Tel: +34 58 244229; Fax: +34 58 243391
Email: mpsansan@goliat.urg.es and jlazuen@goliat.urg.es

CSIC

Fernán Alonso and Antonio Rubinos
Geochronology Laboratory
Instituto de Química-Física Rocasolano - CSIC
Serrano, 119
28006 Madrid, Spain
Phone: +34 91 561 9400
Fax: +34 91 564 2431
Email: f.alonso@iqfr.csic.es or rubinos@iqfr.csic.es

SWEDEN
Lu

Göran Skog
Radiocarbon Dating Laboratory
University of Lund
Tornavägen 13
SE-223 63 Lund,
Tel: +46 46 222 7885; Fax: +46 46 222 4830
Email: Goran.Skog@c14lab.lu.se

U

Ingrid U. Olsson
Department of Physics
Uppsala University
Box 530
SE-751 21 Uppsala, Sweden
Tel: +46 18 4713571; Fax: +46 18 4713524
Email: ingrid.olsson@fysik.uu.se

1407
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SWITZERLAND
B

Thomas Stocker
Climate and Environmental Physics
Physics Institute, Sidlerstrasse 5
CH-3012 Bern, Switzerland
Tel: +41 31 631 44 64; Fax: +41 31 631 44 05
Email: stocker@climate.unibe.ch
http://www.climate.unibe.ch

TURKEY
METU

Mustafa Özbakan
Radiocarbon Dating Laboratory
Middle East Technical University, Department of Physics
06531 Ankara, Turkey
Tel: +90 312 210 32 76; Fax: +90 312 210 12 81
Email: ozbakan@metu.edu.tr

UKRAINE
Ki

Nikolai N. Kovalyukh and Vadim V. Skripkin
National Academy of Sciences and Ministry of Extraordinary Situation of Ukraine
State Scientific Centre of Environmental Radiogeochemistry
Kyiv Radiocarbon Laboratory
Palladin 34
Kyiv-142
252680 Ukraine
Tel/Fax: +38 0 44 444 0060
Fax: +38 0 44 444 1465
Email: kyiv14c@radgeo.freenet.kiev.ua

URCRM Michael Buzinny
Ukrainian Research Center for Radiation Medicine
Academy of Medical Sciences of Ukraine
04050, Melnikova str. 53
Kiev, Ukraine
Tel: +380 44 2445874; Fax: +380 44 2137202
Email: buzinny@bigfoot.com; buzinny@hotmail.com; http://bigfoot.com/~buzinny
UNITED KINGDOM
Birm

R. E. G. Williams
Department of Geological Sciences
P.O. Box 363
University of Birmingham
Birmingham B15 2TT England

BM

Janet Ambers
Department of Scientific Research
The British Museum
London WC1B 3DG England
Tel: +44 207 323 8332; Fax: +44 207 323 8276
Email: Jambers@thebritishmuseum.ac.uk

Q

Roy Switsur
Cambridge Radiocarbon Dating Research Laboratory
Environmental Sciences Research Centre
East Road
Cambridge CB1 1PT England
Tel: +44 1223 363271 x2594
Email: vrs1@cam.ac.uk

RCD

R. L. Otlet / A. J. Walker
RCD – Radiocarbon Dating
The Old Stables
East Lockinge, Wantage
Oxon OX12 8QY England
Tel/Fax: +44 1235 833667

Laboratories
UB

Gerry McCormac
Radiocarbon Dating Laboratory
School of Archaeology and Palaeoecology
The Queen’s University of Belfast
Belfast BT7 1NN Northern Ireland
Tel: +44 2890 335141; Fax: +44 2890 315779
Email: f.mccormac@qub.ac.uk
http://www.qub.ac.uk/arcpal

GU

G. T. Cook
SURRC Radiocarbon Dating Laboratory
Scottish Universities Research & Reactor Centre
Scottish Enterprise Technology Park
East Kilbride G75 0QF Scotland
Tel: +44 13552 23332 or +44 13552 70136; Fax: +44 13552 29898
Email: g.cook@surrc.gla.ac.uk

SRR

Professor A. E. Fallick
NERC Radiocarbon Laboratory
Scottish Enterprise Technology Park
Rankine Avenue
East Kilbride, Glasgow G75 0QF Scotland
Tel: +44 1355 260037; Fax: +44 1355 229829
Email: radiocarbon@nercrcl.gla.ac.uk
http://www.gla.ac.uk/nercrcl
E. M. Scott
Department of Statistics
University Gardens
University of Glasgow
Glasgow, G12 8QW, Scotland
Tel: +44 141 330 5125; Fax: +44 141 330 4814
Email: marian@stats.gla.ac.uk

SWAN

Quentin Dresser
Department of Geography
University of Wales, Swansea
Singleton Park, Swansea
West Glamorgan SA2 8PP Wales
Tel: +44 1792 295148; Fax: +44 1792 295955
Email: P.Q.Dresser@swansea.ac.uk

UNITED STATES
A

Austin Long
Laboratory of Isotope Geochemistry
Geosciences Department
The University of Arizona
Tucson, Arizona 85721 USA
Tel: +1 520 621 8888; Fax: +1 520 621 2672
Email: along@geo.arizona.edu

UCI

Ellen Druffel and Sheila Griffin
Radiocarbon Laboratory
Department of Earth System Science
University of California, Irvine
PSRF 207
Irvine, California 92697-3100 USA
Tel (Druffel/office): +1 949 824 2116
Fax: +1 949 824 3256; Email edruffel@uci.edu

UCLA

Rainer Berger
Institute of Geophysics and Planetary Physics
University of California
Los Angeles, California 90024 USA
Tel: +1 310 825 4169; Fax: +1 310 206 3051

1409
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UCR

R. E. Taylor
Radiocarbon Laboratory
Department of Anthropology
Institute of Geophysics and Planetary Physics
University of California, Riverside
Riverside, California 92512 USA
Tel: +1 909 787 5521; Fax: +1 909 787 5409
Email: retaylor@citrus.ucr.edu

Beta

M. A. Tamers and D. G. Hood
Beta Analytic Inc.
4985 SW 74 Court
Miami, Florida 33155 USA
Tel: +1 305 667 5167; Fax: +1 305 663 0964
Email: beta@radiocarbon.com

UGA

John E. Noakes
Center for Applied Isotope Studies
The University of Georgia
120 Riverbend Road
Athens, Georgia 30602-4702 USA
Tel: +1 706 542 1395; Fax: +1 706 542 6106

ISGS

Chao-li Liu and Hong Wang
Isotope Geochemistry Section
Illinois State Geological Survey
615 E. Peabody Drive
Urbana, Illinois 61820 USA
Tel: +1 217 333 9083; Fax: +1 217 244 7004
Email: jliu@geoserv.isgs.uiuc.edu

NIST

Lloyd A. Currie and George A. Klouda
Atmospheric Chemistry Group
National Institute of Standards and Technology
Currie:
100 Bureau Dr., Stop 8370
Gaithersburg, Maryland 20899-8370 USA
Tel: +1 301 975 3919; Fax: +1 301 216-1134
Email: Lloyd.Currie@nist.gov
Klouda:
100 Bureau Dr., Stop 8372
Gaithersburg, MD 20899-8372 USA
Tel: +1 301 975 3931; Fax: +1 301 216-1134
Email: George.Klouda@nist.gov

GX

Alexander Cherkinsky
Geochron Laboratories, a division of
Krueger Enterprises, Inc.
711 Concord Avenue
Cambridge, Massachusetts 02138 USA
Tel: +1 617 876 3691; Fax: +1 617 661 0148
Email: acherkinsky@geochronlabs.com

I

James Buckley
Teledyne Brown Engineering Environmental Services
50 Van Buren Avenue
Westwood, New Jersey 07675 USA
Tel: +1 201 664 7070; Fax: +1 201 664 5586
Tlx: 134474

Laboratories
QL

Emeritus Minze Stuiver
Quaternary Isotope Laboratory
Box 351360
Quaternary Research Center
University of Washington
Seattle, Washington 98195-1360 USA
Tel: +1 206 685 1735; Fax: +1 206 543 3836
Email: minze@u.washington.edu

WIS

David M. McJunkin
Center for Climatic Research
University of Wisconsin-Madison
1225 W. Dayton Street
Madison, Wisconsin 53706 USA
Tel: +1 608 262 7328; Fax: +1 608 262 5964
Email: mcj@facstaff.wisc.edu

URUGUAY
URU

II.

14C

Cristina Ures and Roberto Bracco
Laboratorio de 14C
Facultad de Química
Universidad de la República
Gral. Flores 2124
Montevideo, Uruguay
Tel: +598 2 924 8571; Fax: +598 2 924 1906
Email: radquim@bilbo.edu.uy

ACCELERATOR FACILITIES (AMS)

AUSTRALIA
ANSTO

Ewan Lawson
ANTARES AMS Centre
Physics Division
Australian Nuclear Science and Technology Organisation (ANSTO)
New Illawarra Road
Lucas Heights, NSW 2234 Australia
Tel: +61 2 9717 3025; Fax: +61 2 9717 3257
Email: eml@ansto.gov.au

ANUA

L. Keith Fifield
Department of Nuclear Physics, RSPhysSE
Australian National University
Canberra, ACT 0200 Australia
Tel: +61 2 6249 2095; Fax: +61 2 6249 0748
Email: keith.fifield@anu.edu.au

AUSTRIA
VERA

Walter Kutschera
VERA-Laboratorium
Institut für Radiumforschung und Kernphysik
Universität Wien
Währingerstrasse 17
A-1090 Vienna, Austria
Tel: +43 1 4277 51700; Fax: +43 1 4277 9517
Email: Walter.Kutschera@univie.ac.at
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CANADA
TO

Roelf P. Beukens
IsoTrace Laboratory
University of Toronto
60 St. George Street
Toronto, Ontario, Canada M5S 1A7
Tel: +1 416 978 4628; Fax: +1 416 978 4711
Email: isotrace.lab@utoronto.ca
http://www.physics.utoronto.ca/~isotrace

CHINA
PKU

Kun Li and Zhiyu Guo
Department of Technical Physics
Institute for Heavy Ion Physics
Peking University
Beijing 100871 China
Tel: +86 10 2501881 or +86 10 62501875
Fax: +86 10 2501873 or +86 10 62501875
Email: puihip@sun.ihep.ac.cn

DENMARK
AAR

Jan Heinemeier and Niels Rud
AMS 14C Dating Laboratory
Institute of Physics and Astronomy
University of Aarhus
DK-8000 Aarhus C, Denmark
Tel: +45 8942 3718; Fax: +45 8612 0740
Email: jh@dfi.aau.dk
http://www.c14.dk

FRANCE
Gif A

GDR Tandetron
Domaine du CNRS
Avenue de la Terrasse, Bat. 30
F-91198 Gif sur Yvette Cedex, France
Tel: +33 1 69 82 39 15; Fax: +33 1 69 82 36 70
Jean-Claude Duplessy, director
Centre des Faibles Radioactivités
Laboratoire mixte CNRS-CEA
F-91198 Gif sur Yvette Cedex, France
Tel: +33 1 69 82 35 26; Fax: +33 1 69 82 35 68
Email: Jean-Claude.Duplessy@cfr.cnrs-gif.fr
AMS 14C
Maurice Arnold
Centre des Faibles Radioactivités (CEA-CNRS)
Tandetron
Avenue de la Terrasse
BP 1
F-91198 Gif sur Yvette Cedex, France
Tel: +33 1 69 82 35 63; Fax: +33 1 69 82 36 70
Email: Maurice.Arnold@cfr.cnrs-gif.fr
AMS 10Be, 126Al, 129I
Françoise Yiou and Grant Raisbeck
CSNSM Bat. 108
F-91405 Campus Orsay Cedex, France
Tel: +33 1 69 15 52 64; Fax: +33 1 69 15 52 68
Email: yiou@csnsm.in2p3.fr; raisbeck@csnsm.in2p3.fr

Laboratories
GERMANY
Wolfgang Kretschmer
Physikalisches Institut
Universität Erlangen-Nürnberg
Erwin-Rommel-Str. 1
91054 Erlangen, Germany
Tel: +49 9131 857075; Fax: +49 9131 15249
Email: kretschmer@physik.uni-erlangen.de
J

Gert Jaap van Klinken
AMS Laboratory
Max-Planck-Institut für Biogeochemie
PO Box 10 01 64
07701 Jena, Germany
Tel: +49 3641 643708/3806; Fax: +49 3641 643710
Email: vklinken@bgc-jena.mpg.de
http://www.bgc-jena.mpg.de
14C

KIA

Pieter M. Grootes, Marie-Josee Nadeau
Leibniz-Labor
Christian Albrechts Universität
Max-Eyth-Str. 11
24118 Kiel, Germany
Tel: +49 431 880 3894 (P.M.G.); +49 431 880 7373 (M.-J.N., M.S.)
Fax: +49 431 880 3356
Email: pgrootes@leibniz.uni-kiel.de (P.M.G.)
http://www.uni-kiel.de:8080/leibniz/indexe.htm

KOREA
SNU

Jong Chan Kim
The Inter-University Center for National Science Research Facility
Seoul National University
Seoul 151-742 Korea
Tel: +82 2 880 5774; Fax: +82 2 884 3002
Email: jckim@phya.snu.ac.kr
http://npl3.snu.ac.kr

JAPAN
Takafumi Aramaki
Marine Research Laboratory
Japan Atomic Energy Research Institute (JAERI-MRL)
4-24 Minato-machi, Mutsu
Aomori, 035-0064, Japan
Tel: +81 175 28 2614; Fax: +81 175 22 4213
Email: mrl@popsvr.tokai.jaeri.go.jp
Webpage in preparation
TERRA

Dr. Yasuyuki Shibata
Tandem Accelerator for Environmental Research and Radiocarbon Analysis
National Institute for Environmental Studies (NIES-TERRA)
Environmental Chemistry Division, National Institute for Environmental Studies
Onogawa 16-2, Tsukuba, Ibaraki 305-8506, Japan
Tel/Fax: +81-295-50-2565
Email: yshibata@nies.go.jp

NUTA

Toshio Nakamura
Tandetron AMS Laboratory
Dating and Materials Research Center
Nagoya University
Chikusa, Nagoya 464-8602 Japan
Tel: +81 52 789 2578; Fax: +81 52 789 3095
Email: g44466a@nucc.cc.nagoya-u.ac.jp
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THE NETHERLANDS
GrA

J. van der Plicht
Centre for Isotope Research
University of Groningen
Nijenborgh 4
NL-9747 AG Groningen, The Netherlands
Tel: +31 50 3634760; Fax: +31 50 3634738
Email: plicht@phys.rug.nl

UtC

K. van der Borg
R. J. van de Graaff Laboratorium
Universiteit Utrecht
Princetonplein 5
P.O. Box 80.000
3508 TA Utrecht, The Netherlands
Tel: +31 30 53 2238 or +31 30 53 1492
Fax: +31 30 2532532; Email: k.vanderborg@fys.ruu.nl

NEW ZEALAND
NZA

Rodger Sparks
Rafter Radiocarbon Laboratory
Institute of Geological and Nuclear Sciences, Ltd.
P.O. Box 31-312
Lower Hutt, New Zealand
Tel: +64 4 570 4671; Fax: +64 4 570 4657
Email: R.Sparks@gns.cri.nz
http://www.gns.cri.nz/atom/rafter/rafter.htm

POLAND
Poz

Dr. Tomasz Goslar
Pozan Radiocarbon Laboratory
Foundation of the Adam Mickiewicz University
ul. Rubiez 46
61-62 Pozan, Poland
Tel: +48 61 8279782
Email: c14@radiocarbon.pl; http://www.radiocarbon.pl

SWEDEN
LuA

Göran Skog
Radiocarbon Dating Laboratory
University of Lund
Tornavägen 13
SE-223 63 Lund, Sweden
Tel: +46 46 222 7885; Fax: +46 46 222 4830
Email: Goran.Skog@C14lab.lu.se

Ua

Göran Possnert
Tandem Laboratory
University of Uppsala
Box 533
SE-751 21 Uppsala, Sweden
Tel: +46 18 4713059; Fax: +46 18 555736
Email: possnert@material.uu.se

SWITZERLAND
ETH

Georges Bonani
ETH/AMS Facility
Institut für Teilchenphysik
Eidgenössische Technische Hochschule Hönggerberg
CH-8093 Zürich, Switzerland
Tel: +41 1 633 2041; Fax: +41 1 633 1067
Email: bonani@particle.phys.ethz.ch

Laboratories
UNITED KINGDOM
OxA

R. E. M. Hedges / C. Bronk Ramsey
Oxford Radiocarbon Accelerator Unit
Research Laboratory for Archaeology and the History of Art
Oxford University
6 Keble Road
Oxford OX1 3QJ England
Tel: +44 1865 273939; Fax: +44 1865 273932
Email: orau@rlaha.ox.ac.uk
http://www.rlaha.ox.ac.uk

UNITED STATES
AA

D. J. Donahue, P. E. Damon and A. J. T. Jull
NSF-Arizona AMS Facility
PO Box 210081
The University of Arizona
Tucson, Arizona 85721-0081 USA
Tel: +1 520 621 6810; Fax: +1 520 621 9619
Email: ams@physics.arizona.edu
http://www.physics.arizona.edu/ams

CAMS

John Knezovich
Center for Accelerator Mass Spectrometry
Lawrence Livermore National Laboratory
P.O. Box 808, L-397
Livermore, California 94550 USA
Tel: +1 510 422 4520; Fax: +1 510 423 7884
Email: knezovich1@llnl.gov

NSRL

Scott Lehman
INSTAAR Laboratory for AMS Radiocarbon Preparation and Research (NSRL)
CU-Boulder
1560 30th St.
Campus Box 450
Boulder, Colorado 80309-0450
Telephone: +1 303 492-0362 Fax: +1 303 492-6388
Email: Scott.Lehman@colorado.edu
http://www.Colorado.EDU/INSTAAR/RadiocarbonDatingLab

BETA

M. A. Tamers and D. G. Hood
Beta Analytic, Inc.
Professional Radiocarbon Dating Services
4985 SW 74 Court
Miami, Florida 33155 USA
Tel: +1 305 667 5167; Fax: +1 305 663 0964
Email: beta@radiocarbon.com
http://www.radiocarbon.com/

BIOCAMS Ronald Hatfield and Darden Hood, directors

BIOCAMS International, Inc.
AMS for Art and Antiquities
13020 SW 120 Street
Miami, Florida 33186 USA
Tel: +1 305 992 3635; Fax: +1 305 631 3434
Email: director@biocams.com
http://www.biocams.com/
PL

David Elmore
Purdue Rare Isotope Measurement Laboratory
Purdue University
1396 Physics Building
West Lafayette, Indiana 47907-1396 USA
Tel: +1 765 494 6516; Fax: +1 765 494 0706
Email: elmore@primelab.physics.purdue.edu
http://primelab.physics.purdue.edu
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LABORATORIES – CODE DESIGNATIONS*
A
AA
AAR
AC
AECV

USA
USA
Denmark
Argentina
Canada

ANUA
AU*
B
Ba

Arizona
NSF-Ariz. AMS Facility
University of Aarhus
Ingeis
Alberta Environmental
Center of Vegreville
Atomic Energy Res. Inst.
Algiers
Argonne Nat. Lab., Ill.
Antwerp
Australian National
University
ANU Accelerator
University of Alaska
Bern
Bratislava

BC*
Beta
BGS
Birm
Bln
BM

Brooklyn College
Beta Analytic
Brock University
Birmingham
Berlin
British Museum

USA
USA
Canada
UK
Germany
England

BONN*
BS

Universität Bonn
Birbal Sahni Institute

Germany
India

C*
CAMS

Chicago
Center for Accelerator
Mass Spectrometry

USA
USA

CAR*
CENA

Univ. College, Cardiff
Wales
Centro Energia
Brazil
Nuclear na Agricultura
Institute of Geology
China
Chemistry Laboratory
India
Cairo
Egypt
Geochronology Lab,
Spain
IQFR-CSIC, Madrid
Cosmochemistry Lab.
USSR
USSR Academy of Sciences
Caltech, Calif. Inst. Tech. USA
Charles University
Czech Republic
Dublin, Trinity College Ireland
Univ. de Dakar
République du
Sénégal
Dalhousie University
Canada
USGS, Denver
USA
Debrecen
Hungary
NCSR Demokritos
Greece
Dicar Corp and Dicarb USA
Radioisotope Company
Desert Research Institute USA
ENEA, Bologna
Italy
ETH/AMS Facility
Switzerland
Florence
Italy
Freiberg
Germany

AERIK*
ALG*
ANL*
ANTW
ANU

CG
CH
CRCA
CSIC
CSM*
CT*
CU
D*
Dak*
DAL*
DE*
Deb
DEM
DIC*
DRI*
ENEA
ETH
F
Fr

Korea
Algeria
USA
Belgium
Australia
Australia
USA
Switzerland
Slovakia

Fra
FSU*
FZ
G*
GAK
Gd
GD*
Gif
Gif A
GIN
GL*
Gro*
GrN
GrA
GSC
GU

GX
H*
HAM
HAR*
Hd
Hel
HIG*
HL
HNS*
Hv
I
IAEA
IAEAMEL
ICEN
IEMAE

IGAN
IGS*
II*
IOAN
IORAN
IRPA
ISGS*
IVAN
IVIC*
IWP

Frankfurt
Germany
Florida State University USA
Fortaleza
Brazil
Göteborg
Sweden
Gakushuin University
Japan
Gliwice
Poland
Gdansk
Poland
Gif sur Yvette
France
Gif sur Yvette and Orsay France
Geological Institute
Russia
Geochronological Lab. England
Groningen
The Netherlands
Groningen
The Netherlands
Groningen AMS
The Netherlands
Geological Survey
Canada
Scottish Universities
Scotland
Research & Reactor Centre
(formerly Glasgow University)
Geochron Laboratories USA
Heidelberg
West Germany
Hamburg
Germany
Harwell
England
Heidelberg
Germany
Helsinki
Finland
Hawaii Inst. of Geophys. USA
Second Institute of
China
Oceanography
Hasleton-Nuclear,
USA
Palo Alto, California
Hannover
Germany
Teledyne Isotopes
USA
International Atomic
Austria
Energy Agency
Marine Environmental
Monaco
Laboratory
Instituto Tecnológico
Portugal
e Nuclear
Institute of Evolutionary Russia
Morphology and Animal
Ecology
Institute of Geography
Russia
Inst. of Geological Sci., Sweden
Isotopes, Inc., Palo Alto USA
Institute of OceanoRussia
graphy
Institute of Oceanology Russia
Royal Institute of
Belgium
Cultural Heritage
Illinois State
USA
Geological Survey
Institute of Volcanology Ukraine
Caracas
Venezuela
Institute of Water
Russia
Problems

*Indicates laboratories that are closed, no longer measuring 14C, or operating under a different code designation.

Laboratories
J

Max-Planck-Institut
Germany
für Biogeochemie, Jena

NPL*

JGS

Geological Survey of
Japan
Biren Roy Research
Laboratory
National Museum
Korean Atomic Energy
Research Institute
National Cultural
Property Research
Institute
Kyushu Environmental
Evaluation Association
Kiel
Kiel AMS
Institute of RadioGeochemistry of the
Environment
Köln
Krakow
Krasnoyarsk Institute
Kyoto Sangyo University
Lamont-Doherty
Liège State University
St. Petersburg
NCSR Demokritos

Japan

NS*

India

NSRL

Denmark
Korea

NSTF*

Korea

NSW*
NTU

Japan

NU
Ny*

JUBR
K
KAERI*
KCP

KEEA
KI
KIA
Ki (KIEV)

KN
KR
KRIL
KSU
L*
LAR
LE
LIH
LJ*
LOD
LP
Lu
LU
Lv*
Ly
LZ
M*
Ma*
MAG
MC*
METU
ML*
Mo*
MOC*
MP*
MRRI*
MSU
N
NIST

Germany
Germany
Ukraine

Germany
Poland
Russia
Japan
USA
Belgium
Russia
Greece

Scripps (UCSD) La Jolla USA
Lodz
Poland
La Plata
Argentina
Lund
Sweden
St. Petersburg State
Russia
Univesity
Louvain-la-Neuve
Belgium
University of Lyon
France
UmweltforschungsGermany
zentrum Leipzig-Halle
University of Michigan USA
University of Winnepeg Canada
Quaternary Geology and Russia
Geochronology Laboratory
Centre Scientifique de
Monaco
Monaco
Middle East Technical
Turkey
University
Miami
USA
Verdanski Inst. of
USSR
Geochemistry, Moscow
Archaeological Institute, Czechoslovakia
Czechoslovak Acad. of Sci.
Magnolia Petroleum
USA
Marine Resources
USA
Research Institute
Moscow
Russia
Nishina Memorial
Japan
National Institute of
USA
Standards and Technology

NZ
NZA
O*
OBDY
ORINS*
OWU*
OX*
OxA
P*
Pi*
PI
PIC*
PITT*
Poz
Pr*
PSU*
PKU
PL
PRL
Pta
Q
QL*
QC*
QU*
R
RCD
RI*
RIDDL*
Riga
RL*
Rome
RT
RU*
S*
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National Physical
England
Laboratory, Middlesex
Nova Scotia Research
Canada
Foundation
INSTAAR – University USA
of Colorado
Nuclear Science and
USA
Technology Facility,
State Univ. of New York
U. of New South Wales Australia
National Taiwan
Republic of China
University
Nihon University
Japan
Nancy, Centre de
France
Recherches Radiogéologiques
New Zealand
New Zealand
New Zealand
New Zealand
Humble Oil & Refining USA
ORSTOM Bondy
France
Oak Ridge Institute
USA
of Nuclear Studies
Ohio Wesleyan Univ.
USA
USDA
USA
Oxford, Mississippi
Oxford Radiocarbon
England
Accelerator Unit
Univ. of Pennsylvania
USA
Pisa
Italy
Permafrost Institute
Russia
Packard
USA
University of Pittsburgh USA
Pozan
Poland
Prague
Czechoslovakia
Pennsylvania State Univ. USA
Peking University
China
Purdue Rare Isotope
USA
Measurement Laboratory
Physical Research
India
Laboratory
Pretoria
South Africa
Cambridge
England
Quaternary Isotope
USA
Laboratory
Queens College
USA
Centre de Recherches
Canada
Minérales, Québec
Rome
Italy
Radiocarbon Dating
England
Radiochemistry, Inc.
USA
Simon Fraser Univ.
Canada
Institute of Science
Latvia
Radiocarbon, Ltd.
USA
Department of Earth
Italy
Sciences, Rome
Rehovot
Israel
Rice University
USA
Saskatchewan
Canada
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Sa*
Sac
SFU*
Sh*
SI*
SL*
SM*

SMU*
SNU
SOAN
SR*
SRR
St*
Su
SUA
SWA
T
TA
TAM*
TB
TBNC*
TEM*
TF*
TK
TKU
Tln
TO
TUNC*
Tx*
U
Ua
UB

Laboratories
Saclay, Gif-sur-Yvette
France
Instituto Tecnológico
Portugal
e Nuclear
Simon Fraser Univ.
Canada
Shell Development Co. USA
Smithsonian Institution USA
Sharp Laboratories
USA
Mobil Oil Corp., Dallas USA
(formerly Magnolia &
Socony Mobil Oil)
Southern Methodist Univ. USA
Seoul National Univ.
Korea
Institute of Geology
Russia
and Geophysics
Salisbury, Rhodesia
Rhodesia
NERC Radiocarbon
Scotland
Laboratory
Stockholm
Sweden
Finland
Finland
Sydney University
Australia
Swansea
Wales
Trondheim
Norway
Tartu
Estonia
Texas A & M University USA
Tblisi
Georgia
Kaman Instruments
USA
(formerly Texas-Bio-Nuclear)
Temple University
USA
Tata Institute of
India
Fundamental Research
University of Tokyo
Japan
Turku
Finland
Tallinn
Estonia
IsoTrace Laboratory
Canada
Tehran University
Iran
Nuclear Centre
Texas
USA
Uppsala
Sweden
Uppsala AMS
Sweden
Belfast
Northern Ireland

UBAR
UCD
UCI
UCLA
UCR
UD
UGa
UGRA
UM*
UQ
URCRM
URU
USGS*
UtC
UW*
V*
VRI
W*
WAT
WHAMS
WIS
Wk
WRD*
WSU*
XLLQ

X*
Y*
Ya*
Z

University of Barcelona Spain
University College,
Ireland
Dublin
University of California, USA
Irvine
University of California, USA
Los Angeles
University of California, USA
Riverside
Udine
Italy
University of Georgia
USA
University of Granada
Spain
University of Miami
USA
University of Quebec
Canada
at Montreal
Ukrainian Research Ctr. Ukraine
for Radiation Medicine
University of Uruguay
Uruguay
USGS, Menlo Park
USA
Utrecht van de Graaff
The Netherlands
Laboratorium
University of Washington USA
Melbourne, Victoria
Australia
Vienna Radium Institute Austria
USGS, National Center USA
University of Waterloo Canada
National Ocean Sciences USA
AMS Facility
Wisconsin
USA
University of Waikato
New Zealand
USGS Washington, D.C. USA
Water Resources Division
Washington State Univ. USA
Xian Laboratory of
China
Loess and Quaternary
Geology
Whitworth College
USA
Yale University
USA
Yale University
USA
Zagreb
Croatia

AUTHOR INDEX
VOLUME 43, 2001
Belitzky S. See Nadel D, 1167
Bella F. See Plastino W, 157
Bernaldo De Quiros F. See Valladas H, 977
Berstan R. See Stott AW, 191
Bhushan R. See Dutta K, 483
Bird MI. See Fifield LK, 1139
Bird MI. See Santos GM, 239
Bird MI. See Turney CSM, 45
Boaretto E. Dedication to Israel Carmi, xi. See also
Nadel D, 1167
Bokovenko NA. See Alekseev AY, 1085
Boltrik Y. See Alekseev AY, 1085
Bonani G. Radiocarbon Dates of Old and Middle Kingdom Monuments in Egypt, 1297
Bondar M. See Wild EM, 1057
Bonsall C. See Cook GT, 453
Boromean V. See Cook GT, 453
Bourke S. The Chronology of the Ghassulian Chalcolithic Period in the Southern Levant: New 14C Determinations from Teleilat Ghassul, Jordan, 1217
Bowman D. Load Structure Seismites in the Dead Sea
Area, Israel: Chronological Benchmarking with 14C
Dating, 1383
Braun E. Proto, Early Dynastic Egypt, and Early Bronze
1-11 of the Southern Levant: Some Uneasy 14C Correlations, 1279
Bronk Ramsey C. Development of the Radiocarbon Calibration Program, 355; “Wiggle Matching” Radiocarbon Dates, 381; see also Hodgins GWL, 209; Stott
AW, 191
Brown L. Radiocarbon Age Profiles and Size Dependency of Mixing in Northeast Atlantic Sediments, 929
Bruce D. Spatial Variations of Radiocarbon in the
Coastal Aquifer of Israel-Indicators of Open and
Closed Systems, 783
Bruhn F. Chemical Removal of Conservation Substances
by “Soxhlet” Type Extraction, 229; see also Nadeau
MJ, 169
Bruins H. Near East Chronology: Towards an Integrative
14C Time Foundation, 1147; Radiocarbon Challenges
Archaeo-Historical Time Frameworks in the Near
East: The Early Bronze Age of Jericho in Relation to
Egypt, 1321; see also Bowman D, 1383; van der Plicht
J, 1155
Bryant C. Is Comparability of 14C Dates an Issue?: A
Status Report on the Fourth International Radiocarbon Intercomprarison, 321; see also Walker MJC,
1007
Burr GS. Sample Preparation of Dissolved Organic Carbon in Groundwater for AMS 14C Analysis, 183; see
also McGeehin J, 255; McNichol AP, 313; Slusarenko
IY, 425; Kuzmin YV, 477; Zhou W, 619; Kalish JM,
843; Povinec PP, 879
Burton M. The Chalcolithic Radiocarbon Record and its

Aardsma G. New Radiocarbon Dates for the Reed Mat
from the Cave of the Treasure, Israel, 1247
Abe O. See Hideshima S, 473
Abe O. See Yamano H, 899
Abramova ZA. The Age of Upper Paleolithic Sites in the
Middle Dnieper River Basin of Eastern Europe, 1077
Aerts-Bijma AT. Automatic AMS Sample Combustion
and CO2 Collection, 293
Aerts-Bijma AT. See Lanting JN, 249
Agnon A. See Ken-Tor R, 1371
Albani A. See Zoppi U, 489
Albuquerque ALS. See Santos GM, 801
Alderliesten C. See van der Borg K, 751
Alekseev Y. A Chronology of the Scythian Antiquities of
Eurasia (Based on New Archaeological and 14C
Data), 1085
Alexandrovskiy AL. Chronology of Soil Evolution and
Climatic Changes in the Dry Steppe Zone of the
Northern Caucasus, Russia, During the 3rd Millennium BC, 629
Alloway BV. See Santos GM, 239
Appleby PG. See Goodsite ME, 495
Ammerman AJ. See Zoppi U, 489
An Z. See Shen C, 671
Anderson R. See Gulliver P, 869
Aramaki T. Distribution of Radiocarbon in the Southwestern North Pacific, 857
Aravena R. See Pessenda LCR, 595
Argemi M. See Girbal J, 637
Arneth A. See Santos GM, 239
Arnold M. See Valladas H, 977
Arslanov KA. New Data on Chronology of LandscapePaleoclimatic Stages in Northwestern Russia During
the Late Glacial and Holocene, 581; see also Muraki
Y, 695
Aurenche O. Proto-Neolithic and Neolithic Cultures in
the Middle East Birth of Agriculture, Livestock Raising, and Ceramics: a Calibrated 14C Chronology
12,500- 5,000 cal BC, 1191
Avisar D. The Source of the Yarkon Springs, Israel, 793;
see also Koral H, 957
Avner U. Settlement Patterns in the Southern Levant
Deserts During the 6th-3rd Millennia BC: A Revision
Based on 14C Dating, 1203
Badylak S. See Hillegonds AJ, 305
Baosheng L. See Zhou W, 619
Barbetti M. See Lange T, 449; see also Bourke S, 1217
Bartolomei P. See Plastino W, 157
Beavan-Athfield N. Environmental Influences on Dietary
Carbon and 14C Ages in Modern Rats and Other Species, 7; Bomb Carbon as a Tracer of Dietary Carbon
Sources in Omnivorous Mammals, 711
Belinskiy AB. See Alexandrovskiy AL, 629

1419

1420

Author Index

Use in Southern Levantine Archaeology, 1223
Butters TD. See Hodgins GWL, 209
Cabrera-Valdes V. See Valladas H, 977
Cachier H. See Valladas H, 977
Carmi I. From the Guest Editor, xiii; see also Bryant C,
321; Kacanski A, 642; Stiller M, 821; Nadel D, 1167;
Avner U, 1203; Mazar A, 1333
Chappell J. See Santos GM, 239
Cheoun MK. Pretreatment of Iron Artifacts at SNU-AMS,
217; see also Kim JC, 163
Chernov SB. See Arslanov KA, 581
Chichagova O. See Kovda I, 603
Chlenova L. See Kovalyukh N, 1064
Christen JA. See Slusarenko IY, 425
Chugunov KA. See Dergachev VA, 417; see also Alekseev AY, 1085
Cione AL. Did the Megafauna Range to 4300 BP in
South America?, 69
Clottes J. See Valladas H, 977
Cook AC. AMS Radiocarbon Dating of Ancient Iron Artifacts: A Carbon Extraction Method in Use at LLNL,
221
Cook GT. A Freshwater Diet-Derived 14C Reservoir Effect at the Stone Age Sites in the Iron Gates Gorge,
453; see also Bryant C, 321; Gulliver P, 869; Brown L,
929; Alekseev AY, 1085
Coope GR. See Hodgins GWL, 199; see also Walker
MJC, 1007
Courtney C. See Burr GS, 183
Cordeiro RC. See Santos GM, 801
Cremasco MM. See Zoppi U, 1049
Cresswell RG. See Turney CSM, 45
Crombe P. See Van Strydonck MJY, 977; see also Van
Strydonck MJY, 987
Cross FM. See Rasmussen KL, 127
Cryer FH. See Rasmussen KL, 127
Courtin J. See Valladas H, 977
Czernik J. Preparation of Graphite Targets in the Gliwice
Radiocarbon Laboratory for AMS 14C Dating, 283
Davis PT. See McGeehin, 255
De Jong AFM. See van de Plassche, 391; see also van der
Borg K, 751; Prins MA, 939
De Mulder G. See Van Strydonck MJY, 987
Dergachev VA. The Filling of Gaps in Geophysical Time
Series by Artificial Neural Networks, 365; Dendrochronology and Radiocarbon Dating Methods in Archaeological Studies of Scythian Sites, 417; see also
Alekseev AY, 1085
Deschieter J. See Van Strydonck MJY, 987
Di Tada ML. See Turney CSM, 45
Ditchburn RG. See Morgenstern U, 909
Donahue DJ. See Lange T, 449; see also Zhou W, 619
Doudna G. See Rasmussen KL, 127
Draxler S. See Wild EM, 1057
Druffel ERM. Changes of Subtropical North Pacific Ra-

diocarbon and Correlation with Climate Variability,
15
Duhr A. See Bruhn F, 229; see also Nadeau M-J, 169
Dumke I. See Suckow A, 325
Dutta K. ∆R Correction Values For the Northern Indian
Ocean, 483
Edwards RJ. See van de Plassche O, 391
Eine GL. See Kalish JM, 843
Elmore D. See Hillegonds AJ, 305
Enzel Y. See Frumkin A, 1179; see also Ken-Tor R, 1371
Eronen M. See Ogurtsov MG, 439
Evershed P. See Stott AW, 191
Evin J. See Aurenche O, 1191
Eyal Y. See Frumkin A, 1179
Facorellis Y. The Cave of Theopetra, Kalambaka: Radiocarbon Evidence for 50,000 Years of Human Presence, 1029
Fifield LK. Radiocarbon Dating of the Human Occupation of Australia Prior to 40 ka BP—Successes and
Pitfalls, 1139; see also Turney CSM, 45; Santos GM,
239; Santos GM, 801
Figini AJ. See Cione AL, 69
Flexer A. See Kacanski A, 647
Fortea-Perez JJ. See Valladas H, 977
Francesco B. See Plastino W, 157
Friedmann GM. See Bruce D, 783
Friesinger H. See Wild EM, 1057
Frumkin A. Radiocarbon Chronology of the Holocene
Dead Sea: Attempting a Regional Correlation, 1179
Fulcher E. See Zoppi U, 1049
Fuls A. See Vogel JC, 133
Galet P. See Aurenche O, 1191
Gallagher D. A Recent History of 14C, 137 Cs, 210 Pb, and
241A Accumulation at Two Irish Peat Bog Sites: An
m
East Versus West Coast Comparison, 517
Gambari FM. See Zoppi U, 1049
Gambari MV. See Zoppi U, 1049
Gavin DG. Estimation of Inbuilt Age in Radiocarbon
Ages of Soil Charcoal for Fire History Studies, 27
Geyh MA. Bomb 14C Dating of Animal Tissues and Hair,
723; see also Morgenstern U, 909
Gilboa A. Early Iron Age Radiometric Dates from Tel
Dor: Preliminary Implications for Phoenicia, and Beyond, 1343
Girbal J. Dating of Biodeposits of Oxalates at the Arc de
Bera in Tarragone, Spain, 637
Gomes PRS. See Santos GM, 801
Gonzales-Sainz C. See Valladas H, 977
Goodsite ME. High-Resolution AMS 14C Dating of Post
Bomb Peat Archives of Atmospheric Pollutants, 495
Gorban AN. See Dergachev VA, 365
Görsdorf J. New Radiocarbon Dates of the North Asian
Steppe Zone and its Consequences for the Chronology,

Author Index
1115; Excavations at Ma’Layba and Sabir, Republic
of Yemen: Radiocarbon Datings in the Period 1900 to
800 CAL BC, 1353; Radiocarbon Datings from the Almaqah Temple of Bar’an, Ma’rib, Republic of Yemen:
Approximately 800 CAL BC to 600 CAL AD, 1363
Goslar T. Searching Solar Periodicites in the Late Glacial Record of Atmospheric Radiocarbon, 339; Absolute Production of Radiocarbon an the Long-Term
Trend of Atmospheric Radiocarbon, 743; see also Czernik J, 283; Pawlyta J, 831
Gosse J. See McGeehin J, 255
Gottdang A. Accelerator Mass Spectrometry at High
Voltage Engineering Europa (HVEE), 149
Gouveia SEM. See Pessenda LCR, 595
Graham IJ. See Morgenstern U, 909
Griffin S. See Druffel ERM, 15
Grigorieva GV. See Abramova ZA, 1077
Grootes PM. See Nadeau M-J, 169; see also Bruhn F, 229
Guilderson TP. See Druffel ERM, 15
Gulliksen S. See Bryant C, 321
Gulliver P. Transport of Sellafield Derived 14C from the
Irish Sea Through the North Channel, 869
Guo Z. See Lu X, 55
Guo Z. AMS Radiocarbon Dating of Tianma-Qucun Site
in Shanxi, China, 1109
Haas, H See Bonani G, 1297
Halas S. See Pawlyta J, 831
Hansen TS. See Goodsite ME, 495
Hase Y. See Okuno M, 703
Hatté C. Is Classical Acid-Alkali-Acid Treatment Responsible for Contamination? An Alternative Proposition, 177; Development of Accurate and Reliable 14C
Chronologies for Loess Deposits: Application to the
Loess Sequence of Nussloch (Rhine Valley, Germany),
611
Harada N. See Uchida M, 949
Harkness DD. See Bryant C, 321; Walker MJC, 1007
Hausladen PA. See Turney CSM, 45; Fifield LK, 1139;
Santos GM, 239; Santos GM, 801
Hawass Z. See Bonani G, 1297
Head J. See Zhou W, 619
Hedges REM. The Future of the Past, 141; see also Stott
AW, 191; Hodgins GWL, 199; Hodgins GWL, 209;
Cook GT, 453
Heinemeier J. See Bryant C, 321; Goodsite ME, 495;
Nadel D, 1167
Herut B. See Sivan O, 765; Yechieli Y, 773
Hideshima S. Northwest Pacific Marine Reservoir Correction Estimated from Annually Banded Coral from
Ishigaki Island, Southern Japan, 473
Hillegonds AJ. PRIME Lab Sample Handling and Data
Analysis for Accelerator-Based Biomedical Radiocarbon Analysis, 305
Hirota M. See Yoneda M, 465; Uchida M, 949
Hiyama T. See Takahashi HA, 659
Hodgins GWL. Protocol Development for Purification

1421

and Characterization of Sub-Fossil Insect Chitin for
Stable Isotopic Analysis and Radiocarbon Dating,
199; The Chemical and Enzymatic Hydrolysis of Archaeological Wood Cellulose and Monosaccharide
Purification by High Ph Anion Exchange Chromatography for Compound-Specific Radiocarbon Dating,
209
Hongji M. See Guo Z, 1109
Hua Q. Process in Radiocarbon Target Preparation at the
Antares AMS Centre, 275; see also Zoppi U, 489;
Zoppi U, 1049; Bourke S, 1217
Humm MJ. See Stott AW, 191
Ivy-Ochs S. Can We Use Cosmogenic Isotopes to Date
Stone Artifacts?, 759
Jackson GS. See Hillegonds AJ, 305
Jacobsen GE. See Hua Q, 275
Jahn BM. See Rossello EA,77
Jeffrey D. See Burr GS, 183
Jinglin Y. See Guo Z, 1109
Jones M. Reservoir Offset Models for Radiocarbon Calibration, 119
Jull AJT. See Burr GS, 183; McGeehin, 255; McNichol
AP, 313; Kuzmin YV, 477; Zhou W, 619; Lal D, 731;
Povinec PP, 879
Jungner H. See Sonninen E, 271; Vasil’chuk YK, 527
Kacanski A. Late Holocene Climatic Change in the Balkans: Speleothem Isotopic Data from Serbia, 647
Kadan G. See Frumkin A, 1179
Kaihola L. See Plastino W, 157
Kalish JM. A Time History of Pre- and Post- Bomb Radiocarbon in the Barents Sea Derived from Arcto-Norwegian Cod Otoliths, 843
Kang J. See Kim JC, 163; Cheoun MK, 217; Yoshioka N,
555
Karimova LM. See Dergachev VA, 365
Kashgarian M. See Druffel ERM, 15
Kato M. See Muraki Y, 695
Kaufmann A. See Bruce D, 783; Stiller M, 821
Kaup E. See Olsson IU, 809
Kawamura K. See Uchida M, 949
Keally CT. See Kuzman YV,1121
Ken-Tor R. Precision of Calibrated Radiocarbon Ages of
Historic Earthquakes in the Dead Sea Basin, 1371
Kershaw AP. See Turney CSM, 45
Kexin L. See Guo Z, 1109
Khokhlova OS. See Alexandrovskiy AL, 629
Kim IC. See Kim JC, 163; Cheoun MK, 217
Kim JC. Progress at the Seoul National University AMS
Facility, 163; see also Cheoun MK, 217; Vasil’chuk
YK, 1541
Kitagawa H. See Hideshima S, 473; Yamano H, 899
Klein M. See Gottdang A, 149
Klimanov VA. See Arslanov KA, 581
Knox FB. Least-Squares Fitting Smooth Curves to Dec-

1422

Author Index

adal Radiocarbon Calibration Data from AD 1145 to
AD 1945, 87
Kocharov GE. See Ogurtsov MG, 439
Kolton J. See Avisar D, 793
Konohira E. See Takahashi HA, 659
Konomatsu M. See Okuno M, 703
Koral H. Major Recent Tectonic Uplift in Iskenderun Bay,
Turkey, 957
Kovalykh N. Dating of Ancient Icons from Kiev Art Collections, 1064; see also Alekseev AY, 1085
Kovda I. Radiocarbon Age of Vertisols and its Interpretation Using Data on Gilgai Complex in the North
Caucasus, 603
Krapiec M. See Pazdur A, 403
Kronfeld J. See Weinstein-Evron M, 561; Kacanski A,
647; Avisar D, 793; Koral H, 957
Kruk RW. See Prins MA, 939
Kuandykov AE. See Dergachev, 365
Kubik PW. See Ivy-Ochs S, 759
Kudrass HR. See Morgenstern U, 909; Suckow A, 917
Kuji T. See Aramki T, 857
Kumamoto Y. See Uchida M, 949
Kusakabe M. See Uchida M, 949
Kutschera W. See Vasil’chuk YK, 541; Wild EM, 1057
Kuzmin YV. Radiocarbon Reservoir Correction Ages in
the Peter the Great Gulf, Sea of Japan, and Eastern
Coast of the Kunashir Kuriles (Northwestern Pacific),
477; Radiocarbon Chronology of the Earliest
Neolithic Sites in East Asia, 1121; see also Slusarenko
IY, 425
Kyparissi-Apostolika N. See Facorellis Y, 1029
Lacerela LD. See Santos GM, 801
Lal D. In-Situ Cosmogenic 14C: Production and Examples of its Unique Applications in Studies of Terrestrial
and Extraterrestrial Process, 731
Lamers RAN. See van der Borg K, 751
Lang A. See Hatté C, 611
Lange T. Radiocarbon Measurements of Tree Rings from
the Old Huon Pine, 449; see also Burr GS, 183; Goodsite ME, 495
Lanting JN. Dating of Cremated Bones, 249
Lawson EM. See Bourke S,1121; Hua Q, 275; Zoppi U,
489; Hua Q, 1049
Lazar B. See Sivan O, 765; Yechieli Y, 773
Lee C. See Kim JC, 163
Lee JY. See Yoshioka T, 555
Lehner M. See Bonani G, 1297
Levy T. See Burton M,1223
Li K. See Guo Z,1109
Li Z. See Shen C, 671
Lindholm M. See Ogurtsov MG, 439
Lipschutz ME. See Hillegonds AJ, 305
Liu TK. See Rossello EA, 77
Liu T. See Shen C, 671
Liu X. See Guo Z, 1109
Lohse C. See Goodsite ME, 495

Lovell J. See Bourke S, 1217
Lowe JJ. See Walker MJC, 1007
Lu X. Data Analysis and Calibration of Radiocarbon
Dating Results from the Cemetery of the Marquises of
Jin, 55
Lynn W. See Kovda I, 603
Ma H. See Lu X, 55; Guo 1109
MacKenzie AB. See Gulliver P, 869; Brown L, 929
Maes A. See Van Strydonck MJY, 997
Makarenko NG. See Dergachev, 365
Maksimov FE. See Arslanov KA, 581
Maniatis Y. See Facorellis Y, 1029
Marco S. See Ken-Tor R, 1371; Nadel D, 1167
Masuda K. See Muraki Y, 695
Matsumoto E. See Hideshima S, 473
Mazar A. Radiocarbon Dates from Iron Age Strata at Tel
Beth Shean and Tel Rehov, 1333
McFadgen BG. See Beavan-Athfield NR, 7; Knox FB, 87
McGann MJ. See Hua Q, 275
McGee EJ. See Bryant C, 321; Gallagher D, 517
McGeehin J. Stepped-Combustion 14C Dating of Sediment: A Comparison with Established Techniques,
255
McNichol AP. Converting AMS Data to Radiocarbon
Values: Considerations and Conventions, 313
McSweeney K. See Cook GT, 453
Meijer HAJ. See Aerts-Bijma AT, 293
Michczynski A. See Pazdur A, 403
Mitchell PI. See Gallagher D, 517
Mintrop A. See Bruhn F, 229
Mintz G. See Stiller M, 821
Minami M. An Extraction System to Measure Carbon
Terrestrial ages of Meteorites with a Tandetron AMS
at Nagoya University, 263
Mizushima T. See Aramki T, 857
Mori Y. See Okuno M, 703
Morita M. See Yoneda M, 465; Uchida M, 949
Morgenstern U. 32Si Dating of Marine Sediments from
Bangladesh, 909; see also Suckow A, 917
Morvan J. See Hatté C, 177
Moure-Romanillo A. See Valladas H, 977
Mous DJW. See Gottdang A, 149
Muhs D. See McGeehin J, 255
Muller-Beck H. See Ivy-Ochs S, 759
Muraki M. See Uchida M, 949
Muraki Y. Measurement of Radiocarbon Content in
Leaves from Some Japanese Sites, 695
Murata T. See Muraki Y, 695
Nadeau MJ. Carbonate 14C Background: Does it Have
Multiple Personalities?, 169; see also Bruhn F, 229
Nadel D. New Dates From Submerged Late Pleistocene
Sediments in the Southern Sea of Galilee, Israel, 1167
Nagaoka S. See Okuno M, 703
Nagler A. See Görsdorf J, 1115
Nagovitsyn YA. See Ogurtsov MG, 439

Author Index
Nakamura T, See Minami M, 263; Takahashi HA, 433;
Takahashi HA, 659; Okuno M, 703; Yamano H, 899
Nakhla S. See Bonani G, 1297
Naruse Y. See Muraki Y, 695
Naysmith P. See Bryant C, 321; Gulliver P, 869
Nedreaas KH. See Kalish JM, 843
Negendank JF. See Ken-Tor R,1371
Nicholls G. See Jones M, 119
Niese S. The First Paper About Exciting of Fluorescence
of Liquid Biphenyl and Phenanthren by Fast Electrons
by Lieselott Herforth and Hartmut Kallmann, 125
Nishida T. See Okuno M, 703
Nishiyama T. See Muraki Y, 695
Niu E. See Yamano H, 899
Nolan J. See Bonani G, 1297
Noury C. See Hatté C, 177
Nydal R. See Kalish JM, 843
Oda H. See Nakamura T,1129
Oerlemans J. See van der Borg K, 751
Ogurtsov MG. Solar Activity and Regional Climate, 439
Ohkushi K. See Uchida M, 949
Okuno M. 5.2-5.8 KA BP Paleoenvironment of the Southern Slope of Mount Raizan, Japan, 703
Olsson IU. The Varying Radiocarbon Activity of Some
Recent Submerged Estonian Plants Grown the Early
1990s, 809
Omoto K. Radiocarbon Age of Beachrocks and Late Holocene Sea-Level Changes in the Southern Part of the
Nansei Islands, Southwest of Japan, 887
Ooi S. See Goodsite ME, 495
Oriwall A. See Nadeau M-J, 169
Orlova LA. See Slusarenko IY, 425
Ossowski W. See Pazdur A, 403
Park JH. See Kim JC, 163; Cheoun MK, 217
Parzinger H. See Görsdorf J, 1115
Paterne M. See Hatté C, 177; Tisnérat-Laborde N, 299;
Goslar T, 339; Hatté C, 611
Paunovic M. See Wild EM, 1021
3DZHF]\N S. See Rakowski A, 679
Pawlyta J. Influence of the Bomb-Produced 14C on the
Radiocarbon Concentration in the Youngest Sediment
of Lake Gosciaz, Central Poland, 831
Pazdur A. Radiocarbon and Dendrochronological Dating of Logboats from Poland, 403; see also Rakowski
A, 679; Pawlyta J, 831
Peng S. See Shen C, 671
Pessenda LCR. Radiocarbon Dating of Total Soil Organic Matter and Humin Fraction and its Comparison
with 14C Ages of Fossil Charcoal, 595; see also Hatté
C, 611
Petchey FJ. Radiocarbon Determinations from the Mulifanua Lapita Site, Upolu, Western Samoa, 63
Petrocelli JL. See Rossello EA, 77
Pettitt PB. See Cook GT, 453
Pillans B. See Santos GM, 239

1423

Plastino W. Cosmic Background Reduction in the Radiocarbon Measurements by Liquid Scintillation Spectrometry at the Underground Laboratory of Gran
Sasso, 157
Ponomareva VV. See Zaretskaia NE, 571
Possnert G. See Bryant C, 321; Kovalyukh N, 1064; Alekseev AY, 1085
Poupeau JJ. See Tisnérat-Laborde N, 299
Povinec PP. Radiocarbon in Seawater at Radioactive
Waste Dumping Sites in the Northwest Atlantic and
Northwest Pacific, 879; see also Aramaki T, 857
Prada JL. See Girbal J, 637
Priller A. See Wild EM, 1057
Prins MA. The Late Quaternary Sedimentary Record on
Reykjanes Ridge (North Atlantic), 939
Puchegger S. See Steier P, 373
Rabeder G. See Wild EM, 1021
Rakowski A. Changes of 14C Concentration in Modern
Trees from Upper Silesia Region, Poland, 679
Rank D. See Vasil’chuk YK, 541
Rasmussen KL. The Effects of Possible Contamination
on the Radiocarbon Dating of the Dead Sea Scrolls I:
Castor Oil, 127
Record R. See Hillegonds AJ, 305
Regagnon-Caroline E. See Aurenche O,1191
Reimer PJ. A Marine Reservoir Correction Database and
On-Line Interface, 461
Reimer RW. See Reimer PJ, 461
Reines D. See Burr GS, 183; McGeehin J, 255
Rick TC. AMS Radiocarbon Dating of a Shell Fishhook
from Santa Rosa Island, California, 83
Rickey FA. See Hillegonds AJ, 305
Rocabayera R. See Girbal J, 637
Rom W. See Steier P, 373; Goodsite ME, 495; Wild EM,
1057
Ronen D. See Yechieli Y, 773
Rosenthal E. See Avisar D, 793
Rossello EA. The 4300-yr 14C Age of Gluptodonts at Lujan River (Mercedes, Buenos Aires, Argentina) and
Comments on ‘Did the Megafauna Range to 4300 BP
in South America’ by Cione et al., 77
Rossiev AA. See Dergachev, 365
Ruttkay E. See Wild EM, 1057
Santos GM. Radiocarbon Dating of Wood Using Different Pretreatment Procedures: Application to the Chronology of Rotoehu Ash, New Zealand, 239; Chronology of the Atmosphere Mercury in Lagoa da Plata
Basin Upper Rio Negro Region of Brazilian Amazon,
811; see also Turney CSM, 45
Savage S. Towards an AMS Radiocarbon Chronology of
Predynastic Egyptian Ceramics, 1255
Savelieva LA. See Arslanov KA, 581
Schuchter C. See Ivy-Ochs S, 759
Schrag DP. See Druffel ERM, 15
Scott EM. See Bryant C, 321; Walker MJC, 1007; Alek-

1424

Author Index

seev AY, 1085
Sementsov AA. See Dergachev VA, 417; Alekseev AY;
Serandrei Barbero R. See Zoppi U, 489
Sharon H. See Gilboa A, 1343
Sharon L. “Transition Dating”- A Heuristic Mathematical Approach to the Collation of Radiocarbon Dates
from Stratified Sequences, 345
Shemesh A. See Kacanski A, 647
Shen C. Distribution of 14C and 13C in Forest Soils of the
Dinghushan Biosphere Reserve, 671
Shibata Y. See Yoneda M, 465; Uchida M, 949
Shotyk W. See Goodsite ME, 495
Sifeddine A. See Santos GM, 801
Silva-Filho EV. See Santos GM, 801
Simmons-Byrd A. See Hillegonds AJ, 305
Sivan O. Radiocarbon Dating of Porewater-Correction
for Diffusion and Diagenetic Process, 765; see
Yechieli Y, 773
Skripkin V. See Kovalyukh N, 1064; Alekseev AY, 1085
Sljusarenko IJ. See Dergachev VA, 417
Slusarenko IY. 14C Wiggle Matching of the “Floating”
Tree-Ring Chronology from the Altai Mountains,
Southern Siberia: The Ulandryk - 4 Case Study, 425
Smith AM. See Hua Q, 275
Smith DG. See Taylor RE, 965
Somayajulu BLK. See Dutta K, 483
Song YM. See Kim JC, 163; Cheoun MK, 217
Sonninen E. An Improvement in Preparation of Mortar
for Radiocarbon Dating, 271
Southon JR. See Druffel ERM, 15; Cook AC, 221; McGeehin J, 225; Torn MS, 691; Taylor RE, 965
Sparks RJ. See Beavan-Athfield N, 7, 711
Steffan I. See Wild EM, 1021
Stadler P. See Wild EM, 1057
Steier P. New Methods and Critical Aspects in Bayesian
Mathematics for 14C Calibration, 373; see also Dergachev VA, 365; Wild EM, 1021, 1057
Stein M. See Ken-Tor R, 1371
Stiller M. Calibration of Lacustrine Sediment Ages Using
the Relationships Between 14C Levels in Lake Waters
and in the Atmosphere: The Case of Lake Kinneret,
821
Strugnell J. See Rasmussen KL, 127
Stott AW. Radiocarbon Dating of Single Compounds Isolated from Pottery Cooking Vessel Residues, 191
Subetto DA. See Arslanov KA, 581
Suckow A. A Database System for Geochemical, Isotope
Hydrological and Geochronological Laboratories,
325; Absolute Dating of Recent Sediments in the Cyclone-Influenced Shelf Area off Bangladesh: Comparison of Gamma Spectrometric (137Cs, 210Pb, 228Ra),
Radiocarbon and 32Si Ages, 917
Sulerzhitsky LD. See Zaretskaia NE, 571
Sun Y. See Shen C, 671
Takahashi A. See Takahashi HA, 659
Takahashi HA. Seasonal Fluctuation of Stable Carbon

Isotopic Composition in Japanese Cypress Tree Rings
from the Last Glacial Period—Possibility of Paleoenvironment Reconstruction, 433; Balance and Behavior of Carbon Dioxide at an Urban Forest Inferred
from the Isotopic and Meteorological Approaches,
659; see also Yoshioka T, 555; Okuno M, 703
Tanka A. See Yoneda M, 465; Uchida M, 949
Taniguchi Y. See Nakamura T,1129
Tannau JF. See Tisnérat-Laborde N, 299
Taylor RE. The Kennewick Skeleton: Chronological and
Biomolecular Contexts, 965
Tertychnaya TV. See Arslanov KA, 581
Thomas JM. See Burr GS, 183
Thomassen M. See van der Borg K, 751
Thomson J. See Brown L, 929
Thorpe JL. See Hodgins GWL, 199
Tisnérat-Laborde N. Development of a Semi-Automated
System for Routine Preparation of Carbonate Samples, 299; see also Goslar T, 339; Valladas H, 977
Togawa O. See Aramaki T, 857
Tonni EP. See Cione AL, 69
Torn MS. A New 13C Correction for Radiocarbon Samples from Elevated-CO2 Experiments, 691
Toyoizumi H. See Muraki Y, 695
Troelstra SR. See Prins MA, 939
Tsuji S. See Nakamura T,1129
Turcq B. See Santos GM, 801
Turney CSM. Development of a Robust 14C Chronology
for Lynch’s Crater (North Queensland, Australia) Using Different Pretreatment Strategies, 45
Uchida M. Compound-Specific Radiocarbon Ages of
Fatty Acids in Marine Sediments from the Western
North Pacific, 949; see also Yoneda M, 465
Uzawa K. See Yoneda M, 465
Valladas H. Radiocarbon AMS Dates for Paleolithic
Cave Paintings, 977
van de Plassche O. 14C Wiggle-Match Dating in HighResolution Sea-level Research, 391
van der Borg K. IN-SITU Radiocarbon Production by
Neutrons and Muons in an Antarctic Blue Ice Field at
Scharffen Bergbotnen: A Status Report, 751; see also
van de Plassche O, 391; Prins MA, 939
van der Kemp WJM. See van der Borg K, 751
van der Knapp WO. See Goodsite ME, 495
van der Plicht J. Radiocarbon Dating in Near-Eastern
Contexts: Confusion and Quality Control, 1155; see
also Rasmussen KL, 127; Lanting JN, 249; AertsBijma AT, 293; Bryant C, 321; Bronk-Ramsey C, 381;
Alexandrovskiy AL, 629; Kovalyukh N, 1064; Alekseev AY, 1085; Bruins H, 1313, Bowman D, 1383
Van Strydonck M. Radiocarbon as Tool of Modeling the
Diachronic Analysis of the Occupation Phases at the
Velzeke Site (Belgium), 987; The Site of Verrebroek
‘Dok’ and its Contribution to the Absolute Dating of
the Mesolithic in the Low Countries, 997; see also

Author Index
Bryant C, 321
van de Wal RSW. See van der Borg K, 751
Vasil’chuk AC. See Vasil’chuk YK, 527, 541
Vasil’chuk YK. 14C Dating of Peat and δ18O- δD in
Ground Ice From North-West Siberia, 527; Radiocarbon Dating of δ18O-δD Plots in Late Pleistocene IceWedges of the Duvanny Yar (Lower Kolyma River,
Northern Yakuita), 541
Vasiliev SS. See Dergachev VA, 417; Alekseev AY, 1085
Vengosh A. See Yechieli Y, 773
Visser E. See Vogel JC, 133
Voelker A. See Nadeau M-J, 169
Vogel JC. Suitability of Ostrich Eggshell for Radiocarbon Dating, 133; see also Weinstein-Evron M, 561;
Koral H, 957
Vogt B. See Görsdorf J, 1345, 1355
Wada H. See Takahashi HA, 433
Wadsworth J. See Cook AC, 221
Walker MJC. Towards a Radiocarbon Chronology of the
Late-Glacial: Sample Selection Strategies, 1007
Weinberger G. See Avisar D, 793
Weinstein-Evron M. Further Attempts at Dating the Palynological Sequence of the Hula L07 Core, Upper
Jordan Valley, Israel, 1007
Weninger B. See Bronk Ramsey C, 381
Wenke R. See Bonani G, 1297
Werker E. See Nadel D,1167
Wild EM. Age Determination of Fossil Bones from the
Vindija Neanderthal Site in Croatia, 1021; New Chronological Frame for the Young Neolithic Baden Culture in Central Europe (4th Millennium BC), 1057
Williams AA. See Hua Q, 275
Williams D. See Kovda I, 603
Wölfli W. See Bonani G, 1297
Wu X. See Lu X, 55; Guo Z, 1109
Wust R. See Ivy-Ochs S, 759

1425

Xiangyang L. See Guo Z, 1109
Xing C. See Shen C, 671
Xu L. See Guo Z, 1109
Yam R. See Kacanski A, 647
Yamano H. Coral Reef Evolution at the Leeward Side of
Ishigaki Island, Southwest Japan, 899
Yang Y. See Shen C, 671
Yanko V. See Koral H, 957
Yechieli Y. 14C Seawater Intruding into the Israeli Mediterranean Coastal Aquifer, 773; see also Sivan O,
765; Bruce D, 783
Yi W. See Shen C, 671
Yoneda M. Marine Radiocarbon Reservoir Effect in the
Western North Pacific Observed in Archaeological
Fauna, 465; see also Uchida M, 949
Yonenobu H. See Takahashi HA, 433
Yoshida N. See Takahashi HA, 659
Yoshioka T. Paleoenvironment in Dae-Am San High
Moor in the Korean Peninsula, 555
Youping Z. See Turney CSM, 45
Yuan C. See Shen C, 671
Yuan S. See Lu X, 55; Guo Z, 1109
Zaitseva GI. See Dergachev VA, 417; Abramova ZA,
1077; Alekseev AY, 1085
Zaretskaia NE. Radiocarbon Studies of Peat Bogs: An Investigation of South Kamcharka Volcanoes and Upper
Volga Archeological Sites, 571
Zhengkun W. See Zhou W, 619
Zhilin MG. See Zaretskaia NE, 571
Zhou W. Environmental and Climatic Change as Recorded in Geological Sediments from the Arid to SemiArid Zone of China, 619
Zoppi U. Preliminary Estimate of the Reservoir Age in
the Lagoon of Venice, 489; The Copper Age in Northern Italy, 1049; see also Hua Q, 275; Bourke S, 1217

SUBJECT INDEX, VOL. 43, 2001
10Be,

Beth Sheam, 1333–1342
Biblical Studies, 127–132
Biodeposits, 637–646
Biogenic CO2, 659–670
Biomedical, 305–312
Bioturbation, 929–938
Bomb 14C, 495–516, 909–916, 831–842, 857–868
Bomb-Pluse, 495-516
Bone, 249–254, 465–472, 909–916
Bronze Age Chronology, 1115–1120

759-764
869–878, 917–928
13C, 555–560
14C, (see also Radiocarbon) 263–270, 473–476,
595–602, 751–758, 783–792, 809–820, 917– 928,
1057–1063,
14C Age, 555–560
14C Apparent Age, 671– 678
14C Background, 169– 176
14C Geophysics, 731–742
210Pb, 517–526, 917– 928
228Ra, 917–928
32Si, 909–916, 917–928
∆R, 461–464, 483–488
137Cs,

Calibration, 119–124, 345–354, 355–364, 373–380,
449–452, 461–464, 1191–1202
Carbon, 283–292
Carbon Dioxide, 659–670, 695–702
Carbon Flux, 843–856
Carbonal, 299–304
Carbonate Material, 169–176
Castor Oil, 127–132
Caucasus, 629–636
Cave of the Treasure, 1247–1254
Cave Painting, 977–986
Central Europe, 1057–1063
Ceramics, 1255–1278
Chalcolithic, 1217–1222
Charcoal, 27–44, 45–54, 595–602, 977–986, 1139–1146
Charred Residue, 1129-1138
Chitin, 199–208
Chronological Order, 373–380
Chronology, 83–86, 1147–1154, 1255–1278,
1321–1332, 1343-1352
Clay-Bound Carbon, 255–262
Client-Server, 325–338
Climate, 15–26, 1167–1178
CO2 Trapping, 293–298
Coleoptera, 1007–1020
Collagen, 909–916
Comparison, 1085–1108
Compound-Specific Radiocarbon Analysis (CSRA),
209–216, 949–956
Connecticut, 391–402
Conservation, 229–238
Contamination, 127–132, 275–282
Coral, 15–26, 473–476, 899–908
Cosmic Background, 157–162
Cosmogenic Radiation, 731–742, 759-764
Cosmogenic Isotopes, 365–372, 743–750
Cremation, 249–254
Cross-Dating, 417–424
Cyclones, 917–928

Aboriginal Arrival in Australia, 1139–1146
Absolute Dating, 909–916, 917–928
Accelerator Mass Spectrometry (AMS), 83–86,
149–156, 163–168, 169– 176, 221–228, 229–238,
239–248, 283–292, 305–312, 313–320, 489–494,
703–710, 751–758, 821–830, 899–908, 1049–1056,
1057–1063, 1109–1114
Accuracy, 321–324
Acid-Base Wet Oxidatation (ABOX), 45–54, 239–248
Altai, 425–432
Amazon Region, 821–831
Amino Acids, 711–722
Antarctica, 751–758
Anthropogenic 14C, 659– 670, 869–878
Apatite, 249–254
Aquifer, 773–782
Arabian Sea, 229–238, 403–416, 417–424, 483–488,
965–976, 1049–1056, 1147–1154, 1155–1166,
1217–1222
Archeaology, 229–238, 403–416, 417–424, 965–976,
1049–1056, 1147–1154, 1115–1166
Arctic, 495–516
Arid–Semiarid Zone, 619–628
Art Dating, 1064–1076
Art History, 229–238
Artificial Neural Networks, 365–372
Asia, 1085–1109
Atlantic Ocean, 879–886
Atmospheric Radiocarbon, 339–345
Auramared System, 229–238
Australia, human occupation 1139–1146
Baden Culture, 1057–1063
Barents Sea, 843–856
Bay of Bengal, 483–488
Bayesian Analysis, 119–124, 355–364, 373–380,
1109–1114
Bayesian Method, 1109–1114
Bayesian Statistics, 381–390
Beach Rock, 887–898
Bengal Shelf, 909–916, 917–928

Danube, 465–472
Data Model, 325–338
Databases, 325–338
Dating (see also Radiocarbon and AMS), 69–76,
141–148, 191–198, 637–646, 773–782, 977–986

1427

1428

Subject Index

Dead Sea, 1179–1190, 1371–1382, 1383–1390
Dead Sea Decontamination of Charcoal, 1139–1146
Dead Sea Scrolls, 127–132
Delta (∆)R, 461–464, 483–488
Dendrochronology (see also Tree Rings), 403–416,
417–424, 439–448
Diagenesis, 773–782
Diapir Uplift, 1179–1190
Diet, 7–14, 711–722
Diffusion, 773–782
Dinghusam, 671–678
Dissolved Organic Carbon, 183–190
Early Bronze Age,1321–1332
East Asian Monsoon, 619–628
Ecology, 7–14
Egypt, 1147–1154, 1255–1278, 1321–1332
Elevated C02, 691–694
End-Mehiber Modeling, 939–948
Environment, 45–54, 679–690, 1147–1154
Environment Monitor, 695–702
Enzymatic, 209–216
Estonia, 809–820
Europe, 1085–1108
Evolution, 603–610
Exposure Dating, 759–764
Extinction, 69–76
Extraction System, 263–270
Fan Deltas, 1383–1390
Fatty Acids, 949–956
Fire History, 27–44
Fluorescence, 125–126
Foraminipera, 929–938
Forest Soil, 671–678
Formation Processes, 997–986
Fossil Bones, 1021–1028
Fossil Fuel, 695–702
Gedus Morhua, 843–856
Gamma Spectrometry, 917–928
Gas Ion Source, 149–156
Geochronology, 325–338
Geomorphology, 731–742
Geothermal, 7–14
Ghassulian,1217–1222
Glaciology, 731–742
Global Carbon Cycle, 743–750
Grain-Size Distribution, 939–948
Graphite, 293–298
Greece, 1029–1048
Greenland, 495–516
Groundwater, 183–190, 773–782
Hard-Water Effect Variations, 821–830
Hemisphere Offset, 119–124
Herforth, 125–126

High pH Anion Exchange Chromatography, 209–216
Historic Earthquakes, 1371–1382, 1383–1390
Hokkaido, 465–472
Holocene, 69–76, 571–580, 647–658, 703–710,
887–898, 899–909
Hula Basin, 561–570
Human Fraction, 595–602
Human Impact, 619–628
Human Occupation of Australia, 1139–1146
Humus, 751–758
HVEE, 149–156
Hvon Pine, 449–452
Hydrogeochemistry, 793–800
Iceberg Discharge, 939–948
Icons, 1064–1076
Inbuilt Age, 27–44
Incipient Pottery Insect, 199–208
Inter-Comparison, 321–325, 1064–1076
Inversion, 603–610
Ireland, 517–526
Irish Sea, 869–878
Iron, 221–228
Iron Age, 1343–1352
Iron Gates Gorge, 453–460
Iskendrun Bay, 957–964
Isotopes, 15–26, 275–282, 603–610, 647–658, 887–898
Isotope Hydrology, 325–338
Israel, 1241–1254, 1333–1342
Italy, 489–495, 1049–1056
Japan, 899–908
Japanese Cypress, 433–428
Jericho, 1321–1332
Jordan, 1217–1222
Kaistic Aquifers, 793–800
Kallmann, 125–126
Kennewick Skeleton, 965–976
Kiev, 1064–1076
Korean Peninsula, 555–560
Kurgan, 629–636
Kyushu Island, 703–710
Laboratory Protocols, 325–338
Lake 14C Budget, 821–830
Lake Atmosphere 14C Relationship, 821–830
Lake Gosciaz, 831–842
Lake Kinneret 14C, 821–830
Lake Levels, 1179–1190
Lake Sediments, 831–842
Lake Vegetation, 809–820
Last Glacial Period, 433–438
Late-Glacial, 997–1006, 339–344
Late Pleistocene, 1167–1178
Late Prehistory, 1203–1216
Late Quaternary, 45–54

Subject Index
Leaves, 695–702
Levant, 1333-1342
Lichen, 637–646
Lipid, 191–198
Liquid Scintillation Counting, 125–126, 157–162,
695–702
Liquification, 1371-1382
Load Structure Deformations,1383–1390
Loess 611–618
Log Boats, 403–416
Ma’rib, 1363–1370
Macrofossils, plant, 1007–1020
Marine Reservoir Effect, 465–472
Marine Sediment, 929–938, 949–956
Mathematical Modeling, 345–354
Mediterranean Pottery, 1343-1352
Megafauna, 69–76
Mercury, 495–516
Mercury Atmosphere Deposition, 801–808
Mesolithic, 997–1006, 1029–1048
Meteorite, 263–270
Meterology, 659–702
Middle East,1191–1202
Mitrochondrial DNA, 965–976
Modeling the Time Series, 365–372
Monte Carlo, 339–344
Mortar, 271–274
Mount Sedom, 1179-1190
Mueti Aquifer System, 793–800
Muroscale 14C Analysis, 949–956
Nagaed-Der, 1255–1278
Neanderthals, 1021–1028
Near East, 1147–1154, 1155–1166, 1191–1202
Negev, 1203–1216
Neural Non-Linear Approach, 365–372
Neolithic,1191–1202
Noah’s Flood, 1247–1254
North Pacific, 465–472, 857–868, 949–956
Northwest Pacific, 473–476, 477–482
Nuclear Fuel Cycle, 869–878
Occupation Phases, 887–898
Ocean Circulation, 939–948
Organic Carbon, 555–560
Organic Matter, 611–618
Otoliths, 843–856
Oxalates, 637–646
Oxcel, 355–364
Pacific (North and Northwest) 465–472, 473–476,
477–482, 857–868, 949–956,
Pacific Ocean, 879–886
Palaeodiet, 453–460
Paleoamerican, 965–976
Paleoclimate, 439–448, 647–658

1429

Paleoecological Analysis, 703–710
Paleolithic, 977–986, 1029–1048
Paleosol, 177–182, 629–636
Peat, 391–402, 495–516, 517–526, 561–570
Peat Bogs, 571–580
Performance, 149–156
Polymer Hydrolysis, 209–216
Porewater, 773–782
Palynological Sequence, 561–570
Parameters 773–782
Phoenicia, 1343–1352
Pottery, 191–198
Precision, 321–324
Predynastic, 1255–1278
Preliminary, 997–1006
Pre-Nuclear 14C, 483–488
Presample Age, 27–44
Preservation, 1167–1178
Prior Probability, 373–380
Probability Distribution, 1371–1382
Procedural Blanks, 275–282
Quality Control, 163–168, 325–338, 1155–1166
Quantitative Analysis, 365–372
Quaternary, 561–570
Qumran, 127–132
Radioactive and Stable Isotopes, 793–800
Radioactive Waste, 879–886
Radiocaesium, 831–842
Radiocarbon (see also 14C), 141–148, 163–168, 191–
198, 209–216, 221–228, 229–238, 271–274, 275–282,
299–304, 305–312, 313–320, 403–416, 417–424, 439–
448, 461–464, 517–526, 603–610, 611–618, 671–678,
731–742, 743–750, 831–842, 843–856, 879–886, 929–
938, 987–996, 1029–1048, 1085–1108, 1139–1146,
1167–1178
Radiocarbon Age, 887–898, 957–964
Radiocarbon in Seawater, 857–868
Radiometric Dates, 1155–1166, 1343–1352
Rattus exulan, 711–722
Rattus norvegicus, 7–14
Reaction Rate, 271–274
Recover Missing Data, 365–372
Reedmat, 1247–1254
Regional Correlation, 1179–1190
Rejuvenation, 603–610
Reliability, 321–324
Reservoir Age, 7–14, 119–124, 453–460, 461–464,
473–477, 477–482, 483–488, 489–494
Review, 141–148
Rotoehu Ash, 239–248
Rust Methods, 221–228
Ryukyu Islands, 899–908
Sabir Culture, 1353–1362
Salt Marsh, 391–402

1430

Subject Index

Sample Preparation and Selection, 163–168, 169–176,
177–182, 183–190, 611–618, 1007–1020
Scythian Sites and Cultures, 417–424, 425–432,
1085–1108
Sea of Japan, 477–482
Sea-Level Change, 391–402, 887–898
Sea-Surface Temperature, 15–26
Seasonal 13C Fluctuation, 433–438
Seawater, 773–782, 879–886
Seburi Mountains, 703–710
Sediment and Soils, 27–44, 255–262, 671–678, 821–
830, 831–842, 909–916, 917–928, 987–996, 1007–1020
Seismites, 1371–1382, 1383–1390
Sellafield, 869–878
Seoul National University, 163–168
Serbia, 647–658
Seriation, 345–354
Settlement, 987–996, 1203–1216
Shell, 83–86
Siberia, 425–432,
Sinai,1203–1216
SIS, 305–312
Solar Activity, 339–344, 439–448
SOM, 595–602
South America, 69–76
South Kamchatka, 571–580
Southern Jordan, 1203–1216
Southern Levant, 1217–1222
Southern Siberia, 417–424
Spectral Analysis, 417–424
Speleothems, 647–658
Stable Isotopes, 199–208
Statistical Presentation, 355–364, 1191–1202
Steppe Zone (Russian), 1115–1120
Stepped-Combustion, 255–262
Stone Tools,759-764
Stratigraphy, 345–354, 917–928
Stuiver and Polach, 691–694
Sub-Fossil, 199–208
Submerged Site, 1167–1178
Sub-Milligram 14C Samples, 275–282
Subsistence Technology, 83–86

Suess Effect, 679–690
Swamp, 555–560
Tandetron, 149–156
Target Preparation, 275–282, 283–292
Tectonic Uplift, 957–964
Tel Dor, 1343–1352
Tel Rehov, 1333–1342
Temple of Bar’an, 1363–1370
Terminal Chalcolithic, 1247–1254
Terrestrial Age, 263–270
Theopetra Cave, 1029–1048
Thessaly, 1029–1048
Tianma-Qucun Site, 1109–1114
Tiri Whalebone, 711–722
Tree Rings (see also Dendrochronology), 433–438,
449–452, 679–690
Tritium, 773–782, 783–792
Trophic Levels, 199–208
Turkey, 957–964
Typo-Chronology, 997–1006
U/Th Dating, 561–570
Underground Laboratory, 157–162
Upper Volga Sites, 571–580
Urban Forest, 659–670
Variable Influence of Source Activity, 809–820
Velzeke, 987–996
Vertisol, 603–610
Viandija Cave, 1021–1028
Volcanic Eruptions, 571–580
Water Levels, 1167–1178
Western U.S., 965–976
Wiggle-Matching, 391–402, 425–432
Wiggle-Matching
Windscale, 517–526
Wood, 177–182
Yemen, 1353-1362, 1363-1370
Young Neolithics, 1057–1063

The University of Arizona
Department of Geosciences
4717 E. Fort Lowell Rd, Rm. 104
Tucson, AZ 85712-1201 USA

RADIOCARBON
An International Journal of
Cosmogenic Isotope Research

E-mail: orders@radiocarbon.org
http://www.radiocarbon.org/

2002 PRICE LIST
Proceedings of the 17th International Radiocarbon Conference
(Vol 43, Nrs 2A, 2B, and 3, 2001)

$75.00*

Proceedings of the 16th International Radiocarbon Conference
(Vol 40, Nrs 1 and 2, 1998)
INTCAL98 (1998 Calibration issue; Vol 40, Nr 3, 1998)
Proceedings of the 15th International Radiocarbon Conference (Vol 37, Nr 2, 1995)

40.00
50.00*

Liquid Scintillation Spectrometry 2001 (FORTHCOMING, hardcover)
Liquid Scintillation Spectrometry 1994 (Hardcover. ISBN: 0-9638314-3-7; 1996)
Liquid Scintillation Spectrometry 1992 (Hardcover, ISBN: 0-9638314-0-2; 1993)
Special offer—LSC 92 and LSC 94 package—save $5.00

85.00
20.00
10.00
25.00

Tree Rings, Environment and Humanity (ISBN 0-9638314-2-9; 1996)
(Proceedings of the International Tree-Ring Conference, Tucson, Arizona, 1994)

20.00

SUBSCRIPTION RATES

50.00

VOLUME 44, Nrs 1–3, 2002 (subscriptions include free online access)

Institution
Individual
Lifetime Subscription—Institutional
Lifetime Subscription—Individual

160.00†
80.00‡
2500.00
1000.00

BACK ISSUES (except conference proceedings and special issues)
VOLUMES 1–9 each volume
VOLUMES 10–21 each volume
VOLUMES 22–42 each volume
Radiocarbon Conference Proceedings

Single issue 40.00
40.00
65.00
100.00
50.00

SPECIAL FULL-SET OFFER—Volumes 1–42 (1959–2001)

1000.00

Big savings. Includes bound copies of 35 out-of-print issues. Take $50.00 off for each additional set.

2002 POSTAGE AND HANDLING CHART
U.S.
Subscription

Foreign

--

$10.00

Single back issue

$2.00

$7.00

Book or Proceedings

$4.00

$13.00

$65.00

$100.00

Full set

Surface mail rates are listed here. Please contact us for airmail or express delivery rates.
Orders must be prepaid. We accept payments
by Visa and MasterCard, or by check or money
order payable in US$ to Radiocarbon. Bank
funds transfers are also accepted. Please contact us for instructions.
Federal tax ID 86-6004791

*Postage will be added; see above chart. Subscription rates and book prices are subject to change.

RESERVE SPACE FOR
GEOCHRON AD
FILES ARE IN THEIR OWN DIRECTORY ON CD-RW
(Don’t use last issue’s ad, as this one is new.)

