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ABSTRACT. The chronology of the Early Bronze Age (EBA) in the southern Levant and the synchronization between the
sites, considering seriation and radiocarbon dates, have shown large inconsistencies and disagreement. We have assembled
420 14C dates, most of them previously published and a few provided directly by the excavators. The dates have been re-eval-
uated on the basis of their archaeological context and using analytical criteria. Bayesian modeling has been applied to the
selected dates in relation to the given seriation of the EBA subperiods (EB I, 11 I1l, V). Sites with 2 or more sequential sub-
phases were individually modeled in order to define the transitions between the subperiods. The new chronology indicates
that the EB I-Il transition occurred site-dependently between 3200-2900 BC, with EB II-111 around 2900 BC, and EB Il1-
IV ~2500 BC.

INTRODUCTION

The Early Bronze Age (henceforth EBA; the mid-4th to end of the 3rd millennium BCE) in the
southern Levant has no historical chronology of its own, and thus has traditionally relied on histor-
ical chronologies of neighboring countries, particularly Egypt. The chronological framework of
Egypt has been amply discussed by scholars (Kitchen 1987, 1991; Hornung et al. 2006) and recently
by Dee et al. (2009), but there is a controversy over its accuracy for the 3rd millennium BCE. A
radiocarbon-based chronology for Egypt (Bonani et al. 2001; Dee et al. 2009), during a period that
is roughly contemporaneous with the EBA of the southern Levant, has been recently updated by the
Oxford dating projects (Bronk Ramsey et al. 2010), though the number of dates remains small. The
chronological relationship between Egypt and the EBA southern Levant depends mainly upon the
exchange of pottery that can be associated in Egypt with historically dated contexts, most of which
are tombs (Amiran 1969; Wright 1971; Ben-Tor 1981; Mazar 1992; Braun 2011a,b). These correla-
tions are limited to a relatively short period in EB | and EB Il, which is roughly equivalent to the
very end of Dynasty 0 and Dynasty 1. Numerous excavations in the southern Levant have yielded a
significant database of stratified archaeological material, which together with 14C dates can be used
to build an independent chronological reassessment of the EBA period.

Previous syntheses of EBA 14C dates have generally indicated slightly earlier dates than those of the
traditional chronological schemes (e.g. Richard 1980; Weinstein 1984; Joffe 1993; Braun and
Gophna 2004). Recent work on individual sites such as Tell esh-Shuna North for EB | (Philip 2001,
2008), Tel Yarmuth for EB I-Ill (Regev et al., these proceedings), the EB I-Il transition at Pella
(Bourke et al. 2009), and the EB II-IlI transition at Jericho (Bruins and van der Plicht 2001) has
indicated the possibility of substantial chronological revisions. Yet, even though it has been fre-
quently noted that newly published 14C dates are often earlier than expected (Bruins and van der Pli-
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cht 2001; Golani and Segal 2002; Golani 2004; Anderson 2006; Holdorf 2010), a general overview
of all available EBA dates related to published cultural material has not been previously attempted.
The present paper attempts to fill that lacuna through a comprehensive review and reassessment of
the evidence in hand.

THE EARLY BRONZE AGE OF THE SOUTHERN LEVANT

Traditionally, the Early Bronze Age (EBA) in the Levant is divided into 3 subperiods (designated
EB I, EB II, EB IlI) with a fourth division, EB 1V, often designated as a separate period (e.g. Inter-
mediate Bronze Age, EB-MB, or MB I in different systems of terminology). In the southern Levant,
the EBA phases are sometimes divided into subphases (e.g. EB 1A, EB IB, etc.), based either on pot-
tery typologies or local stratigraphic sequences (Amiran 1969; Wright 1971; Richard 1987; Mazar
1992; Stager 1992; see also Braun 2012).

Early Bronze | (EB 1)

The earliest phase of the Levantine Bronze Age, often termed Early Bronze IA, has only recently
come into its own as an archaeological entity. Post-Chalcolithic in terms of social and economic
organization, it is also quite distant from the agglomerated village society that paves the way to
urbanism in late EB I. Early EB | settlement may be characterized as extensive rather than intensive,
dispersed rather than agglutinative. Social formations were small and segmented; craft specializa-
tion and long-distance contacts were limited.

Later EB | (or EB IB) represents the coming of age of EBA village society. These villages dot the
landscape and had significant populations in some regions. A very few grow to significant sizes
(20 ha and upwards), taking on some functions of regional centers. Large cemeteries appear, char-
acterized by multiple burial tomb-caves. Ceramic industries are marked by regionally distinctive
styles and fabrics. Several settlements with assemblages of Egyptian material culture in the south-
western region offer good chronological associations between Egypt and the southern Levant.

The end of EB | and the beginning of the succeeding EB |1 period are intertwined with historical
events in late predynastic and early dynastic Egypt. The transition from EB | to EB Il has been cor-
related with a timespan between the reigns of the first and third kings of Dynasty 1 (Braun 2001,
2011a,b).

The date ranges recently suggested for EB | are 3500-3050 BC (de Miroschedji 2006) and 3500—
3150/2950 BC (Braun and Gophna 2004). Based on 14C dates in Ashgelon Area E, Golani (2004)
has proposed an earlier date for the beginning of EB 1A, closer to 3800 BC, similar to the date of
3700 suggested by Yekutieli (2007), based on 14C dates from a cluster of sites at Ashgelon. These
early dates for the beginning of the EB IA are consistent with the high 14C dates obtained for the pre-
ceding Late Chalcolithic (Bourke et al. 2001, 2004; Burton and Levy 2001; Joffe and Dessel 1995;
Klimscha 2009). The differences in chronology for the EB | are mostly due to how the 14C dates are
associated with the archaeological contexts they purport to date (Boaretto 2007), which Egyptian
chronology is used, and the way their correlations with south Levantine chronology are interpreted.

Early Bronze Age Il (EB 1)

The transition to EB Il is marked by significant changes in settlement distribution, site size and orga-
nization, household architecture, subsistence practices, and material culture. There are fewer sites in
all regions, and they are usually large, densely built up, and fortified. During this transition, ceramic
industries become more centralized, while there are fewer regional variations. In the northern
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region, North Canaanite Metallic Ware (NCMW), produced in centralized workshops (Greenberg
and Porat 1996), is the dominant ceramic industry. Examples of this ware, alongside other south
Levantine imports, have been found in 1st Dynasty tombs in Egypt from the time of Djer (Kantor
1992; Adams and Porat 1996; Sowada 2009).

The transition between EB Il and EB 111 is not as clearly connected to Egyptian chronology due to
the cessation of trade connections between the regions from the 2nd Dynasty onwards. Thus, the tra-
ditional correlation of later EB 11 with the 2nd Dynasty (Mazar 1992; de Miroschedji 1999), or even
the 3rd Dynasty (Joffe 1993), is based on virtually no material evidence.

Early Bronze Age Il (EB IIl)

During the EB I11, the urbanization process, begun in EB 11, appears to intensify as some settlements
grow larger and more elaborate structures are added to urban and urban-like communities (de
Miroschedji 1999). By the late EB IlI, localized episodes of growth and decline may have created
an attenuated landscape composed of a few heavily fortified centers and a large “invisible” mobile
component that would later acquire the form of dispersed, rural/pastoral Intermediate Bronze Age
settlement.

There are several important walled sites—no more than a dozen in all— that show long stratigraphic
sequences. These centers are often highly fortified. They exhibit new features illustrative of elite
aggrandizement and creation of wealth and status disparities: palaces (Yarmuth, Megiddo), monu-
mental temples (Megiddo, Ai, Khirbet ez-Zeraqun), and ostentatious elements of material culture
(e.g. outsized platters, apparently used in competitive feasting), suggestive of a more highly devel-
oped ideology of social stratification. Many other sites, however, have fewer strata and seem to
cover only part of the sequence, particularly its earlier part. This is especially true of the highlands
east of the Jordan, where urbanism never quite attained the peaks seen to the west (Philip 2001).

Pottery traditions are quite uniform in the region in EB Il1, although they are no longer produced in
centralized workshops. Only a brief and geographically limited episode of external influx is evident
in the material culture, represented by the introduction of Khirbet Kerak Ware of apparent Early
Transcaucasian origin, which becomes one of the hallmarks of EB 11l in the north.

EB 111 is traditionally defined as coinciding with dynasties 3-6 (Mazar 1992; de Miroschedji 1999).
These correlations, however, have no secure material basis. The end of the period is conventionally
placed around 2300 BC (Mazar 1992; de Miroschedji 1999), during the reign of Pharaoh Pepi I,
when there is evidence of Egyptian military intervention along the southern Coastal Plain of Israel
(de Miroschedji 2012). The date of Pepi’s reign, however, is disputed and could be somewhat earlier
(Bronk Ramsey et al. 2010).

Early Bronze Age IV (EB IV) or Intermediate Bronze Age (IBA)

This is a period of de-urbanization or breakdown of urban society and a return to a more egalitarian,
village and hamlet lifestyle. EB 11l urban settlements are all abandoned. At a handful of major tells
west of the Jordan River, minor reoccupations follow abandonment of EB Il cities. For the most
part, however, EB IV settlements were founded at new locations, usually as small unfortified vil-
lages abandoned by the end of the period. East of the Jordan River, there is more evidence for EB
I11-1V continuity.

Pottery styles become, once again, highly regionalized, yet nearly always easily distinguishable
from both earlier and later periods. An interesting element is the appearance of a Syrian-inspired
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drinking set (cups, teapots, and beakers) that can be linked to ceramic industries of the last third of
the millennium in Syria proper, joining other elements that connect EB IV societies of the southern
Levant with contemporary Syria (Bunimovitz and Greenberg 2004).

EB IV (Intermediate Bronze Age) is conventionally ascribed to 2300/2250-2000 BC (Mazar 1992),
in correlation with the First Intermediate period in Egypt and the later part of Syrian EB IV. A period
of 2400/2350-2000/1950 is preferred by Richard (1980), and an end date of 1925 BC, which is well
after the beginning of the 12th Dynasty, was suggested by Cohen (2002).

SITES, CONTEXTS, AND SAMPLES

A total of 420 dates were compiled from 57 sites. Of these, 60 samples originate from sites in the
arid zone (Avner and Carmi 2001), whose material culture assemblages are difficult to assign to a
particular EB subphase. The remaining 360 14C dates were compiled from 41 different sites or clus-
ters of sites in the southern Levant (see Table 1 and Figure 1). All results have been calibrated using
OxCal v 4.1.6 (Bronk Ramsey 2009) and the IntCalQ9 calibration curve (Reimer et al. 2009).

For the EB | period as a whole, there are 125 samples. These are further subdivided, according to
most excavators’ determinations, into EB IA (57 samples) and EB IB and “final EB IB” (60 sam-
ples), with 8 samples designated as transitional EB IA/B. Note that for some excavators, EB IB is
part of the EB | period proper, while “Final EB IB” can also be considered as the beginning of EB 1.
For the other periods, only the major division was used in this study, namely EB Il (93 samples),
EB 111 (78 samples), and EB IV (27 samples) periods. The remaining 37 dates could not be assigned
to any specific period. The associations of the dates to archaeological phases assigned by the exca-
vators were reviewed by the authors, as follows: EB | by E Braun; EB 1l by R Greenberg; EB 11 by
P de Miroschedji; and EB IV by Z Greenhut.

The accuracy and precision of the 14C dates depend, first and foremost, on the certainty of their
direct association to specific, well-defined archaeological contexts, then on any degree of error
introduced during their analytical processes, including sample preparation and measurement. While
the latter factors are independent and contribute to the final accuracy and precision of a 1*C date and
its interpretation, only a correct association of a sample to an archaeological context means that the
date will provide meaningful results (Boaretto 2007).

The dates used in this study were collected from various published and unpublished sources, imply-
ing a great deal of variation in the quality and completeness of the published archaeological record
associated with them. Often, the exact location and contexts of the samples remain obscure. In addi-
tion, the level of stratigraphic disturbance at different sites and excavation squares varies greatly,
affecting the primary reliability of samples. Moreover, there are differences in the terminology used
by different excavators for particular EB periods or phases. For example, a phase designated by one
excavator as EB IB might be identified by others as early EB II. Where information on the exact find
spots of samples is unavailable, and they cannot be directly associated with diagnostic material-cul-
ture inventories, we rely on the word of the excavator as to which specific EB phase the sample is
to be attributed. Taking all these considerations into account, we have decided nevertheless to col-
lect all available dates, recalibrate them, and identify obvious outliers by modeling and by evaluat-
ing stratigraphic contexts. The result provides a baseline for future study, and highlights areas that
require further attention.
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Figure 1 Map of the EBA sites included in this study
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The 420 samples include 139 from short-lived (e.g. seed, cloth, goat coprolite, and eggshell) and
270 from long-lived (e.g. wood charcoal and wood) sources. For 11 samples, this information is
lacking. While there is a general consensus that short-lived samples provide higher accuracy for dat-
ing the context than long-lived samples, it is necessary to determine if short-lived samples, and in
particular seeds, were grouped in clusters or scattered in archaeological sediments. We have not, a
priori, discarded single seeds as intrusive or residual, but have assiduously attempted to determine
whether there is a reliable association between them and their contexts. Wood charcoal or wood is
recognized to be less accurate because of the well-known “old wood” effect (Schiffer 1986; Bow-
man 1990; Ashmore 1999). However, if their contexts can be securely attributed to specific archae-
ological deposits, and especially when they originate from the end of a phase, they will provide a
terminus post quem for the following phase. This is very useful in modeling. In addition, charcoal
from hearths, i.e. originating from shrubs or small trees with fast growth rates, may not suffer from
the old-wood effect. When possible, separate models were run for seeds only, to find out the signif-
icance of the old-wood effect.

Particularly good contexts for a 14C sample are seeds found inside closed containers, such as grana-
ries, jars, fireplaces, tabuns (ovens), within destruction layers, and bones in articulation. In our
study, there are very few contexts of this type: 10 samples only could be identified as coming from
storage installations or jars. No bones were dated.

The samples were measured over many decades using different techniques and in a number of lab-
oratories. Of the 420 samples, 262 were measured by decay counting and the rest by accelerator
mass spectrometry (AMS). Details on chemical pretreatment or measurement for the samples can be
found in the references reported. In particular for Ashgelon, Bet Yerah, Hebron, Megiddo, and Tel
Yarmuth, dated by the Radiocarbon Laboratory at the Weizmann Institute, details about the proce-
dure are reported in Yizhaq et al. (2005).

RESULTS

All the samples that could be related to a specific non-mixed, chronocultural phase by the excava-
tors, and that provided *C measurements that spanned between 4000-2000 BC, were assembled in
a plot (Figure 2). Out of the 323 culturally definable dates, 10 samples were out of the 2000-4000
BC date range, and thus excluded from the chart giving all the dated EBA samples. This plot
includes 313 dates from 41 sites, and is based on the 14C dates in Table 1 (the sites are alphabetically
ordered). Archaeological periods in the plot are represented by colors, each individual line depicting
a single date plotted as +1c calibrated range BC.

Removal of Samples with Unclear Stratigraphic Contexts

Removal of some samples or removal of a complete site from further analysis and modeling was
done by the authors on the basis of contextual and/or archaeological considerations, usually because
of incomplete or unavailable documentation. Samples measured long time ago, were also removed.
Our considerations for excluding specific samples from the study are briefly reviewed below.

The site of Ai was removed since it is not possible to correlate samples with secure pottery assem-
blages. Samples from Arad were not used since no basket numbers are given that would provide
additional information on material found in association with the dated samples, as the locus numbers
alone could not sufficiently supply the ceramic information needed. The very earliest dates from
Ashqgelon EB IA are questionable, since the site also had a Chalcolithic occupation, and the pottery
associated with the earliest dates could be mixed EB and Chalcolithic assemblages (Braun and
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Figure 2 Calibrated 14C dates of 313 samples from 41 sites, all samples that could be attributed to EBA subphases. Each line
depicts a single 14C measurement with +1c range and is colored according to its archaeological subphase (see legend).

Gophna 2004). However, those dates are left in the analysis. The dates published in 1984 from Bab
edh-Dhra are not considered secure. Some originate from tombs that were reused over time and thus
represent chronological ranges, and some derive from contexts with mixed period pottery assem-
blages. Thus, only the dates from the 2003 publication were considered reliable. At Beer Resisim,
contexts are considered secure, but it should be noted that the material dated derived from ostrich
eggshells. Notably, 1*C-dated ostrich eggshells from Egypt systematically produced older ages
(Wuttman et al., these proceedings). At Beth Yerah, the dates from the excavations of Getzov attrib-
uted to EB I and EB 111 were not used due to insecure contexts (a fill of a tunnel and unspecified con-
texts). The site of Tel Erani has not been properly published and therefore 14C dates cannot be placed
in well-defined contexts. The 14C dates from this site also have large laboratory errors. Determina-
tions from a cave at Gezer were removed since their context was associated with pottery of different
periods, while others from Gibeon come from an old excavation for which there is no contextual
information. At H. Hani, the burial context is mixed with Chalcolithic material, and was thus
removed. Hartuv has yielded 2 dates for the same phase more than 1000 yr apart, while samples
originating from tombs at Jericho (Tell es-Sultan), which were used over an extended period of time,
were also discarded. At Kh. ez-Zeraqun, only 4 dates out of 16 (Genz 2002) are securely connected
to the EB 111 horizon, while the remainders were discarded as being suspected of old-wood effects
(H Genz, personal communication). The EB 1A and EB IB dates of the site of Tell esh-Shuna and al-
Basatin, the EB IB and EB Il dates from Pella, and the EB Il dates from Tell es-Sa‘idiyeh are not
included in the “good contexts” since not enough has been published on the ceramic assemblage
related to the samples to enable independent evaluation of the chronocultural horizons. However, as
the material originates in well-controlled excavations, the results are mentioned, where relevant.

The dates from arid zones in the south, published by Avner and Carmi (2001), are not considered in
this work as the material culture connected with them is meager and incompletely published. Thus,
it is either difficult or impossible to directly correlate the samples with various periods and phases
of the Early Bronze Age.

As a result of this culling, of the total 313 14C dates available (Figure 2), 99 samples were removed
due to purely archaeological considerations, leaving 214 dates originating from 29 different sites.
An additional 14 samples were removed as clear outliers based on 14C data, thus leaving a total of
200 samples for further analysis.
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Modeling Methods for the Early Bronze Age

Modeling was performed using OxCal calibration software (Bronk Ramsey 2009) based on Baye-
sian principles (Bayes 1763). The modeled distribution of the data is given with calculated agree-
ment indexes. The agreement between the posterior distribution of the data and the prior distribution
follows the convention of OxCal v 4.1 where 60% is taken as the threshold for acceptance for indi-
vidual and overall agreement indices (Bronk Ramsey 2009).

At sites where samples from more than 1 sequential deposit exist, dates were grouped into distinct
archaeological phases, such that in a known sequence of archaeological events, the lowest layer is
reasonably assumed to have formed before any and all overlying layers. For the Early Bronze Age-
based nomenclature, the transitions of EB IA/IB, EB I/11, EB 1I/111, and EB I11/IV-IBA are calcu-
lated. As noted above, our models were performed using chronological classifications as given by
the excavators. Additional models were run according to refinements made by individual authors of
this paper.

In the Early Bronze Age, production rates of 14C fluctuated, resulting in several plateaus and wig-
gles in the calibration curve (Reimer et al. 2004, 2009). These plateaus and wiggles, combined with
normal laboratory error, affect precision of 14C dates, sometimes resulting in calibrated ranges of a
few hundreds of years. Altogether, modeling enables a narrowing down of what are sometimes quite
large ranges of dates, and produces relatively precise dates for associated archaeological deposits.

Each site was analyzed individually to allow for overlapping and contemporaneousness between
sites, since it was taken as a logical rule that within each site internal stratigraphy would be consis-
tent, but separate sites might have similar cultures prevailing over varied lengths of time (due to
their particular settlement trajectories).

In each model, samples from the same subperiod are ordered as “phases,” while in each phase sam-
ples are ordered from oldest to youngest. This does not indicate that samples were necessarily found
in that order in archaeological layers. A presupposition behind the term “phase” is that the samples
do not have a known order within a phase, while dates are distributed evenly between boundaries.
The boundaries used in the models in most instances are “contiguous,” meaning that a boundary is
calculated in such a way that each phase begins where the previous phase ended.

In this study, we are only interested in major transitions between periods and phases. In our view, the
“contiguous” boundary best describes the situation of single archaeological sites considered, where
each phase is supposed to follow one another. When the sequence is not contiguous (as in the case
of Beth Yerah where there are no EB IB dates in the sequence), a “sequential” boundary is used. This
boundary will give an “end” range for the earlier phase and a “begin” range for the following phase,
leaving a possible gap in between. Two basic models were built at each site: one of all samples and
the other of seeds only. Each model was analyzed separately and outliers were removed.

Definition, Identification, and Removal of Archaeological & Analytical Outliers from Sequences

The identification of outliers is an important outcome of Bayesian modeling. Agreement indices
provide a warning if a certain date cannot be statistically fitted into a phase from which it purports
to originate. The reason a date is defined as an outlier needs to be specified before it is removed from
a sequence. As a general rule, any sample with an agreement of below 60% within a model is con-
sidered an outlier and removed. Elimination of a date from a model is not based only on an agree-
ment index. In fact, considerations based on types of samples, archaeological contexts, and histori-
cal information might support removal of samples despite their having sufficiently high agreement
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indexes. Often, several outliers appear and they are removed one by one; the program being run
anew after each removal. Then, archaeological contexts of samples that appear as outliers in the
model are re-examined for possible reasons for their anomalous dates.

The following guidelines were applied in this study for identifying and removing outliers for transi-
tion modeling:

1. Any single date that had less than 60% agreement was considered an outlier. This did not yet
necessitate the removal of the 14C date.

2. Samples within phases were ordered from oldest to youngest. The first sample in the first phase
and the last sample in the last phase are sometimes considered as outliers by the program. They
were not removed despite their low agreement.

3. Outliers were removed one by one in order to verify changes in agreement indices. Note that in
some cases a date with less than 60% agreement in the first analysis rises above or approaches
the 60% agreement limit when another date is omitted, thus making it possible to leave the sam-
ple in the final model. Sometimes, samples with 57-60% agreement were left in the models.

4. Seeds were preferred over charcoal samples, in order to avoid the old-wood effect. Thus, seed
samples, even if they appeared as outliers, were preferably left in if “too old” charcoal samples
could be removed instead.

Note that the “ending” and “beginning” dates are not considered as real dates, since the program cal-
culates the shortest duration for the phases and that might not accurately depict actual durations. We
only show figures of the final model. Results of some of the models that were built while attempting
to reach the final model are given in Table 2. Outliers are shown in the plot but have been removed
from the model.

Modeling Results of Sites with at Least 1 Transition

The results of the various models with the best estimated transitions between contiguous and
sequential phases (as calculated using OxCal v 4.1) are given in Table 2. Short-lived samples are
marked with asterisks. In the following section, various models are described and their results given.
All boundary dates are given for +1c probability distribution ranges. The +2c probability distribu-
tion ranges can be seen in Table 2. The modeled boundaries are summarized in Figure 11. All dates
are given in calibrated years BC.

Tell Abu Al-Kharaz

Tell Abu Al-Kharaz has 14 dates assigned to the “Final EB IB” (6 samples) and EB |1 (8 samples)
(Figure 3). All the samples are considered to originate from secure contexts (Stadler and Fischer
2008). When the model is run with all the samples, 2 samples (OxA-4332, OxA-4329) are outliers.

The model where these outliers are excluded indicates that the transition from “Final EB IB” to
EB Il at Tell Abu al-Kharaz occurred sometime between 3070 and 2970 BC. If the model is based
only on short-lived samples (2 for Final EB IB and 2 for EB II), then the transition is calculated
between 3000 and 2910 BC.

According to the modeling results, the old-wood effect at Tell Abu al-Kharaz is possibly ~50 yr, an
estimation enhanced by one of the seed samples found in a jar. Thus, we suggest that the EB 1B-II
transition date at Tell Abu al-Kharaz should be located between 3000 and 2910 BC.
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Figure 3 Modeling result of 1C dates from Tell Abu al-Kharaz

Ashgelon

Twenty-nine dates originate from a cluster of sites at Ashgelon (see Table 1). These are from differ-
ent phases/subperiods of EB I, some of which are not in stratigraphic relation to each other (i.e. they
are from separate, though adjacent, sites). There are different interpretations regarding the subdivi-
sion of the phases discernible at different locales within the cluster (Braun 1996; Golani 2004;
Golani and Segal 2002; Yekutieli 2006 and references in Table 1).

For purposes of this modeling, we have simplified the chronocultural divisions and maintained the
excavators’ designations, although at least one of the authors is in strong disagreement with some of
the identifications suggested (Golani 2004; Golani and Nagar 2011; contra Braun 2001; Braun and
Gophna 2004). Nineteen dates are indicated for what is purported to be EB 1A, while for EB IB there
are 6 (Figure 4). An additional 4 dates originate from a context described as a transitional phase
between EB IA and IB (henceforth “phase EB IA-IB”). In this model with 3 phases, 3 samples
appear as outliers (RT-2567, RT-2247/8, RTT-5432). Thus, according to this model the transitions
occurred for EB 1A to EB IA-IB between 3600 and 3510 BC and for EB IA-B to EB IB between
3060 and 2900 BC. When the same model is run only with seed samples, 1 sample is an outlier
(RTT-5432), and the transition EB |A to EB 1A-B occurs between 3570-3440 BC and for EB 1A-B
to EB 1B between 3070-2900 BC.

If the period EB IA-IB is omitted, there are no outliers in the model. The transition between EB 1A
to EB IB becomes larger and is between 3500-3350 BC. When only seed samples are used for the
EB 1A to EB IB, the transition becomes even wider, giving a range between 3430-3080 BC. This is
later than when the model uses charcoal samples, pointing to a possibility of some old-wood effect.

The very wide time range of ~300 yr calculated for the EB IA to EB IB transition when the EB 1A—
IB phase is omitted, suggests an interestingly long duration for this phase, which to one of the
authors (E Braun) seems untenable considering what is understood of the somewhat scant archaeo-
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Figure 4 Modeling result of *4C dates from Ashgelon

logical record at the Ashgelon sites, which Golani and Nagar (2011) suggest covers the entire EB |
period. Braun suggests the results are skewed by data incorrectly attributed to EB IA. Currently, all
the EB 1A date ranges (except RT-2567 and -2247/8, which are considered outliers in the modeling)
end before 3380 BC, and most of them even before 3500 BC, suggesting that at Ashqgelon, EB IA
dates to the second quarter of the 4th millennium. The EB IB date ranges, with 1 exception, do not
start before 3100 BC. This might suggest the dates were derived from the latest EB IB phase. Addi-
tionally, the calibration plateau between about 3400-3100 BC makes the beginning of EB IB diffi-
cult to pinpoint.



552 J Regev et al.

Bab edh-Dhra

The site of Bab edh-Dhra has had 30 dates measured and published since the 1970s. If a model is run
with all 21 dates assigned to clear archaeological phases by the excavators, there are 5 phases cor-
responding, respectively, to EB IA, EB IB, EB II, EB Ill, and EB IV (Figure 5). The outcome of the
model is highly improbable and 9 samples turn out to be obvious outliers (SI-3310B, -2871, -2877,
-2502, -2876, -4134, -4135, -2869, -2870). The SI (Smithsonian Institution) dates appear too old for
the model. Whether this is due to problematic contexts in the excavation or some mistakes made in
the lab is uncertain. Since the context is considered partly mixed and the dates exhibit large spans of
time, it was decided to include only the more recent dates in the final model, even though only the
EB IB and EB Il boundary can be examined. When only the 2003 dates are used, no outliers exist.
In this model, the transition from EB IB to EB Il occurred sometime between 3080-2610 BC. This
long transition is probably due to the very few dates in the model and whether the samples came
from the end or beginning of the dated phase.
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Figure 5 Modeling result of 14C dates from Bab edh-Dhra

Bet Yerah

At the site of Tel Bet Yerah, 7 dates are available for modeling from recent excavations: EB 1A (2),
EB 11 (2), and EB 111 (3). Using a “sequential” boundary between EB 1A and EB II, which allows for
a gap between the two, no outliers exist in the model (Figure 6). The end of EB IA and the beginning
of EB Il occur sometime between 3640 and 3190 BC. The 2 EB IA dates probably originate from
the very beginning of the period, and a large gap in dated occupation layers exists until the next
period dated, EB Il. Thus, the EB 1A end boundary is highly artificial, offering only rough estima-
tions of the actual dates. The EB 1I-EB Il transition, between 3000-2740 BC, is very broad. This
can be explained by either a gap in the 1*C samples from either late EB 1l or early EB Ill, or a sub-
stantial old-wood effect for the EB Il samples. This cannot be verified since only a limited number
of dates are currently available for modeling from the site.

Jericho

Twenty-eight dates from Jericho have been measured. In the model, the samples originating from
tombs are excluded, leaving 21 dates available for modeling: 5 from EB Il and 16 from EB Il con-
texts. No outliers exist in the model. The EB II/EB Il transition occurs between 2940 and 2820 BC.
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When only seeds are used in the model, the transition occurs slightly earlier, between 3010 and 2860

BC (Figure 7).
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Tel Kabri

At Tel Kabri, 9 samples are available for modeling, originating from EB 1A (6), EB IB (2), and EB 1l
(1) contexts (additional information on the sample contexts was kindly provided by Naama Schefte-
lowitz). In the model, 2 samples are removed as outliers (ETH-4684, -4688; Figure 8). The transi-
tions occurred from EB IA to IB between 3370-3240 BC and from EB IB to EB Il between 3320-
3100 BC. All samples consist of charcoal, which could suggest some old-wood effect.
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Figure 8 Modeling result of 14C dates from Tel Kabri

Tell el-Umeiri

At Tell el-Umeiri, 9 dates are available for modeling (Figure 9). Sample TH-2000-113 is an obvious
outlier and is thus removed from the model. When the model is run with 8 samples, from EB 11 (3)
and EB Ill (5), sample TH-2000-109 appears as an outlier. When it is removed, the transition
between EB Il and EB I11 occurs between 3030-2930 BC. All the samples consist of charcoal.

Yarmuth

At Tel Yarmuth, 37 samples are available for modeling: 3 from Final EB IB, 15 from EB Il, and 19
from EB 11l (Figure 10). In the model, we removed samples RTT-5291 and RT-2969 as outliers.
Sample RT-2969 might suffer from an old-wood effect. Sample RTT-5291 remains below 60%
agreement, even if the 3 earliest charcoal samples of the EB Ill phase are removed. Thus, even
though it is a short-lived sample, it is removed as an outlier. Based on stratigraphically more detailed
models, sample RTT-5286 also becomes an outlier, and sample RT-2965 is also a clear outlier
(Regev et al., these proceedings). In this model, the transition from Final EB IB to EB Il occurs
between 3030 and 2960 BC. The EB Il to EB 111 occurs between 2980 and 2910 BC. If the model is
made only with seeds, no samples appear as outliers, and the transitions are about 20 yr later.
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Multiplot and Overview

As a result of modeling, 11 additional samples were removed, leaving 189 samples to be used for
obtaining the final results. These can be seen in the colored plot (Figure 11). As the modeled transi-
tions are timespans, they are represented in the chart by diagonally divided squares depicting end
and beginning dates for the boundary. The results are based on the dates after selection according to
contexts (where a single period was dated). Clear 14C outliers and outliers identified by modeling
were removed as well. Circles above and below dated periods indicate that archaeological contexts
from later or earlier periods have been reported from a particular site, but not 14C dated. This addi-
tional information is relevant in order to identify possible intrusive or residual samples.

DISCUSSION
Transitions

Given the statistical nature of the modeling and the incompleteness of the archaeological record at
many sites, and in order to simplify the discussion, the ranges determined for the different periods
have been rounded to the nearest 50 yr. The results are summarized in Figure 11. The transitions in
the figure are not rounded and are according to the text in the Results section.

The shape of the calibration curve in the 4th and 3rd millennia is an aspect that should be kept in
mind with modeled transitions, since the accuracy of the dates is greatly affected by it. Two signifi-
cant plateaus exist in the timespan addressed in this paper: one between 3350 and 2910 BC; the other
between 2850 and 2500 BC. However, the deep slope between 2910 and 2880 BC clearly divides the
dates and enables very precise dating within that timespan.

Transitions are addressed in the following manner: First, the results of modeled sites are discussed,
then the non-modeled dates from single phase sites and the non-modeled start and end of periods in
modeled sites.

The beginning and the end of the EBA cannot be determined with this set of dates since we did not
include Chalcolithic and Middle Bronze 14C dates. Using the date ranges at hand, the earliest dated
EB IA levels are at the sites of Ashqgelon and Beth Yerah, where the dates cluster around 3700 BC,
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or perhaps even earlier. Four additional sites (Modi’in, Taur Ikhbeineh, Sataf, and Kabri) where 14C
dates were obtained show some variations for the dated samples of EB IA, but they are generally
younger and date closer to 3500 BC or even later. It should be noted that the site of Tell esh-Shuna
also provided early dates for the beginning EB 1A phase, with the calibrated ranges starting around
3900 BC. The dates for EB IV suggest it ended ~1950 BC.
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The EB IA-EB IB Transition

Modeled: The EB IA to IB transition can be modeled at 2 sites, Ashgelon and Kabri (200 km north
of Ashgelon). At Ashgelon, the transition falls between 3450-3100 BC, while at Kabri, according to
the model, it took place around 3350-3250 BC. This difference could be due to the distance between
the 2 sites, gaps in the 14C data caused by lack of dates from the end and beginning of the consecu-
tive phases, or it may be the result of differing interpretations of what constitutes EB IA. It should
be noted that at Tell esh-Shuna the modeled transition is 3500-3350 BC (the model consists of 8
samples from EB IA and 6 samples from EB IB, with no outliers). At Bet Yerah, the EB 1A to IB
transition cannot be determined, since no EB IB dates exist. Currently, the 14C data, limited as they
are for reasons discussed above, do not allow pinpointing the transition clearly, and some variation
exists between the various sites, probably due to the different parts of the phases dated.

Non-modeled: There seems to be some overlapping in date ranges between the EB IA and EB 1B
of different sites. It should be noted that none of the EB IA ranges continue after 3100 BC, and most
of the date ranges end much earlier, before 3400 BC.

The EB IB-EB Il Transition

A long history of terminological confusion surrounding the EB IB-EB 11 transition (Amiran 1969;
Wright 1971) makes it likely that different opinions on the cultural definition of these periods has
affected the models of the transition between them.

Modeled: The EB IB to EB Il transition was modeled at 4 sites. At Yarmuth and Tel Abu-Kharaz,
the transition occurred ~3000 BC. Using currently available data from Kabri, the transition would
seem to have occurred earlier, while at Bab edh-Dhra the EB 11 dates are later, resulting in a wide EB
IB to EB Il transition, ending ~2600 BC. The indicated transitions with most dates are at Yarmuth
and Abu al-Kharaz; their contexts are well defined and correspond to “Final EB IB.” A range of 3050-
2950 BC for these 2 sites is securely based. This result is similar to that suggested by the sequence
of dates from Pella (Bourke et al. 2009). The other 2 sites (Kabri and Bab edh-Dhra) need more dates
to obtain a better understanding of the transitions, and whether they occurred simultaneously.

Non-modeled data: Even more than in the previous periods, there is an overlap between the EB 1B/
”Final EB IB” and the EB Il dates. If we were to base this transition on non-modeled sites, it would
be fairly difficult to determine when the transition occurred, since the date ranges of both periods
end simultaneously around 2900 BC. In fact, the EB IB and the EB Il date ranges end at the same
time in most of the sites.

The EB IB to EB Il transition is conventionally dated to the beginning of the 1st Dynasty, at about
3000 BC (Braun 2011a). In our chronological scheme, it seems to stay generally within the conven-
tional realm, but did not necessarily occur at one time at different sites. The transitions that can be
most securely established in our study are at Tel Yarmuth and Tel Abu Kharaz, where the boundary
falls between 3050 and 2950 BC. Based on available data, we cannot exclude the possibility of some
coexistence between the cultures termed, by various scholars, EB IB and EB Il. This, however, may
actually reflect the terminological confusion surrounding the EB IB-EB Il transition.

The EB II-EB Ill Transition

Modeled: The transition between the EB Il and EB 111 periods is an especially interesting one. It is
based on 4 modeled sites. At Tel Yarmuth and Tell el-Umeiri, the transition falls between 3000 and
2900 BC. At Jericho, data suggest the transition occurred slightly later, in the 2950-2850 BC range,
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while at Bet Yerah, probably due to the small amount of dates, the transition has a larger range, from
between 3000-2750 BC. As most dates come from Tel Yarmuth and Tell el-Umeiri, measurements
of the duration of the transition are likely to be most precise. Thus, the suggested EB II/EB Il tran-
sition seems to have occurred ~2900 BC.

Non-modeled data: A clear pattern can be discerned in the dates of EB Il and EB Il1. All of the
EB Il date ranges from west of the Jordan River, except for 1 date from Tel Yaqush, end ~2900 BC,
whereas EB |1l dates commence directly afterwards, with only a few dates being slightly older.
Some of the EB 11 date ranges from sites on the east side of the Jordan River continue later (Bab edh-
Dhra, Abu al-Kharaz, and Tell es-Sa‘“idiyeh).

The EB 11 to EB IlI transition is probably the most obvious and securely documented change in the
14C-based chronology. Conventionally, it is dated ~2700-2600 BC and correlated with the begin-
ning of the 3rd Dynasty in Egypt (Mazar 1992; de Miroschedji 2000), although an earlier date of
~2800 BC has been suggested, on various grounds (Philip and Millard 2000; Greenberg 2002).
However, there is no archaeological basis for this correlation. This exercise in dating may vary
slightly depending on which Egyptian chronology is used (e.g. Kitchen 1991; Shaw 2000; Hornung
et al. 2006).

Our 14C-based evaluation suggests that the transition from EB Il to EB 111 could have been under-
way as early as 2900 BC, which suggests a shift of ~200 yr earlier than conventional chronologies
indicate. When this shift is taken into account together with the EB IB to EB Il transition, it suggests
that only a very short duration of 100 to 200 yr is left for the EB 11 period, reducing its span by 200-
300 yr. It should be noted that, from 2920 until 2850 BC, a strong slope exists in the calibration
curve, equivalent to ~4350-4200 uncalibrated BP. As the EB I1-11I transition falls within this slope
at ~2900 BC, the precision of the transition date is enhanced.

The EB IlI-EB IV/IBA Transition

Modeled: No modeling was possible for the fourth transition, since no sites currently exist where
both EB 111 and EB IV/IBA have been C dated.

Non-modeled: Large variations exist within the available EB IV 14C dates, which suggest the period
potentially began much earlier than previously thought. The last urbanized EBA period, EB llII,
offers data from 9 sites, while for the non-urban EB 1V, 7 sites were dated. At all EB 111 sites, with
the exception of 5 samples from Jericho, 1 sample from Tell es-Sakkan, and 2 samples from Tel
Yarmuth, which are very probably outliers (Regev et al., these proceedings), the latest part of the
date range lies between 2500 and 2450 BC. An earlier date for the end of EB Ill is also possible
since the calibration curve gives quite a wide range of possibilities. The following EB IV date ranges
have large variations: the earliest (Beer Resisim) beginning as early as 2850 BC and the very latest
ending after 2000 BC. For the majority of the sites, the beginning of EB IV/IBA can be placed
around 2500 BC, and neatly bridge the period between EB Il and EB IV. If this were not the case,
a gap in human activity in the southern Levant might be inferred between these 2 periods, since the
EB Il1 dates end at that time.

The end of the EB 11 cultural horizon is traditionally seen as contemporaneous with the reign of
Pepi | (de Miroschedji 2012), variously dated by Egyptologists to 2321-2287 BC (Shaw 2000) or
2289-2255 BC (Baines and Malek 1980), and recently by 14C to 2399-2310 BC (1c) or 2389-2349
BC (20) (Bronk Ramsey et al. 2010). The shift of several centuries in the beginning dates for the
EB 111 period in this scenario could stretch the EB 11 to a lengthy 600 yr. However, according to the
14C data, the latest EB I11 dates do not reach so late in time. While it could be explained as the result
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of a gap in the 14C record due to the absence of samples from the latest EB 111 deposits, the EB IV
dates here actually suggest that the latter period began earlier than previously thought, which
implies either an earlier transition or an overlap with EB I1I.

Currently, many dates exist for the EB 11l period (derived from 56 samples of good contexts). Of
those dates, only 4 (3 from Jericho and 1 from Tell es-Sakan) are later than 2450/2500 BC. Hence,
the data suggest that many EB 111 sites were abandoned about or before 2500 BC, which suggests a
shift upward of ~200 yr from the conventional date of 2300 BC suggested by some scholars (e.g.
Mazar 1992; de Miroschedji 2000). It is important to obtain more dates from the latest EB 111 layers
at various sites in order to determine whether the end of the EB Ill did occur simultaneously
throughout the southern Levant or whether it ended at different times in different places. Cultural
aspects of these changes in the periodization of the EBA are obviously crucial in understanding
causes for the decline of urbanized society.

Further Test

A model using all the samples from good contexts included in Figure 11 was built. The 5 samples
(Ashgelon and Hartuv) from “transitional” EB IA/IB were not included to avoid additional phasing,
leaving 184 samples for the model. Using all 184 samples, the only model to reach convergence is
one where the phases were allowed to overlap (i.e. being contemporaneous), having “overlapping
boundaries.” In the model with contiguous boundaries, 21 samples are removed as outliers (RT-
2154*, RT-2324, Beta-134011, RTT-5435*, RT-2210, OxA-2813, GrN-18540*, GrN-18545*, GrN-
18546*, OxA-2814, GrN-18541*, OxA-*5092, OxA-2810, Beta-134009, Beta-134010, Hd-19610,
TH-2000-105(1), TH-2000-106(2), Hd-19625, BM-1780, Beta-163588) and still some additional
samples remain slightly below 60% agreement. Agreement of the model is 87%. The transitions
obtained are

EB IA-IB: 3150-3070 BC;

EB 1B-11: 3030-2940 BC,;

EB 11-EB I1l: 2950-2910 BC;
EB I1I-1V/IBA: 2570-2520 BC.

Taking the same data (184 dates) and modeling them by using only 2 adjacent periods, the results are
slightly different. Also, in this case many outliers need to be removed:

EB 1A-1B: 3330-3150 BC. The outliers removed for EB IB are RT-2154* and RT-2324* (A% = 99). In
this transition, it is possible to change the results by choosing whether to remove outliers from EB IA or
EB IB phase. The removal of the 2 latest EB IA samples will cause the boundary to become over 100 yr
older.

EB I1B-11: 3080-3040 BC. In this case, many outliers would need to be removed to reach any agreement.
This is because the dates of EB IB and EB 11 are practically the same. Therefore, depending which outliers
are removed, the transition changes substantially. Using the OxCal agreement values (A%) on dates, the
identified outliers for EBI are RTT-3902*, GrA-222*6315*6332*, OxA-5096*, RTT-5436*, RTT-5437*,
RTT-5435*; for EB II: RT-2210, OxA-2813, GrN-18540* (A% = 31).

EB I1-111: 2940-2910 BC. The outliers removed for EB Il are OxA-*5092, OxA-2810, Beta-134009, and
Beta-134010; for EB 111: Hd-19610, 2000-105, TH-AA-37435, Hd-19625 (A% = 83). This boundary is
quite straightforward, with clear outliers at the edges.

EB I11-1V: 2570-2520 BC. The outliers removed for EBIII are BM-1780, Beta-163588, and BM-553
(A% = 78). The boundary can be lowered to ~2500 BC by choosing the oldest EB 1V dates as outliers, but
generally the boundary is clear.
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The method used throughout our study was to model individual sites separately. When dates from
different sites are combined, the results can vary depending from the outliers eliminated. The differ-
ences suggest either a degree of overlap between cultural horizons, inaccurate or wrong cultural
association to contexts, or both. With the current state of research, the methodology suggested is to
model sites individually.

CONCLUSION
Archaeological Implications

The 14C dates and modeling presented above demonstrate that the traditional dating of the divisions
of the southern Levantine Early Bronze Age should be revised. Taking into account that transitions
from one EB subperiod to another did not necessarily occur simultaneously at all sites, the transi-
tions between subperiods should be considered as ranges, within which cultural changes interpreted
as “transitions” occurred. This would question the synchronization between sites.

Based on the context and 14C data after applying quality criteria for their inclusion in the model, we
suggest the following chronological scenario: The EB 1A to EB IB transition did not necessarily take
place within a very short time at all sites. The dates for this transition, where it can be modeled, span
anywhere between 3450-3100 BC at the different sites. The relatively large transition could be due
to overlapping of periods/subperiods defined by scholars, which clouds the issue and makes the data
unreliable as to what they represent. The following EB IB and “final EB IB” to EB Il transitions are
calculated at different sites with large differences, with dates between 3200-2900 BC. The next 2
transitions appear to have taken place more in sync throughout the region. A date around 2900 BC
seems to be firmly based for the EB Il to EB 111 transition, which is at least 200 yr earlier than the
traditionally accepted dates. Similarly, the EB 111 cultural horizon, which appears not to have con-
tinued after ~2450 BC, could possibly have come to an end at some sites as much as a century ear-
lier. The beginning of EB IV is not based on modeling, but a date of ~2500 BC is suggested, even
though it could have commenced earlier.

Radiocarbon Sampling and Analysis

The overview obtained by combining and analyzing the hundreds of 14C dates that have accumu-
lated for the southern Levant EBA highlights both the strengths and the weaknesses of the data set
and of the procedures used to create it. It is worth noting again, and with emphasis, that clusters of
seeds in clear association with archaeological contexts provide the most efficacious 4C samples for
determining chronology. In our work, the short-lived samples were compared with the charcoal
samples, showing a mild old-wood effect that accounted for differences of up to 50 yr in our transi-
tion models. In Bayesian analyses, dates derived from charcoal can be used as termini post quem for
archaeological strata.

In addition, greater attention must be paid to the quality associations between samples and the
archaeological contexts from which the 1C samples originate. In ongoing excavations, micro-
archaeological methods can be useful in determining which associations are strong or even absolute.
Since cultural changes are not necessarily contemporaneous at different sites, multilayered sites
should be modeled separately and single-occupation sites should not be included in models but ana-
lyzed as single entities. For more accurate determinations of transitions, optimal situations would be
to obtain large sets of dates from good contexts, distributed over entire phases.

A benefit of 14C modeling is that large sets of dates related to consecutive stratigraphic units can
overcome some of the shortcomings introduced by plateaus in the calibration curve by virtue of the
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constraints imposed by Bayesian analysis. Modeling is an excellent tool in identifying outliers,
which, rather ironically, can be very informative for interpreting the archaeological record. They can
help in understanding the degree of stratigraphic “noise”” in one or another archaeological deposit,
as well as site formation processes involved. Thus, any future advance in 14C EBA chronology must
be based on analytical quality and material type, as well as on the triad of well-defined cultural hori-
zons, extended, densely sampled stratigraphic sequences, and secure sampling contexts.
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