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ABSTRACT. One of the greatest challenges of contemporary archaeology is to synthesize the large amount of radiocarbon 

and archaeological data into a useful dialogue. For the late Epipaleolithic and the Early Neolithic of the Near East, many 1 4 C 

ages have been published without precise stratigraphie documentation. Consequently, for archaeological age models we often 

must use some more elementary approaches, such as probabilistic summation of calibrated ages. The stratigraphy of Körtik 

Tepe allows us for the first time to study an extended series of 1 4 C ages of the earliest Holocene. In particular, we are able to 

analyze the data according to stratigraphie position within a well-documented profile. However, because of a plateau in the 
1 4 C age calibration curve at the transition from the Younger Dryas to the Early Holocene, dates of this period can be inter-

preted only if an extended sequence of dates is available. Due to problems remaining in the calibration procedure, the best way 

to achieve an interpretation is to compare the results of different 1 4 C calibration software. In the present paper, we use the 

results of the calibration programs OxCal and CalPal. This approach has important implications for future age modeling, in 

particular for the question of how to date the transition from the Epipaleolithic to the PPNA precisely and accurately. 

INTRODUCTION 

In the early days of radiocarbon dating, even single 1 4 C ages provided invaluable information for the 
absolute chronology of archaeological sites. It has become a challenge to interpret correctly the 
increasingly large archaeological 1 4 C database in order to reconstruct processes in human prehistory. 
Some significant archaeological and statistical filtering is necessary (e.g. Bayliss 2009). Whereas 
the technology of 1 4 C dating has itself made enormous progress (Hajdas 2009), many of the earlier 
measured 1 4 C dates for the Epipaleolithic-Neolithic transition in the Near East were published with-
out much stratigraphie detail. Consequently, even large-scale data compilations (e.g. http:// 
www.exoriente.org/associatedjprojects/ppnd.php) can provide only a broad impression as to the 
chronological relationships between the different archaeological sites (Benz 2000; Aurenche et al. 
2001 ; Weninger et al. 2009). During the studied period, even the relative time sequence of sites, pro-
cesses, and events is in many cases difficult to evaluate. Judgments about the reliability of 1 4 C data 
are therefore often based on the plausibility (or implausibility) of the observed 1 4 C age of different 
dated materials. In some cases, old wood samples (e.g. Finlayson and Mithen 2007:460-9) or some 
(possibly contaminated) bones could be identified (Otte et al. 1998:538; Denaire 2009). In other 
cases, problems related to sample reworking or measurement have been detected (e.g. Évin and 
Stordeur 2008). There are even circumstances in which 1 4 C ages on samples from contexts that were 
previously considered reliable may prove to be problematic, as for many of the 1 4C-dated seeds from 
Abu Hureyra, which were apparently from relocated deposits (http://www.exoriente.org/ 
associated_projects/ppnd_site.php?s=2). Thus, a cautious and critical analysis of the sample prove-
nience in each individual case is a paramount condition for chronological discussions (Perrot 2000: 
11; Bayliss 2009:126). In particular, the important transition from Epipaleolithic to early Neolithic 
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societies in the Near East remains to be well dated. Thus far, sophisticated models for dating sam-
ples from these periods have been used only rarely (Edwards et al. 2004). 

With its stratigraphie depth of >4 m, the site of Körtik Tepe in southeast Anatolia offers an invalu-
able opportunity for dating the transitional period from the Epipaleolithic to the Pre-Pottery 
Neolithic A (PPNA) occupation on the boundary between the Younger Dryas (YD) and the Early 
Holocene. In a previous study (Benz et al. 2011), we suggested that the oldest phases (Phase VII 
downwards) at Körtik Tepe were occupied during the YD. In this paper, following a discussion of 
the stratigraphie information and using the results of different calibration programs (OxCal and 
CalPal), we will show that it is possible to distinguish at least 6 subphases for the occupation of the 
site, all of which date to the earliest Holocene. The stratigraphie dating method we have applied at 
this site will have important methodological implications for future projects aimed at dating the 
beginning of the early Neolithic in the Near East. 

KÖRTIK TEPE: THE SITE AND ITS SETTING 

Körtik Tepe (37°48 ,51.90"N, 40°59 ,02.02"E) is a small mound of only 5 m elevation. Its location 
near the point where the Batman Creek enters the Tigris River provided a favorable and diversified 
ecology for prehistoric occupation (Riehl et al. 2012). Up to 2011,722 single and some double buri-
als and 112 round planned structures had been excavated. The multiple renewal of house floors, the 
persistence in the use of space, the large number of intrasite burials, and the diversified animal spec-
trum (Arbuckle and Özkaya 2006; Özkaya et al. 2011) all suggest that Körtik Tepe was probably a 
permanent settlement, although some of the inhabitants may have left the site for seasonal activities. 
The Epipaleolithic/Early Neolithic strata are beneath only Medieval remains (Figure 1). 

Figure 1 Excavated trenches of Körtik Tepe up to 2010. The profiles of A84 and A80 
have been 1 4 C dated (plan by A Coskun). 

1 4 C DATA AND STRATIGRAPHY 

1 4 C data from Körtik Tepe are listed in Table 1. Altogether, 12 samples were processed by 1 4 C accel-
erator mass spectrometry (AMS) at the Laboratory of Ion Beam Physics of ΕΤΗ Zurich (lab code 
ΕΤΗ; Coskun et al. 2010). Two additional AMS 1 4 C ages were measured at the 1 4 C AMS Leibnitz 
Laboratory Kiel (lab code KIA). Except for sample BP 191-2 (KIA-44864 and -44863), all samples 
are from the profiles of trenches A80 and A84. 
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The 2 AMS measurements by the Kiel Laboratory were performed on rye seeds of the same botan-
ical sample (BP 191-2). Sample BP 191 -2 comes from a depth of -3.74 m in front of the eastern pro-
file A84. The chemically purified carbon from the charred seed gave an age of 10,250 ± 60 BP 
(KIA-44864). Since the exact stratigraphie position of this sample, in relation to the profile, has yet 
to be verified, this date was not included in the present statistical analysis. It is nevertheless an 
important 1 4 C age, since it can be roughly correlated with the older layers in the deep sounding of 
Trench A80 and it supports our former suggestion that the occupation of the site had already begun 
during the YD. Because it had too little carbon, only the humic acid of the second sample (KIA-
44863) could be dated. The laboratory considers the derived date of this sample too young (A 
Dreves, personal communication). 

With the aim of constructing a stratigraphie sample sequence for Bayesian wiggle-matching, we will 
first discuss the stratigraphie and archaeological properties of the profiles under study and then com-
pare the different statistical models. The documentation of Trench A80 began in 2009 (Benz et al. 
2011). By the next campaign (2010), drying of the sediments made it possible to distinguish layers 
down to -5.60 m and the natural soil (Figure 2), into which the first/oldest construction had been dug 
to about 50 cm. Postholes indicate the use of wooden posts for a roof or shelter. Up to -3.00 m, the 
constructions were mostly of organic material: because of the limited area excavated, precise lay-
outs of these buildings cannot be given. At -3.20 m, a pit dug down to -4.25 m could be discerned: 
its filling consisted of several thin deposits of ash and charcoal. Above - 3 m, the documented floors 
become more massive and were of pure clay. Thin layers of ash and charcoal between these clay 
floors indicate that they had been repeatedly renovated. A stone wall belonging to a house could be 
documented in the profile at -2.50 m/-2.10 m. 

Figure 2 Körtik Tepe, eastern profile of Trench A80 
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Eight samples for 1 4 C dating were taken from the different phases by cleaning the trench profile 
eastward for a distance of 10 cm to avoid contamination. The precise location of the samples is 
given in Figure 2. Except for sample CH 33, which comes from a level of-4.27 m close to the east-
ern profile of A80, all samples were taken from the profile itself. Sample CH 21, belonging to the 
youngest dated phase, is from the filling layer that accumulated after the stone building of CH 15/ 
CH 17 had been abandoned. The uppermost layers have not been dated so far. Samples CH 15 and 
17 date the foundation pit of the stone wall of Phase II, with CH 15 being only slightly younger than 
CH 17. Sample CH 1 was taken from a living floor (or thin destruction layer) between the second 
and third renewals of the clay construction F5-F4-F3 of Phase III. Sample CH 11 comes from the 
lowest part of a destruction layer of Phase IV: it might represent either the building itself (burnt con-
struction material), occupational debris of the building (firewood), or material from the building's 
destruction (burnt wood, matting, or the like) (F 7). Samples CH 26 and CH 29 come from the filling 
layers of the above-mentioned pit and date thin layers of charcoal (probably firewood) representing 
ephemeral occupations. 

The stratigraphy of A84 (Figure 3) correlates well with A80 due to Trench A85, which was exca-
vated between A80 and A84 in 2010. At present, the profiles can be correlated down to -3.24 m. The 
lowest sample in Trench A84, CH 42, was taken from a filling layer between 2 massive clay floors. 
CH 41 comes from the occupation phase of the clay floor F4/F4'. A more recent sample, CH 35, was 
taken from a living floor (F3) that had been renovated at least 3 times. The sample CH 28 stems from 
a destruction layer of F2, one of the most recent early Neolithic floors. The stratigraphie correlation 
of the samples within Phase IV is partly arbitrary: whereas the relative sequence in Trench A84, 
CH 41, and CH 42, is clear, CH 11 of Trench A80 could be contemporary with either CH 42 or 
CH 41, or it could be older, younger, or in between the two. However, its position within Phase IV 
does not affect the sequencing in any significant way. 

Figure 3 Körtik Tepe, eastern profile of Trench A84 
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Most of the samples are from short-lived wood species or small twigs (Table 1). There are 2 samples 
of oak, 1 of pistachio and 1 undetermined that might show old-wood effects, but compared to the 
results of the other dates, they seem consistent. At first, we decided not to date seeds because of the 
high risk that such small items had been dislocated. It should be mentioned that neither phases VII 
and VIII, the oldest phases of Trench A80, nor the youngest layers have yet been 1 4 C dated: we 
failed to obtain well-preserved charcoal from the oldest layers; and the risk of contamination in the 
uppermost layers is very high because the nearby fields are burnt annually. 

A Bayesian Approach 

In recent years, Bayesian sequence modeling has gained wide popularity in prehistoric chronologi-
cal studies, particularly for well-defined stratigraphie data sequences (Bayliss 2009; Bronk Ramsey 
2009). The basic idea is to combine 1 4 C ages and archaeological observations to achieve a more pre-
cise chronological framework for individual sites and prehistoric processes. 

As has been emphasized by all researchers involved in the development of Bayesian approaches to 
1 4 C age calibration (e.g. Buck et al. 1996; Bayliss 2009; Bronk Ramsey 2009), Bayesian sequencing 
(BS) strongly relies on the definition of an adequate archaeological (prior) model. According to 
Bayes' theorem (Bayes 1763), it is possible to combine measured data (e.g. a series of 1 4 C ages) with 
additional knowledge. In the present study, we will combine stratigraphie information with the 1 4 C 
ages in order to refine the probability ranges of the calibrated data. However, under certain condi-
tions, which are not always obvious to the inexperienced user, the method can produce results that 
have (as requested) higher precision than the individual dates, but which were gained at the cost of 
a lower overall dating accuracy (Steier and Rom 2000). Taphonomic difficulties in the interpretative 
"dating" of (often significantly reorganized) organic substances were described recently for the 
Aegean Late Bronze Age chronology (Weninger and Jung 2009). The specific dating problem on 
which we will focus here is the existence of a major plateau in the 1 4 C age calibration curve at the 
transition from the Younger Dryas to the early Holocene. 

As shown in Figure 4, samples taken from the calendar interval between 11.6 and 11.3 cal ka BP, 
have average 1 4 C ages at -10.0 ± 0.1 ka BP (Benz 2000:40). (1) The 12 ΕΤΗ 1 4 C ages from Körtik 
Tepe (Table 1) have a nearly identical range on the plateau. (2) Consequently, without a known 
sequence their calendar ages are interchangeable and it is therefore impossible to apply a statistical 
test with meaningful results, and (3) it is thus impossible to interpret the Körtik Tepe data without 
their stratigraphie context and to determine the accurate position of any of the dated samples on the 
plateau. According to Bayliss (2009), such an extended plateau without a youngest or oldest date 
available to delimit at least the beginning or end of the plateau represents the most challenging case 
for the application of Bayesian sequencing. This scenario is not only challenging for Bayesian cali-
bration, but for all other calibration methodologies. 

Therefore, we will first re-address the main theoretical reasons why a plateau is so difficult to man-
age in Bayesian sequencing. In the analysis of the Körtik Tepe data that follows, we will compare 
the results of Bayesian sequencing (BS) and Monte Carlo wiggle-matching (MCWM). It should be 
emphasized that the critical methodological aspects of BS equally apply to the MCWM approach. 
For both methods, we will study the results of the respective software (OxCal and CalPal) under per-
haps the most extreme conditions of data input. 

Up to the present, the most detailed study on reactions of BS under plateau conditions is that by 
Steier and Rom (2000). The conditions they applied can be directly compared to the Körtik Tepe 
data. Steier and Rom entered a large number of known-age sample sequences into the BS algorithm 
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Figure 4 Probabilistic calibration of Körtik Tepe 1 4 C data (Table 1) showing (upper graph) 

calibration curve IntCal09 (Reimer et al. 2009) with projection of calibration raw data (±1σ 

error bars) measured by the laboratories of Seattle and Heidelberg, and (lower graph) 20-yr 

mean Greenland GRIP stable oxygen isotope data (GRIP members 1993) based on GICC05 

age model (Andersen et al. 2006; Rasmussen et al. 2006). The position of the Younger Dryas/ 

Early Preboreal boundary (Vinther et al. 2006) is indicated by a dashed line. Graph produced 

by CalPal. 

of the OxCal program (v 2.18; Bronk Ramsey 1995) and compared the ideal data input with the real 
program output. Their results can be summarized as follows: 

1. The calendar ages are spread across the entire length of the 1 4 C plateau independently of the 
true sample age. 

2. A similar spread is observed under non-plateau ("wiggly") conditions, e.g. when the input data 
were clustered at the beginning, middle, or end of an extended wiggle sequence. 

3. The BS algorithm produces spuriously high dating precision simultaneously with a loss of dat-
ing accuracy. 

4. All these effects showed up in all regions of the calibration curve, but they are most obvious for 
the plateaus. 

5. The dating artifacts are more obvious for longer (multicentury) sequences, but also exist for 
short (multidecade) sequences, even for the minimum tested sample of 2 dates. 

As was recognized by Steier and Rom (2000) and confirmed by Bronk Ramsey (2000), the main rea-
son for this "failure" of the BS algorithm is the choice of an inadequate archaeological model. When 
the archaeological prior is (naturally) chosen as a calendar-scale time constant, then the OxCal algo-
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rithm program will spread the archaeological ages as far as possible over the calendar timescale 
(only limited by the plateau). In the ideal case of a 45° (linear) calibration curve, this expansion of 
a sequence would be internally linear in time. For a real (wiggly or flat) calibration curve, the 
(implicitly) targeted linear expansion is limited by the archaeological 1 4 C ages, their standard devi-
ations, and the shape of the calibration curve. Formulated critically, in order that the BS algorithm 
can reproduce the true sequence of sample ages accurately and reliably, exactly this sequence must 
be used as model (cf. Weninger et al. 2011). 

There are slight differences in the shape of the plateau Steier and Rom have chosen and the Early 
Holocene Plateau, which complicate exact comparisons. However, since the standard deviations 
(-45 BP) of the Körtik Tepe data and of the model data (-40 BP) used by Steier and Rom (2000) are 
nearly identical, we may expect similar reactions of the BS algorithm for the Körtik Tepe data. 
Using this theoretical background, we will now take a closer look at the results of Bayesian sequenc-
ing when applied to the Körtik Tepe data (Figure 5). 

11000BC 10500BC 10000BC 9500BC 9000BC 

Calendar date 

Figure 5 Results of Bayesian sequence (BS) modeling for Körtik Tepe 1 4 C data. 

The graph shows the single age probability distributions of each input 1 4 C age 

(light outlined) and the corresponding conditionally refined probability distribu-

tions (dark shaded) for the stratigraphically sequenced 1 4 C dates. Graph pro-

duced by OxCal. 
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Bayesian Sequencing at Körtik Tepe 

The applied Bayesian sequencing (BS) model incorporates the stratigraphie boundary conditions we 
defined according to the stratigraphie phase model (cf. Figures 2 and 3). The only information 
entered into the BS model was the stratigraphie order of the dated samples. We used the sequencing 
algorithm as implemented in OxCal (ν 3.10) by arranging the 1 4 C data according to the archaeolog-
ical phases, which were defined by the stratigraphy (Bronk Ramsey 2005). 

The main results are (1) the highest probability for the oldest Körtik Tepe phase dates to -11 ,640-
11,480 cal BP; (2) the highest probability of the youngest phase dates to-11,400-11,300 cal BP; (3) 
the samples from intermediate stratigraphie phases have calendar ages that are positioned in correct 
(known) order from older to younger ages at approximately linear positions between these 2 age 
boundaries; and (4) the conditionally refined dating probabilities (cf. Figure 5 dark shaded areas) are 
positioned symmetrically on the stratigraphically older or younger side of the original uncorrected 
calibrated age distributions (cf. Figure 5, light outlined) for younger and older samples, respectively. 

As expected according to the studies of Steier and Rom (2000), the data of Körtik Tepe are spread 
over the whole plateau of the Early Holocene. Both the BS age distribution for the stratigraphically 
oldest phase boundary and for the youngest phase correspond quite well with the respective begin-
ning and end of the Early Holocene plateau (cf. Figure 4). Of course, these boundary values are not 
sharply defined. Both marginal probability distributions have 95% ranges of -200 calendar yr. The 
overall agreement of >86% demonstrates the high consistency of the measurements and the reliabil-
ity of the samples. 

Monte Carlo Wiggle-Matching 

Because of the remaining problems in the definition of adequate and robust archaeological prior 
models for Bayesian sequencing (Steier and Rom 2000; Weninger et al. 2010), we compared the 
OxCal-based BS results with an independent calibration approach. For this purpose, we applied the 
Körtik Tepe data to Gaussian Monte Carlo wiggle-matching (GMCWM). Bronk Ramsey et al. 
(2001 ) provide a critical comparison of the 2 methods. Archaeological applications of GMCWM are 
described in Weninger and Jung (2009). Here, we only provide a brief outline of the method. 

GMCWM is an extension of the wiggle-matching method developed long ago (e.g. Pearson 1986; 
Weninger 1986). In tree-ring dating, the age difference between the rings is known precisely. The 
tree-ring l 4 C data can thus be fitted to the calibration curve based on a χ 2 test. At first, the weighted 
sum of squares for the 2 1 4 C data sets (known and unknown age tree-ring data) for a large number 
of different cal-age settings of the floating tree-ring data is calculated and then the χ 2 minimum is 
selected as the effective best fit. This approach usually gives a definite answer, but in the χ 2 test the 
larger the scatter of the measurements, the narrower the related uncertainty limits that can be looked 
up in statistical tables. As a solution, in GMCWM the fitting process is repeated a large number of 
times in order to produce a series of possible solutions. These solutions are then plotted as a histo-
gram that can be analyzed for the best fit. The method thus applies a range of best-fitting results on 
any requested statistical level (e.g. 68%, 95%). 

In CalPal software, the GMCWM algorithm fits the calendar seriated I 4 C age/sample pairs repeat-
edly to the calibration curve for an optional number of runs between 1 and 10,000. Because the 
actual cal-age distances of our samples are unknown, we used an extension of the GMCWM proce-
dure whereby the distances are varied uniformly in annual steps between 0 and 50 yr (Horejs and 
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Weninger 2012). The aim of the extended GMCWM approach is to identify the overall best-fitting 
archaeological timespan. 

When the Körtik Tepe data (Table 1) is applied to the extended GMCWM generic procedure, with 
10,000 iterations per run, we obtain a graph that shows the %2-based average probability (p) for each 
assumed sample distance (Figure 6, left). These average probabilities have maximal values (-98%) 
for short sequences, and decrease slowly to -80%, depending on phase length, for increasingly long 
sequences. The lower curves of Figure 6 (left) show the corresponding 95% width of the best-fitting 
histogram. This 95% histogram width will be considered as the measure of the achieved dating pre-
cision and the corresponding probability as the measure of the unknown dating accuracy. The histo-
gram width is largely independent of the simulated archaeological errors (±10, ±30, ±50 yr). It has 
a conspicuous minimum for archaeological sequences that have a 22-yr sample distance. Among the 
large set of simulated sample sequences, the algorithm has identified the distance of 22 yr per sam-
ple as the overall best-fitting sequence. 

Prob [%] 

100 

Optimizing Factor [yr 1 ] 
F=prob/(95%-Hmits) 

10 15 20 25 30 35 

Uniform Age Distance [yrs] 

10 15 20 25 30 35 

Uniform Age Distance [yrs] 

Figure 6 (Left) Results of Gaussian Monte Carlo wiggle-matching (GMCWM) of Körtik Tepe data (Table 1) for sim-

ulated uniform sample distances ("phase length") in the range 0-40 cal yr. The graph (left, upper) shows the average 

X2-probability for each run (10,000 iterations). The graph (left, lower) shows the 9 5 % width of each GMCWM histo-

gram (cf. Figure 7, lower). The symbols (dots, stars, crosses) indicate results achieved for different Gaussian modeling 

errors (±10, ±30, ±50 yr). (Right) Same data as in Figure 6 (left), but shown as optimizing quotient F of the average 

probability (p) and the 9 5 % width of the best-fit histogram for each run. 

Our second analytical step was to optimize the GMCWM results by defining a factor F, the quotient 
of the average probability (p), and the 95% width of the best-fit histogram for each run (Figure 6, 
right). For all age models, F has a maximum at -22 yr. Statistical variations in the position of this 
maximum appear to be largely independent of the Gaussian errors (±10, ±30, ±50 cal yr). This indi-
cates that the optimizing procedure is quite robust regarding variations in the underlying strati-
graphic sample order. 
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Our final step was to apply the Körtik Tepe data to GMCWM considering F as an optimal distance 
of the dates. Figure 7 shows the optimized Körtik Tepe sequence in comparison with the IntCal09 
calibration curve and calibration raw data as measured to high precision by the Seattle and Heidel-
berg laboratories. This graph was produced by the CalPal-Dialog as used in the construction of 1 4 C 
age calibration curves (Weninger and Jöris 2008). It can be discerned that the ΕΤΗ measurements 
clearly mirror the (statistically) quite small step in the calibration curve at calendar ages ~11,400 cal 
BP. This effective (shorter, but stepped) plateau (-11,650-11,400 + 11,400-11,240 cal BP: Figure 7) 
differs significantly from its initially visualized shape (-11,650-11,300 cal BP: Figure 4), which is 
longer. This is not only due to the different graphic resolution (zoom) used in both graphs. By pro-
jecting the calibration raw data onto the curve as in Figure 7, the properties of the given data in rela-
tion to the raw data of the calibration curve become clear. In fact, the "plateau" is no monolithic 
entity. All such curve shapes only exist as the result of the combination of the calibration data with 
the particular archaeological data under study. Similar observations apply to other calibration curve 
structures (i.e. wiggles). 

[calBPJ 

11800 11700 11600 11500 11400 11300 11200 

9500 

Körtik Tepe 
Linear Age Model 
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Figure 7 Optimized Körtik Tepe sequence shown in comparison to the IntCal09 curve 

(Reimer et al. 2009) and underlying high-precision data measured by Seattle and 

Heidelberg. Graph produced by CalPal. 

DISCUSSION 

The results obtained for Körtik Tepe data by Bayesian sequencing (BS) and Gaussian Monte Carlo 
wiggle-matching (GMWCM) are essentially identical. The main difference between the 2 methods 
is that in BS the large majority of statistical calculations are performed using the calibrated age dis-
tributions, whereas in GMCWM the corresponding calculations are performed using the conven-
tional 1 4 C ages. Despite these different approaches, the comparison of results (cf. Figures 5 and 7) 

https://doi.org/10.1017/S0033822200047081 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200047081


302 M Benz et al 

demonstrates that both methods recognize that the Körtik data fît well even to minor details of the 
Early Holocene "plateau." 

Both methods calculate the longest and most linear sample sequence that is in statistical agreement 
with a certain section of the calibration curve. As shown by Steier and Rom (2000), this more-or-less 
uniform linear arrangement of the data is an inherent result of the BS algorithm. By contrast, in 
GMCWM a linear and uniform distribution of the dates is an assumption prior to the statistical 
calculations. 

In our view, the main advantage of the BS method is that the underlying algorithm is capable of pro-
viding marginal probability distributions for each individual sample. By contrast, the GMWCM 
application only provides an overall (averaging) probability distribution, which is directly associ-
ated only with the youngest sample. But by showing the archaeological data bars in context with the 
calibration curve raw data, the latter approach allows the researcher to critically evaluate the results: 
the researcher may shift the archaeological data bars in Figure 7 in both directions (cal-scale and 
1 4C-scale) in search of alternative dating for more differentiated distances between phases. 

Though both methods apply a roughly linear spread of the data over the whole plateau, the combi-
nation of stratigraphie and radiometric information makes a meaningful interpretation of the data 
possible. More accurate dating could only be obtained by further independent absolute chronologi-
cal information about the actual intervals between phases. 

The above observations have implications for the interpretation of the beginning of Early Neolithic 
societies. Due to the specific shape of the calibration curve, true readings for samples from the older 
margin of the plateau will be under-represented in comparison with the spuriously large number of 
readings that accumulate in the center of the plateau (cf. Figure 4). This effect is enhanced when the 
probabilities of several hundred dates are summed (e.g. Benz 2000; Aurenche et al. 2001). Dates 
ranging to the end of the YD have been rare for the central and southern Levant, except for the Hari-
fïan in the Negev: only a few sites in the Euphrates/Tigris region (e.g. Tell Qaramel, Qermez Dere, 
Hallan Çemi, Mureybet: see http://www.exoriente.org/associated_projects/ppnd.php) provide dates 
in this time range. However, in light of the above results, it might be possible that, although the sam-
ples in reality derive from the end of YD, the calibrated readings are artificially shifted to the middle 
or even to the end of the Early Holocene plateau. 

SUMMARY AND CONCLUSION 

Körtik Tepe is the first Epipaleolithic/early Neolithic site on which the transition from the late 
Younger Dryas (YD) to the earliest Holocene can be clearly dated. By combining radiometric dating 
with stratigraphie information, it is possible to model the chronological sequence of the Epipale-
olithic/early Neolithic occupation more precisely. The results of 2 different calibration programs and 
sequencing models (Bayesian sequencing with OxCal, and Gaussian Monte Carlo wiggle-matching 
with CalPal) were compared. Both methods indicate that Phases 1.2 to VI date between ~11,600 and 
-11,350 cal BP. A recently dated rye seed reinforces our earlier suggestion that the lower layers 
(phases VII and VIII) date to the YD. This is important since it would imply that the occupation of 
Körtik Tepe started during the YD and then experienced a boom during the earliest Holocene. 

Observations from Körtik Tepe of ecological changes and their absolute chronological dating will 
thus be of great importance for reconstructing the effects of global warming during the Early 
Holocene on the ecology of that region, and on the social and economic organizations of Early 
Neolithic societies. 
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With regard to the methodological aspects of dating, current studies show that isolated data from the 
transitional period from the YD to the Early Holocene are always at risk of being interpreted incor-
rectly when not integrated into a whole sequence of dates. Only a critical and cautious application 
of calibration programs, accompanied by a fruitful dialogue between archaeologists and 1 4 C labora-
tories, will help us improve our knowledge of these past societies. 
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