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ABSTRACT

The Neolithic site of Ulucak (Central-Western Anatolia) presents one of the best currently available sequences
for the beginning of the Neolithic way of life in the region. Ulucak’s crucial phase V features a gradual rise in
the variety and importance of pottery and of other clay objects. This phase’s dating has wide implications for
cultural relations within Anatolia and the Aegean. I present a joint Bayesian model for Ulucak V, resolving
problems of the earlier modeling by adding an old-wood probabilistic correction. The obtained model corrects
the previous estimates of 6500-6000 calBCE for Ulucak V to a likely considerably shorter period within
6400/ 6300-6000/5900 calBCE, and raises the possibility of a hiatus between the aceramic Ulucak VI and the
pottery-bearing Ulucak V.
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1. INTRODUCTION: THE NEED FOR A
JOINT DATING MODEL FOR ULUCAK

The aim of the current research note is to build a
satisfactory Bayesian joint dating model for Ulucak
phases Ve to Va. The site possesses a very good se-
quence of radiocarbon determinations, but their pre-
vious Bayesian modeling in (Cevik and Erdogu, 2020)
is not consistent. This is due to the fact that without
properly accounting for the old-wood effects, the ra-
diocarbon measurements appear to be inconsistent
with the stratigraphy. I build a joint model including
a probabilistic offset for potentially old-wood char-
coal, and report updated estimates for Ulucak V’s
subphase dating and duration. The implications and
remaining open questions that can only be resolved
by further archaeological analysis are then discussed.

The tell site of Ulucak Hoyiik, Fig. 1, is one of the
best-investigated Neolithic sites in Central-Western
Anatolia, with excavations started in 1995 under the
direction of Altan Cilingiroglu and overtaken in 2009
by Ozlem Cevik.

The site features a long sequence, starting from
phase VI dated by charred seeds to the first half of the
7th millenium calBCE, and almost devoid of pottery,

(Cilingiroglu et al., 2013). The next phase V, the sub-
ject of the current study, has been dated by (Cevik and
Erdogu, 2020) to 6500-6000 calBCE, Table 1. The five
layers of this phase, from Ve to Va, demonstrate an
impressive temporal development of material cul-
ture: the pottery dramatically increases both in quan-
tity and in variety, (Cevik and Vuruskan, 2020), the
storage capacities increase, figurines and stamps ap-
pear, (Cevik and Erdogu, 2020). Together with Cuku-
ri¢ci Hoytik that was apparently founded at about the
same time, (Horejs et al., 2015; Horejs, 2017), Ulucak
offers the best glimpse we have into the start and ini-
tial developments of the Neolithic way of life in Cen-
tral-Western Anatolia.

The pottery of layers Va and Vb is published defin-
itively by (Cilingiroglu, 2012), who also provides gen-
eral brief summaries for each layer she studies. The
architectural remains of phases VI and V and the pot-
tery of Vc-Ve are described in the preliminary report
(Cevik and Erdogu, 2020). Radiocarbon dates were
published by (Cilingiroglu et al., 2013), while (Cevik
and Erdogu, 2020) extend them with newly obtained
measurements and publish the full dataset, including
re-assignment of layers to specific dates.!

Figure 1. Ulucak Hoyiik and selected sites mentioned in the text.

! (Cilingiroglu et al., 2013) distinguish six layers within phase V,
while recent publications like (Cevik and Erdogu, 2020) do not

discuss Vf any more and reassign dates previously ordered to it to
layer Ve.
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(Cevik and Erdogu, 2020) build Bayesian models
for the Ulucak radiocarbon dataset they publish, and
interpret their results building a history of material-
culture development at Ulucak tied to calendar ages.
Rather than modelling their dates jointly, the authors
built four separate models for phases VI, Ve, Vd-c,
and Vb-a. These separate models are not consistent
with each other and with the stratigraphy: For exam-
ple, layer Ve is dated within roughly 6700-6000
calBCE; Vd-c within 6550-5950 calBCE; Vb-a within

6400-5850 calBCE. But the stratigraphy of the site
clearly indicates succession Ve-Vd-Vc-Vb-Va. To re-
solve this problem, the authors in their chronology
discuss boundaries at 68% rather than at 95%, and
sometimes (incorrectly) cite the wrong part of the
boundary: for example, for Vd-c, they cite (correctly)
the upper end of 6507 calBCE from the upper-bound-
ary 68% HPD, but then (incorrectly) the upper end of
the lower 68% HPD boundary, at 6151 calBCE,
whereas the correct lower end is at ca. 6050 calBCE.

Table 1. Ulucak dating according to Cevik and Erdogu (2020) and to the present study.

(Cevik and Erdogu, 2020)

present study

Ulucak VI
Ulucak Ve to Ve
Ulucak Vb to Va

Ulucak IV

6850/6830 to 6500 cal BCE
6500 to 6200 calBCE
6200 to 6000 calBCE
6000 to 5700 calBCE

640077 /6225 to 6150/6050 calBCE
6150/6050 to 6030/5900 calBCE

This problem of overlapping phases goes beyond
the usual statistical uncertainty and could have been
largely avoided if the authors modelled all dates
jointly, using the stratigraphy to define depositional
succession of layers. The reason they have not proba-
bly has to do with the fact that in a simple stratigraph-
ical model, the measurements are not consistent, and
the simple model is therefore obviously inadequate.
This can be illustrated by the following pair of dates.
Date Beta-362303 from bone in layer Ve calibrates in-
dividually to 6224-6058 calBCE, but date Beta-236889,
from charcoal in the younger layer Vd, calibrates to
6568-6272 calBCE. The stratigraphically younger date
thus has higher radiocarbon age than the stratigraph-
ically older. Any attempt to model them together in a
simple model would produce a deviant model with
obvious outliers. I argue that the key to solving the
problem is recognizing that some charcoal dates are
simply too old, a situation all too well-known. This
deviation can be easily modelled probabilistically, us-
ing the method suggested by (Bronk Ramsey, 2009b),
as I show below. The insightful archaeological gener-
alizations by (Cevik and Erdogu, 2020) can still be pre-
served with this updated dating model, they only
need to be re-assigned temporally.

2 The http:/ /calib.org/marine/ database provides only two points
with local-offset data in the Aegean, at Nafplion and Piraeus on the
western shore. The two have very different AR values of -103+40
and +7+40. Recall also that marine calibration is currently per-
formed under the assumption of constant local offsets, which may
well be false in the case of the 7th mill. BCE Aegean because of the

2. AJOINT MODEL FOR ULUCAK V, WITH
PROBABILISTIC OLD-WOOD
CORRECTION FOR CHARCOAL

Though Bayesian modelling of radiocarbon dates
is by now frequently employed, its applications to
prehistorical datasets do not always employ the full
potential of the method. I therefore explain the mod-
elling sequence in some detail, with the hope of
demonstrating how the logic of building a more com-
plex model works through iterative steps.

All dates from (Cevik and Erdogu, 2020) for Ulucak
V were used except for one date on shell.2 The dates
were divided according to layer into five successive
phases, based on the context information in (Cevik
and Erdogu, 2020).

I built and ran four models in succession, using Ox-
Cal 4.4.2, (Bronk Ramsey, 2009a) and the IntCal20
curve, (Reimer et al., 2020). Here in the main text, I
report in full only the results of one model, but the
supplementary material contains OxCal result tables
and command files for all four, so they can be easily
reproduced and examined using the OxCal server.

The first model included all dates, but no con-
straints beyond placing the dates into appropriate
phases and imposing succession on layers. This
model was only run to obtain a baseline: as was dis-
cussed above, the individual dates are not, at face
value, consistent with the stratigraphy. This is con-
firmed by the first model’s results (see the supple-
mentary).

dynamic processes possibly still proceeding at that time on the in-
terface with the Sea of Marmara. Given these difficulties, I consider
it safer to leave out the single date on shell. With all the true uncer-
tainty about this marine date properly accounted for, it would
probably not constrain the analysis by much.
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The problem with that simplistic model is that
some charcoal measurements appear to be too old for
their stratigraphic position. The likeliest explanation
for this, other things being equal, is that some of the
charcoal stemmed from older wood, whose age ex-
ceeded that of the age of the charcoal’s context. This
is a common occurrence in radiocarbon chronology.

al v4.4 2 Bronk Ramsey (2020);
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A simple, but reasonable model for dealing with it is
introduced by (Bronk Ramsey, 2009b) and is easy to
apply in OxCal. This model infers, together with the
dates themselves, a gently parametrized, near expo-
nential-decay offset curve that can look like in Fig.
2(a). One important and visually conspicuous detail
of the inferred curve is the length of its tail on the left.

OxCal v 4.2 Bronk 2020,

IR_Date 7

IR_Date 7: | i, -

R Date 7 ] ee——— |

IR_Date 7!

6800 3 6400 6300 6200 6100 6000 5900

Modelled date (BC)

Figure 2. (a) The inferred shape of the probabilistic offset modelling the old-wood effect for the charcoal samples from
Ulucak V; from the final model. (b) Illustration of how a probabilistic offset distributed as -Exp(1)*100 works applied to
the date of 750040 BP, compared to no offset and fixed offsets of 100 and 200 years.

Fig. 2(b) illustrates how such a probabilistic offset
works in practice. The top graph shows how a single
date 7500+40 BP would be calibrated. Suppose this
measurement was made on the heartwood of an old
tree. Then the event it measures predates the fire
event by some amount of time. To correct for this, we
need to shift the measurement forward, towards the
present — towards the actual fire event. One obvious
option would be to choose a single specific offset. The
second and third graphs on Fig. 2(b) show the calibra-
tions that result in applying such fixed offsets of 100
and 200 years, respectively. But how do we know
which offset is correct for a given charcoal sample?
This is a problem we cannot really solve in most real-
life cases. Applying a probabilistic offset incorporates
this uncertainty: we do not know when exactly the
tree part sampled died, but we can hypothesize a
probability distribution similar in shape to that in Fig.
2(a): most likely, the distance between the death of the
sampled part of the tree and the fire event is just sev-
eral decades, but with some probability, it could also
be a few hundred years (the thick left tail on Fig. 2(a)).
We can then adjust our calibration based on this un-
certainty. Intuitively, this achieves two effects at one,
visible on the fourth graph on Fig. 2(b): first, the cali-
brated distribution is distributed over a wider range
of calendar dates, and second, as a whole it is shifted
towards younger ages relative to the calibration with-
out any offset, on top of Fig. 2(b).

Intuitively speaking, in our model for Ulucak V,
each charcoal sample receives the same probabilistic
offset, which results in much wider, and somewhat
younger, individual age ranges. Non-charcoal sam-
ples are not affected by this. The overall model then
tries to fit the resulting distributions together, pro-
ducing a joint overall model. A bit more rigorously,
the shifting and fitting does not follow sequentially,
but occurs together, and the exact shape of the proba-
bilistic offset is also inferred so as to fit the data best,
rather than fixed in advance. Resulting offset curves
like the one in Fig. 2(a) would usually somewhat dif-
fer from a simple exponential distribution. In particu-
lar, in Fig. 2(a) the tail on the left is even thicker than
it would have been for a true exponential.

My second model included all dates in appropriate
phases, and had a flexibly parametrized probabilistic
offset applied to charcoal samples (see the supple-
mentary for the actual script and the result table). This
joint model, unlike the first one, was generally inter-
nally consistent. However, it featured an obviously
problematic inference: the durations for all layers but
the earliest layer Ve were inferred to be possibly as
low as 0 years. This is arguably too short: all five sub-
phases feature architectural remains, (Cilingiroglu,
2012, p. 52-3,55), (Cevik and Vuruskan, 2020, p. 102),
so it is improbable that some of them could have been
so short.
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Figure 3. Inferences from the joint model of Ulucak V dates with a probabilistic offset forcharcoal, layers Ve to Vc.
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Figure 4. (a) Inferences from the joint model of Ulucak V dates with a probabilistic offset for charcoal, layers Vb and Va.
(b) Inferred phase boundaries in the same model. (c) Inferred phase boundaries in the same model without the outlier
Beta-362304.

To prevent such undesirable behavior, 1 added a
further constraint to the model that restricts the
length of each phase to be > 20 years.? It is the results
of this model that I report in Fig. 3 and 4. Examining
the graphs, it is easy to see that the dates taken on

3 Apparently due to numerical precision issues, the actual 95%
lower boundaries were in fact shorter than 20 years in this analysis.

bone show rough agreement between: (i) the calibra-
tions as they would be done on each date in isolation,
light-shaded; and (ii) the calibrations according to the
joint model, dark-shaded. In contrast, for the charcoal
calibrations (which bear no name suffix on the
graphs), the dark-shaded area is sometimes shifted
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significantly to the right relative to the light-shaded
area, towards younger ages. This, however, does not
happen to all charcoal dates uniformly: some of them
are not forward-shifted. This is exactly the expected
effect of a probabilistic calendar-age offset.

3. DISCUSSION

The main result we can read from the obtained
model, Figs. 3 and 4, is that the phases Vd to Va must
have been considerably shorter than it appeared pre-
viously: as shown by the boundaries in Fig. 4(b), they
follow in rapid succession one after another. At 95%
HPDs, the earliest that layer Vd can start is 6221
calBCE, and Va ends at 5869 calBCE at the latest. This
estimate for the end of Va would surely go up if we
included into the model dates from level IV, which
point to the beginning the 6th mill. calBCE. But even
on the most generous apportioning from the level-V-
only model, Vd to Va take not more than 350 years
together, and most likely considerably less.

Within level V, considerable changes happen. Thus
this shorter duration of individual phases and their
shift towards closely before 6000 calBCE have impli-
cations for Ulucak’s sequence on its own and for its
place in the wider region. The evolution of material
culture towards diversification of archaeologically
preserved objects in Ulucak V proceeded more rap-
idly than assumed in previous work. This rapid de-
velopment of the cultural sequence can only be recog-
nized thanks to the large number of radiocarbon dates
obtained and published by (Cilingiroglu et al., 2013)
and (Cevik and Erdogu, 2020), which allows remark-
able certainty when modelled jointly.

The rapid evolution at Ulucak V appears now to
take place rather close to 6000 calBCE, and therefore
the presence of novelties such as figurines or stamp
seals since Vb can well, on present evidence, occur
later in Ulucak than at Neolithic sites in Greek Mace-
donia, such as Mavropigi (Karamitrou-Mentessidi et
al., 2015). If true, this raises a host of new questions
about cultural links across the Aegean: Ulucak’s Vb-a
pottery shows both similarities and differences with
the Lake District in the Anatolian interior, and Thes-
saly and Macedonia across the Aegean, as described
in detail by (Cilingiroglu, 2012). This suggests that
Ulucak represented a part of a distinct, self-conscious
and independent Central-West Anatolian cultural tra-
dition that could interact creatively with its neigh-
bors. If Ulucak’s adoption of certain new forms is a
later phenomenon than in other Circum-Aegean and
adjacent Anatolian regions, why did its inhabitants
adopt some new ways, but not others? Is it the case
that at the beginning of Ulucak V, its inhabitants prac-
ticed cultural conservatism, but then started to in-
creasingly adopt new material forms? If yes, then why
such a change in behavior? If, on the other hand, the

near absence of new forms in Ulucak Ve-c was due to
lack of possibility to learn about them through con-
tact, then why was early Ulucak V so isolated?

The second significant result concerns phase Ve. In
the presented model in Fig. 3,4(a-b), this phase differs
from the others by lasting at least 230 years, and most
probably longer. This, however, has no correspond-
ence in the archaeological data as described in prelim-
inary reports: there is no sign that Ve was several
times longer than the following layers. In fact, this in-
ferred long duration is most likely an anomaly due to
a single problematic measurement. It is a single date
on bone Beta-362304 that drives Ve to be so long. Im-
portantly, calibrated in isolation, this date corre-
sponds to 6688-6506 calBCE, (Cevik and Erdogu,
2020). The sample is reported by (Cevik and Erdogu,
2020) to stem from Building 40, from which three
charcoal sampled come as well. Those, calibrated in-
dividually without old-wood corrections, lead to
roughly 6500-6250 calBCE, the youngest of the three
even to 6418-6228 calBCE. As charcoal must provide
terminus ante quem, the bone date Beta-362304 does
not appear to be consistent with the others from the
same building. Unless there are good reasons to be-
lieve that its depositional context was genuinely older
by at least a century that that of the youngest charcoal,
Beta-362304 must be an outlier. Taking it out of the
analysis reduces the inferred length of layer Ve, Fig.
4, namely to somewhere within 6409-6159 calBCE at
95%, and within 6307-6185 calBCE at 68%.

Whether we eventually accept or discard Beta-
362304, the inferences about Ve raise many new ques-
tions. If the bone date is correct for the layer it is found
in, then we are dealing with a phase apparently not
featuring exceptional archaeological remains, but
lasting much longer than more material-rich later
phases Vd to Va. In this case, what exact social pro-
cesses could be behind such a low-intensity occupa-
tion several centuries long, but resulting in a rela-
tively shallow level poor in remains, (Cevik and
Vuruskan, 2020, p. 102)?

Alternatively, the hypothesis of a hiatus between
Ulucak VI and Ulucak V suggests itself. The dates
from Ulucak VI do not individually go much below
6500 calBCE. The radiocarbon data from Ve, if the out-
lier Beta-362304 is taken out, are consistent with a
short occupational phase falling somewhere within
6409-6159 calBCE at 95% and within 6307-6185
calBCE at 68%. This leaves at least a century-long hi-
atus, and quite likely longer. Only further archaeolog-
ical analysis can confirm or deny whether such a hia-
tus is consistent with the actual evidence from the site.
However, one might note that such a marked material
feature as red plastered floors were present in Ulucak
VI, but no longer appear in Ulucak V, (Cilingiroglu,
2012, p. 16). Such floors have been connected to those
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of Mesolithic Girmeler Cave in Southwestern Anato-
lia by (Cilingiroglu, 2016) and (Horejs, 2019), and
might well be a significant detail as far as the early
non-pottery agriculturalists of Ulucak VI are con-
cerned. If their makers from Ulucak VI chose to relo-
cate, why, and why at that time? Further, why was the
same site occupied again relatively shortly thereafter?

4. CONCLUSION

As the preceding section shows, the new modelling
of the dates raises more questions than it answers.
This is as it should be: data gained through natural
sciences and statistics can point to issues that need ar-
chaeological attention, but it is only archaeological
work — both excavation and its analysis — that can
provide answers, and in turn bring us closer to under-
standing the lives of Anatolian and Aegean pioneer
agriculturalists from the 7th millennium BCE.

I would like to conclude by stating explicitly some
of the more immediate desiderata, fulfilling which
can help integrate the newly obtained statistical infer-
ences into a more general archaeological model. That,
in turn, will quite likely necessitate building a novel
statistical model that incorporates the new
knowledge, and then applying it in a new cycle of sta-
tistical inference.

e Reexamination of the archaeological data for the

durations of individual subphases within phase
V: Is 10-20 years too short for one occupational
level? Is duration of >250 years for level Ve com-
patible with the evidence from that level?

e Reexamination of the excavation materials to de-
termine if a hiatus is possible between Ulucak VI
and V. Alternatively, is Ve consistent with a par-
ticularly low-intensity occupation? (Also, why
was the originally distinguished layer Vf elimi-
nated in later analyses?) Finally, as yet another
alternative to a hiatus, could some deposits orig-
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