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Abstract

A new series of 22 radiocarbon dates provides new insights on the origin and distribution of the Early Trypillian
archaeological culture in modern-day Moldova and Ukraine. The paper presents data from the sites of preceding
groups (5 dates), highlighting gaps in the agricultural settlement of the region, dates related to the Early Trypillia
directly (14 dates) and dates from the ceramic hunter-gatherers’ sites that yielded some Early Trypillian pottery
(3 dates). The results indicate that the expansion of Early Trypillia into Moldovan and Ukrainian forest-steppe took
place during 47—-45th centuries BCE and it was a relatively fast colonization likely spanning only 3—5 generations.

Introduction

The roots of the impressive Trypillian material culture (Chapman et al. 2019; Miiller et al. 2018) are
sought in the preceding chronological or cultural horizon: the Precucuteni or Early Trypillia groups
(P-ET) (Dumitrescu 1963; Passek 1949; Videiko 2004). As established by Romanian scholars
(Dumitrescu 1957, 1963; Marinescu-Bilcu 1974), the latter appeared in the small region situated on both
slopes of the Carpathian mountains (Precucuteni I) and spread towards north and east during the
subsequent stages II (corresponding to Trypillia A 1-2, (Videiko 2004)) and III (corresponding to
Trypillia A3; Videiko 2004). The stages were mostly defined by the typo-chronology of ceramic
assemblages. There was a discussion on the groups ancestral to the P-ET: the list of potential sources
includes Late Cris culture (Burdo 2011, 367), Linear Pottery Culture (Nestor 1951, 22-23), Dudesti and
other fluted pottery cultures, Boian-Giulesti (Vulpe 1957), Buh-Dniester, and Hamangia (Dumitrescu
1963) with a notable degree of disagreement between scholars (Burdo 2003; Comsa 1987; Garvan et al.
2009; Ursu 2016; Zbenovich 1989, 1996).

The early Trypillians “domesticated” the landscapes of the Ukrainian and Moldovan forest-steppe,
which later saw development of “mega-sites” (Gaydarska et al. 2020a, 2020b; Terna et al. 2019;
Videiko et al. 2015). However, the absolute dating of this expansion demonstrated a poor
correspondence to the existing periodization schemes, unable to differentiate the time-spans of the
earlier and later sites according to the typo-chronology (Shatilo 2021). While an implicit wave-of-
advance model under-laid many discussions of the Early Trypillian spread (Zbenovich 1989), the
available radiocarbon datasets could not demonstrate a significant time lapse between the earliest and
the easternmost sites of the Early Trypillia (Gaskevych 2014; Rassamakin 2012). So, in order to resolve
this controversy, we aimed to obtain a series of radiocarbon dates covering both typo-chronological
stages of Early Trypillian spread in the sites located at the eastern and western limits of its distribution.
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Table 1. Sampling and contexts

Radiocarbon 651

Site Context Sample Lab no. Period/culture
Sacarovca Feature 21 Fr-t of deer metacarpal BE-16910  Cris II/IV
Sacarovca Feature 44 Fr-t femur of deer or Bos sp. BE-16911  Cris III/IV
Sacarovca Feature 44 Fr-t of big ungulate’s bone BE-18271  Cris II/IV
Sacarovca Feature 46 Fr-t of deer’s metacarpal BE-16912  Cris II/IV
Floresti-1 Pit 18 Fr-t of long bone of big ungulate  BE-16907 LBK

Bern-1 Dw. 4 Fr-t of worked antler BE-18274  PCII-TrA1-2
Bern-1 Dw. 6 Fr-t of worked antler BE-18275  PCII-TrAl-2
Rogojeni-1  Pit 4 I phalanx of cattle BE-16915  PCII-TrA1-2
Rogojeni-1  Pit 4 Fr-t tibia of deer BE-16916  PCII-TrA1-2
Rogojeni-1  Pit 3 Small chip of animal’s bone BE-16917 PCII-TrA1-2
Mohylna-3  Soil section Fr-t long bone of big ungulate BE-16908  PCIII-TrA3
Mohylna-3  Soil section Fr-t long bone of big ungulate BE-16909  PCIII-TrA3
Cédrbuna-2  Pit 9 Fr-t of big ungulate’s bone BE-18273  PCII-TrA3
Cédrbuna-2  Pit9 Fr-t humerus of deer BE-16918  PCIII-TrA3
Cérbuna-2  Pit 6 Fr-t of big ungulate’s bone BE-18272  PCIII-TrA3
Céarbuna-2  Pit 6 Fr-t humerus of large ungulate BE-16919  PCII-TrA3
CN tt 1, sq. 1/B, str 8  Fr-t of humerus of Bos sp. BE-16920 PCIII-TrA3
CN tt 1, sq. 1/B, str 8  Fr-t bone of large ungulate BE-16921 PCIII-TrA3
Sab-2 Dw. 1 Fr-t of worked bone BE-18276  PCIII-TrA3
Puhach-2 —240-250 cm A tooth of a deer BE-18268 PN -TrA3
MB -280 cm Unidentified animal bone BE-18269 PN -TrA3
MB —268 cm Unidentified animal bone BE-18270 PN -TrA3

Bern — Bernashivka, CN — Cirbuna-Negrub, Sab-2 — Sabatynivka 2, MB — Mykolyna Broiaka. PCII-III — Precucuteni II-III, TrA1-3 — Trypillia A1-3, PN-TrA3
ceramic hunter-gatherers with some finds of Trypillia A3, dates non-relevant for the discussion are in italics. Tt — test-trench, dw — dwelling. Fr-t — fragment.

The dataset for radiocarbon chronology of P-ET horizon consists mostly of conventional dates
(25 dates, Burdo 2003; Mantu 1998; Monah 1987; Patokova et al. 1989; Vogel and Waterbolk 1972;
Vornicu 2017; Vornicu et al. 2018). They have large standard deviation, were often done on charcoal
(thus, with a possibility of “old wood” effect or being a “bulk” charcoal date, which is not a date at all),
and often bring inconsistent results. Of those, 16 dates were done in the Kyiv laboratory in several
series, which are often incongruent with recent re-dating results (Gaskevych 2014; Kiosak and
Lobanova 2021; Lobanova et al. 2021; Rassamakin 2012; Shatilo 2021). Before the present study, there
were only 21 AMS dates for 8 sites (Garvan et al. 2022; Tencariu et al. 2022; See Suppl. Table 1), so the
14 new AMS dates from 6 sites are an important addition to the dataset (Table 1).

Recently, a Bayesian analysis was performed on a set of ten radiocarbon dates available for the
Precucuteni sites to the west of Prut river, in the modern-day Romania, as a part of a larger analysis
covering all so far published Precucuteni-Cucuteni dates (Popovici and Drasovean 2020). Taking into
account stratigraphic considerations, they concluded that structure L36 of Poduri-Dealul-Ghindaru site
(Precucuteni II), dated by a single date on charcoal (Bln-2804, 5820+50 BP), most likely existed in a
timeslot of 4720-4701 cal BCE (“median date”; Popovici and Drasovean 2020, 371). The following
stage, Precucuteni III, was attested in the structures L31 and L8 of the same site already by 4626—4609
calBCE (“median date”; Popovici and Drasovean 2020, 371). While such an approach of median dates
is obviously flawed (Stuiver and Polach 1977), these observations lay the foundation for further
Bayesian modeling, which will be done in this study, using the enlarged dataset.

Material and methods

The samples were dated in the Laboratory for the Analysis of Radiocarbon with AMS (LARA) at the
University of Bern employing the MICADAS equipment (Szidat et al. 2014). Collagen extraction was
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performed according to Szidat et al. (2017) with an additional ultrafiltration step. The results were
calibrated with OxCal software (Bronk Ramsey and Lee 2013) Version 4.4.2 using the IntCal20
calibration curve (Reimer et al. 2020).

Here and thereafter we differentiate clearly between calibrated '“C dates (cited calBCE) and
estimates interpolated from '“C dates, typological seriation and stratigraphies (cited BCE).

We use several techniques implemented in OxCal software (Bronk Ramsey and Lee 2013) to
summarize large numbers of calibrated dates in an effective way. In particular, we use Kernel Density
Estimate to estimate the dates available for each phase (ceramic style) of P-ET. The basic idea behind
KDE is to place a kernel (a smooth, usually symmetric, probability distribution function) at each data
point and then sum up these kernels to create a smooth estimate of the underlying probability density
function. As KDE_Plot function of OxCal is based on the assumption that every dated event is
independent, which is not the case here, we apply KDE_Model (Bronk Ramsey 2017) to construct our
Model 1 (see Figure 3).

In order to solve the issue of the chronological relationship between phases (ceramic styles) of P-ET,
we use a comparison of three types of models available in OxCal software: sequences with contiguous,
sequential and overlapping phases (Models 2—4, Table 2, Suppl. mat. 2). In the case of overlapping
phases, the different phases are treated entirely independently. Contiguous phases follow one after
another with a transition event modeled as the same boundary used for the end of one phase and the start
of the next. Sequential phases do not specify whether the next phase starts immediately after the
preceding phase. So there are two boundaries used for the end of one phase and the start of the next
(Bronk Ramsey 2009) Then, we tried to reverse the question and built a model of sequential phases
(Model 5, Suppl. mat. 3) excluding “irrelevant” dates from consideration. While this model produces a
reasonable solution for the problem of the chronology of P-ET phases, it is evidently a result of the pre-
selection of dates for the analysis. To estimate the possible gaps between preceding cultural groups and
P-ET, we used an Interval query of OxCal (Model 6-7, Suppl mat. 4 [dates for the models 6-7], Suppl.
mat 5 [code] and Suppl. mat 6 [figure]).

Sites

Taking into account the aim of the study, a diversified set of Early Trypillian sites (Table 1) was selected
for radiocarbon sampling together with some sites of preceding cultural groups. The antecedent stages
of agricultural colonization are represented by sites of Sacarovca 1 (Late Cris, Figure 1: 1) and Floresti 1
(Linearbandkeramik culture, LBK, Figure 1: 2).

The sites of the first phase of Early Trypillian expansion (Precucuteni II, II-III, Trypillia A1-2)
include Rogojeni 1 and Bernashivka. Rogojeni 1 (Figure 1: 3) is situated in the basin of Raut river, and
was investigated by Vs. Marchevici, and S. Bodean on many occasions (Bodean 2001; Bodean and
Bicbaiev 2014; Covalenco et al. 2015). Bernashivka (Figure 1: 4) was discovered by confluence of the
Dniester river and the river of Zhvan. It was extensively investigated by V. Zbenovich (Zbenovich
1996) and is under examination in an on-going project (interrupted by the war in 2022) led by
D. Chernovol. It is one of the northernmost points of Trypillia A1-2 expansion.

The following phase of Early Trypillia was sampled at the sites coming from the microregions
situated at the limits of the extent of the Early Trypillia. The settlements of Carbuna 2 and Carbuna-
Negrub (Figure 1: 5) are located at the fringe of the last hilly area in front of the Pontic Steppe—the
westernmost corner of the Great Eurasiatic Steppe (Bodean and Heghea 2018, 2019, 2021; Bodean and
Noroc 2019), while the sites of Mohylna 3 (Burdo 1997; Hasiuk 1954; Kiosak et al. 2021) and
Sabatynivka 2 (Burdo 2018) are located in the Middle Southern Buh catchment (Figure 1: 6-7).

Nearby, in the same basin of the Southern Buh river (Kotova 2015), there are sites of fishers, hunters,
gatherers equipped with pottery (para-Neolithic; Kiosak et al. 2021) or sub-Neolithic (Haskevych 2021)
groups). Some of these sites yielded notable assemblages of Early Trypillian ceramics and lithic tools
alongside with inventory typical for ceramic hunter-gatherers (Tovkailo 2020). The sites of Puhach 2
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Figure 1. Map of the sampled sites for the current project versus Early Trypillian sites distribution.
I, II—distribution of Precucuteni I and Il (Garvan et al. 2009). Rhomboids—Precucuteni II - Trypillia
Al-2 sites, circles—Precucuteni Il - Trypillia A3 and undefined early Trypillia sites, triangles—
Trypillia A4 sites. Black squares—dated sites: 1—Sacarovca 1 (Cris I1I-1V), 2—Floresti 1 (LBK), 3, 4
—~Rogojeni and Bernashivka (3—4—Trypillia Al-2), 5—Cdrbuna sites, 6—Mohylna 3, 7—Sabatynivka
Il (5—7—Trypillia A3), —Mykolyna Broiaka, 9—Puhach 2 (§-9—Trypillia A3 and ceramic hunter-
gatherers).

and Mykolyna Broiaka (Figure 1: 8-9) yielded the latest (from typo-chronological point of view)
assemblages of these ceramic hunter-gatherers. Puhach 2 brought in 472 Early Trypillian potsherds
(12% of total potsherds coming from its cultural layer). On the contrary, only a few Early Trypillia
sherds were found in Mykolyna Broiaka among hundreds of ceramic fragments typical for ceramic
hunter-gatherers (Kozubovsky 1933; Tovkailo 2005). Both sites were dated in order to compare the
chronology of the complex rich in Early Trypillian artefacts with that of another complex, with few finds
of this type and, thus, shed light on the chronological correspondence of encampments of ceramic
hunter-gatherers and Early Trypillian habitations.

Sampling

Bones were collected from animals and identified to species where possible. When species identification
was not feasible, bones massive enough to belong to large ungulates were sampled, thereby excluding
dogs that might have had a fish diet. All samples from the Crig, LBK, and P-ET sites were taken from
either pits or dwellings, ensuring their association with archaeological material. In some instances, the
samples included fragments of worked antler. At the Mohylna 3 site, the soil section cut through the
remains of a dwelling, associating the samples and archaeological material with this context (Kiosak and
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0xCal v4 4.4 Bronk Ramsey (2021); r5 Almospheric data from Reimer et al (2020)
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BE-16921 R_Ddlte(5702,27) 4&
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BE-18268 R_Ddte(5750,26) - 4 Puhach-2
BE-18270 R_Ddte(5731,26) M4 MB
o 6000 5500 5000 4500 4000

Calibrated date (calBCE)
Figure 2. Calibration of the new dates. CN—Cérbuna-Negrub, Sab-2—Sabatynivka 2, MB—
Mykolyna Broiaka.

Matviishyna 2023). For the sites of ceramic hunter-gatherers, samples were taken from cultural layers
due to the lack of well-defined structures, which is a characteristic feature of these ephemeral
encampments.
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Table 2. New radiocarbon dates

calBC
Site Lab no. BP +  813C (AMS, %0) C content,% wiw C:N 2 o)
Cris [II/TIV—LBK
Sacarovca BE-16910 6603 28 -20.5 46.8 3.2 5616-5479
Sacarovca BE-16911 6595 28 -21.2 47 322  5615-5477
Sacarovca BE-18271 6592 27 -20.4 44.7 3.25 5614-5477
Sacarovca BE-16912 6478 28 -21 45.7 3.24  5479-5372
Floresti-1 BE-16907 6227 27 -20.5 46.9 3.22 5301-5060
PCII-TrA1-2
Bern-1 BE-18274 5647 26 -21.6 43.7 3.22 4542-4369
Bern-1 BE-18275 4656 24 -19.9 43.6 323 3515-3365
Rogojeni-1  BE-16915 5775 27 =21 46.7 3.19  4704-4545
Rogojeni-1  BE-16916 5801 27 -22.1 46.6 3.19 4719-4549
Rogojeni-1  BE-16917 5682 27 -25 45.9 3.19 4600-4448
PCIII-TrA3
Mohylna-3  BE-16908 5699 26 -18.6 47.2 3.21  4607-4453
Mohylna-3  BE-16909 5679 27 -23.2 47.1 3.22  4599-4447
Carbuna-2  BE-18273 5640 26 -18.4 44.6 3.19 4539-4367
Carbuna-2  BE-16918 5529 28 -26.1 42.3 3.24  4444-4335
Carbuna-2  BE-18272 5666 26 -20.3 40.6 3.19  4580-4401
Carbuna-2  BE-16919 5577 27 -22.7 44.1 3.25 4453-4349
CN BE-16920 5738 28 -23.9 44.7 3.22 4680-4497
CN BE-16921 5702 27 -23.9 45.2 322 4646-4452
Sab-2 BE-18276 5681 25 -20.1 44 .4 3.22  4590-4447
Ceramic hunter-gatherers with TrA3 finds

Puhach-2 BE-18268 5750 26 -21.1 44.8 324  4686-4503
MB BE-18269 6762 27 -19.9 454 3.2 5719-5625
MB BE-18270 5731 26 -21.3 44 .4 3.22 4678-4493

Captions: see Table 1.

OxCal v4 4.4 Bronk Ramsey (2021); r:5 Atmospheric data from Reimer et al {2020)

l
[KDE_ Vodel TrA2 + ]
[KDE_ Model TrA3 | }
[KDE_ Model TrB1 e,
Te000 5500 5000 4500 2000 300 3000

Modelled date (BC)

Figure 3. Modeling of the dates, including legacy dates: KDE (kernel density estimates; Bronk Ramsey
2017) model plots according to OxCal. TrAl-A2—Precucteni II, Trypillia A1-A2 (9 dates); TrA3—
Precucteni IlI, Trypillia A3 (27 dates); TrBI1—Cucuteni A—Trypillia Bl (42 dates).

Results

Four radiocarbon dates were obtained for the youngest Crig culture site in the region: Sacarovca
I (Figure 2). Three dates (BE-16910, BE-16911, BE-18271; Tables 1-2) can be calibrated into the range
starting at 5616 and lasting till 5477 calBCE at 2o, while the fourth date, BE-16912, is slightly later:
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5479-5372 calBCE (20). A single radiocarbon date, BE-16907, for the LBK site of Floresti I is
calibrated to 5301-5060 calBCE (2c), adding up to the picture of Neolithic chronology of the region
prior to the Early Trypillian expansion (Figure 2).

The sites of the first phase of the early Trypillian expansion yielded somewhat contradictory results.
Pit 4 from the site of Rogojeni was dated to the time-slot of 4719—4545 calBCE (20), or to 4711-4551
calBCE (206), when two dates for this pit are combined, assuming a quick filling of the pit 4 (Function
R_Combine of OxCal), while pit 3 with a similar ceramic assemblage was placed into 4600—4448
calBCE (20) by a single date, BE-16917 (Figure 2). For the site of Bernashivka, the date BE-18275 is
probably related to the Late Trypillian horizon of the site and is irrelevant for our discussion. It calls into
question the homogeneity of the contexts of the early horizon of this site. The date BE-18274 can be
calibrated to 4542-4369 calBCE (20) and evidently is not the earliest date in our dataset

The dates for the settlements of the Cirbuna microregion may indicate their diachronic chronological
position. The site of Cérbuna-Negrub existed during 4680—4452 calBCE (20), while the site of Cdrbuna
2 was settled in 4580-4335 calBCE (20). Two dated pits of Carbuna 2 (N 6 and N9) existed roughly
contemporaneously but rather for a prolonged period of time.

The settlements from the Southern Buh river valley were founded by 4607-4447 calBCE, 2c
(Mohylna-3, BE-16908, BE-16909) or 4590-4447 calBCE, 2¢ (Sabatynivka-2, BE-18276, Figure 2).

A slightly earlier set of dates was obtained for the encampments of ceramic hunter-gatherersyielding
Early Trypillian potsherds. Puhach II site was dated to 4686—4503 calBCE, 2c. Mykolyna Broiaka
obtained two inconsistent dates. An earlier date (BE-18269) comes from a scatter of finds designated as
“dwelling 17 by the excavator (Danilenko 1969) and the depth —280 cm, while above a later
stratigraphic unit dated to 46784493 calBCE, 20 (BE-18270, Figure 2) followed.

Discussion

The radiocarbon dates do often disagree with the existing ideas on the sequence of defined typological
groups in Neolithic and Eneolithic: in the Balkans (Biagi et al. 2005), in the Carpathian Basin (Oross and
Siklési 2012), in central Germany (Miiller 2004), as well as for later phases of Trypillia in Ukraine (Shatilo
2021; Videiko 2016, 64-67). The typo-chronology of Early Trypillia includes several stages defined mostly
by ceramic decoration styles (Videiko 2004; Zbenovich 1989). It mirrors the scheme developed by
Hortensia and Vladimir Dumitrescu for its Romanian Precucuteni counterpart (Dumitrescu 1957, 1963).

The dated sites can be subdivided into the supposed earlier group (Rogojeni and Bernashivka) and
the supposed later group (Cdrbuna II, Carbuna-Negrub, Mohylna-3, Sabatynivka-2). The supposed
sequence is based mostly on ceramic ornamentation. The earlier sites have not yielded only the earliest
dates, but also dates synchronous with the later stages In Rogojeni, the pit 3 yielded a date slightly later
than a pair of dates for pit 4, despite the fact that both pits had a similar ceramic assemblage.
Surprisingly late dates were obtained for the site of Bernashivka labeled “the earliest Trypillian site in
Ukraine” (Zbenovich 1989) on typo-chronological grounds. The same can be said about the sites of the
later group. According to the pair of new dates, Cdrbuna-Negrub was settled in 47-45th centuries BCE,
while both pits of Cédrbuna 2 were filled slowly somewhere in the range of 46—44th centuries BCE,
because pairs of dates for each pit are difficult to combine.

Therefore, the novel dates for these two groups of sites are evidently overlapping. The same
observation is true if legacy dates are included (Popovici and Dragovean 2020; Rassamakin 2012) as
well as if we add to the sequence the third latest phase, including the dates of the following typo-
chronological stage, Trypillia B1/Cucuteni A3 (Kiosak and Lobanova 2021; Mantu 2000). The Kernel
Density Estimate (KDE) plots (Bronk Ramsey 2017) for each supposedly consecutive phase start in an
expected order, however, they overlap to a large extent. The wiggles of the radiocarbon calibration
curve between 4500 and 4300 calBCE increase the uncertainty in the chronological sequence.

When modeling with OxCal Bayesian Sequence models, if all available dates are taken into account,
it is impossible to arrive at a consistent picture of the development of the P-ET group. First of all, the
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OxCal v4 4 4 Bronk Ramsey (2021); r:5 Atmospheric data from Reimer et al (2020)
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(Phase TrA3 )
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Boundary Staft TrB1 By
(Phase TrB1 )
Boundary End TrB1 e

....................................

I

I

Modelled date (BC)

Figure 4. Model 2 (with overlapping phases). TrA1-2—the early groups of P-ET sites; TrA3—the late
groups of P-ET sites; TrBI—the reference group of Cucuteni A-Trypillia Bl sites (Suppl. mat. 2).

dates of the Kyiv laboratory obtained in several series between 1998 and 2008 should be discarded.
They are 400—600 years earlier than the other dates (Kiosak et al. 2023). Furthermore, many of the
conventional dates have large standard deviations and turn into huge time intervals when calibrated.
Moreover, many of the legacy dates come from unclear archaeological contexts or are outright
inconsistent with the context from which the sample was taken, suggesting disturbances of cultural
layers not noticed during excavations.

The simplest strategy is to consider only AMS dates, which was done in models 2—4 (Suppl. mat. 2,
Figure 4). The dates for each chronological group defined on the basis of typo-chronology were united
in a respective phase. The AMS dates for the latter and relatively well-dated Cucuteni A—Trypillia B1
(Popovici and Drasovean 2020; Kiosak et al. 2021) were used to limit the end of the latest group of
P-ET. The delimiters (boundaries) between phases were organised to reflect the supposed ordering of
them. The models reflect the different ways of organizing the chronological phases proposed for Oxcal:
overlapping, when phases do not constraint each other (model 2 in Suppl. mat 2, Figure 4), contiguous,
when phases are in chronological order and share a single boundary (transition) in-between (model 3 in
Suppl. mat 2), earlier phases limit the later phases, and sequential, when earlier phases constraint the
later but there is a possibility of a gap between phases (model 4 in Suppl. mat 2). The agreement indices
are acceptable only for model 2 (overlapping phases), while models of sequential and contiguous phases
fail at the validation by agreement indices (Table 3). Thus, this type of modeling largely supports the
assumption that the P-ET phases developed partially simultaneously rather than sequentially.

However, there can be another strategy. Accepting that the phases are sequential, we can discard
some (not all) legacy dates and also some AMS dates badly fitting into the hypothesis of the sequential
phases. When we discard the dates done on charcoal (due to probable “old-wood” effect) as well as the
dates for dubious stratigraphic contexts (as it is the case for Bernashivka dates), there is some space for
the chronological separation of the phases (OxCal Sequential Phases Model 5, Suppl. Mat 3: Trypillia
A1-2—4753-45451 calBCE, 20; Trypillia A3—4592-43819 calBCE, 2c; Trypillia B1—4389-4218
calBCE, 20, see Suppl. Materials 3, Figure 5). However, these Bayesian estimates are largely an artefact
of the preliminary selection of dates and the chronological intervals stated above need to be treated with
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Table 3. Results of modeling of AMS dates for Precucuteni-Trypillia A (28) and selected reference
dates for CuA-Trypillia Bl (5) in OxCal (Suppl. Mat. 2)

Sequential-model 3 Overlapping-model 2 Contiguous-model 4
Phase Start End Start End Start
PCII—TrA1-2 4686-4547 4603-4522 4882-4553  4565-4240 4706-4552
PCIII—TrA3 4586-4511 44394330 4624-4542 4441-4369 4604-4531
CuA—TrB1 4372-4257 43254195 4394-4253  4323-4139 4439-4317
Agreement Poor agreement, Amodel =72.8 Poor agreement,
A =23.8% A=31%
OxCal v4 4.4 Bronk Ramsey (2021); r:5 Atmospheric data from Reimer et al (2020)
Sequence
Boundary Start| TrA1-2 R
(Phase TrA1-2 )
Baundary End [TrA1-2 R et
Boundary Start| TrA3 e
[P ase TrA3 )
Bdundary End [TrA3 e
Boundary Start| TrB1 R
[P ase TrB1 )
Bdundary End [TrB1 e
B ‘5‘40‘0 IIIIII 5 I20I0 IIIIIII 5 ’00'0‘ T 4800 o 460{) “““ 4400 IIII I4I20‘0‘ o I4I00I0 IIIII

Modelled date (BC)

Figure 5. The model (Model 5, Suppl. Mat 3.) with “irrelevant” dates excluded (dates which showed
poor agreement with the model as defined by OxCal). Captions: see Figure 4.

caution and be verified by the enhanced stratigraphic controls as well as by additional radiocarbon
dating. Rather, it is likely that ceramic styles defining supposed phases of Early Trypillian typo-
chronology appeared in chronological order as suggested by archaeological seriation, but, then,
coexisted over a long period of time.

The results indicate that stylistic groups of pottery decoration are not necessarily defined by the
chronological position of respective sites. They could reflect other complex social processes and coexist
for quite long intervals of time.

Early Trypillians have reached into the North Pontic Steppe as evidenced by finds of their pottery on
the riverside sites of the Southern Buh river (Tovkailo 2005). The new date for Puhach 2 site
corresponds well to the previous dating efforts (Tovkailo 2004, 2014) and could be related to the Early
Trypillian habitation as well as to the stratigraphic unit left by ceramic hunter-gatherers. It is
synchronous with the beginning of life on the Early Trypillian settlements of Mohylna-3 and -5 and
slightly pre-date the Early Trypillian sites of Hrebeniukiv Iar and Sabatynivka II. The Mykolyna
Broiaka site of ceramic hunter-gatherers (which, contrary to Puhach 2, has not yielded Early
Trypillian pottery but a few shards) yielded a date related to the same timeslot, thus we cannot
exclude a chronological “window of possibilities” (Haskevych 2021) for the contact between
indigenous hunter-gatherers equipped with pottery and early farmers of Trypillia A, however, additional
data are evidently required to state it with certainty.
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Figure 6. Map of Early Trypillia distribution indicating the calibrated relevant dates available to this
moment (in years, BCE, 20). I, II—distribution of Precucuteni I and Il (Garvin et al. 2009).
Rhomboids: Precucuteni Il - Trypillia Al-2 sites, circles—Precucuteni III - Trypillia A3 and undefined
early Trypillia sites, triangles—Trypillia A4 sites. PDG—Poduri-Dealul-Ghindaru, M3—~Mohylna-3,
B—Bernashivka, R—Rogojeni, CN—Cdrbuna-Negrub, Hrebenniukiv lar—HI, Puhach-2—P?2.

Some Neolithic cultural groups have been pointed out as sources of the P-ET ceramic complex, but
the available radiocarbon dating database contradicted these typological assumptions, as there was a
significant time gap between their end and the expected beginning of the P-ET. The new results of
Sacarovca 1 dating are consistent with an observation made on the chronology of the Star¢evo-Cris-
Koros complex in general: namely, that it is highly unlikely that it survived after 5400 BCE (Meadows
2019, 39). Thus, a chronological gap of ca. 500-800 years (estimated by Interval query of OxCal, see
Suppl. Materials 5) between the latest local Cris communities and the arrival of the Early Trypillians
(P-ET) is quite long. It is highly unlikely that the late Cris contributed to the formation of P-ET directly.

The same hypothesis could be put forward regarding the role of LBK in the origin of P-ET.
The single new date for Floresti 1 adds up to the existing database of 25 relevant AMS-dates for LBK in its
eastern range (Kiosak et al. 2021; Moskal-del-Hoyo et al. 2024; Saile 2020; Salavert et al. 2020; Suppl.
Table 4). It is in reasonable correspondence to the chronology of the Notenkopf phase of LBK in Central
Europe (Oross and Banffy 2009). Floresti I was attributed to the later phase of LBK in the Eastern Europe
(Larina 1999). Thus, there is insufficient evidence to support the longer persistence of LBK in the south of
Eastern Europe than elsewhere and, probably, there is a gap of 150-250 years between the latest LBK and
the P-ET (TrA1-3, spread; see Suppl. Table 4 and suppl. Mat. 5; or otherwise ca. 4950-4850 BCE [Stadler
and Kotova 2021, 236] and 47504700 BCE, this work). Thus, the new dates highlight the existing gaps
between these cultural groups and the time of the spread of P-ET.

The Early Trypillian expansion happened in the 47-45th centuries BCE and was not a slow and
gradual diffusion. Instead, the banks of the Dniester and Southern Buh were reached relatively fast in the
course of the propagation of early farming groups (Figure 6). In fact, it may have taken at most
3-4 generations of Trypillians to cover the distances of several hundred kilometres. For example, the
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interval of dates between the earliest dates for the site of Poduri-Dealul-Ghindaru in Carpathians and the
set of dates for the easternmost dated sites of Hrebeniukiv Iar and Mohylna 3 is 0-170 and 0-140 years,
20, respectively (modeled in OxCal with Interval query), while the distances between them are 340 and
380 km. Taking into account the possible “old-wood” effect for the charcoal Berlin laboratory dates of
Poduri-Dealul-Ghindaru, the actual chronological interval for diffusion may be even narrower. We thus
assume that Early Trypillia did spread in a “leapfrog” mode (Forenbaher and Miracle 2005), “jumping”
great distances and bypassing large, unsettled areas.

Conclusion

The novel series of AMS dates almost doubled the existing database for P-ET horizon. They indicate
that some cultural groups supposedly taking part in the formation of Precucuteni-Early Trypillia
disappeared several centuries prior to the appearance of the earliest sites in question. This observation
favors models that give a major role in the origin of Precucuteni to somewhat younger cultural groups,
namely Boian (like Comsa 1987; cf. Garvén et al. 2009). Furthermore, the expansion of Early Trypillia
into Moldovan and Ukrainian forest-steppe took place during the 47th—45th centuries BCE. It was a
relatively fast dispersal. According to the radiocarbon chronology, the stylistic groups of Early
Trypillian pottery appeared in sequence expected on the basis of typo-chronological analyses and, then,
coexisted to a large extent. The earlier dates for Poduri-Dealul Ghindaru, Rogojeni and Bernashivka
could point to the appearance of Precucuteni II-Trypillia A1-2 stylistic group by 47th century BCE.
However, already in 46-45th century BCE, a complex system of Precucuteni III-Trypillia A3
settlements was founded reaching the farthest corners of Early Trypillian distribution (Figure 6): in the
steppe (Carbuna-Negrub and Puhach-2), in the north-east direction (Mohylna-3, and slightly later:
Sabatynivka-2, Hrebeniukiv Iar), and in the north, towards the Dniester river (novel date for
Bernashivka). The northwest limit of distribution (the site of Kozyna, Figure 6) was reached during
another typo-chronological phase, Trypillia A4 (Tkachuk et al. 2010), already contemporaneous with
the sites with painted pottery of Cucuteni A and Trypillia B1.
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