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Introduction
One of the most significant discoveries of recent
palaeoclimate research is the existence of a distinctly repetitive series of cooling anomalies that
run through the entire Glacial into the Holocene
period. Following the pioneering studies of P.
Mayewski and E. Rohling, these cold anomalies
are termed “Rapid Climate Change” (henceforth,
RCC) events.1 Since climate developments in the
Glacial period are seldom referenced in archaeological studies that focus on the Holocene, but
are nevertheless important for an understanding
of the RCC mechanism, we begin our studies with
a brief introduction to the climate records (oceanic and atmospheric) that are of major significance to our topic. The discovery some ten years
ago that major cold periods could be caused by
atmospheric circulation changes on a global
scale, not only during the Glacial but also in the
Holocene, was not entirely unexpected. Discoveries inevitably require considerable preparative
work. This is certainly obvious for our present topic: the RCC mechanism, the discovery of which
is perhaps best understood as the direct (and in
retrospect indeed inevitable) outcome of one of
the largest palaeoclimatological research programs yet to be undertaken – the Greenland Ice
Sheet Project Two (henceforth, GISP2) deep drilling project.2 Especially for the purposes of archaeological knowledge transfer, further details
of GISP2 methodology are provided in a most informative manner in the Ice Chronicles.3 Upon
its completion in 1993, the GISP2 drilling had recovered one of the deepest (3053 m) ice cores in
the Northern Hemisphere. This data is well-understood by researchers.4 The stable oxygen isotope measurements (δ18O) from the GISP2 core
(Fig. 1, above) provide compelling evidence that
the Glacial was not a continuously cold period,
as we may naively assume, but was in fact interrupted by a recurring sequence of warm periods
(interstadials). Each of these interstadials has a
rapid (decadal scale) onset, followed by a much
slower – and often stepwise – return to stadial
conditions.
Less commonly acknowledged, in comparison to
the Greenland δ18O record,5 is the predictive
1
Mayewski et al. 1997; Mayewski et al. 2004; Rohling
et al. 2002; Rohling et al. 2009.
2
GISP2 2012.
3
Mayewski et al. 2002.
4
GISP2 2012; with further references.
5
First published in Grootes et al. 1993.

power of a set of measurements on aerosols,
dust particles, and wind-blown ions (such as
Nitrate [NH4], Sulphur Dioxide [SO2], Calcium
[Ca++], and Chlorine [Cl-]) that were processed in
parallel to the δ18O measurements.6 This socalled glaciochemical data7 includes, in particular, a long series of measurements on non-sea
salt (nss) potassium ions, the concentration [K+]
of which was measured on ice samples from the
same core. Figure 1 shows both data sets (δ18O
and nss [K+]) in joint representation on the same
time scale, recently revised8 to allow for advances achieved in ice core age modelling.
Whereas in general terms the δ18O record can
be taken as proxy for variations in North Atlantic
air/ocean temperature, which are in turn related
to changes in ocean circulation, the nss [K+]
measurements record the contemporary atmospheric dust flux (e. g. continental dust from
northern Asia blown into the Greenland ice
sheet). Importantly, as already recognised in
the seminal publication of GISP2 glaciochemical
data,9 the Glacial and Holocene dust flux (including nss [K+]) over the Greenland ice sheet is now
more widely acknowledged as having a strong
(causal) correlation with the strength of the Siberian High. Put together, the following results
can be gleaned from the inverse relationship between δ18O and nss [K+] (Fig. 1; compare upper
and lower parts): (1) the essentially warm and
moist North Atlantic interstadials are characterised by major oceanic heat transport northwards from the equator, by way of the North
Atlantic circulation in combination with a generally weak atmospheric circulation; and (2), the
essentially cold and dry stadials are closely related to a reduction in North Atlantic deepwater
formation, which leads to cooling in the North
Atlantic in parallel with a general increase in the
strength of Northern Hemispheric winds. Corresponding to their diﬀerent interpretations, we
therefore diﬀerentiate (if only as a convenient
simplification) between an oceanic component
of the climate system as represented by the
GISP2 δ18O record, and its atmospheric counterpart, the GISP2 nss [K+] record.
Interestingly, as becomes clear from a closer
look at Figure 1 (below) in contrast to the oceanic cold (δ18O) intervals, the long series of atmos6

Mayewski et al. 1997.
See GISP2 2012 for a compilation of data.
8
Vinther et al. 2006; Rasmussen et al. 2006, Svensson
et al. 2006.
9
Mayewski et al. 1997.
7
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Fig. 1. High-resolution
Greenland GISP2 ice core
δ18O record as a proxy for
North Atlantic temperature
(Grootes et al. 1993), shown
together with GISP2 non-seasalt potassium concentration
(nss [K+]; ppb) ion record as
proxy for the strength of the
Siberian High (Mayewski
et al. 1997; Meeker/Mayewski 2002) in the time interval
of 50–0 ka calBP. Below: Note
the continuation of cold (RCC)
conditions from the Glacial
into the Holocene, as documented in the nss [K+] record.
Shaded regions: LIA (Little Ice
Age and 6.2–5.0 ka calBP
RCC interval). LGM = Late
Glacial Maximum. GISP2 data
are shown on the Hulu age
model according to Weninger/Jöris 2008.

pheric cold periods (nss [K+]) does not stop at
the end of the Glacial. Following the transition
from Glacial to Holocene (i. e. at the end of the
Younger Dryas), the GISP2 δ18O record indicates
a largely stable North Atlantic circulation, with
the major exception of the well-known 8.2–8.0
ka calBP event (Hudson Bay outflow). However,
recent research10 is becoming increasingly
aware of the potential impact of the outflow of
even smaller meltwater volumes into the North
Atlantic prior to the Hudson Bay event, for example, along the St. Lawrence River at around 9.2
ka calBP.11 In contrast to such oceanic events,
the atmospheric (nss [K+]) signature shows a
series of cold events that run systematically
(with repetitive occurrence every ~1450 years)
throughout the entire extent of the Holocene,
even up to modern times.12 As indicated by shading in Figure 1 (below), the most recent RCC is
commonly referred to as the Little Ice Age (henceforth, LIA; ca. AD 1450–1929). The extent to
which the oceanic 9.2 ka calBP event is related
to the major nss [K+] peak of similar age in the
GISP2 record will be decided in future studies.
According to Fleitmann et al.,13 “the ‘anomaly
hunting’ season for the 9.2 ka event [is] opened”.
As goes for the extended hunting-gathering-farming season, there is no reason why archaeologists should not participate in the RCC search.
To this purpose let us now study the GISP2 nss
[K+]) record in more detail for the Holocene period. Similar to the Glacial, the cold intervals that
occur during the Holocene (which we term RCC
events) are associated with an expansion and intensification of the Siberian High over northern
Asia. Based on palaeoclimatological and environmental research undertaken during the last
10
11
12
13

ten years, we now have at our disposal a steadily
increasing number of records that demonstrate a
notable impact of Holocene RCC anomalies upon
terrestrial and marine systems at a variety of localities in the eastern Mediterranean.14 It is becoming increasingly apparent that we may expect perhaps the most extreme RCC conditions
during the period of 8.6–8.0 ka calBP, with particularly harsh conditions towards the end of this
period (8.2–8.0 ka calBP). This would be due to
the cumulative eﬀects of RCC and the outflow of
large amounts of Glacial meltwater from the Hudson Bay into the North Atlantic. We note en passant that, unfortunately, as demonstrated by
Rohling and Pälike,15 researchers sometimes
still confuse the impacts of (atmospheric) RCC
conditions with the consequences of the (oceanic) Hudson Bay outflow. From an archaeological
perspective, it is important to note that these
two events do indeed reinforce each other.
Nevertheless, due to their widely diﬀerent (centennial-scale) dating, we must clearly diﬀerentiate between the two mechanisms.16
Rather more demanding than the identification
of the archaeological relevance of the 8.6–8.0
ka calBP RCC, which is omnipresent in eastern
Mediterranean climate records,17 is the question
of whether the other major RCC intervals (e. g.
~10.2 ka calBP; ~9.3 ka calBP; ~6.2–5.0 ka
calBP; ~3.0 ka calBP) that can be distinguished
in GISP2 nss [K+] are also correlated with synchronous changes occurring in prehistoric cultural systems. From a palaeoclimatological perspective, the present lack of archaeological
substantiation for these events is likely not due
to non-existing impact, but rather due to the lack
of dedicated prehistoric studies. In this paper we
14
E.g. Feurdean et al. 2008; Marino et al. 2009; Pross et al.
2009.
15
Rohling/Pälike 2005.
16
Clare/Weninger 2010.
17
For a recent compilation, see Weninger/Clare 2009.

E.g. Fleitmann et al. 2008.
Cf. Yu et al. 2010; Lang et al. 2010.
Mayewski et al. 1997; 2004)
Fleitmann et al. 2008.
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address whether it is possible to identify the societal impact of RCC conditions, as is forecasted
in the GISP2 nss [K+] record, with special attention given to the 6.2–5.0 ka calBP interval. In order to optimize the outcome of such an exploratory search to the maximum, our previous
studies have focussed on available archaeological data for Greece, Bulgaria, Romania and Turkey.18 For reasons to be presented in the following section, during the 6.2–5.0 ka calBP interval
these studies are now extended to cover Ukraine.

The geographic corridor for RCC:
modern analogues
Of particular interest for RCC-related studies in
climate archaeology are two specific observations, namely: (1) the RCC cold anomalies have
a pronounced seasonal character, with outbreaks of cold polar air occurring only a few days
during winter and spring; and (2) the cold air outbreaks quite often follow the same path. We
term this path the “Geographic Corridor (henceforth, GC).” The GC for RCC extends from northern Asia through the northern Pontic steppe regions (Ukraine), then runs through the Lower
Danube (Romania), and from there into northern
Greece. Following orographic channels through
the Balkans, the cold winds then proceed southwards across the Aegean Sea.19 After reaching
the northern coast of Crete, the air flow is then
channelled in an easterly direction towards the
Levant and westwards along the southern periphery of the Peloponnese. We have compiled
this description of the GC for RCC from a meteorological satellite video that shows a recent cold
air outbreak (centred on a few days around January 31, 2012), when an anticyclone developing
over the Black Sea pumped large amounts of
cold air into the eastern Mediterranean. This remarkably detailed (potential) modern analogue
for LIA/RCC conditions in the Black Sea littoral
and adjoining regions, and in particular for
Southeast Europe and the Aegean, is available
from the website of WetterOnline.20
As can be recognised from this satellite film, we
have little reason to doubt that during prehistoric periods the cold RCC winds would also have
adhered to the corridor as described above. Intriguingly, these cold air masses also intrude into
Thessaly. In comparison, the western regions of
Greece appear to be sheltered to some extent by
the central Greek mountain range, a situation
also observed for southern Crete. Generally

milder conditions are to be expected for the
coastal regions; for example, the bay of Volos
and maritime western Turkey. Such geographically detailed observations, helpful as they may
be for archaeological RCC impact modelling,
naturally require independent confirmation.
In assembling our results, we may not only infer
a particularly high frequency of RCC conditions
during the temporal intervals specified above,
but further that – based on modern meteorological analogues – the circumpontic regions, Romania, Bulgaria and eastern Greece (including
Thessaly and northern Crete) must have also in
certain prehistoric periods been regularly subjected to anomalously cold spells. These persisted for short periods of time (a few days to
two weeks), but brought with them extremely
cold air masses with typical temperatures of approximately -40 °C. As documented in marine
core LC21 (east of Crete), these air masses are
capable of cooling the ocean surface temperature in the eastern Mediterranean, in a water column approximately 200 m in depth, within very
few days.21

The geographic corridor for RCC:
Southeast Europe and Ukraine
Looking to the meteorological conditions that
lead to RCC conditions on broader geographic
scales, it appears that there are actually two geographic corridors for the outflow of cold masses
from the polar regions during times of pronounced Siberian High.22 As shown in Figure 2,
the first corridor runs east of the Himalayas
across China and then continues into the Pacific.
For this (eastern) corridor there are presently no
studies on the archaeological impacts of RCC.
The second (western) corridor also begins in
Central Asia, but runs north of the Himalayas in
a westerly direction, crossing the northern Pontic
steppe into Ukraine before heading into Southeast Europe.
Building on results achieved in previous papers,23 we therefore now extend our archaeological RCC studies to cover the 6.2–5.0 ka calBP
interval in Ukraine. Again, the first step is to attain an overview of the cultural chronology in
this region. In the following, we first provide a review of the radiocarbon chronology for the RCC
study window in Greece, Bulgaria and Romania.
For this review purpose, the 14C data is presented in multi-group diagrams showing the major 14C-dated Neolithic, Chalcolithic and Early
21

18

Weninger et al. 2009; Clare et al. 2008; Clare/Weninger
2010.
19
Rohling et al. 2002.
20
WetterOnline 2012.

Rohling et al. 2002.
E.g. Saaroni et al. 1996; Sahsamanoglou et al. 1991;
most recently: Tubi/Dayan 2012; with further references.
23
Weninger et al. 2006; Weninger et al. 2009; Weninger
et al. 2011; Clare 2013.
22
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been shown to minimize the distortion produced
by the nonlinearity of the 14C age calibration
curve based on quantum-theoretical considerations.26 Numeric ages are given either on the Julian time scale with [calBC] units, or alternatively
on the [calBP] time scale with 0 calBP equivalent
to AD 1950. Calibrated age values are obtained
using the CalPal software27 and the INTCAL09
data set.28 Note that, in this paper, we provide
[calBP] ages for references to palaeoclimate data
and [calBC] ages for archaeological data.

Fig. 2. Schematic representation of the synoptic atmospheric conditions that favour
bitter cold air outbreaks from
the polar regions during
times of pronounced Siberian
High. Note the existence of
two corridors for cold air flow
in the lower portion: one in a
westward direction across the
Ukraine and into the Mediterranean, and another in an
eastward direction, running
from Central Asia across
Mongolia and into China.
Graph: Tubi (pers. comm.
2012).

Radiocarbon calibration:
C database management

14

Fig. 3. Ecoregions along the
Black Sea littoral (data from
Olson et al. 2001). Winter
cold air emanating from the
Siberian High travels along
this “steppe corridor” and
can seriously aﬀect the severity of regional weather
conditions. 1 Nucleus of early
Cucuteni-Tripolye settlement
(Precucuteni A/Tripolye BI).
2 Main area of middle to late
(Tripolye BII, CI, and CI–II)
settlement in the Southern
Bug-Dnieper interfluve, including giant-settlements.

Bronze Age sites. In the second section our focus
is on the 14C chronology for Ukraine, also during
the RCC interval 6.2–5.0 ka calBP. For Ukraine,
following the compilation of 14C data, our main
aim is to develop a chronological scheme, which
conforms as accurately as possible to the site
distributions for the diﬀerent phases of Cucuteni-Tripolye as generalized by I. V. Manzura,24
with the intention of facilitating further study
into RCC impacts in this region (Fig. 3).

Radiocarbon calibration:
time scales and methods
All archaeological chronologies constructed and
discussed in this paper are based on tree ringcalibrated 14C ages. For graphic representation
of calibrated 14C ages we use the method of 2-D
dispersion calibration,25 which has recently

For radiocarbon calibration we use the CalPal
software package,29 which has recently been extended to support the management of large archaeological 14C databases. For convenience in
data management, the 14C database is coded
and stored in Excel® (xls) format. Presently, the
largest CalPal database (Holocene Europe and
the Near East) contains N=17.300 14C ages,
each of which is coded as one line in the spreadsheet. The database allows for the entry/import
of 12 variables altogether (Lab Code, 14C Age,
14
C Std, δ13C, Material, Species, Country, Period,
Phase, Locus, Latitude, Longitude). In comparison to other 14C databases, which are largely descriptive, CalPal is designed for rapid and convenient active (analytical) database management, both in terms of data import as well as
graphic representation of results. This requires
the implementation of a large number of filtering
and screening routines, for which we have designed a new import dialogue (Fig. 4). With this
dialogue, which calls directly on any CalPal-formatted xls database, it is possible to rapidly construct a graph that shows a maximum of 10 sets
of calibrated probability distributions, each representing the 14C data available. These sets
could signify specific archaeological sites, a certain geographic region, a cultural phase or a given sample type. The necessary xls import/graphic output functions are implemented in CalPal
with the help of Fortran calls that are implemented as subroutines in the Winteracter® library. In
particular, for the purpose of Excel® database
import/export through the Win® ODBC (Open
Data Base Connectivity) interface, we have recently updated CalPal to make use of the new
Winteracter® (version 8.2a) ODBC libraries. We
note that the data tables (see Appendix, Tables
1–27) do not include calibrated ages, since
these are automatically calculated during runtime.
26
27

24
25

28

Manzura 2005.
Weninger 1986.

29

Weninger et al. 2011.
Weninger/Jöris 2008.
Reimer et al. 2009.
Weninger/Jöris 2008.
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Radiocarbon database
For the purposes of this study we have collated
an extensive radiocarbon database for selected
Neolithic, Chalcolithic (Eneolithic) and Early
Bronze Age sites in Southeast Europe.30 The integrated database contains N = 609 individual
14
C ages, which are compiled in Tab. A and the
Appendix (Tab. 1–26), where they are arranged
in order of country (Greece, Bulgaria, Romania)
and according to archaeological sites.
A diﬀerent representation is chosen for the 14C
data from the North Pontic region (Ukraine), in
which case the 14C data are arranged under the
overall cultural heading “Cucuteni-Tripolye”. It
is important to note that in this paper we do not
construct a site or phase-related 14C chronology
for Ukraine, as may be expected. Instead, the 14C
database (Appendix, Tab. 27) is compiled and
analysed with the aim of providing absolute age
intervals for each of the five Cucuteni-Tripolye
site distribution maps published by Manzura.31
To this aim, Table 27 contains a reference for
each 14C age to one of the five Cucuteni-Tripolye
maps (Fig. 13 A–E). The absolute age intervals
for maps (Fig. 13 A–E) were calculated from
summed calibrated probabilities shown in Figure 12. Note also that when compiling the Cucuteni-Tripolye 14C database (Tab. 27) from the xls
CalPal database, we have strongly screened and
filtered the available data in order to create discrete (i. e. non-overlapping) periods which may
be applied in demographic modelling.32 Individual references for the Cucuteni-Tripolye 14C
data are provided in Table 27.

Southeast Europe: An Overview
In Southeast Europe the time interval 4200–
3200 calBC corresponds to the transition from
the Chalcolithic (or Copper Age, Final Neolithic,
Eneolithic) to the Early Bronze Age. Unfortunately, the study of this transition is complicated
due to the general lack of archaeological data, as
well as regional diﬀerences in cultural terminology. Notwithstanding such terminological complications, common to most regions within the
RCC corridor in Southeast Europe (Greece, Bulgaria, Romania) is an apparently abrupt transition from an agrarian to a more mobile pastoralist economy. This transition is most evident in
the sudden and widespread abandonment of
the many large multi-layer (floodplain-based) tell
sites that are typical for the preceding Neolithic
and Eneolithic/Chalcolithic periods. Around

4200 calBC the majority of the large magoules
in northern Greece, including Thessaly as well
as in Bulgaria were deserted. In these regions
the abandonment of the tell settlements is accompanied with a distinct shift towards smaller
mono-layer sites, including cave sites. In Greece
the switch occurs with the onset of the so-called
Final Neolithic (henceforth, FN). In Bulgaria, the
corresponding period is known as the Transitional Period, which separates the Late Eneolithic from the Early Bronze Age. In the next sections, on the basis of 14C dating and the
mapping of site distributions for selected regions (Thessaly in Greece and the Lower Danube
in Romania), we provide a review of the chronological and geographic extent of this switch in
settlement patterns.

Fig. 4. Spreadsheet dialog
(Win®OS) for 14C database
management. The dialog
supports rapid filtering of requested variables by mouseclick. In practical application,
the study data are first imported into the spreadsheet
from an xls file, filtered within
the dialog, and then exported
into the CalPal multi-group
menu to produce graphs of
the type shown in Figures 5;
7; 10; 12.

Greece
As a result of extensive archaeological surveys33
and geomorphological studies34, as well as diachronic analysis of prehistoric settlement patterns,35 the fertile palaeo-floodplains of eastern
Thessaly (Larissa plain) present one of the most
extensively surveyed regions in Greece. It has recently been proposed that the often-noted lack
of surface finds dating to the FN in Thessaly appears to have been caused by a drastic decline
in population during this period.36 Previous
authors have argued that the general lack of FN
pottery finds on Thessalian tells is due to destructive weathering.37 However, by adding EBA
33

30

The major sources for the 14C dates used in this paper
are Boyadziev 1995, Görsdorf/Bojadžiev 1996, László
1997, Lazarovici 2010 and Luca 2012.
31
Manzura 2005.
32
Harper 2013.

Gallis 1992; Gallis 1994.
van Andel et al. 1990; van Andel/Runnels 1995; van Andel 1995.
35
E.g. Perlès 2001; Johnson/Perlès 2004.
36
Weninger et al. 2009.
37
Perlès 2001; Johnson/Perlès 2004.
34
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Country

Site

Total 14C-Dates

Table No.

Greece

Mandalo

19

Tab. 1

Greece

Sitagroi

24

Tab. 2

Greece

Dikili Tash

24

Tab. 3

Greece

Pevkakia

4

Tab. 4

Greece

Tharrounia

12

Tab. 5

Greece/Bulgaria (border)

Promachon

12

Tab. 6

Greece

Achilleion

44

Tab. 7

Greece

Nea Nikomedeia

16

Tab. 8

Bulgaria

Yunacite

25

Tab. 9

Bulgaria

Ezero

58

Tab. 10

Bulgaria

Drama-Merdžumekja

18

Tab. 11

Bulgaria

Varna

19

Tab. 12

Bulgaria

Azmak

34

Tab. 13

Bulgaria

Drama-Gerena

10

Tab. 14

Bulgaria

Kremenik

10

Tab. 15

Bulgaria

Karanovo

46

Tab. 16

Bulgaria

Čavdar

28

Tab. 17

Romania

Băile Herculane

5

Tab. 18

Romania

Cernavodă

3

Tab. 19

Romania

Drăgu"eni

6

Tab. 20

Romania

Scânteia

8

Tab. 21

Romania

Pietrele

23

Tab. 22

Romania

Poduri

13

Tab. 23

Romania

Căscioarele

33

Tab. 24

Romania

Par#a

14

Tab. 25

Romania

Dude"tii Vechi

4

Tab. 26

ception of the FN. The existence of a major economic switch from the LN2 to the FN becomes all
the more apparent, if we allow for the observation that FN sites in the upland regions of
southeastern Thessaly have the highest density;
from this it may be inferred that these sites were
occupied mainly by pastoralists.39 Interestingly,
with the onset of the Early Bronze Age (ca.
3300 calBC) there is a switch back from pastoralism to floodplain-based farming.
Figure 6 provides an overview of the total available 14C data for the Neolithic and Early Bronze
Age of Greece (ca. 6200–3000 calBC). The heading of this figure includes the Thessalian cultural
sequence as defined by Gallis.40 We note, in particular, that the major cultural hiatus between
the FN and the EBA (which separates the painted
pottery of Rachmani style from the largely unpainted EBA-style pottery) also shows up in the
general lack of 14C data for the entire period
(ca. 4000–3000 calBC). A further indication of a
major gap in the Greek cultural sequence, which
encompasses the entire period, is provided by
stratigraphic observations and 14C data from
Mandalo and Sitagroi. At the site of Mandalo
(western Macedonia), EBA pottery is found in direct stratigraphic superposition above the
painted Rachmani pottery. The same stratigraphic superposition of EBA and FN, and again
with a gap of 800–1000 cal years between the
two periods, is also evident at the site of Sitagroi
(eastern Macedonia). The 14C data from Mandalo41 show that the painted Rachmani-style pottery (i. e., the Greek FN) ends ca. 4100 calBC.
The existence of a similar hiatus that separates
the Greek FN from the Greek EBA by 800–
1000 years is indicated by 14C data from the central Macedonian site of Promachon.42

Culture
Ukraine (North Pontic)

Cucuteni-Tripolye

97

Tab. 27

Σ = 609
Table A. Overview of Radiocarbon Dates (Appendix Tab. 1–27)

data to the site map of Gallis (Fig. 5),38 it becomes clear that post-depositional erosion is an
insuﬃcient explanation for the large disparity in
site quantities between the diﬀerent periods
(EN=112 MN=117, LN1=135, LN2=140, FN=34,
and EBA=133). Of course, we must allow for a redistribution of preferred sites during the diﬀerent periods as well as for diﬀerences in data
quality. Nevertheless, the site counts clearly indicate that the lower (eastern) Thessalian plain
was continuously and densely occupied by farming communities during all periods, with the ex-

It is interesting to note that there is evidence
that Thessaly was not entirely deserted by farming communities during the 4100–3300 calBC
interval (Fig. 6). This is indicated by important
cultural finds from the coastal (sic ! see above)
site of Petromagula; notably, the presence of
bowls or lids of the so-called “Bratislava” type.
Similar finds (probably imported to Petromagula)
are known from sites of the Boleráz/Cernavodă
III cultures, which have a widespread distribution in eastern and southeastern Europe.43
Further indications for settlement of the Thessalian coast dating to the second half of the 4th millennium calBC come from Mikrothives.44

39
40
41
42
43

38

44

Gallis 1992.

Perlès 2001; Johnson/Perlès 2004.
Gallis 1992.
Maniatis/Kromer 1990.
Koukouli-Chryssanthaki 2007.
Maran 1998.
Adrymi-Sismani 2007.
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Fig. 5. Distribution of prehistoric settlements in Thessaly
(Greece). From top to bottom:
(A) Early Neolithic; (B) Middle
Neolithic; (C) Late Neolithic 1;
(D) Late Neolithic 2; (E) Final
Neolithic; (F) Early Bronze
Age. Sites georeferenced and
projected onto SRTM imagery
with Globalmapper® from
Gallis (1992), Perlès (2001),
Hanschmann (1976, Fig. 2),
van Andel (unpubl., pers.
comm).

Bulgaria
For Bulgaria the relative and absolute chronology of the prehistoric periods is comparatively
well-established.45 This is mainly due to the
large number of deeply stratified Neolithic, Eneolithic and Bronze Age tell settlements that have
been selectively 14C dated by the Berlin Radiocarbon Laboratory.46 From the distribution of
14
C ages (Fig. 7) it is apparent that there is a
glaring gap in the Bulgarian 14C sequence between 4100 and 3200 calBC just as in Greece.
In Bulgarian terminology this time interval corresponds to the Transitional Period, which separates the Late Eneolithic from the Early Bronze
Age.

45
Gaul 1948; Todorova 1984; Todorova 1995; Pernicheva
1995; Boyadziev 1995.
46
Quitta/Kohl 1969; Neustupny 1973; Todorova 1978;
Görsdorf/Bojadžiev 1996.

The general paucity of archaeological data from
the Transitional Period (henceforth, TP; 4100–
3200 calBC) is well-known to Bulgarian researchers. Whereas in Greece there is an almost
complete gap in the 14C sequence, in Bulgaria
there is at least one known site where the switch
in economy during the TP is well-dated by radiocarbon: the cave site of Yagodina, located in the
Rhodope Mountains (western Bulgaria). This site
has supplied evidence in the form of hearths,
pottery, animal bones and lithics for semi-permanent occupation during the Bulgarian TP.47
Due to the site’s location in a semi-mountainous
area, it has been proposed that it was occupied
seasonally by people who were chiefly pastoralists.48 As can be taken from Figure 7, the site of
Yagodina has supplied a small but consistent set
of 14C ages that can be assigned to the early 4th
millennium calBC. Just as in Greece during the
47
48

Аврамова 1991.
Аврамова 1991.
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way related to RCC,50 is impossible to conclude
with the presently available data.

Romania
Due to ongoing large-scale archaeological research at the Romanian tell site of Pietrele/Romania,51 an accurate date is now available for
the end of the Copper Age in the Lower Danube
region. Although the exact reasons for site abandonment at Pietrele are still subject of scientific
enquiry, it is now clear that the settlement was
finally abandoned following a major conflagration at 4250 ± 30 calBC.52 Within error limits this
date is directly equivalent to the end of the longranging Kodžadermen-Gumelni#a-Karanovo-VI
(henceforth, KGK VI) cultural complex, which
has a wide geographic distribution in Bulgaria
and Romania.53 In geographically broader terms,
this date covers the end of the Chalcolithic period in Southeast Europe (Fig. 10). The unexpectedly old 14C ages for Varna cemetery54 in the
Bulgarian Black Sea littoral require further studies.55

Fig. 6. Above: Neolithic and
Early Bronze Age radiocarbon
data from selected northern
and central Greek sites (Mandalo, Sitagroi, Dikili Tas, Pevkakia, Tharrounia, Promachon, Achilleion and Nea
Nikomedeia). Below: Greenland GISP2 nss [K+] chemical
series (both raw data and
data with a 200-year Gaussian-smoothing filter) as a
proxy for RCC conditions.
The box indicates desertion
of tell settlements during
the RCC interval, ca. 4100–
3200 calBC. See appendix for
14
C data tables (Tab. 1–8).

time interval of 4100–3200 calBC, the Bulgarian
TP is also characterised by a switch from an
agrarian (tell-based) economy to a pastoral one,
which, in the material record, is mainly manifested in the form of small ephemeral settlements in upland locations.
Before proceeding to our main topic, the study of
potential RCC impact in Ukraine, we conclude
our review of the situation in Greece, Bulgaria
and Romania with the brief description of some
new (exploratory) chronological results achieved
for the Bulgarian multi-layer site Dipsis (Ezero).
This is an addendum to our previous studies of
14
C ages from this site.49 As demonstrated in
Figures 8; 9, there exists the distinct possibility
that the EBA settlement at Ezero was re-occupied
following a long (~1000 yr) abandonment during
the 4.2–3.0 ka calBC RCC interval, at the very
time that climate conditions would probably
have become attractive again for farming and animal husbandry. Whether the apparent gap in
the pottery sequence between Ezero A (Level 6)
and Ezero B (Level 5) – which is clearly indicated
by pottery seriation – represents a true settlement gap, and also whether this gap is in any
49

Weninger 1992; Weninger 1995.

By mapping the KGK VI sites according to relative
chronology, it becomes clear that prior to
4250 calBC the entire region of the Lower Danube and its tributaries was densely inhabited
(Fig. 11a). Following the collapse of the KGK VI
complex, in the following cultural period
(Fig. 11b) all sites south of the Danube River
had been deserted. North of the Danube, settlement densities remain high but are now of the
monolayer type that is characteristic for the new
Cernavodă I culture. The desertion of the KGK VI
core region is especially evident for the previously densely populated river valley that connected large sites like Pietrele (in the northwest)
with Varna and Sava (in the southeast). Interestingly, as opposed to the multilayered KGK VI tell
sites, the settlements of the new Cernavodă I
culture are single-phased (i. e. most likely shortlived). To conclude, in Romania (just as in
Greece and Bulgaria) the end of the Copper Age
is characterised by widespread abandonment of
the centralised tell mode of economy, followed
by a switch to a more ephemeral pastoralist
economy. This switch appears on a supra-regional scale that encompasses practically all regions
of Southeast Europe (Greece, Romania, Bulgaria)
as well as northwestern Anatolia and the western
coast of Turkey. It continues during the entire
time interval of 4200–3200 calBC until – around
50

Cf. captions to Fig. 8 and Fig. 9.
Hansen et al. 2007a–b.
52
Weninger et al. 2010.
53
Hiller 1989.
54
Higham et al. 2007a–b.
55
Krauß pers. comm. 2012; Nikolov pers. comm. 2012;
Reingruber pers. comm. 2012.
51
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3200 calBC – we see the beginnings of the Early
Bronze Age, and many of the previous tell sites
are re-occupied. In chronological terms, these
cultural trajectories appear entirely synchronous
with the RCC mechanism. Consequently, the hypothesis has been put forward that the economy
in these regions had the property that it can
switch (abruptly) on and oﬀ between two diﬀerent economic modes. These are: (1) centralised
tell-based farming; and (2) mobile pastoralism,
depending on the prevailing environmental and
societal impact of the “Little Ice Age” conditions
during this time interval.56

Ukraine
In stark contrast to the other cases explored in
this paper, the situation in Ukraine during the
RCC interval, corresponding roughly with the relative chronological phases of Tripolye BI–BII,
BII, CI and CI–II, was not one of settlement
abandonment. In fact, in the region between
the Southern Bug and Dnieper rivers, the “giantsettlement” or “megasite” phenomenon of
the Western Tripolye culture (ca. 4150–3500/
3400 calBC) was largely synchronous with this
climate event. These settlements, which were of
approximately 100–340 ha in area57 and had
populations upwards of several thousand individuals, were the largest population centres of the
European Neolithic and Eneolithic. Eleven Western Tripolye sites, which have only been known
to archaeologists for about forty years,58 are categorized as giant-settlements among an accompanying body of small- and medium-sized settlements. During at least two periods of the giantsettlement phenomenon, dendritic-type local
settlement systems (or K = 2, according to the
Central Place Theory59) emerged,60 and there
has been much lively debate regarding the socio-political complexity of these settlements. To
one extreme, they have even been labelled as
“proto-cities”.61 In general, this assertion does
not agree with the nature of the archaeological
materials present, which do not show any large
degree of social diﬀerentiation or the sort of continual occupation expected of urban formations.62
Discussion of the Cucuteni-Tripolye cultural
complex vis-a-vis societal complexity should always be contextualized against the fact that the
well-developed relative chronology dictates that
56

Weninger et al. 2009.
Дяченко 2010a, 20–21.
58
Шишкін 1973.
59
Christaller 1966.
60
Дяченко in press.
61
Шмаглій/Відейко 1993; Videiko 2003; Videiko 2005.
62
E.g. Массон 1990; Збенович 1990; Monah 2003; Anthony 2007.
57

settlements, giant- or otherwise, were single-occupation sites with a settlement period of approximately 50 to 80 years.63 This also has important implications for discussion of the RCC
mechanism; in Ukraine there is not the strict dichotomy of floodplain-farming communities versus mobile pastoralists, which is proposed for
much of Southeast Europe. It is almost certain
that the rapidly shifting settlement patterns,
which are particularly dominant in the foreststeppe zone of Ukraine were the result of a regionally adapted form of economic practice, with
the region constituting the “ideal environment
for an agricultural and husbandry [-based] economic system”.64 The Cucuteni-Tripolye subsistence economy primarily took the form of dryland cereal cropping accompanied by cattle
husbandry, although the contribution of horses,
small ruminants and wild resources such as red
deer and fish should not be underestimated. Given the broad and sparsely populated territories
available for settlement in the forest-steppe
zone, these communities were perhaps already
more itinerant in nature and more flexible to
changing climatic conditions. The longevity of
the Eneolithic in Ukraine, which persisted until

Fig. 7. Neolithic and Early
Bronze Age radiocarbon data
from selected Bulgarian sites.
Lower section – Greenland
GISP2 nss [K+] chemical series (both raw data and data
with a 200-year Gaussiansmoothing filter) as a proxy
for RCC conditions. The box
indicates desertion of tell settlements during the RCC interval, ca. 4100–3200 calBC.
See appendix for 14C data tables (Tab. 9–17).

63

Рыжов 1990; Рыжов 1999; Рижов 2007; Kruts 2008a;
Diachenko/Menotti 2012.
64
Kruts 2008a, 45.
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Fig. 8. Stratified EBA 14C ages from Ezero (Tell Dipsis) in comparison to Greenland GISP2 nss [K+] chemical series,
with an inset displaying pottery seriation by Correspondence Analysis (CA) scaled to 14C wiggle-matching results
achieved by assuming a linear relation between CA-Factor 1 and calendric time. For comparison purposes the graph
also shows 14C wiggle-matching results achieved by alternative methods. Upper section: Linear 20-year phase
modelling and selection of short-lived samples. Shaded boxes indicate Ezero layers for which 14C ages are available,
depending on method. See appendix for 14C data (Tab. 10). Interpretation: (1) Within error limits of a few decades,
the earliest EBA level (level 13) at Ezero is settled at the end of the 6.2–6.0 ka calBP RCC interval; (2) there exists the
possibility that the distinct gap in the CA seriation ca. 2900 calBC may be due to temporary site abandonment related to RCC. Note: according to archaeological reasoning the few calibrated 14C ages taken from the upper levels at
Ezero are anomalously old compared to ages derived from other Bulgarian EBA sites (pers. comm. V. Nikolov 2012).

approximately 3000 calBC, makes it diﬃcult to
argue for a clear-cut climatically determined collapse on the same terms as proposed for settlement systems in Greece, Bulgaria and Romania.
In fact, the transition to pastoralism, in the form
of the Late Tripolye (CII phase) communities, occurs around the end of the RCC interval.
Analysis of 14C data from the Cucuteni-Tripolye
cultural complex is often confounded by the
large amount of dates processed by the Kiev
Radiocarbon Laboratory (lab code Ki), which are
of variable quality and have been criticized on

several occasions.65 As an example, the Ki dates
returned for the Tripolye A sites in the Dniester
region are significantly older than the earliest
Precucuteni dates in Romania. A similarly unfavourable situation can be seen in the dates belonging to later periods (Tripolye CI and CII),
which tend to be much too late and lack the defined transitions between periods that are obvious in the archaeological material. In either situation, reliance on 14C dates alone tends to lead
65
Збенович 1989; Гаскевіч 2007, 138–141; Kruts 2008b,
232; Дяченко 2010b, 42–43.
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to the false conclusion that the Cucuteni-Tripolye complex was synchronous with both Neolithic (e. g. Linearbandkeramik, Boian, and Cri")
and Early Bronze Age (e. g. Yamnaya) cultures.
In the former case this is utterly improbable, as
these cultures formed the base for the development of the Precucuteni/Tripolye A culture (the
two being synchronous and synonymous), which
in turn was the base for the development of the
first uniquely “Tripolian” material beginning
from the end of phase BI onwards.66 As for the
latter case, one would expect to find some exchange of material between the late Tripolye
and Early Bronze Age groups (one does not).
Ultimately, in order to come to an absolute
chronology that is in approximate agreement
with the archaeological material, the most simple solution is to liberally interpret (or exclude altogether) the dates from the Kiev lab, which has
been done previously on several occasions.67
The results of the periodisation presented here
(Tab. B; Tab. C) should be viewed in an abstract
sense, as a tool for application to discrete cultural periods in a diachronic model environment.
We have constructed this periodisation with the
aim of attaining calendric age intervals for the
detailed site distribution maps published by
Manzura.68 This scheme disguises significant
variation in cultural assemblages, including periodic synchronous distributions of settlements
belonging to ostensibly diﬀerent “periods”; for
example, Diachenko and Menotti69 suggest that
BII and CI were synchronous for nearly a century
in the Southern Bug-Dnieper interfluve. It should
be stressed that the chief utility of the few available Cucuteni-Tripolye 14C dates is their ability
to contextualize the comparatively advanced relative dating of sites.
The current understanding of the Tripolye relative chronology is particularly well-developed, a
system descended from the original periodisation laid out by T. S. Passek70 and refined on several occasions over six decades.71 As new and
more reliable 14C data become available, such
as the recent Oxford dates from the Tripolye CI
giant-settlement at Tal'yanki,72 slight refinements may be made. Some measure of cynicism
should be accompanied by the direct application
of many of the Cucuteni-Tripolye absolute dates
to a climatic model, as the often-times large disparity between relative and absolute chronologies serves to highlight the limitations of the lat66

Цвек 2006.
Telegin et al. 2003, 463–464; Дяченко 2010b, 41.
68
Manzura 2005.
69
Diachenko/Menotti 2012.
70
Пассек 1949.
71
Виноградова 1983; Рыжов 1999; Цвек 2006; Рижов
2007.
72
Rassamakin/Menotti 2011, 651.
67

Fig. 9. Data as shown in Figure 8, but with pottery seriation results shown as a battleship
diagram, with pottery frequencies scaled to 100 % for individual settlement layers. With
this representation it becomes clearer than in Figure 7 that virtually no pottery finds are
present in site deposits that have seriation dates between Level 6 and Level 5. Note: according to archaeological reasoning the few calibrated 14C ages taken from the upper
levels at Ezero are anomalously old compared to ages derived from other Bulgarian EBA
sites (pers. comm. V. Nikolov 2012). Interpretation: within qualitatively estimated error
limits (as indicated: 30/50 years) the site occupation: (1) begins at the end of the 6.2–6.0
ka calBP RCC-interval; and (2) appears to have been interrupted ca. 2900 calBC (i. e.
synchronous with the corresponding GISP2 nss [K+] double-peak).

ter. Generally speaking, any anomalies that
might potentially be found should not be interpreted as gaps in the material sequences. The
multi-group analysis presented here (Fig. 12)
serves to illustrate the fairly smooth continuity
of the Cucuteni-Tripolye complex as a whole.
However, this continuity is misleading in some
ways, as the broad categorization used here conceals a great deal of spatio-temporal variation.
Studies of adaptive responses to climate in this
context should always be made in reference to
sub-regional and local relative chronologies in
the form of local settlement group sequences,
or even individual site data.
Indications of Cucuteni-Tripolye climate change
responses do in fact exist during the RCC interval. The most prominent among these is the migratory mechanism that prompted the Tripolye
colonisations of the forest-steppe zone, which
was previously related by A. V. Diachenko73 to
73

Дяченко 2010b.
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Fig. 10. Neolithic and Early Bronze Age Radiocarbon Data from selected Romanian Sites
(Baile Herculaneum, Cernavodă, Drăgueni, Scânteia, Pietrele, Poduri Căscioarele, Par"a,
Dudetii Vechi). Below: Greenland GISP2 nss [K+] chemical series (both raw data and data
with a 200-year Gaussian-smoothing filter) as a proxy for RCC conditions. The box indicates desertion of tell settlements during the RCC interval, ca. 4100–3200 calBC. See appendix for 14C data tables (Tab. 18–26).

episodes of aridity and cooling marked by eustatic change in the Black Sea. These were indicated in the palaeoclimatic scheme of V. A. Karpov,74 and are among roughly twenty schemes
focusing on Black Sea eustasy. Several authors

have explored this topic in diﬀering spatio-temporal contexts throughout Ukraine during the Holocene,75 concluding these conditions would
have had a great eﬀect on the cultures of the
Pontic steppe and nearby regions. Pertaining to
the Cucuteni-Tripolye ‘homeland’ – that is, the
Siret, Prut and Dniester river basins in Romania,
Moldova and southwestern Ukraine – an increase in settlement density was accompanied
by a degradation of the climate, prompting both
the early (Cucuteni A/Tripolye BI) expansion into
the forest-steppe, as well as the later (Tripolye
BII to CI–II) migrations that led to the development of the giant-settlement phenomenon. It is
unknown at this time how Black Sea eustasy relates to atmospheric RCC proxies; most likely it
is in the same class of data as the oceanic component of RCC reinforced by episodes of glacial
melt. It is proposed that statistical testing of
RCC proxies against a model of Cucuteni-Tripolye
demographic development, beyond verifying or
rejecting correlations that are qualitatively suggested here, will bring a new perspective to regional climate studies, which subsequently may
be compared against an extensive body of preexisting research. Perhaps a syncretic account
of many climate change schemes may contribute
even more towards explaining variations in cultural adaptation.

Discussion
At present, based on results shown in Figure 13,
we may postulate that RCC conditions influenced
the movement of Cucuteni-Tripolye populations
from the Siret-Prut and Prut-Dniester regions to
the forest-steppe zone in Ukraine. Using the site
distribution maps of Manzura76 as first-order
proxy for demographic development, in combi75

74

76

First applied to archaeology in Бруяко 1989.

E.g. Dolukhanov/Shilik 2007; Velichko et al. 2009.
Manzura 2005.

Fig. 11a (left). The Lower Danube region in the second
half of the 5th millennium
calBC. Dots: sites of the KGK
VI complex (after Mayer 2008
map 8).
Fig. 11b (right). The Lower
Danube region in the first half
of the 4th millennium calBC.
Dots: sites of the Cernavodă I
culture (after Todera et al.
2009, plate 1,1)
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nation with the calendric-scale time limits derived in Table B, we come to the following (basic)
conclusions:
• the highest site density occurs prior to the onset of RCC conditions (map B: before
~4200 calBC);
• the Lower Danube is largely depopulated following the onset of RCC conditions (map C: ~
4200–4000 calBC);
• following this, there is a major demographic
expansion towards the northeast at the height
of RCC conditions (maps C and D): ~4200–
3600 calBC);
• finally, synchronous with the end of RCC conditions, the coastal regions of the Black Sea
are colonised (map E: ~3600–3000 calBC).
While probably not so dramatic as the “explosive” demographic situation outlined by I. V.
Manzura or V. G. Zbenovich as causation for the
Western Tripolye migration events,77 we may
nonetheless obliquely make a similar point by
advancing the hypothesis that a climatically determined change in regional resource potential
constituted the root cause. We may find some
common cause with G. L. Cowgill’s assertion that
migrations will often be provoked by a desire for
“wealth increase” in individuals living along a

high population density gradient.78 Such a gradient certainly can be seen between the forest and
forest-steppe zones at these times. The perceived economic benefit of exploiting a less-populated region is perhaps in itself adequate mo-

77

78

Manzura 2005, 318 or Zbenovich 1996, 205.

Cowgill 1975, 517.

Map
(Fig. 13)

Corresponding cultural
phases

N

μ

Σ

Adjusted for relative
chronology

Statistical
confidence

A

Precucuteni; Tripolye A

6

4641

82

ca. 4800–4550 calBC

~84 %

B

Cucuteni A; Tripolye BI

40

4304

139

ca. 4550–4200 calBC

~73 %

C

Cucuteni A/B; Tripolye
BI–II and BII

9

3966

144

ca. 4200–3900 calBC

~63 %

D

Cucuteni B; Tripolye CI

22

3746

132

ca. 3900–3600 calBC

~74 %

E

Horodi"tea-Folte"ti;
Tripolye CI–II and CII

13

3147

193

ca. 3600–3000 calBC

~77 %

Fig. 12. Cucuteni-Tripolye
14
C ages grouped by cultural
phases (Tab. C) to achieve
absolute age intervals for
maps A–E (Fig. 13). Top section: 14C ages shown independently for Talyanki. Below: Greenland GISP2 nss [K+]
chemical series (Mayewski
et al. 1997) and Warm Species (%) from Marine Core
LC21 as proxy for Sea Surface
Temperature (Rohling et al.
2002). Time-intervals derived
for maps A–E by additional
data processing (Tab. B) are
indicated by dashed lines.
See appendix for 14C data
tables (Tab. 27).

Table B. Determination of (partly schematic) Cucuteni-Tripolye chronological periods according to site distribution
maps (Fig. 13) published by Manzura (2005). We have collated the corresponding 14C ages from Table 27, with
omission of obvious outliers, calculated the statistical confidence of the age ranges, and interpreted the confidence
intervals to agree as closely as possible with considerations of relative chronology. This dating scheme diverges
from others (cf. Tab. C), as it attempts to create discrete (i. e. non-overlapping) periods which may be applied in
future demographic modelling (Harper, in press).

Source

Tripolye A

Tripolye BI–II
and BII

Tripolye CI

Tripolye CI–II

Tripolye CI

Diachenko
(Дяченко 2010b)

4900/4800–
4300/4200

4300/4200–
3800

3800–3600

3600–3400

3400–2850

Rassamakin and
Menotti (2011)

5100/5000–
4400/4300

4400/4300–
3900

3900–3450/
3350

[not included]

3450/3350–
3000/2900

Table C. Two recent periodisations proposed for Tripolye material, which seek to justify absolute and relative dating
methods. The periodisation of Diachenko is additionally made in reference to Black Sea eustasy.
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Fig. 13. Geographic distribution of archaeological sites in
the Pontic region (~4800–
3000 calBC) based on site
mapping and cultural periodisation by I. V. Manzura
(2005). Sites georeferenced
and projected onto SRTM
imagery with ArcGis®. The
mapping corresponds to
grouping of phases of the
Cucuteni-Tripolye complex
according to age limits given
in Tab. B. Lower right: Chronological relation between
maps A–E and the GISP2 nss
K+ record as proxy for the
strength of the Siberian High.

tivation to migrate, even if conditions at the
point of origin are not irredeemably grim. The
presence of fortifications at settlements in the
western territories but not in the Southern BugDnieper interfluve (e. g. at the Western Tripolye
giant-settlements) is also an interesting facet of
this discussion. Ultimately, awaiting future research these points are open to broad speculation.

The overall picture of climate change in Ukraine
is a very complicated one, and is likely confounded by seemingly contradictory forces occurring at varying scales according to diﬀerent
climatic proxies. A key aspect of D. W. Anthony’s
widely read work79 is that climatic degradation
in the Russian steppes beginning ca. 3300 BC
brought pastoralist Early Bronze Age peoples to
79

Anthony 2007.
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Ukraine, who precipitated the Eneolithic collapse there by out-competing and/or absorbing
the native populations. Perhaps the key distinction between Ukraine and the other geographic
foci of this paper is that the climatically determined “sedentary versus pastoralist” scheme
generally seems to work in reverse. Movement
into the steppe is contraindicated during periods
of poor climate, and the development of steppeadapted late Tripolye groups, such as the Usatovo culture, is actually illustrative of wetter, more
favourable conditions when the steppe was better-suited for ranging livestock. On a smaller
scale, the migratory mechanism that formed the
Tripolye giant-settlements, which are not at all a
comparable phenomenon to the tell communities seen elsewhere, can be shown to support
the idea of the RCC cooling mechanism as well
as other climate studies.

multiple levels of intermediate responses in ancient environmental and social systems. In essence, we should strive to reconstruct the entire
postulated causal chain. Particular emphasis
should be placed on improving our conceptual
modelling, via reference to historical and ethnographic analogies, of human vulnerability and
adaptivity to climatic constraints.
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Conclusions
With reference to pertinent palaeoclimatological, meteorological and archaeological literature, our detailed comparison of available 14C
data from Greece, Bulgaria, Romania and Ukraine during the Chalcolithic period suggests in
many aspects a strong qualitative similarity with
perceived trends in RCC proxy data. It is hoped
that the discussion here may form a solid foundation for future investigations in climate archaeology, and at least incite greater general interest in palaeoclimatology as a means of
understanding diachronic cultural variation. Far
from a “catch all” scenario (i. e. an RCC “template” of expected behaviours), we suggest that
human adaptive responses to climate change,
although systematic, exhibit significant spatiotemporal variation.
Seemingly oppositional phenomena, such as
giant-settlement formation in one region being
synchronous with settlement abandonment in
another, may very well have common causation.
The degree to which the RCC mechanism has a
role in this causation remains diﬃcult to judge,
although an initial eﬀort at quantification has
been made. Further research into our comparatively well-developed archaeological data sets
for Ukraine has revealed a significant correlation
between modelled demographic trends relating
to the giant-settlement phenomenon and RCC
proxies.80 While these results are encouraging,
we conclude that the success of future studies
is contingent on the collation of more accurate
and expansive regional archaeological and climatic data. These studies should not only examine super-regional climatic trends and the remote human responses on a local level, but
80

Harper 2013.
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