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The 15" Neolithic Studies anthology comprises selected papers,

presented at fifteenth Neolithic Seminar ‘The Neolithic Mind,

Populations and Landscapes’ that took place at the Department
of Archaeology, University of Ljubljana in November 2007.

We present also a papers focussed on the colour, form, ani-
mals and deception in the ice age; on the catastrophic flood-
ing of the now submerged North Sea continental shelf (‘Dog-
gerland’) by the Storegga Slide tsunami at around 8200 calBP;

on the climate induced (8200 calBP ‘climate event’) social un-
rest and warfare in the Late Neolithic\Early Chalcolithic in

Anatolia; on the episodes in past river behaviour and settle-
ments dynamics on the Ljubljana Marshes that correspond
with climate anomalies in European palaeoclimate records in

the Holocene; on the reassessment of Mesolithic/Neolithic ‘gap’
in Southeast European cave sequences; on the reassessment of
Jformation processes, stratigraphy and dating at Viasac, Padi-
na and Hajducka Vodenica in Danube Gorge; on the early
herding practices and milk consumption revealed through or-
ganic residue analysis of early and middle Neolithic pottery
in Dinaric region.

Mala Triglavca. Neolithic bow!
with evidence of milk lipids (Soberl et al. this volume).
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The catastrophic final flooding of Doggerland
by the Storegga Slide tsunami

Bernhard Weningerl, Rick Schulting?, Marcel Bradtmoller3, Lee Clare!, Mark Collard4,
Kevan Edinborough4, Johanna Hilpert!, Olaf 6ris5, Marcel Niekus®6, Eelco ). Rohling7,

Bernd Wagnerg,
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3 Neanderthal Museum, Mettmann, D; 4 Laboratory of Human Evolutionary Studies, Dpt. of Archaeology,
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6 Groningen Institute of Archaeology, Groningen, NL; 7 School of Ocean and Earth Science, National

Oceanography Centre, Southampton, UK; 8 Universitit zu Kéln, Institut fiir Geologie und Mineralogie, Kéln, D

ABSTRACT - Around 8200 calBP, large parts of the now submerged North Sea continental shelf (‘Dog-
gerland’) were catastrophically flooded by the Storegga Slide tsunami, one of the largest Isunamis
known for the Holocene, which was generated on the Norwegian coastal margin by a submarine
landslide. In the present paper, we derive a precise calendric date for the Storegga Slide tsunami, use
this date for reconstruction of contemporary coastlines in the North Sea in relation to rapidly rising
sea-levels, and discuss the potential effects of the tsunami on the contemporaneous Mesolithic popula-
tion. One main result of this study is an unexpectedly high tsunami impact assigned to the western
regions of Jutland.

IZVLECEK - Okoli 8200 calBP je velik del danes potopljenega severnomorskega kontinentalnega pasu
(Doggerland) v katastrofalni poplavi prekril cunami. To je eden najvecjih holocenskih cunamijev, ki
ga je povzrocil podmorski plaz na norveski obali (Storegga Slide). V clanku predstavljamo natancne
datume za cunami Storegga Slide in jih uporabimo pri rekonstrukciji takratnih obal Severnega mor-
Ja, v casu naglega dviganja morske gladine. Dotaknemo se tudi moznih posledic cunamija za mezo-
litske populacije. Glavni rezultat Studije je nepricakovano mocan vpliv cunamija na zahodni del Jut-

landa.

KEY WORDS - Mesolithic; Doggerland; Storegga Slide tsunami

Introduction

The hypothesis that a major tsunami was generated
by an underwater slide off the west coast of Norway
was first proposed by Svendsen (7985) and further
elaborated in a large number of studies (e.g. Bonde-
vik 2003; Bondevik et al. 1997; 2003, 2005; 2006;
Dawson et al. 1988; 1990; 1993; Grauert et al. 2001;
Haflidason et al. 2005; Long et al. 1989; Smith et al.
1985; 2004). As a result of detailed fieldwork (e.g.
Bondevik et al. 1997; 2003; 2005; Smith et al. 2004),
followed by comprehensive modelling studies (Har-

bitz 1992; Bondevik et al. 2005), a comparatively
large number of deposits on the coasts of Norway
and eastern Scotland can now be safely attributed to
the Second Storegga Slide tsunami. The generation
of the tsunami apparently involved some 2400-
3200km3 of material that spread across the North
Atlantic sea floor, altogether covering an area of
around 95 000km?2 (Haflidason et al. 2005) - that
is about the size of Scotland. Bryn et al. (2005) sug-
gest the cause of the Storegga slide was a strong
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earthquake in the North Atlantic, but further inves-
tigations are necessary to substantiate this hypothe-
sis. Due to the large slide/slump volume and exten-
sive reworking, the direct dating of the slide sedi-
ments is no easy matter. Comprehensive analysis of
a long (more than 50 14C-ages) series of AMS-radio-
carbon ages for stratified basal post-slide sediments,
processed on purposely chosen monospecific planc-
tonic foraminifera (Neogloboquadrina pachyderma
and Globigerina bulloides) to reduce the risk of re-
working, give an (averaged) direct date for the main
slide of 7250 + 250 14C yrs BP (Haflidason et al.
2005).

Traces of the corresponding Second Storegga Slide
tsunami have been identified in many regions of the
North Atlantic, with the best-studied locations on the
coast of Norway and eastern Scotland. On the Nor-
wegian coast, at locations directly opposite to the
sub-marine landslide region, the tsunami had a ma-
ximum runup of 10-12m. Further north, a runup of
6-7m is reconstructed. On the eastern coast of Scot-
land typical runup heights exceed 3-5m (Smith et
al. 2004). Storegga deposits are also known from
the Faroes (Grauert et al. 2001) and the Shetland
Islands, where runup exceeds 20m (Bondevik et al.
2005). Recent studies show that the tsunami proba-
bly even reached the east coast of Greenland (Wag-
ner et al. 2007). This would agree with modelling
studies (Bondevik et al. 2005), according to which
the wave front would have crossed the North Atlan-
tic within 3 hours, with maximal elevation on the
open ocean of 3m. The size of these waves, and their
spread over such a large area, indicate that most of
the volume of the slide was involved in the genera-
tion of the tsunami (Bondevik et al. 2005). On the
Norwegian coast, the arrival of the first wave would
have been associated with a major water withdra-
wal, corresponding to a predicted initial sea-level
drop of 20m. The model also predicts that multiple
waves should occur. This is confirmed for deposits
probably laid down by the Storegga slide tsunami
on the east coast of Greenland, where the grain-size
composition, biogeochemical and macrofossil data
indicate that the Loon Lake basin was inundated by
at least four waves (Wagner et al. 2007). The effects
of the tsunami on other North Sea coasts - and no-
tably on Mesolithic Doggerland (Coles 1998) - have
not yet been modelled. As a starting point for our
studies towards the potential effects of the Storegga
Slide tsunami in the southern North Sea, we assume
that runup in this region is likely to have been
around 3m (pers. comm. Bondevik 2007).

Tsunami deposits

The accurate dating of the Storegga Slide Tsunami
represents a major challenge to established radiocar-
bon methodology. As already recognised by Bonde-
vik et al. (20006), the accurate radiocarbon dating of
palaeotsunamis is problematic for three reasons: (1)
erosion of the underlying strata, (2) redeposition of
organic material within the tsunami deposit, and (3)
redeposition of organic matter following the tsunami
event. Due to the importance of these issues for ra-
diocarbon dating, we begin with a brief description
of the tsunami deposits under study on the coasts of
Norway and Great Britain.

Norway

In Norway, the Storegga Slide tsunami deposits are
typically recognised as a distinct layer of sand in peat
outcrops, with an underlying and often sharply erod-
ed surface (Bondevik et al. 1997; 2003). Similar ob-
servations have been made all along the eastern
coast of Scotland, where the inferred tsunami depo-
sits are readily recognised by a recurring sand layer
within raised estuarine sediments that pass into peat
in a landward direction (Dawson et al. 1993). This
sand layer, both in Norway and Scotland (see be-
low), contains a variety of chaotically redeposited
organic materials, including twigs and bark. These
are the samples, typically described as deriving from
‘within the tsunami layer’, that were carefully selec-
ted during field-work. When short-lived (annual
growth) dating material (e.g. twigs, bark) is avail-
able, this is the preferred material submitted for ra-
diocarbon dating, in contrast to peat samples, which
are expected to have an in-built ‘older’ age due to
peat growth processes.

Along the Norwegian coast, as observed at higher
levels, the tsunami inundated a number of fresh-wa-
ter bodies, again leaving behind a characteristic sand
layer. These deposits contain redeposited lake mud,
rip-up clasts, and churned up marine fossils. This
sand layer has many of the characteristic properties
known from modern tsunami deposits. In particular,
the observations made for the Storegga Slide tsuna-
mi are consistent with the modern observation that
tsunamis are commonly associated with at least two
waves, with the second wave arriving within minu-
tes, but even up to a few hours after the first, depen-
ding on distance to the source (Bondevik et al. 2005).
Regarding the geological situation in Norway, the
first wave typically appears to have eroded the peat
surface, producing huge amounts of rip-up peat clasts,
which were then chaotically redeposited along with
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other organic remains, during the backwash. The
second wave then appears to have buried these ma-
terials in a layer of sand (Bondevik et al. 1997).

In order to accurately measure the runup heights for
the Storegga tsunami, Bondevik et al. (2005) devel-
oped a novel method for runup reconstruction, which
is applicable to the large number of tsunami depo-
sits known from the Norwegian coast. The method
is to map the precise heights of the tsunami deposits
in a series of increasingly higher lake basins, until
the maximum height is reached. By this method, it
appears that the waves inundated the coastal lakes
up to 10-12m above contemporary sea-level, but
failed to reach lakes at a height of 13m (Bondevik
et al. 2005). Similar to the Shetland islands, as de-
scribed below, the reconstructed maximal runup
depends strongly on the established local contempo-
rary sea-level, but in this case that level is well con-
strained (to within 1m), due to previous studies of
Glacial uplift for the Fennoscandian ice-shield.

According to Bondevik et al. (2003), the tsunami de-
posits in Norway were sampled for radiocarbon da-
ting by the careful selection of shortlived plant ma-
crofossils. Such samples are available both from peat
outcrops, as well as lakes. From the peat deposits,
the ages judged most reliable were obtained on
seeds found immediately below the sand layer. Fur-
ther sampling emphasis is on leaves and seeds from
lake mud just above the tsunami deposit. In one case,
a radiocarbon age was obtained on a stick immedi-
ately above the sand layer. Following critical sam-
ple selection, Bondevik et al. (1997) propose that
the tsunami most likely dates to ¢. 7300 14C-BP. This
age is supported by Bondevik et al. (2003), who give
a calibrated age value of ¢. 8150 calBP.

Scotland

Geological observations probably relating to the Sto-
regga tsunami are also available for the east coast of
Scotland, where a conspicuous sand layer is recog-
nised at numerous localities (Dawson et al. 1988;
1993; Smith et al. 2004). According to Dawson et al.
(1990), this sand layer was deposited by a major tsu-
nami believed to have overwhelmed a Mesolithic
occupation at Inverness, and it may also have flooded
other Scottish archaeological sites, e.g. at Morton.
Ballantyne (2004) urges interpretational caution,
however, since localised storm events would have
had equally catastrophic effects, particularly during
a period of rapidly rising sea-levels. The sand layer
is not found on the west coast of Scotland. This would
be indicative of a tsunami coming from the east.

Britain

A useful review of all the currently known sites in the
United Kingdom with evidence of the Storegga Slide
tsunami is given by Smith et al. (2004). These authors
demonstrate that the tsunami affected a much larger
coastal area than previously described, with the total
length of the inundated coastline reaching more than
600km along eastern Scotland. In addition to giving
information on the altitude, distribution, stratigraphi-
cal context, and microfossil characteristics of the de-
posits, it is shown by detailed particle size analysis
that the majority of tsunami sand deposits have a
marked fining-upwards characteristic. This is impor-
tant, because it gives information pertaining to the
dynamics of the wave at different heights. Since sedi-
mentation is only possible when the suspended sand
particles are released, the implication is that the tsu-
nami runup is likely to have exceeded the measured
maximal height of the sand layer by several metres
(Smith et al. 2004, with references). This study is of
further interest, since the authors invest some effort
in discussing the taphonomic properties of the dated
samples, in search of a useful dating strategy.

According to Smith et al. (2004), based on a total of
47 radiocarbon dates from the United Kingdom, the
tsunami event took place sometime around 7100
14C-BP (7900 calBP). This estimate seems about 200
years later than that from Norway (Bondevik et al.
1997; 2003), but this ‘offset’ likely results from the
different dating approaches in the Norwegian and
British studies.

In their 14C-analysis, which is of special interest to
us for the purposes of comparison, Smith et al.
(2004) describe and classify the UK 14C-dates accor-
ding to whether the samples have a ‘transgressive’
or ‘regressive’ overlap with the tsunami sand layer.
The idea is that it might be possible to produce a sta-
tistical ‘sandwich’ date for the tsunami, when large
numbers of such paired dates are analysed. As men-
tioned by Smith et al. (2004), this approach could
be problematic, since the derived dates from the con-
tact zone might turn out too young, if there is a delay
in peat growth on the sand layer, following the tsu-
nami. To further analyse the UK dates, and notably
to compare the results of applying different descrip-
tive approaches to the tsunami deposits, we have
adopted the database of Smith et al. (2004) essen-
tially unchanged (Appendix, Tab. 8).

England (Howick case study)
Further south, deposits that have been attributed to
the Storegga tsunami have been identified in the
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vicinity of the Mesolithic site at Howick, situated in
Northumberland on the east coast of England (Bo-
omer et al. 2007). For these deposits a set of 14C-
ages is available (Tab. 1). It is important to note that
these 14C-ages are not from the Mesolithic coastal cliff-
top site at Howick (Waddington 2007), but from a
core, approximately 800cm long core (HEX02 11007)
taken from riverine sediment in the immediate vici-
nity of the site (Boomer et al. 2007). The stratigra-
phic situation in core HEX02 11007 is highly com-
plex. According to the detailed description by Bo-
omer et al. (2007), core HEX02 11007 contains a
30cm layer of coarse sands and sandstone pebbles,
which is distinctly defined at a depth of around 750-
705cm. Due to a lack of samples, no 14C-dates are
available from this layer. Terrestrial samples from
immediately below this layer have ages ranging be-
tween 8.2 and 10 ka 14C-BP. They do not contribute
to the present discussion. Hazelnut shells from the
immediately overlying deposits have supplied a date
of 7269 + 39 14C-BP (Oxa-11833) at a depth of 685-
684cm, and a statistically identical date of 7308 + 40
14G-BP (OxA-11858) at 683cm depth. In the strati-
graphy 53cm higher, there follows a slightly youn-
ger date from a hazel twig (OxA-11860: 7160 + 40
BP), and further dates around 7 ka 14C-BP are ob-
tained at depths up to 580cm. According to Boomer
et al. (2007), the sand layer at 750-705cm may be
related to the Storegga tsunami. It appears as a dis-
tinct and ‘chaotic’ clastic unit, within an otherwise
uniform and fine-grained riverine sediment. Although
quite different from the tsunami deposits along the
Scottish coast, the geological context of this layer is
indicative of an extremely high-energy event.

Although we can follow the authors in relating this
layer to the Storegga tsunami, we are not convinced
of the proposed age of 8350 calBP for the event,
which was derived by Bayesian linear regression
analysis of the sample

average, and use the age value as a close terminus
ante quem for the tsunami event.

This weighted average (7308 + 28 14C-BP: 8110 +
50 calBP) corresponds closely to the date of 7300
14G-BP (8150 calBP) proposed by Bondevik et al.
(1997) and Bondevik et al. (2003), but disagrees
significantly with the result of 8350 calBP obtained
by Boomer et al. (2007). If the Boomer et al. (2007)
estimate is correct, then the dating discrepancy poses
the question of whether both studies are addressing
the same event, and notably whether the event ob-
served at Howick indeed represents the Storegga
Slide tsunami. Boomer et al. (2007) mention that
the clear identification of tsunami deposits at Howick
requires further fieldwork, but do not comment on
the issue of why there should be a large (200 yr) dis-
crepancy between the ages of the Storegga Slide tsu-
nami at Howick and on the Norwegian coast. In con-
trast, our simpler and more straightforward ap-
proach to dating the event in Howick would suggest
that the deposits at Howick are of exactly the same
age (within confidence limits) as the Storegga event
deposits in Norway.

Radiocarbon dating model for tsunami depo-
sits

The difficulties encountered when radiocarbon dat-
ing palaeotsunamis, when based on peat stratigra-
phies with intercalated tsunami deposits, can be seen
as a chain of interrelated problems: (i) the tsunami
wave(s) will have cut away an undefined amount of
peat, such that (ii) the deposits remaining in-situ
(‘below the tsunami’) after the waves have passed
may be of any age, ranging from decades to hundreds
of years older than the event of interest. Next, (iii)
reworking the highly mobile deposits will cause the
majority of samples found ‘within the tsunami la-

stratigraphy at heights Lab Code |'C-Age [BP] 3¢ T Core Depth | Calendric Age
above the sand layer. As [%o PDB] [cm] [calBP] (68%)
an alternative approach, | Oxa—12952 | 6988 +37 | —26,5 hazelnut shell 580 7840 + 60
further described below Oxa—12953 | 7117 39 —26,1 hazelnut shell 580 7940 £ 40
in the context of amodel | OxA—12954| 707537 | —30,7 | sliver of wood bark 583 7910 + 40
we have developed for OxA-11859 | 7174 +35 | —26,4 | carbonised wood 627 7990 + 30
radiocarbon dating of | oxA11860] 7160 « 40 | —273 hazel twig 630 7980 + 30
chaotic tsunami deposits, | OyA—11858 | 7308 = 40 | —25,6 hazelnut shell 683 8110 + 50
we propose simply to OxA-11833 | 7269 +39 | —24,9 hazelnut shell 684-685 | 8090 + 60
take the two (statistically ' poorly sorted,

identical) dates closest to | Tsunami - = | conrse clastic unit | 795775° =

the clastic unit (Oxa-

11833 and OxA-11858),

calculate their weighted et al. 2007).

Tab. 1. Selected Radiocarbon Ages from Howick, Core HEX02 11007 (Boomer
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yer’ to have dates totally unrelated to the tsunami
event, and (iv) due to the good conservation of or-
ganic substances in peat deposits, the ‘short-lived’
samples (e.g. leaves, seed) found ‘within the tsuna-
mi layer’ may originate from older layers, Finally,
(v) due to the differential sedimentation of the re-
worked materials (peat, sand, rocks, twigs, leaves,
seeds) many of the plant materials taken from layers
‘above the tsunami’ may not be younger, as per-
haps expected, but rather again represent older sam-
ples, since these (twigs, leaves, seeds) would have
the longest floatation times. That these expected ef-
fects may indeed be effective for the deposits under
study in Norway, England and Greenland is shown
in Figure 1.

We omit discussion of the four irrelevant samples
that are catalogued as deriving from ‘below the tsu-
nami’ (Fig. 1). The following group of samples de-
signated as taken from ‘directly below’ the tsunami
show the expected wide spread of ages, with an over-
all range of 9300-8180 calBP. Interestingly, the
samples from ‘within the tsunami sand show
the same overall spread in age, but this group ends
with an enhanced cluster of dates, centred on the
time-window 8200-8000 calBP, which give the ap-
pearance of a sharply defined age cut-off. We have
shaded the corresponding region range (8000-8200
calBP) in Figure 1, and have also extracted the cor-

responding time-windows for all groups, for further
analysis. As it turns out, all samples belonging to this
time-window and selected from the group ‘within
the tsunami sand’ were processed on short-lived
samples (moss, twigs, bark cf. Tab. 2).

The next ‘younger’ group (Fig. 1) taken from ‘di-
rectly above the tsunami’ contains only two sam-
ples, one of which is a churned up and redeposited
shell from Loon Lake (East Greenland), dating to
8800 + 120 calBP (KIA-27661: 7925 + 45 14C-BP).
The second date in this group is also older than ex-
pected. The multi-group sequence continues with an
exceptionally large (‘default’) group of widely sprea-
ding dates on samples taken from ‘above the tsu-
nami’. We note that this group contains just as
many dates ‘younger’ than the tsunami, as dates that
are clearly ‘older’. The following set of dates from
Howick Core HEX02 11007 (Fig. 1) contains the two
short-lived dates on hazelnut, already discussed
above (OxA-11833: 7269 + 39; OxA-11858: 7308 +
40 14CBP). Both dates, and especially their weighted
average of 7308 + 28 14C-BP (8110 + 50 calBP), have
a central position within the shaded time-window of
the Storegga Slide tsunami. As discussed above, these
samples were taken from immediately above the pos-
sible tsunami sands. The position of these two sam-
ples within the overall tsunami group sequence now
simultaneously confirms the identification of these

sands as laid down by the Sto-

05/ AR NN 6

] Transgressive Contact
1 Regressive Contact

1 Howick

i Above Tsunami

1 Directly Above Tsunami
7 Within Tsunami Sand

1 Directly Below Tsunami
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regga tsunami, and refutes
the date of 8350 calBP deri-
ved from Bayesian stratigra-
phic analysis (Boomer et al.
2007). Finally, as shown in
Figure 1, the classification of
14C- dates from eastern Scot-
land (Smith et al. 2004)
according to the descriptive
stratigraphic terms ‘Regres-
sive Contact’ and ‘Transgres-
sive Contact’ with the tsuna-
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Fig. 1. Calibrated radiocarbon ages for tsunami deposits from Norway,
East Greenland, and Britain, arranged according to descriptive taphono-
mic terms (Below Tsunami, Directly Below Tsunami, Within Tsunami
Sand, Directly Above Tsunami, Above Tsunami, Transgressive Contact,
Regressive Contact). Due to chaotic reworking of tsunami deposits tempo-
ral relations such as ‘older’ or ‘younger’ do not correctly describe the sam-
ple sequence (cf. text). The applied descriptive terms allow for this situa-
tion and support visual identification of meaningful tsunami samples
(cf. text). We conclude the Storegga Slide tsunami dates between 8200

and 8000 calBP (vertical shading, cf. Fig. 2).

the required clear distinction
between samples contempora-
neous with the tsunami, and
other (older or younger) sam-
ples, as was already recogni-
sed by the authors (Smith et
al. 2004).

At this point of the discus-
sion, we have two weighted
14C-age averages at our dispo-
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sal, both directly dating the tsunami event, that is (i)
7298 + 26 14C-BP for N = 10 selected shortlived sam-
ples from N = 5 different sites in Norway (Tab. 2),
and (ii) 7308 + 28 14C-BP for two selected samples
from Howick in England (Tab. 3).

There is a strong agreement between these two va-
lues and calculation of the weighted average for the
two combined ages (7298 + 26 14CBP and 7308 + 28
14C-BP) finally gives 7308 + 19 14C-BP. A statistical
Chi-Square test gives 95% probability that the ob-
served spread in the overall underlying data (total
N = 12 ages on shortlived samples from N = 6 diffe-
rent sites in 2 countries; ¢/ Tab. 3) can be explained
by random effects in the 14C-measurement procedu-
res.

To allow for possible differences in interlaboratory
calibration, as well as for advisable caution in subse-
quent interpretation we raise the calculated error
from +£19 14C-BP to +30 14C-BP. This measure is
neither necessary nor indicated by the given data,
we simply wish to remain on the safe side of the ra-
diocarbon-based chronological world of chance.

As a final measure, again only taken for convenience,
in all following discussions we base our argumenta-
tion on the rounded value 7300 + 30 14C-BP (8110 +
100 calBP, p = 95%).

In conclusion, although we have not been able to de-
monstrate the existence of a reliable (single sample)
dating method for Storegga Slide deposits, the ‘best’
sampling (and classification) method appears to be
the careful selection of short-lived macro-samples
from within the tsunami sands. By comparing the
spread of calibrated median values for sample groups
classified by different field criteria (Fig. 1), we can

show that a well-defined ‘cut-off’ age exists, for short-
lived samples taken from the tsunami sands. These
results corroborate and highlight the sampling stra-
tegy of Bondevik et al. (2006), which advocates the
AMS radiocarbon dating of green (chlorophyll-rich)
moss stems.

Palaeogeographic boundary conditions

Due to rising sea-levels in the 9th millennium calBP,
the exact timing of the Storegga Slide tsunami rela-
tive to contemporaneous sea-levels in the North Sea
is of major importance for the reconstruction of the
tsunami-'s environmental impact. At this time the
North Sea region was experiencing a phase of most
rapid early Holocene sea-level change (Lambeck
1995; Shennan et al. 2000; Behre 2003), in combi-
nation with equally significant glacio- and hydro-iso-
static land-level changes, e.g. tilting of Scotland and
Norway (Lambeck 1995; Dawson and Smith 1997;
Gyllencreutz 2005b). To further complicate matters,
due to rapidly rising sea-levels during the 9th millen-
nium, more and more sections of Doggerland - a
now submerged land-area situated between Britain
and the continent (Coles 1998) - were becoming
submerged. Allowance also has to be made for the
tidal regime at the time.

To facilitate study of the environmental impact of
the Storegga Slide tsunami in the southern parts of
Doggerland (where we expect the highest density of
Mesolithic occupation, see below), we can now rely
on a highly accurate date for the tsunami event at
our disposal: 7300 + 30 14CBP (95%-confidence), or
8100 + 100 calBP (95%-confidence). The importance
of using an appropriate regional sea-level value in
any investigation of the impact of the Storegga slide
tsunami is exemplified by data from the Shetland
Islands. There, the tsunami appears to have invaded

Lab Code | '4C-Age :ISB Material | Country Site Position Latitude | Long. | Reference

Tua—1350 | 7315+ 70 [—22,9 | Moss | Norway | Audalsvatnet | within Tsunami | 63,8314 | 9,8289 | Bondevik et al. 1997
Tua-834 |6970 175 | —26 Twig | Norway | Gorrtjonna | | within Tsunami | 63,8264 | 9,8308 | Bondevik et al. 1997
Tua—1269 | 7445 = 65 | —29,5 | Twig | Norway | Gorrtjonna | | within Tsunami |63,8264 | 9,8308 | Bondevik et al. 1997
Tua—1122 | 717575 | —30,7 | Twig | Norway | Klingrevatnet | within Tsunami [62,4424 | 6,2324 | Bondevik et al. 1997
Tua-831 | 7240 +70 | —27,7 | Twig | Norway | Kvennavatnet | within Tsunami | 63,8347 | 9,8225 | Bondevik et al. 1997
Tua—984 | 7200 +80 | —26,1 | Twig | Norway | Kvennavatnet | within Tsunami | 63,8347 | 9,8225 | Bondevik et al. 1997
T-10597 |7230+105 | —26,1 | Twig | Norway | Ratvikvatnet | within Tsunami [62,4619 | 6,2242 | Bondevik et al. 1997
Tua-861 | 7250 + 75 | —26,1 Bark | Norway | Skolemyra | within Tsunami | 62,3331 |5,6486 | Bondevik et al. 1997
Tua—524 | 7365+ 90 | —26,1 | Twig | Norway | Skolemyra | within Tsunami | 62,3331 |5,6486 | Bondevik et al. 1997
Tua—860 | 7435+75 | —26,1 | Bark | Norway | Skolemyra | within Tsunami | 62,3331 |5,6486 | Bondevik et al. 1997

Tab. 2. Subgroup of 14C-Ages for Samples taken from ‘Within the Tsunami Deposit’, with ages 8000~
8200 calBP (<f. Fig. 1). Weighted Average: 7298 + 26 14C-BP (8110 * 50 calBP).
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3C.
Lab Code | '4C-Age PDB Material | Country | Site Position Latitude | Longitude | Reference
Oxa-11833 (7269 + 39 | —24,9 | hazelnut | England | Howick | directly above | 55,4403 -1,5917 | Boomer et al. 2007
Oxa-11858 [ 7308 + 40 | —25,6 | hazelnut | England | Howick | directly above | 55,4403 —1,5917 | Boomer et al. 2007

Tab. 3. Subgroup of 14C-Ages on Samples taken from ‘Directly Above the Tsunami Deposit’, from Howick
(Great Britain) (cf. Fig. 1). Weighted Average: 7308 + 28 14C-BP (8110 * 50 calBP).

coastal lakes and have run up peaty hillsides to a
maximum height of 9.2m above the present high
tide level (Bondevik et al. 2005). However, around
7300 14C-BP, sea levels around the Shetland Islands
and the Faroes stood at 10-15m below the present
level (Lambeck 1995), so that the reconstructed run-
up height in reality must have been within a range
around 19-25m above the sea level of that time.
Within confidence limits, this would be the largest
runup reconstructed anywhere for the Storrega Slide
tsunami (Bondevik et al. 2005).

Regarding sea-level and tsunami impacts on our
study region - Doggerland (Coles 1998) - a number
of geological and geomorphological boundary condi-
tions must be taken into consideration. Foremost is
the rapid rise of sea-levels in the early Holocene. For
example, in the southern North Sea (a region with
minimal isostasy), sea-level rise between 9000 calBP
and 7000 calBP amounts to an average value of
1.25m/100 yrs (Behre 2003). In addition, several
superimposed geomorphological and climatic pro-
cesses (with their own time-scales) have contributed
and complicated the sea-level changes during the in-
terval of interest (Tab. 4).

The timing of the Storegga Slide

On the basis of comprehensive submarine geomor-
phological studies off the coast of Norway, a series of
more than 50 14C-AMS-ages on monospecific plancto-
nic foraminifera from stratified basal post-slide sedi-
ments give a direct date (weighted average) for the
expected timing of the Storegga Slide emplacement

of 7250 + 250 14C yrs BP (Haflidason et al. 2005),
in close agreement with our summary estimate for
the Storegga tsunami of about 7300 14C yrs BP (this
paper). In Figure 2 this 14C-date is shown along with
the early Holocene sea-level curve for the southern
North Sea (Behre 2003), and the stable oxygen iso-
tope record from the Greenland GISP2 ice core (Gro-
oles et al. 1993). Two key observations can be made
from Figure 2.

Firstly, the broad picture of sea-level rise, as shown
in Figure 2 (lower box), is one of a comparatively ra-
pid rise between 10 ka calBP and 6 ka calBP, follo-
wed by a significant slowing in the following millen-
nia. The slow rise in recent millennia (since 5000
calBP) is accompanied by minor oscillations (for dis-
cussion, see Bungenstock 2006). According to Behre
(2003, 2007), the sea-level curve for the southern
North Sea is to some extent representative of global
sea-level rises. In the southern North Sea, isostatic
effects are not observed, and tectonic movements
are so weak as to be irrelevant (the situation be-
comes more complex when Scotland and north Jut-
land are considered, as these areas were subject to
isostatic uplift). The correlation of the 14C-age for
the Storegga Slide and Tsunami with this sea-level
curve (Fig. 2) shows that the Storegga Slide occurred
at a time when the sea level in the southern North
Sea stood at about 17m higher than the present level.

Secondly, Figure 2 suggests that the Storegga Slide
occurred during the period of the well-known ‘8200
calBP’ climate event. The implications of this obser-
vation will be studied further below.

Key Event or Process Duration Affected Region | Date Reference

Abrupt Drainage of Lake Agassiz Months North Atlantic 8470 + 300 calBP| Barber et al. 1998
Rapid rise in global sea-level by 0.2—0.5 m Months Global ~ 8200 calBP Bauer et al. 2004
Reduced North Atlantic Deep Water Formation | Two Centuries| Global 8247-8086 calBP | Thomas et al. 2007
Storegga Slide Tsunami Hours North Sea ~ 8150 calBP Bondevik 1997
Eustatic/isostatic Sea Level Rise Millenia Northwest Europe | Continuous Lambeck 1995

Slow Flooding of Doggerland Centuries North Sea ~ 8000 calBP Behre 2003

Slow Final Flooding of Doggerland Centuries North Sea ~ 7000 "4C-BP Shennan et al. 2000
Rapid Final Flooding of Doggerland Hours North Sea 8100 + 100 calBP | this paper

Tab. 4. Key events, processes, time scales, dates, and geographic regions.
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The timing of the Storegga Slide tsunami

In the following, we present further refinements to
the temporal correlation of the Storegga Slide tsu-
nami with contemporary sea-levels, and consider in
detail the potential correlation of the tsunami with
the 8200 calBP climate event. These arguments make
use of CalPal-software (Weninger et al. 2003; Wenin-
ger and Joris 2004), and the main results are displa-
yed in Figure 3.

Figure 3 shows in high resolution the tree-ring cali-
brated radiocarbon date for the tsunami (7300 +
30 14C-BP, 95%) in comparison with the Greenland
0180ice ice-core data obtained from the GISP2-dril-
ling (Grooles et al. 1993). The 5180i-GISP2 data, as
shown in Figure 3, are shifted 40 years younger, in
comparison to the age values published by Grootes
et al. (1993). This shift is obtained by visual compa-
risons between different climate proxies undertaken
to achieve a precise and absolute (tree-ring synchro-
nised) reference time interval for the North Atlantic
8200 climate event sensu strictu (i.e. the Hudson
Bay outflow) (Weninger et al. 2006). The 40-year
shift of the GISP2 age model is supported by the re-
cent recount of Greenland Ice Core ages in the Holo-
cene (GICCO5 age model) (Vinther et al. 2000), as
well as by dedicated high-resolution studies of the
8200 calBP climate event by Thomas et al. (2007).

Following Barber et al. (1997), the sequence of events
associated with the ‘8200 calBP’ event is as follows:
during deglaciation, a remnant ice mass blocked the

northward drainage of the large glacial lakes Agas-
siz and Ojibway, which previously discharged south-
eastward over sills into the St Lawrence river. Around
8500 calBP (84704300 calBP according to Barber et
al. 1997), the ice dam collapsed, allowing the lakes
to drain swiftly northwards into the Labrador Sea.
The release of an estimated 1.6 x 1014 m3 of fresh-
water (Teller et al. 2002) from the proglacial lakes
through the Hudson Strait would have substantially
weakened deep water formation in the North Atlan-
tic (e.g,, LeGrande 2006). Temperatures in the North
Atlantic region decreased abruptly, with subsequent
recovery over the following 200 years or so (e.g. Le-
Grande et al. 2006, Thomas et al. 2007). In central
Greenland the surface air temperature dropped by
3-6°C (e.g. Johnsen et al. 2001), and perhaps up to
7.4°C (Leuenberger et al. 1999). A reduction in air
temperature of this magnitude is likely to be linked
with drier conditions and stronger winds over the
North Atlantic and the surrounding land (4/ey et al.
1997; Bauer et al. 2004; LeGrande 2000).

The freshwater release estimates are of importance
for the present studies, since this water would lead
to an abrupt rise of global-mean sea level. The esti-
mates range from about 0.25 to 0.5m, with time-
scales of the release thought to be in the order of se-
veral months to a year (e.g. Bauer et al. 2004; Le-
Grande 2000).

Clearly, the exact timing of these events is of crucial
importance to socio-environmental studies on the
Mesolithic in north-western Europe, just as it is on
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son to age values published by
Grooles et al. (1993), according
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land Ice-Core Age Model (Vin-
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wider archaeological scales (cf. Weninger et al.
2000; Clare et al. this volume). However, the situa-
tion is complicated, since we now recognise that the
‘8200 calBP event’ (sensu strictu: Hudson Bay out-
flow) is superimposed on a wider period of cooling,
dating to ¢. 8600-8000 calBP (Rohling and Pdlike
2005). Given the lack of sufficient temporal resolu-
tion, the signatures of actually quite different clima-
tic and environmental processes are unfortunately
quite often compounded into one ‘default’ signal cal-
led the ‘8200 calBP’ event. However, the complexity
of rapid climate change during this period is be-
coming clearer now, on the basis of dedicated high-
resolution studies. Of special interest to our study,
the temporal structure of the ‘8200 calBP’ cooling
event has been studied in great detail by Thomas et
al. (2007), who conclude that the event had an over-
all duration of 220 + 2 years and a central, 4-year-
long spike at 8222 calBP, during which Greenland
ice surface temperatures dropped by up to 13 + 2 °C
(for comparison: cooling during the Younger Dryas
amounts to approx. 15 °C). We make use of these re-

7800 7700 7600

sults in evaluating the temporal relation between
the 8200 calBP climate event and the Storegga Slide
tsunami, as follows.

Figure 3 illustrates that the Storegga Slide tsunami
occurred, with 95% confidence, at some time during
the interval 8200-8000 calBP. We can state this is
surely within the period of reduced North Atlantic
Deep Water (NADW) formation and attendant cir-
cum-Atlantic cooling (8247-8086 calBP, according
to Thomas et al. 2007). Dating constraints are also
sufficient to state that it is unlikely that the tsunami
occurred near the onset of the 8200 calBP climate
event, or, in other words, the Storegga Slide was not
synchronous with the Hudson Bay flood, but post-
dated it. Consequently, the tsunami appears to have
impacted the southern North Sea at some time dur-
ing the course of the 8200 calBP climate event. Fur-
ther precision is impeded by the fact that the tsu-
nami’s 14C-age of 7300 + 30 14C-BP (95%) falls into
a flat region of the tree-ring calibration curve (Fig.
3). Given that reduced North Atlantic Deep Water
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(NADW) formation may cause changes in the carbon
cycle that may lead to such so-called radiocarbon
plateaux in the calibration curve (as modelled for
the Younger Dryas, Hughen et al. 2000), this provi-
des extra corroboration for the suggestion that the
Storegga Slide occurred at some time within the
8200 calBP climate event. To conclude, the Storegga
tsunami event occurred within one to two centuries
affer the global sea-level jump of 0.25-0.5m that was
associated with the Hudson Bay flood. This juxtapo-
sition would have helped to increase the flooding
impact of the tsunami in low-lying coastal regions.

Palaeogeographical reconstructions: key sta-
ges and events

The large continental shelf between Britain, Norway,
and the NW-European coast which is commonly
known as ‘Doggerland’ (Coles 1998) is now comple-
tely submerged under the North Sea, but was subae-
rially exposed at the beginning of the Holocene. In
addition, a considerable area of land was exposed
off the west coast of Jutland. Due to eustatic sea-le-
vel changes, combined with glacio- and hydro-isosta-
tic land-level changes, the former land areas were in-
creasingly submerged during the course of the Early
Holocene. Key stages in the development of Dog-
gerland, according to reconstructions by Lambeck
(1995), Shennan et al. (2000) and Behre (2003), in-
clude (i) the gradual evolution of a large tidal em-
bayment between eastern England and Dogger Bank
before 9 ka calBP (9-8 ka 14C-BP); (ii) the develop-
ment of Dogger Bank as an island at high tide 8-7
ka 14C-BP; and (iii) the final disconnection of Eng-
land from the continent by ¢. 8.0 ka calBP (7-6 ka
14G-BP). Prior to its complete flooding around 8000
calBP, Doggerland formed a wide, undulating plain
containing a complex meandering river system, with
associated channels and lakes (Gaffney et al. 2007).

Although there is general consensus that Doggerland
was completely submerged by ¢. 8000 calBP, diffe-

rent authors give alternative palaeogeographic re-
constructions for the history of Doggerland (Dix et
al. 2008). Corresponding to the quite general lack of
archaeological and palaeo-environmental data from
the submerged areas, contemporary research puts the
focus on the timing of selected major (key) events.
An example is shown in Table 5, where Gyllencreutz
(2005a) has collated published ages for the opening
of the English Channel.

Note that, according to the ages given in Table 5, the
English Channel was most likely open at the time of
the Storegga Slide Tsunami - although this may have
been a fairly recent development which had taken
place just a few hundred years previously.

Summaries such as Table 5 would imply that the
existence of the key event ‘Opening of the English
Channel is not open to question, but that its age is.
However, there is a higher level of complexity. It is
important to recognise not only that intensive re-
search may result in different apparent dates for the
same (or similar) events, but also that the illustrated
approach relies on an underlying assumption that
an event (e.g the flooding of Doggerland) is actually
well-described by the dates. There is a strong empha-
sis in contemporary studies on dating key events as
a widespread method to describe the history of Dog-
gerland. Lambeck (7995) argues that the English
Channel was established as an open marine water-
way by about 7500 14C-yrs BP (8600 calBP). Accor-
ding to Shennan et al. (2000), at this time Dogger
Bank was still an island at high tide, while the chan-
nel separating northern Norfolk from mainland Eu-
rope was 5-10m deep. At the same time, wide inter-
tidal areas and saltmarsh lowlands are predicted for
areas to the east of Norfolk (Shennan et al. 2000).
During these centuries, according to Behre (2003;
2005), the sea level in the southern North Sea rose
at the enormous rate of more than 1m per century.
The southern North Sea had become fully marine by
7000 14C-yrs BP (7840 calBP) (Lambeck 1995). Very
similar results, with the focus on the timing

of the ‘fully marine’ North Sea, were reported
by Shennan et al. (2000).

Recent work has taken an entirely different

approach to reconstructing the history of

Doggerland, building on the unique oppor-

tunities offered by 3D seismic analysis of

14C-Age Calendric Age Reference

[ka '4C—BP] | [ka calBP]

8 9.0 - 8.7 Nordberg 1991

7.6 8.5 Conradsen and Heier-Nielsen 1995
7.7 8.6 Jiang et al. 1997

8-7 9.0 -7.7 Bjorklund et al. 1985

8-7 9.0 -7.7 Lambeck 1995

8.7-83 9.7-923 Jelgersma 1979

submerged North Sea sediments, as made

Tab. 5. A Key Event in the History of Doggerland: The En-
glish Channel Opening (compilation by Gyllencreutz 2005a).
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available by petroleum-exploration compa-
nies (Fitch et al. 2005; Gaffney et al. 2007).
The available data demonstrate the existence
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in the submerged North Sea of complex meandering
river systems, with major and secondary channel
belts, tunnel valleys, possible estuarine or intertidal
settings, sand banks, and lakes, as revealed at high
vertical and horizontal resolution at different depths,
times, and stratigraphic settings, for the Early Holo-
cene deposits (Fitch et al. 2005; Gaffney et al. 2007).
However, before integrating the bathymetric and 3D
seismic data, we must await additional information,
especially concerning the precise timing of the diffe-
rent stratigraphic settings. As was stated by Coles
(1998), there remains the ‘intriguing’ question of
whether the sediments in the southern North Sea
show signs of impact by the Storegga Slide tsunami.

An explorative bathymetric 3D digital elevation
model for Doggerland

With this question in mind, and wishing to evaluate
the potential environmental and social impact of the
tsunami, we have undertaken further explorative
studies to assess the impacted coastlines, with the re-
sults shown in Figure 4. These results are based on
(i) the derived date for the tsunami event of 7300 +
30 14C-BP (8100 + 100 calBP; 95%) (cf- Fig. 1), (ii)
the hypothetical sea-level height of -17 + 2m (95%)
NN for the southern North Sea at this time (cf. Fig.
3), but extended to cover bathymetric depths of -17
+ 5m (see below), and (iii) the palaeo-coastlines at
this time, as interpolated from the reconstructions
of Shennan et al. (2000) and Behre (2003).

In detail, our reconstruction of the impacted areas
as shown in Figure 4 is based on the following data
and methods. From the different coastlines, defined
by these authors for different stages in the develop-
ment of Doggerland, we first selected coastlines da-
ting as closely as possible to the tsunami event. As
shown above, these coastlines are typically defined
for ‘key events’, between which we must now inter-
polate. For the tsunami age of 7300 + 30 14C-BP
(8100 £ 100 calBP) there are two such (closest)
coastlines, which give us an event-sandwich: firstly,
the coast-line defined ¢. 200 14C-yrs before the tsu-
nami event (Shennan et al. 2000.Fig.5d: 7500 14C-
BP) and, secondly, the coastline ¢. 200 14C-yrs after
the tsunami (Shennan et al. 2000.Fig.5d: 7000 14C-
BP). Although very similar coastlines can be read
from the palaeo-geographic reconstructions of Dog-
gerland given by Behre (2003), we decided to base
our reconstructions on Shennan et al. (2000), if only
for the simple reason that the coastlines in this pub-
lication are defined using uncalibrated 14C-ages of
7500 and 7000 14C-BP, which simplifies our visual

interpolation for the nearly exactly intermediate va-
lue of 7300 14C-BP.

The first step in map construction, then, was to digi-
tize the coastlines from the colour graphs of Shen-
nan et al. (2000) for 7500 14C-BP and 7000 14C-BP.
They are shown as thin lines in Figure 4. They are
used as a basic reference for the coasts of Dogger-
land ‘before’ and ‘afier’ the tsunami event. Note that
we do not imply that the tsunami was responsible
for reshaping the Doggerland coasts. The adopted
coastlines were then projected as shapefiles onto a
map of the North Sea based on a 3D digital eleva-
tion model using unedited SRTM (Shuttle Radar To-
pography Mission) data. Since this data is unedited,
it contains occasional voids, gaps, or streaks, where
the terrain lay in the radar beam’s shadow or in
areas of extremely low radar backscatter where an
elevation solution could not be found. Such streaks
are evident in Figure 4 for the SRTM30 tile we use,
which is named w020n90 by the USGS (United Sta-
les Geological Survey 2008). This tile has a horizon-
tal grid spacing of 30 arc seconds (approximately 1
kilometre). The data is expressed in geographic co-
ordinates (latitude/longitude) and is referenced to
the World Geodetic Survey (WGS) system of 1984
(WGS84). We used Globalmapper (www.globalmap
per.com) to construct the map.

The next step was to find an interpolation between
these two coastlines that would be representative of
the coastline at 7300 14C-BP, the time of the Storeg-
ga Slide tsunami. Rather than applying a direct inter-
polation between the two given coastlines, we ap-
plied an explorative method, based on the calcula-
tion of a set of bathymetric contours using the SRTM-
data, at intervals of 1m between -30m and -10m.
These contours were projected onto the same map
as previously used for the two coastline shapefiles
derived from Shennan et al. (2000) for ages ‘before’
and ‘after’ the tsunami. As shown in Figure 4 using
an appropriate colour ramp to show areas poten-
tially ‘above’ and ‘below’ the contemporary sea-level,
it was possible to approximate the coastlines of Shen-
nan et al. (2000) for Dogger Bank solely based on
SRTM 1m bathymetric contours. The final step was
to colour shade the interpolated areas according to
their bathymetric depth, in relation to the two refe-
rence coastlines derived from the studies of Shen-
nan et al. (2000). It is encouraging that quite similar
reconstructions are obtained from the maps of Dog-
gerland, as published by Behre (2003), for the time-
window under study. We emphasise that the preci-
sion and accuracy of the maps obtained by this pro-
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Fig. 4. Hypothetical regions with major impact by the Storegga Slide tsunami. Ocean colour shading is
based on SRTM bathymetric data (United States Geological Survey 2008; cf. text). Major individual hypo-
thetical tsunami impact areas, represented by the SRTM-bathymetric depth interval -17 5 m, are sha-
ded red. Due to applied reconstruction and specific colour shading approach, red shaded areas represent
lowlying ‘run-in’ areas. These are not identical to potentially even more dangerous ‘run-up’ areas (cf.
text). Thin brown lines represent digitized palaeogeographic coastlines according to Shennan et al.
(2000), but slightly changed to allow for minor differences vs the reconstructions given by Behre (2003).
Together, these two coastlines approximate Doggerland some 200 14Cyrs ‘before’ and ‘after’ the tsunami
event. For simplicity, the Doggerbank ‘island’ is only shown for the date c. 7500 14C-BP. Whether this ‘is-
land’ was really subaerial, or not, at the time of the tsunami, cannot be decided with given data.

cedure is not limited to that of the palaeo-coastlines
used in their calibration. Although these are extre-
mely useful for orientation purposes, they do not
enter the final reconstruction (Fig. 4). Instead, assu-
ming the correlation between the derived date for
the tsunami and the contemporaneous sea-level is
accepted, we recognise as a major limiting factor our
lack of knowledge concerning the post-tsunami sedi-
mentational processes that surely occurred in the

12

regions under study. One main result of this study
is the (unexpectedly) high tsunami impact assigned
to the western regions of Jutland, and in particular
to the northern coasts of Jutland opposite Norway
(Fig. 4). Due to the given combination of shallow
flats and steep coastal channels, these coasts are es-
pecially vulnerable to the different kinds of destru-
ctive energy contained in the tsunami (see below).
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Tsunami physics and palaeogeographic impact
scenarios

A detailed description of tsunami impacts on coastal
lowlands is beyond the scope of the present paper,
and we suffice with a brief recapitulation of the ge-
neral physical principles underlying a tsunami im-
pact, following Dawson (2008). We interpret those
processes within the context of the configuration of
the palaeo-landscapes under study in the southern
North Sea.

The impacts of a tsunami depend most strongly on
coastal shape. For steep coastlines, such as the fjords
and estuaries of East Scotland, the physical effects
are best expressed in terms of runup, which is de-
fined as the maximum height reached by the head
of the tsunami wave. However, on the more gently
inclined coastlines, mud-flats, salt-marshes and gen-
tly rolling plains of Mesolithic Doggerland, it would
be more appropriate to take the maximum width of
the inundated zone (or ‘run-in’) as a measure of the
scale of the energetic impact. For such gently inclined
areas, the extent of the inundated area is limited not
by the maximum height of the wave, but by frictio-
nal forces, drag and turbulence, as the wave advan-
ces and retreats over the more or less rough surface.
In such settings, a tsunami initially appears more
like an unusually extensive flood, rather than a giant
wave. The water body first develops its huge destru-
ctive potential at the moment the wave breaks. This
can already occur at some distance from the coast,
as shown by eyewitness accounts on Flores Island of
the 1992 Indonesian tsunami (S%i and Smith 2003).
On Flores Island, already along a comparatively short
coastline of some 100km, runup heights varied most-
ly between 1.5 and 4m, but runup reached as high
as 26m at one location (Riangkrok), due to local
underwater bathymetry and coastline configuration
(Shi and Smith 2003).

The extent of the (catastrophically) flooded area fur-
ther depends strongly on local vegetation (e.g. sand,
grass, peat, schrubs, trees) and local topography
(e.g. sandbanks, slopes, smaller and larger water
channels). As documented for the 1992 Indonesian
tsunami, this combination of major ‘runin’ and lo-
cally extreme ‘runup’ effects could also be expected
for the Storegga Slide tsunami in the southern North
Sea, and here most likely in the fjords of Jutland, or
in the tunnel valleys found by 3D-seismic surveying
in Late Holocene Doggerland (Fitch et al. 2005). In
search of these areas, a closer look at Figure 4 re-
veals that quite a number of the red areas indeed

put focus on such coastal sections (recognisable by
the bending-in of the red areas), where underwater
bathymetry would magnify the incoming waves.
This differential vulnerability of palaeo-coastlines is
clearly an important topic (e.g. Shi and Smith 2003),
although beyond the scope of the present paper. We
are confident that, allowing for such effects, the hy-
pothetical tsunami ‘run-in’ impact map (Fig. 4) sup-
ports a conservative assessment of potential tsunami
‘danger zones'.

As a final topic to address, due their long wave-
lengths in deep water, tsunamis will refract around
large obstacles, such as islands. Hence, depending
strongly on the sea level of the time, the Storegga
Slide tsunami may either have dissipated its ener-
gy on the northern side of the Dogger Bank, if this
region was indeed an island with a height above
around 5-10m, or - if the Dogger Bank was sub-
merged already - the tsunami may have reached the
coasts of Belgium, the Netherlands and North Ger-
many. Based on the reconstruction shown in Figure
4, and in view of all the data entered, interpolations,
literature, and methods, this latter scenario seems
the most probable. As shown below, this conclusion
is further corroborated by available 14C-ages mea-
sured on finds dredged up from the southern North
Sea.

Radiocarbon data from the southern North Sea

Numerous Pleistocene and Holocene faunal remains
have been dredged up from the southern North Sea,
particularly in recent years (Mol et al. 2006, 2008),
including worked bone and antler implements, some
of which have been directly dated to the Early Meso-
lithic (Tab. 6), while other finds can be assigned to
this period typologically. Even more dramatic evi-
dence has emerged in the form of human skeletal re-
mains dredged from many kilometres offshore and
directly dated to the Early Mesolithic (Glimmerveen
et al. 2004; Mol et al. 2008) (Tab. 6).

Abundant faunal remains and artefacts have also
been found close to shore in the Netherlands (Louwe
Kooijmans 1971; Verhart 2005) and both inshore
and offshore along the west coast of Jutland (Fischer
2004.Fig. 3.3).

Although surely not the last word, since it is impos-
sible to generalize from the present small (but beau-
tiful) database of finds from the North Sea (¢f. Glim-
merveen et al. 2004; Mol et al. 2008), we need but
a quick look at the available 14C-ages to conclude
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that these do not provide evidence for habitation of
Doggerland, at ages younger than ¢. 8000 14C-BP.

For completeness, we must comment on the refer-
ence to ‘Andersen (pers comm) given by Coles
(1999.57) and repeated by Behre (2003.41), as well
as by Behre (2005.210), concerning a worked bone
dredged from Dogger Bank dating to ‘6050 calBC’
(Coles 1999.57) resp. ‘6050 v.Chr.” (Behre 2003.41;
2005.210). This date was long suspect to the present
authors, since it seemed to indicate a very late final
flooding of Dogger Bank, perhaps even synchronous
with the Storegga Slide tsunami. If validated, this
date would have directly falsified our reconstruction
(Fig. 4), at least give reason to assume a much larger
Doggerland at this time. However, the date itself
does not survive critical scrutiny. According to Sgren
Andersen (pers comm to B.W., 15th April 2008), it
is simply misquoted.

Mesolithic palaeodemography

Since the pioneering studies of Coles (7998), it is be-
yond credence that Doggerland was an inhabited
landscape during the Late Palaeolithic and earlier
Mesolithic periods. In terms of estimating the impact
of the Storegga slide event on contemporary human

populations, results will depend strongly on the
extent of the area impacted, the severity of the tsu-
nami over this area, and the density and distribution
of human settlement (Fig. 5). Average population
densities for Mesolithic northwest Europe, based
largely on ethnographic analogy, have been estima-
ted on the order of 0.05 to 0.10 person/km? (Binford
2001; Constandse-Westermann and Newell 1989;
Rozoy 1978). However, the population would not
have been evenly distributed over Doggerland, and
we can propose with some confidence that coastal,
lacustrine and riverine areas would have experi-
enced substantially higher population densities (Fi-
scher 1997; Paludan-Miiller 1978), perhaps to the
order of 0.50 to 1.0 person/km? (cf. Schulting in
press), while areas further inland (away from re-
sources) would have been relatively sparsely popu-
lated. There exists some stable isotope and archaeo-
logical evidence in support of these notions (Schul-
ting in press; Schulting and Richards 2001).

Since it is precisely the coastal and near-shore rive-
rine areas (the latter because of a funnelling effect
up coastal river valleys) that would have been most
affected by the Storegga tsunami, there may have
been considerable impact on the contemporary po-
pulation. For example, one of the most notable geo-

0 q . Calendric Age
Location Species Element | Lab no. 4C-BP [calBP] (68%) References
Leman & Owen C elaphus antler harpoon | OxA-1950 | 11740+150 | 13640+200 (4)
S Bight, North Sea | Bos primigenius? | decorated metapodial | GrA-28364 | 11560+50 13460+80 (3)
S Bight, North Sea A alces worked antler | GrA—27206 | 9910+50 11350+90 (3)
S Bight, North Sea H sapiens mandibula | GrA—23205 | 9870+70 11330+100 (2)
52°10" N, 02°49’ E H sapiens cranium | UtC-3750 | 9640+400 | 11110£620 (1)
S Bight, North Sea A alces worked antler | GrA—37004 | 952050 10880+150 (3)
S Bight, North Sea Sus scrofa humerus | UtC—7886 | 9450+70 | 10790+180 (2)
S Bight, North Sea H sapiens humerus | GrA—27188 | 9140450 10320+70 (3)
S Bight, North Sea H sapiens humerus | GrA—30733 | 9080+50 10250+40 (3)
S Bight, North Sea H sapiens humerus | GrA-31287 | 9035+40 10210430 (3)
S Bight, North Sea H sapiens humerus | GrA—-35949 | 9005+45 10140+90 (3)
52°22" N, 03°06’ E C elaphus 1t phalanx | GrA—20256 | 8820+60 9920+160 (2)
Eurogeul C capreolus worked antler? | GrA—33949 | 8405+45 9420+60 (3)
53°00’ N, 02°54’ E H sapiens mandible | GrA-11642 | 8370+50 9390+70 (2)
52°27" N, 02°55’ E C elaphus 2nd phalanx | GrA—20353 | 8350+50 9370+70 (2)
S Bight, North Sea H sapiens cranium | UtC-624 | 8340+130 9300+150 (2)
S Bight, North Sea A alces worked antler? | GrA—30731 | 8240+45 9220+80 (3)
S Bight, North Sea H sapiens humerus | GrA—27205 | 818045 9140490 (3)
Eurogeul C elaphus modified antler | GrA-22999 | 8070+50 8950+110 (2)
Eurogeul A alces antler | GrA—23201 | 7970+60 8830+120 (2)

Tab. 6. Final Upper Palaeolithic and Mesolithic dates on human and faunal remains dredged from the
North Sea. Sources: 1 - Erdbrink and Tacoma 1997; 2 - Glimmerveen et al. 2004; 3 - Mol et al. 2008; 4 -
Gillespie et al. 1984. According to Glimmerveen (pers. comm) most of the finds from the Southern Bight
originate southwest of the Brown Bank and have the following approximate coordinates: 52°34' N,
02°35°5” E. Calibrated using CalPal (http://www.calpal.de).
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morphological features in a recent 3D-seismic map-
ping exercise of the southern North Sea is the pres-
ence of a central lake known as the ‘Outer Silver Pit’
(Gaffney et al. 2007). Briggs et al. (2007) interpret
two elongate ridges within the Pit as sand banks
that formed in an estuarine environment during the
Early Holocene transgression, inferring from this the
presence of strong tidal currents in the north-facing
estuary. Following Donovan (1975), these tidal cur-

rents may have been in part responsible for the for-
mation of the Outer Silver Pit depression itself. Si-
milar estuarine features are well-known from the
sea floor in the Danish archipelago, where they sup-
port numerous Mesolithic settlements (Fischer 2004).
They would have, (i) attracted a concentration of
Mesolithic settlements (Fischer 1997; 2004) and (ii),
been heavily impacted by a channelling of energy
during the impact of the Storegga tsunami.

50 km 183 km 250 km 350 km 480 km

Fig. 5. Early Holocene palaeogeography of the Northwest European continental shelf (‘Doggerland’) and
geographic distribution of 14C-dated Mesolithic sites in Northwest Europe for the time-window 7600-7000
14C-BP. Palaeogeographic coastlines according to Shennan et al. (2000) and Behre (2003 ), with colour
shading on the base of SRTM bathymetric data (f. text). Radiocarbon-dated Mesolithic sites according to
Weninger et al. in press) shown as black dots. Red dots indicate sites with radiocarbon-dated tsunami de-
posits (cf. Appendix, Tab.8). Area of the submarine Storegga Slide digitized and georeferenced according
to Bondevik et al. (2003) shown red. Modelled wave for the Storegga tsunami taken from Bondevik et al.
(2005), adapted and projected onto the map graphically, with no vertical scaling. The modelled tsunami
wave has a height of 3 m on the open ocean (Bondevik et al. 2005) and is likely to have reached the south-
ern North Sea with this height (Bondevik, pers. comm. 2007)
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Table 7 presents various possible

. o0 area (kmz2) | Population density (person/km2)
scenarios for the number of indivi- 0.05 | 010 | 050 | 1.00
duals affected by the Storegga tsu- | Total area under threat | 13600 | 680 | 1360 | 6800 | 13 600
nami, based on the ‘danger areas’ |72 area 6800 340 | 680 | 3400 | 6800
shown in red in Figure 4. As a first | 7/4 area 3400 170 | 340 | 1700 | 3400

approximation, and assuming that
half of the area under threat was se-
verely impacted, it can be suggested
that some 700 to 3000 individuals
were affected. This number is suffi-
ciently large to have potentially re-
sulted in the extinction of a number of local bands,
or possibly even a regional dialectical tribe (cf” Newell
et al. 1990.table 13). This does not necessarily imply
that all were killed immediately, although given the
likely rapidity and scale of the event, a significant
number of people would almost certainly have been
caught and drowned by the inexorably rising waters,
while many others would have been displaced. Nor
would the consequences be limited to the wave’s im-
mediate impact, as productive coastal areas could
have been devastated, shellfish beds destroyed and
covered by sands, together with any fixed fishing fa-
cilities, well-attested for the Late Mesolithic Ertebglle
period (Pedersen 1997), but also known from the
early Kongemose (c. 8300 calBP) in Denmark (Fi-
scher 2004). Moreover, depending on the time of
year that the wave hit, any stored foods meant to
last over the winter may also have been lost (¢f. Spi-
kins 2008), with subsequent starvation among sur-
vivors. Indeed, macrofossil analysis of fish bone and
twigs from deposits in Norway has shown that the
tsunami probably occurred during late autumn (Bon-
devik et al. 1997). It is conceivable, particularly in
the context of continuing rising sea-levels at this
time, that the final abandonment of the remaining
remnants of Doggerland as a place of permanent ha-
bitation by Mesolithic populations was brought about
by the Storegga tsunami.

Thus, both the immediate and longer-term affects of
this event, in terms of population redistribution and
social memory would have been considerable, al-
though it remains difficult to provide more specific
details at this stage (c¢f’ Coles 1998; Waddington
2007; Ward et al. 20006). One clear effect of the final
separation of Britain and the continent is a strong
impression of insularity in the former, seen most
clearly in the absence in Britain of the trapeze arma-
tures that dominate later Mesolithic microlith indus-
tries on the adjacent continent from ¢. 8500 calBP
(Jacobi 1976). Incidentally, this date is consistent
with some of the more recent estimates given by
palaeo-environmental researchers for the formation
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Tab. 7. Estimated population sizes in the study area affected by
the Storegga tsunami at various population densities. The most
likely scenario may be a population density of 0.10 to 0.50 per-
son/km? over an impacted area of some 6800km?2, affecting some
700 to 3000 people, both directly and indirectly (see text).

of the English Channel (see Tab. 5), and could even
be interpreted as providing independent corrobora-
tion. While the process thus appears to have already
been well underway, the Storegga tsunami may have
finally severed any remaining (e.g. tidal) link be-
tween England and the continent.

Discussion and conclusions

We have assembled a large amount of 14C-radiomet-
ric evidence for the Storegga Slide and its attendant
tsunami, ranging from Norway to the British Isles.
We find that the Storegga Slide tsunami event is re-
liably and accurately dated to 7300 + 30 14C-BP (p
=95%) [8100 + 100 calBP]. We then combined this
with published palaeogeographic reconstructions for
the now submerged Northwest European continental
shelf known as ‘Doggerland’ (Coles 1998; Behre
2003) and regional sea-level records for the southern
North Sea (Behre 2003) to evaluate the potential en-
vironmental and social impact of the tsunami in the
Doggerland region. During the time-interval 8200~
8000 calBP, the coastal lowlands of North Germany
and the Netherlands were being steadily inundated
by rising sea-levels due to a combination of eustatic
and isostatic processes (amounting to a rise of 1.25m
per century, Behre 2003). In addition, there would
have been an abrupt 0.25-0.5m sea-level jump at
around 8300 calBP, marking the sea-level effects of
the catastrophic meltwater release from Lake Agas-
siz that triggered the so-called ‘8200 calBP’ cold
event around the Atlantic (e.g. LeGrande 2000; Clare
et al., this issue). Simply stated, due to this coinci-
dence, it may have been unusually cold and windy
on the remaining coasts of Doggerland.

In the Netherlands (especially the northern part of
the country, i.e. north of the Rhine), at the time of
the Storegga Slide tsunami, and again essentially
simultaneous with the 8200 calBP climate event, the
number of available 14C-dates is very low when com-
pared to the earlier and final part of the Mesolithic.
This temporal patterning seems to correspond with
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a shift in emphasis of settlement location towards
the central and western part of the area (Niekus
2006). However, the process of a drop in the num-
ber of dates begins c¢. 300 years earlier than the
tsunami, and ¢. 200 years earlier than the North At-
lantic 8200 calBP cold event, and at present we see
no causal relation between these natural processes
and the drop in the number of dates. Furthermore,
according to Raemaekers and Niekus (in press), it
would be better to interpret the observed patterns
as a demise in 14C dates in the higher areas, instead
of a true shift in occupation, especially since there
are several major biasing factors that should be
taken into account when discussing spatio-temporal
patterning in the northern Netherlands (discussed in
more detail in Niekus 20006). It seems most likely,
however, that the Mesolithic population in the area
were reacting to the steadily rising ground-water le-
vels at this time (Niekus 2000).

Similar population relocation - in reaction to the
loss of vital hunting and fishing grounds - may also
be expected for the steadily sinking Doggerland. Un-
fortunately, due to major syn-sedimentary processes
in the southern North Sea (Fitch et al. 2004; Gaf-
Juey et al. 2007; Dix et al. 2008) it is not yet possi-
ble to reliably reconstruct the ancient topography of
Mesolithic Doggerland itself solely on the base of mo-
dern bathymetric data, let alone reconstruct the
exact coastlines for the time-window of 8200-8000
calBP.

By comparing two alternative scenarios, based on
‘highest possible’ and ‘lowest possible’ sea levels (ra-

ted at -17 = 5 m asl) that are contemporary with the
derived date for the tsunami (8100 + 100 calBP, 95%
confidence) according to the sea-level curve of Behre
(2003) for the southern North Sea, we conclude that
the Storegga Slide tsunami would have had a cata-
strophic impact on the contemporary coastal Mesoli-
thic population. One main result of this study is the
high tsunami impact assigned to the western regions
of Jutland, and in particular to the northern coasts,
where Storegga Slide deposits may be expected, de-
pending on locality, with strong postglacial isostatic
working against rapid sea-level rise (Fischer 2004).
Following the Storegga Slide tsunami, it appears, Bri-
tain finally became separated from the continent
and, in cultural terms, the Mesolithic there goes its
own way.
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Appendix
Tab. 8. Radiocarbon dates for the Storegga Slide tsunami

Age conventions

In the present paper all ages are given in tree-ring calibrated calendric years [calBP] before present (0
calBP = AD 1950). Calibrated 14C-ages are obtained using the software CalPal (www.calpal.de), with methods
described in Weninger (1986) and procedures described in Weninger and Joris (2004), using the tree-ring
data set INTCALO4 (Reimer et al. 2004). Conventional 14C-ages are given on the 14C-scale with units [14C-BP].
To avoid misunderstanding, in the text we provide ages on both time scales. An example is: T-11707A: 7020
+ 90 14C-BP (7840 + 90 calBP) with laboratory code T-11707A. In this case the conventional 14C-age is 7020
+ 90 14C-BP. The corresponding tree-ring calibrated calendric age is 7840 + 90 calBP. A database contain-
ing the 14C-ages for the Storegga Slide tsunami, as collated from published studies and used here (Tab. 8).
Note that this database does not show the tree-ring calibrated ages for individual dates. For the purposes of
the present paper, these values are superfluous. The age-calibrated results based on these dates are shown
in the graphs and tables.

References: Abbreviations
(1) Bondevik et al. 1997; (2) Boomer et al. 2007, (3) Wagner et al. 2007, (4) Smith et al. 2004

Position: Abbreviations

Position e.g. ‘Above Tsunami’: in relation to Storegga sand deposit, as defined in reference.
(R) = Regressive Contact (defined by Smith et al. 2004).

(T) = Transgressive Contact (defined by Smith et al. 2004).

Lab Code | '4C-Age :I;B Material | Country Site Position Latitude | Long. | Reference
Tua—522 | 7080 + 80 | —26,1 Twig Norway | Almesstadmyra | above Tsunami | 62,2175 | 5,6675 (1)
T-11707A | 7020 £ 90 | —29,6 | Gyttja Norway Auretjorn above Tsunami | 60,9564 | 4,8147 (1)
T-11606A | 7320 + 140 | —29,8 | Gyttja Norway Auretjorn above Tsunami | 60,9564 | 4,8147 (1)
T-10599A | 6865 + 105 | —30,7 | Gyttja Norway Endrevatnet above Tsunami 62,4331 | 6,2708 (1)
T-10598A | 7105 £135 | —30,6 | Gyttja Norway Endrevatnet above Tsunami 62,4331 | 6,2708 (1)
T—4162 7490 + 90 | —32,1 Gyttja | Norway Endrevatnet above Tsunami | 62,4331 | 6,2708 (1)
T—10592A | 7500 + 80 | —25,2 | Gyttja | Norway | Froystadmyra above Tsunami | 62,3253 | 5,6764 (1)
T-10593A | 7615 £ 150 | —26 Gyttja Norway | Froystadmyra above Tsunami 62,3253 | 5,6764 (1)
T-11708A | 7475 £ 110 | —29,9 | Gyttja | Norway | Forlandsvatnet | above Tsunami | 60,8906 | 4,8442 (1)
T—-11249A | 7605 = 105 | —29,8 | Gyttja Norway Gorrtjonna | above Tsunami | 63,8264 | 9,8308 (1)
T—-11244A | 7100 + 125 | —29,8 | Gyttja Norway | Kvennavatnet above Tsunami | 63,8347 | 9,8225 (1)
T—12013A | 7570 £ 90 | —30 Gyttja Norway | Kvennavatnet above Tsunami | 63,8347 | 9,8225 (1)
T—10595A | 6550 + 100 | —29,9 | Gyttja | Norway Ratvikvatnet above Tsunami | 62,4619 | 6,2242 (1)
T—10594A | 7430 + 95 | —29,5 | Gyttja | Norway Ratvikvatnet above Tsunami | 62,4619 | 6,2242 (1)
T-10590A | 7130+ 95 | —30,6 | Gyttja | Norway Skolemyra above Tsunami | 62,3331 | 5,6486 (1)
T-10591A | 7205 £ 90 | —30,2 | Gyttja | Norway Skolemyra above Tsunami | 62,3331 | 5,6486 (1)
T-11278A | 6575 £ 110 | —30,4 | Gyttja | Norway Skolemyra above Tsunami | 62,3331 | 56486 (1)
T-11277A | 6890 = 65 | —30,7 | Gyttja | Norway Skolemyra above Tsunami | 62,3331 | 5,6486 (1)
T-11276A | 7045+ 70 | —30,1 | Gyttja | Norway Skolemyra above Tsunami | 62,3331 | 5,6486 (1)
T-11245A | 7610 + 100 | —29,4 | Gyttja | Norway Skolemyra above Tsunami | 62,3331 | 5,6486 (1)
Tua—-862A| 7850 + 85 | —27,7 | Gyttja | Norway Skolemyra above Tsunami | 62,3331 | 5,6486 (1)
T-11282A | 5695 £ 100 | —30,6 | Gyttja Norway Asetjorn above Tsunami | 60,9056 | 4,8797 (1)
T-11281A | 6406 +85 | —30,2 | Gyttja | Norway Asetjorn above Tsunami | 60,9056 | 4,8797 (1)
T-11280A | 6995 + 110 | —30,7 | Gyttja Norway Asetjorn above Tsunami | 60,9056 | 4,8797 (1)
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Lab Code | '4C-Age :ISB Material | Country Site Position Latitude | Long. | Reference
T—12260A | 7180 £ 95 | —30,8] Gyttja | Norway Asetjorn above Tsunami | 60,9056 | 4,8797 (1)
T-11202A 7230 £ 105 | —31,1 Gyttja Norway Asetjorn above Tsunami | 60,9056 | 4,8797 (1)
Tua—-1350 | 7315+70 |—22,9/ Moss Norway | Audalsvatnet | within Tsunami | 63,8314 | 9,8289 (1)
T-11705A 8090 + 120 | —28,5| Detritus | Norway Auretjorn within Tsunami | 60,9564 | 4,8147 (1)
Tua—523 7655 = 85 | —26,1 Twig Norway | Froystadmyra within Tsunami | 62,3253 | 5,6764 (1)
T-11246A [7985 £ 115 | —24,8| Detritus | Norway | Froystadmyra within Tsunami 62,3253 | 5,6764 (1)
T—4967A 8480 + 160 | —27,8| Detritus | Norway | Froystadmyra | within Tsunami | 62,3253 | 5,6764 (1)
T-11710A Bo40 + 160 | —30,5| Detritus | Norway | Forlandsvatnet | within Tsunami | 60,8906 | 4,8442 (1)
Tua-834 |6970 +175 | —26 Twig Norway Gorrtjonna | within Tsunami | 63,8264 | 9,8308 (1)
Tua—835 7930 + 65 | —26,1 Twig Norway Gorrtjonna | within Tsunami | 63,8264 | 9,8308 (1)
Tua—1269 |7445 + 65 | —29,5 Twig Norway Gorrtjonna | within Tsunami | 63,8264 | 9,8308 (1)
Tua-1122 | 7175+ 75 | =30,7 Twig Norway | Klingrevatnet | within Tsunami | 62,4424 | 6,2324 (1)
Tua—833 (8285 +185 | —27,7| Calluna | Norway Kulturmyra within Tsunami | 62,3319 | 5,6553 (1)
TUa-831 |7240 =70 | —27,7 Twig Norway | Kvennavatnet within Tsunami | 63,8347 | 9,8225 (1)
TUA-984 |[7200 + 80 | —26,1 twig Norway | Kvennavatnet | within Tsunami | 63,8347 | 9,8225 (1)
TUa-832 [8405 + 70 1 Shell Norway | Kvennavatnet | within Tsunami | 63,8347 | 9,8225 (1)
TUa-859 [10780+ 95| 1 Shell Norway | Kvennavatnet | within Tsunami | 63,8347 | 9,8225 (1)
T-10597 |[7230 £ 105 | —26,1 Twig Norway Ratvikvatnet within Tsunami | 62,4619 | 6,2242 (1)
T-10596 |[7610 70 | —26,1| Wood | Norway Ratvikvatnet within Tsunami | 62,4619 | 6,2242 (1)
TUa-861 | 7250 +75 | —26,1 Bark Norway Skolemyra within Tsunami | 62,3331 | 5,6486 (1)
TUa-524 |7365+ 90 | —26,1 Twig Norway Skolemyra within Tsunami | 62,3331 | 56486 (1)
TUa-860 | 7435+ 75 | —26,1 Bark Norway Skolemyra within Tsunami | 62,3331 | 5,6486 (1)
T-11275A [8315 + 110 | —24,9| Detritus | Norway Skolemyra within Tsunami | 62,3331 | 5,6486 (1)
TUa-858 |7765 =80 | —26,1 Twig Norway Skolemyra within Tsunami | 62,3331 | 5,6486 (1)
T-11279A | 7915 £ 70 | —30,4| Detritus | Norway Asetjorn within Tsunami | 60,9056 | 4,8797 (1)
TUa-864 |[8045+75 |—26,1 Twig Norway Asetjorn within Tsunami | 60,9056 | 4,8797 (1)
TUa-863 |[8350 + 80 | —26,1 Twig Norway Asetjorn within Tsunami | 60,9056 | 4,8797 (1)
T-11704A |[7320 + 80 | —29,9| Gyttja | Norway Auretjorn directly below | 60,9564 | 4,8147 (1)
T-11247A [9020 + 155 | —26,1|  Gyttja | Norway | Froystadmyra directly below 62,3253 | 56764 (1)
T-11709A [7985 £ 150 | —29,5|  Gyttja | Norway | Forlandsvatnet directly below | 60,8906 | 4,8442 (1)
T-11250A [7680 +70 | —32,5/ Gyttja | Norway | Gorrtjonna | directly below | 63,8264 | 9,8308 (1)
T-11837A (8340 + 115 | —29,7|  Gyttja | Norway Kulturmyra directly below 62,3319 | 15,6553 (1)
TUa-1270 | 7350 £ 80 | —22,3 Moss Norway | Kvennavatnet directly below 63,8347 | 9,8225 (1)
T-11201A |7805 £ 115 | —29,6|  Gyttja | Norway Asetjorn directly below 60,9056 | 4,8797 (1)
Oxa—11833 | 7269 + 39 | —24,9| Hazelnut | England Howick directly above 55,4403 | —1,5917 (2)
Oxa-11858 | 7308 + 40 | —25,6| Hazelnut | England Howick directly above 55,4403 | —1,5917 (2)
OxA-11860|7160 + 40 | —27,3 Twig England Howick above Tsunami | 55,4403 | —1,5917 (2)
OxA-11859 | 7174 £35 |—26,41 Wood | England Howick above Tsunami | 554403 | —1,5917 (2)
OxA-12954| 7075 + 37 | —30,7 Bark England Howick above Tsunami | 55,4403 | —1,5917 (2)
OxA-12953 | 7117 £ 39 | —26,1| Hazelnut | England Howick above Tsunami | 55,4403 | —1,5917 (2)
OxA-12952| 6988 + 37 | —26,5| Hazelnut | England Howick above Tsunami | 55,4403 | —1,5917 (2)
KIA—24754 | 6735 £ 40 | 0,41 Shell  |Greenland Loon Lake above Tsunami | 72,8839 [—22,1342 (3)
KIA—27660 | 7720 +45 | —0,77 Shell |Greenland| Loon Lake above Tsunami | 72,8839 |-22,1342 3)
KIA—27661 | 7925 + 45 | 0,85 Shell  |Greenland| Loon Lake directly above 72,8839 [—22,1342 (3)
KIA-27662 | 7640 + 45 | 1,68 Shell |Greenland| Loon Lake within Tsunami | 72,8839 [-22,1342 (3)
KIA—27663 | 7515 £ 45 | 1,54 Shell  |Greenland Loon Lake directly below 72,8839 [—22,1342 ()
KIA—27664 | 7820 + 45 | 0,37 Shell |Greenland| Loon Lake under Tsunami | 72,8839 |—22,1342 3)
KIA—27665 | 7555 + 45 | 0,56 Shell  |Greenland Loon Lake under Tsunami | 72,8839 |—22,1342 (3)
KIA—24755 | 7625 + 60 | —5,95 Shell |Greenland| Loon Lake under Tsunami | 72,8839 |—22,1342 (3)
SRR 4902 | 7215+ 60 | —27.4 Peat | Shetland Burragarth R 60,7134 | —0,949 (4)
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3C.
Lab Code  '4C-Age PDB Material Country Site Position Latitude Long. Reference
Beta169274 6840 + 40 —25.0 Peat  Shetland Norwick R 60,807 —0,8196 (4)
SRR1793 5130+50 nd Wood  Shetland  Garth’s Voe above Tsunami 60,4371 —1,2746 (4)
SRR 1794 7870+50 n.d Wood  Shetland  Garth’s Voe below Tsunami 60,4371 —1,2746 (4)
SRR 3839 5315 +45 —28.8 Peat  Shetland  Garth’s Voe R 60,4371 —1,2746 (4)
SRR 3838 5765 +45 —27.8 Peat  Shetland  Garth’s Voe T 60,4371 —1,2746 (4)
SRR 3841 3815+45 —285 Peat  Shetland  Scatsta Voe R 60,4367 1,275 (4)
SRR 3840 5700 + 45 —28.5 Peat  Shetland  Scatsta Voe T 60,4367 —1,275 (4)
n.d 7025+ 60  n.d. Wood  Shetland Sullom Voe R 60,5132 —1,3641 (4)
n.d. 7120+ 60  n.d. Seeds  Shetland  Sullom Voe T 60,5132  —1,3641 (4)
n.d. 7320+ 70 nd, Twig  Shetland Garth Loch within Tsunami 60,2647 —1,1536 (4)
n.d. 7220 + 70 n.d. Seeds,LeavesShetland Garth Loch directly above 60,2647 —1,1536 (4)
Beta105030 7290 £ 50 —31.4 Peat  Scotland Strath Halladale R 58,5375 —3,9062 (4)
Beta105031 7590 £ 50 —30.5 Peat  Scotland Strath Halladale T 58,5375 —3,9062 (4)
Beta 89710 7070 £ 80 -27.9 Peat  Scotland Wick River R 58,4533  —3,1283 (4)
Beta 89709 7210 + 80 -27.6 Peat  Scotland Wick River T 58,4533  —3,1283 (4)
Beta89706 7170 + 80 —28.4 Peat  Scotland Wick River R 58,4533  —3,1283 (4)
Beta89707 7140+ 90 —29.4 Peat  Scotland Wick River T 58,4533  —3,1283 (4)
Beta89712 7810+ 70 —28.4 Peat  Scotland Wick River T 58,4533  —3,1283 (4)
SRR 3791 6580 £55 —29.0 Peat  Scotland Smithy House R 57,9654 —4,0095 (4)
SRR 3792 6980 + 65 —29.0 Peat  Scotland Smithy House R 57,9654 —4,0095 (4)
SRR 3694 693055 —27.6 Peat  Scotland Creich R 57,8682 —4,2781 (4)
SRR 3693 6950 £55 -—28.9 Peat  Scotland Creich T 57,8682  —4,2781 (4)
SRR 3787 5190+ 65 —27.5 Peat  Scotland Dounie R 57,8456  —4,1971 (4)
SRR 3790 7120+ 45 -27.7 Peat  Scotland Dounie T 57,8456  —4,1971 (4)
BIRM 1126 7270+ 90 —21.6 Peat  Scotland Moniack R 57,463  —4,4312 (4)
BIRM 1127 7430 £170 -—21.1 Peat  Scotland Moniack T 57,463  —4,4312 (4)
GU 1377 7080+ 85 —25.5 Charcoal Scotland Castle St.Inverness T 57,6754 —4,5994 (4)
SRR 5478 6905 +55 —27.3 Peat  Scotland Water of Philorth R 57,6672 -1,976 (4)
SRR 5479 7395 +45 —29.2 Peat  Scotland Water of Philorth T 57,6672 1,976 (4)
SRR 5473 6995 +45 —28. Peat  Scotland Water of Philorth R 57,6672 1,976 (4)
SRR 5474 7215+ 45 —28.9 Peat  Scotland Water of Philorth T 57,6672  —1,976 (4)
SRR 1565 6850 + 140 —26.0 Peat  Scotland Waterside RZT 57,3284 —1,9904 (4)
SRR 4717 7135+ 45 —28a Peat  Scotland Tarty Burn R 57,3342 —2,0202 (4)
SRR 4718 7400 + 45 —28.4 Peat Scotland Tarty Burn T 57,3342 —2,0292 (4)
SRR 2119 6850 +75 —28.8 Peat  Scotland Puggieston R 56,7315  —2,493 (4)
SRR 2120 7120+ 75 —27.4 Peat  Scotland Puggieston T 56,7315  —2,493 (4)
BIRM 867 6880 +110 —26.8 Peat  Scotland Fullerton R 56,694 —2,5319 (4)
BIRM 823 7140 +120 —26.8 Peat  Scotland Fullerton T 56,604 —2,5319 (4)
Betag2235 7070 +130 —28.9 Peat  Scotland Maryton R 56,6093 —2,5166 (4)
Betag2236 7420 + 120 —28.8 Peat  Scotland Maryton T 56,6993 —2,5166 (4)
n.d. 7605+ 130 n.d. Peat  Scotland  Silver Moss T 56,4905 —2,8852 (4)
SRR 1333 7050 £ 100 —28.1 Peat  Scotland  Silver Moss R 56,4905 —2,8852 (4)
SRR 1334 7555 £ 110 —23.6 Peat  Scotland Silver Moss T 56,4905 —2,8852 (4)
SRR 1603 6870 +50 —26.6 Peat  ScotlandOver Easter Offerance T 56,1375 —4,2909 (4)
SRR 1431 749070 —281  Gyttja Scotland  Lochhouses R 56,0305 —2,6167 (4)
SRR 1430 7450+ 60 -29.1  Gyttja  Scotland  Lochhouses T 56,0305 —2,6167 (4)
SRR3912  7315+70 —30.0 Gyttja  Scotland Lochhouses R 56,0305 —2,6167 (4)
SRR3913 7590+ 60 —30.0 Gyttja Scotland  Lochhouses T 56,0305 —2,6167 (4)
AA 25506 6700 + 60 —28.2 Peat  Scotland Broomhouse Farm R 55,6992  —1,9395 (4)
AA 25601 7165+ 60 —29.0 Peat Scotland Broomhouse Farm T 55,6992  —1,9395 (4)
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ABSTRACT - According to detailed sedimentological and paleontological analyses carried out on sam-
Dles taken from the Sarrét-Nadasdladany core-profile, a complete environmental history of a neotec-
tonic depression was drawn. The sequence is composed of fluvial-lacustrine and marshland deposits
which started to accumulate during the Late Glacial and culminated at the beginning of the Holo-
cene. The highly characleristic changes in the biofacies were linked to changes in the lithofacies with-
in this sequence. A transition in the dominance of moving water species, observable initially in la-
custrine species preferring welllit, well-oxygenated conditions was observed. Eventually, the littoral
and eutrophic lacustrine species, as well as marsh-dwellers, became dominant in the profile, mark-
ing the emergence of uniform peat land in the Sarrét Basin.

IZVLECEK - S pomocjo sedimentoloskih in paleontoloskih analiz vzorcev iz vrtine Sarrét-Nadasdla-
dany lahko sestavimo popolno okoljsko zgodovino te neotektonske depresije. Zaporedje sestavljajo
recni, jezerski in mocvirski depoziti, ki se zacnejo v poznem glacialu in se nadaljujejo v zacetek holo-
cena. Zelo znacilne spremembe v fosilnih zbirih lahko poveZemo s spremembami v sedimentaciji,
Na zacetku previadujejo vrste, ki Zivijo v tekoCi vodi, te pa kasneje zamenjajo vrste, ki Zivijo v jezeru,
v dobro osvetljenih vodah z dovolj kisika. Kasneje postanejo pogostejse obalne in evtroficne kot tudi

mocvirske vrste, ki zaznamugejo nastanek Sote v kotlini Sarrét.

KEY WORDS - paleohydrology; paleoecology; mollusks; Holocene; Sarrét

Introduction

Quaternary geological and malacological investiga-
tions in the neotectonic basin of the Srrét started
as early as the beginning of the 20th century (Kor-
mos 1909). The region, with an area of approxi-
mately 120km? located at the interface of the Mez6-
fold and the Transdanubian Mid-Mountains, occupies
a neotectonic basin (Loczy 1913; Cserny 2000) with
a NE-SW trend which developed at the end of the
Quarternary (Domsodi 1977) and infilled with Qua-
ternary deposits of great thickness. Although a large
portion of the peat was destroyed, compacted and
suffered pedogenesis as a result of drainage (from
1825 onwards), according to the quarter-malacolo-
gical investigations initiated by Tivadar Kormos
(1909), Holocene deposits of great thickness are still
preserved in the area under investigation.

The region of the Sdrrét came into the focus of Hun-
garian paleo-environmental and stratigraphic re-
search via the detailed quarter-malacological investi-
gations carried out by Endre Krolopp and Levente
Fikoh from the 1970s onwards (Fikoh-Krolopp
1986; Fiikoh 1977; Krolopp 1972). Furthermore, co-
rings with continuous undisturbed samples in the
area near Nddasladdny and Sdrkeszi in the Sdrrét
region (Fig. 1), and the sedimentological, isotope-
geochemical, geochemical, pollen analytical and
quarter-malacological investigations carried out as
part of a Hungarian-British Joint Scientific Coopera-
tion in 1995, meant a major breakthrough in the
stratigraphic and paleo-environmental study of the
area (Willis et al. 1996; Cserny 2000). The findings
of the detailed chronological, lithostratigraphical
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and biostratigraphical analyses of these core sam-
ples are presented in this paper.

Material and methods

Sampling was carried out with the help of a Living-
stone piston corer, following the so- called ‘overlap-
ping’ method. Cores were halved lengthwise after
having been transported to the lab, to suit the needs
of different analytical approaches. The terminology
and symbols of Troels-Smith (Troels-Smith 1955),
internationally accepted for unconsolidated sedi-
ments, were used to describe the lithology.

Radiocarbon measurements were carried out on 7
samples derived from the peat layers, the inwashed
charcoals and flue-ash horizons in the Light Isotope
Laboratory of the Nuclear Research Center at the
Hungarian Academy of Sciences in Debrecen. The
methodology and techniques presented in Hertelendi
et al. (1989) were followed for the digestion and
measurements. In addition, these 3 samples were
analyzed with AMS in the Isotope Laboratory of Ox-
ford University (Willis 1997). Radiocarbon dates
were utilized to determine the lithostratigraphy and
chronological units with the help of the results of
geochemical, pollen analytical and malacological
analyses. They were also utilized to determine the
rate of deposition in the sedimentary basin (Fig. 2).

The results of pollen analysis were used as input in
comparative biostratigraphy. In order to gain an ex-
pansive picture of the paleo-environment, pollen
data published earlier by Katherine Jane Willis (Wil-
lis 1997) have been utilized.

Samples collected from layers

lithostratigraphy, were depicted on graphs with
Psimpoll software (Bennett 1992).

Lithological and lithostratigraphical findings

Three major lithostratigraphic units were identified
in the undisturbed, continuous core of the 398cm
deep borehole (Fig. 2). The first unit, located be-
tween depths of 398 and 268cm, is made up of al-
ternating layers of fine laminated silt, gravelly sand
and sandy gravel. According to the radiocarbon data,
the development of these silty intercalations must
have taken place between 13 000-11 000 BP, at the
end of the Pleistocene.

The next sedimentary unit is located between depths
of 268 and 164cm. This horizon is composed of
white, grayish-white, calcareous muds, with a carbo-
nate content ranging between 80-90%. The majority
of the carbonates are derived from biomicritic pel-
lets secreted by the Chara vegetation and calcareous
oogonia. This sequence must have been deposited in
a relatively shallow, well-lit lacustrine system, with
eutrophic conditions prevailing at the bottom. This
lacustrine phase, characterized by the deposition of
calcareous marls, must have existed between 11 000
and 9000 BP in the area.

From a depth of 164cm, there is a sudden decrease
in the carbonate content, accompanied by a promi-
nent increase in the organic content. The distribu-
tion of organic matter is not homogenous and by no
means dispersed, but resembles a downward flame-
like structure made up of the remnants of peat fern
(Thelypteris palustris). All this points to the emer-
gence of individual floating mats, which must have

between 8-12cm were washed
through a mesh screen for mol-
lusks. The work of Siimegi and
Krolopp (2002), Meijer (1985),
LoZek (1964) was utilized to de-
termine and put the species into
paleo-ecological groups according
to their temperature tolerance,
recent biogeographic affinity and
distribution, as well as their hu-
midity and vegetation cover pre-
ferences. Both the dominance va-
lues of the species found and the
ratio of paleo-ecological and re- o 1
cent biogeographical groups,

L L L 1 L L L |

along with the results of the ra-
diocarbon measurements and the

26

Fig. 1. The area of the Sarrét catchment basin, with the Sarréi-Nadas-
dladany borehole (I.) marked.
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Fig. 2. Palaeo-ecological resulls of the Sarrét-Nadasdladany I core sequence.

united and closed within a period of 100-200 years.
A recent analogy for the development of such float-
ing mats is known from Lake Velencei, situated NE
of the area of the Sdrrét (Balogh 2000).

No samples were taken from the surface down to a
depth of 48cm and no radiocarbon measurements
were taken for this part of the profile. The emer-
gence of floating mats can be placed between 8500-
8700 BP, while the development of a unified closed
peat horizon must be younger than 8500 BP. Peat
formation must have been quite significant even at
6500 BP as well, according to the radiocarbon data.

The results of malacological analysis

Some 4785 specimens belonging to 41 species have
come to light from the core. Three major malacolo-
gical zones have been identified with the help of sta-
tistical analyses on the data (Fig. 2.).

The first zone is located between depths of 398 and
270cm. According to sedimentation rates, this hori-
zon must have developed between 13 000-11 000
BP. The ratio of species with a preference for mov-

ing water habitats is above 50% in this horizon (e.g.:
Valvata psicinalis, Lithoglyphus naticoides, Pisi-
dium amnicum, Unio cf. crassus). Specimens of
the Boreal Gyraulus riparius and Valvata pulchella
have come to light from this part of the profile alone.
One of the major characteristics of this horizon is
the collective appearance of aquatic species expan-
ding during the colder phases of the Pleistocene, be-
coming restricted at the beginning of the Holocene
(Valvata pulchella, Bithynia leachi, Gyraulus ripa-
rius), and the aquatic species starting their expan-
sion during the Holocene (Lithoglyphus naticoides,
Bithynia tentaculata). This collective appearance of
mollusks preferring milder climatic and colder cli-
matic periods at the end of the Pleistocene and the
beginning of the Holocene can be regarded as one
of the most characteristic features of the Quarter-
nary malacofauna of the Carpathian basin. (Willis et
al. 1995; Siimegi 2004). Fauna of the same age and
composition have been identified from the areas of
the Tapolca basin, the Jdszsdg, the bedrock horizon
of the Vorés marshland of Csdszartoltés, and the
sandpit of Toszeg (Hertelendi et al. 1993). On the
basis of these fauna horizons, we may assign the col-
lective appearance of the species Valvata pulchella
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and Lithoglyphus naticoides between 12 000-9000
BP in the Carpathian Basin.

The results of the pollen analysis from the malaco-
logical samples (Willis 1997) also seem to corrobo-
rate the findings of the radiocarbon measurements

(Fig. 2).

The neotectonic depression of the Sdrrét was sur-
rounded by gallery, forest-like, forest-steppe taiga,
characterized by a dominance of birch (Befula) mi-
xing with conifers of common pine (Pinus silves-
Iris), spruce (Picea), fir (Abies), juniper (Juniperus)
and grasses (Graminea), carices (Cyperaceae) at
the time. Although regarding the extension of the se-
dimentary basin of the Sdrrét (80-120 km2) (Jacob-
son-Bradshaw 1981), we may assume that the pol-
len composition of the profile reflects the composi-
tion of the vegetation on a wider, regional scale (Me-
z6fold, Bakonyalja, Bakony) and not only the adja-
cent marginal vegetation of the depression.

The second malacological horizon is located between
depths of 270-167cm. The majority of species with
a moving-water habitat preference, like Valvata pul-
chella, Gyraulus riparius, Lithoglyphus naticoides,
Lymnaea stagnalis, Pisidium amnicum, Unio cf.
crassus, became restricted. On the other hand, the
rheophilous species Valvata piscinalis managed to
survive. Moreover, there was a significant increase
in the proportion of this latter species, which has be-
come a prevailing element of this local malacologi-
cal zone. However, it must be noted that there was
a definite decrease in the size of the specimens col-
lected from the calcareous muds compared to those
from the preceding zone. According to data and ob-
servations on the recent malacofauna, as well as the
Quaternary malacofauna deriving from several pro-
files in the Nyirség and Lake Balaton, the gastropod
species Valvata piscinalis successfully copes with
environmental transformations like that from a flu-
vial to a lacustrine habitat, surviving in the littoral
surf zone, where moving water supplies a sufficient
amount of dissolved oxygen. It is in this malacologi-
cal zone that the species Lymnaea peregra (f. ova-
ta), Physa fontinalis, Gyraulus albus, Sphaerium
corneum, and Bithynia tentaculata appear and gra-
dually become dominant. Besides these strong chan-
ges in the aqueous fauna, the amphibic species Cary-
chium minimum and Succineas also show up in
this horizon. All these changes seem to imply the de-
velopment of a relatively shallow, 1-3m deep, well-
lit, but eutrophication at the bottom lacustrine en-
vironment, characterized by mild water temperatu-
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res and alkaline pH during the growth season in the
area under investigation. The higher ratio of littoral
elements implies the proximity of our sampled pro-
file to a singular littoral surf zone.

The analyzed biological zone must have emerged be-
tween 11 000 and 9000 BP. That is, the End-Pleisto-
cene, Early Holocene mesotrophic lake phase must
have emerged as early as 11 000 BP in the Sdrrét de-
pression, and this correlates well with the develop-
mental history of the sub-basins of the neotectonic
depression of Lake Balaton (Tapolca Basin, Kis-Bala-
ton) and the ponds located at the Danube-Tisza Inter-
fluve (Csermy-Nagy-Bodor 2000). This calcareous
mud horizon of Sdrrét yielded some harpoons assu-
med to be of Mesolithic Age, according to archeolo-
gical data (Marosi 1935; 1936a; 1936b; Nemeskeéri
1948: Makkay 1970). Thus the calcareous muds
identified in the Nddasladdny borehole may be cor-
related with a period of the Mesolithic.

According to palynological data, there was also signi-
ficant change in the composition of the vegetation
parallel with the emergence of this malacological ho-
rizon (Willis 1997). There was a shift in the advance
of deciduous trees, in contrast to the formerly domi-
nant conifers, namely birch (Betula), oak (Quercus),
elm (Ulmus), and hornbeam (Carpinus). Neverthe-
less, the ratio of common pine (Pinus silvestris) re-
mained significant. This latter factor might be stron-
gly related to the ability of the Sdrrét sedimentary
basins to act as a regional pollen trap in the area.
Thus pollen from the common pine woodlands,
being extensive in the Bakony Mts. at the beginning
of the Holocene, might also have been transported
into and accumulated in the sedimentary basin of
the Sdrrét from greater distances. To put it another
way: the basin must have preserved pollens origina-
ting from several regions characterized by different
natural endowments and highly varying plant paleo-
associations (coniferous remnant woodlands, the co-
oler basins and valleys of the Bakony Mts., deciduous
woodlands, the Bakony Mts. including the foothill
area, open loess and dolomite steppe areas, the do-
lomite cliffs of the foothill area of the Bakony, with
high relief, the area of the Mez6fold).

There was a complete turnover in the malacofauna
at the final stage of calcareous mud deposition and
the initiation of peat formation in the area of Sarrét-
Nddasladdny. Species with a moving water habitat
preference completely disappeared, giving way to
the extensive, Holarctic still water species. The gas-
tropod Valvata cristata is the dominant form in this
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part of the profile. However, species preferring a
welllit, well-oxygenated lacustrine habitat (Physa
Jfontinalis, Lymnaea peregra [. ovata, Sphaerium
corneum) also completely disappeared when peat
formation began. The increase in the proportions of
marsh-dwellers (Acroloxus lacustris, Planorbis pla-
norbis, Anisus leucostoma), and the littoral, amphi-
bic Succineas (Succinea oblonga, Oxyloma elegans)
indicate a change in the environment and lithology.
The malacological data are in close correlation with
changes in the sedimentary layers, the emergence of
floating mats and the appearance of a wet, terres-
trial-like habitat wedged into the lacustrine environ-
ment. Such island-like patches of floating mats was
observed on the Nagy-Mohos floating mat of Kallo-
semjén at the end of the 1980s. According to the fin-
dings of investigations on the recent malacofauna,
the underwater areas of the floating mats are inha-
bited by the gastropod species of Valvata cristata,
Planorbis planorbis and Anisuses. While the surfa-
ces located above the water such as wet reed, ferny
and bulrush areas are populated by Succineas and
Carychium minimum in large quantities, the com-
position of the malacofauna of the recent floating
mats of Kdll6semjén is highly similar to that of the
floating mat phase observed in the borehole of Sir-
rét-Nddasdladdny.

According to radiocarbon data, peat formation, re-
sulting in a transformation of the lacustrine environ-
ment, began around 9000 BP in the area under in-
vestigation, being active even at 6000 BP. Peat for-
mation must have continued even after that. How-
ever, because of the presence of mixed, disturbed
layers, no samples were taken from the surface to a
depth of 48cm.

The composition of pollens also underwent a sharp
and strong change at the beginning of peat forma-
tion, with a sudden increase in the proportions of
fern (Pteridophyta), and grass (Gramineae) pollens,
including water plants (e.g. float-grass - Glyceria).
All these changes are closely linked to the develop-
ment and evolution of floating mats in the area. The
inwash and transportation of pollens of local flowe-
ring plants into the basin was dominant during this
time, as reflected in the composition of pollens and
spores. The question is, however, what might have
caused the transformation of the basin from a regio-
nal pollen trap into a local one? It seems that the
conditions favoring pollen entrapment must have
changed in the basin as a result of the development
of floating mats also changing the entrapment capa-
city. According to investigations carried out, this hori-

zon can be characterized by the quickest rate of de-
position. The underlying factor must have been the
rapid horizontal and vertical growth and expansion
of floating mats. According to the analyses of plant
remains, the majority of the spores within this hori-
zon come from peat fern (Thelypteris palustris), one
of the most important floral elements in floating
mats. As a result of the relatively rapid growth in the
local vegetation, and the rapid accumulation and de-
position of their spores, along with rapid sedimenta-
tion, prevented the large-scale accumulation of re-
gional, distant pollens transported into the basin.
These pollens appear only subsequently in the pro-
file in this horizon.

Following the development of floating mats, the rate
of deposition decreased, accompanied by a stall in
peat formation increasing the pollen entrapment
ability of the Sdrrét sedimentary basin and enabling
the entrapment of regional pollens as well. As a re-
sult of this, larger amounts of pollen from oak (Quer-
cus), elm (Ulmus) hazel (Corylus), and grasses (Gra-
mineae) could have accumulated. According to the
pollen composition, a mixing of pollens deriving
from a forest steppe or closed woodland existing in
the neighborhood in a milder phase (with a trans-
portation direction from the Bakony and Vértes Mts.)
and an open steppe area (Mez6fold, loess steppes)
was identified. The early appearance of cereal pol-
lens in the Sarrét-Nddasdladdny section (6000 calBC)
seems to be in good agreement with the appearance
of the Early Neolithic communities and the emer-
gence of productive societies in the Carpathian ba-
sin (Hertelendi et al. 1998).

Summary

According to the detailed sedimentological and pa-
laeoontological analyses carried out on samples ta-
ken from the Sdrrét-Nddasdladdny core-profile, a
complete environmental history of a neotectonic de-
pression have been drawn. The sequence is compo-
sed of fluvial-lacustrine and marshland deposits
which started to accumulate during the Late Glacial.
Paleo-associations determined with the help of ma-
lacological data form a line of successions, with the
first fluvial phase appearing as early as 13 000-
11 000 BP. The infant neotectonic depression cha-
racterized by fluvial conditions must have been sur-
rounded by open, gallery-like mixed taiga vegeta-
tion. At a greater distance, a more open, cold, conti-
nental forested steppe covering the loess and dolo-
mite surfaces can be reconstructed.
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Around 11 000 BP the depression was inundated, re-
sulting in the emergence of a well-lit, but eutrophi-
cation at the bottom lacustrine environment, char-
acterized by a water depth of 3m in the deepest
parts of the depression. There was a change in the
vegetation around the depression at about 10 000
uncalBP, characterized by the emergence of decidu-
ous woodland in the area. A substantial amount of
pollen grains from the pinewoods surviving in the
cold relict spots in more distant, mountainous re-
gions, accumulated during the Early Holocene. The
lake was surrounded by extensive cattail and reed-
beds, as well as sedge tussocks, at the time fringed
by hardwood and softwood gallery forests and de-
ciduous woodland. These conditions survived for
some one thousand years, suggesting that the rate of

L]

infilling (0.31 mm/year) roughly equalled that of the
rate of subsidence (11 000-9000 uncalBP).

The infilling of the basin intensified between 9000-
6500 uncal BP, with the sedimentation rate exceed-
ing 0.8 mm/year. There is a marked change in the
pollen composition here, characterized by the ap-
pearance of taxa indicating arable farming and stock-
breeding. The close correlation between the appea-
rance of taxa reflecting a production economy, and
the acceleration of the sedimentation rate, most cer-
tainly indicate the presence of human settlements
around Lake Sdrrét during the Early Neolithic, resul-
ting in increased erosion rates. As a result of human
activities, paludification of the lake was accelerated,
and from 6500 uncalBP onwards led to the emer-
gence of stable marshland with floating mats.
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ABSTRACT - The present paper discusses the findings of a complex quantitative paleoecological in-
vestigation implemented. for capturing the Upper Weichselian, Late Glacial and Poslglacial develop-
ment of Lake Balaton in western Hungary, in the heart of Transdanubia. The studied Late Pleisto-
cene and Holocene lacustrine marl and peat sequence preserved the complete evolutionary history
of the catchment basin of the Szigliget Embayment from the time of its birth. The inferred palaeo-
hydrological changes, along with that of the hydroseries, were compared to those observable coevally
in the terrestrial vegetation. According to the available data, the birth of the studied embayment can
be put to the Late Glacial/Upper Weichselian transition. A wide array of hydrophyte vegetation and
habitat types emerged in the embayment depending on the actual water supply and geomorphologic
position. Based on a collective quantitative evaluation of the observed sedimentary features and fos-
sil assemblages retrieved from the sequence, a record of paleohydrological transformations in the lit-
toral part of the lake was drawn.

IZVLECEK - Clanek predstavlja rezultate kompleksne kvantitativne pelookoljske raziskave, katere cilj
Je ugotavljanje pleniglacialnega, poznoglacialnega in posiglacialnega razvoja Blatnega jezera v za-
hodni Madzarski. V zaporedju poznopleistocenskih in holocenskih jezerskih sedimentov in Sote je oh-
ranjena celotna zgodovina porecja zaliva Szigliget od njegovega nastanka naprej. Ugotovljene paleo-
hidroloske spremembe skupaj s premenami jezera smo primerjali s spremembami v kopenski vegeta-
cifi. Na podlagi raziskav lahko nastanek zaliva umestimo v prehod med pleniglacialom in zacetkom
kasnega glaciala. Kolicina vode in geomorfoloski polozaj je pogojeval nastanku velikega spektra vod-
ne vegelacije in habitatnih tipov. Skupna kvantitativna analiza sedimentacijskih znacilnosti in_fosil-
nih zbirov nam omogoca, da lahko opisemo zaporedje paleohidroloskih premen v obalnem delu
zaliva.

KEY WORDS - paleohydrological changes; complex quantitative environmental historical approach;
Lake Balaton; Holocene

Introduction

The primary aim of our investigations, funded by a
grant from the National Research and Development
Programme (NKFP), was to find and retrieve sedi-
mentary sequences which capture as much of the
geohistory of Lake Balaton as possible. Thus in addi-
tion to sampling the sediments accumulated in meri-

dional valleys, an additional sampling location was
chosen for detailed analysis along Lake Balaton’s
northern shoreline, in the Balatonederics Embay-
ment in the Tapolca Basin (Fig. 1). According to our
preliminary findings, one of the subsidence centres
in the Tapolca Basin, covering an area with a diame-
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ter of 1-2km, must have been
located in the centre of the
roughly 3 km-long basin at the
transect of the Balatonederics
railway line and the castle hill
at Szigliget. Sediment accumu-
lation must have started in
this basin at the terminal part
of the Upper Weichselian.

Our investigation results poin-
ted to the evolution of a
brown moss peat in this area
at the terminal part of the Ple-
istocene. The fringes of this
peatland must have been co-
vered by pebbly, gravelly de-
posits of mass wasting during

NG R

the Late Glacial, with a com-
plete lacustrine sediment se-
quence overlying the peat la-
yers. Earlier cores were only 7

taken to a depth of the gravel mat redeposited from
the piedmonts, and it was therefore believed that
this formation was the bedrock of the lacustrine se-
diment sequence. However, according to our find-
ings, the Holocene lacustrine sediments and Pleisto-
cene peat sequence are found under these redeposi-
ted gravel mats, meaning that the most promising
sequences for palaeo-environmental reconstructions
could be extracted from this area, which is why this
area was selected for further analysis.

Preliminaries

Lake Balaton is the largest freshwater lake not only
in Hungary, but the entire Central European region.
As proven by archeology, it has been continuously
populated since prehistoric times and as such rep-
resents not only a treasure of the modern Hungarian
landscape, but a witness of human history. Despite
its economic, tourism and historical importance, re-
latively little was known of its detailed evolutionary
history until the 1980s-1990s.

The first reliable portrayals of Lake Balaton can be
seen on maps by Lazarus and Martellus from the
16th century. It’s interesting to note that Lazarus
marks it as a lake while Martellus uses the term
Palus, indicating a marshland for Balaton. However,
only indirect information is available for the pre-
ceding periods regarding its shape, and extent of the
shoreline, mainly derived from written records, ar-
chaeological and geological observations.
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Fig. 1. The location of the studied borehole in the Balatonederics Embay-
ment depicted on a map of the First Austrian Military Survey (1782), re-
cording conditions preceding the hydrological regulations of the 19" cen-

The French geologist Francois Sulpice Beudant was
the first to prepare a detailed geological map of the
area. Beadant was assigned the task of travelling
around Central Europe and mapping mineral and
geological resources of economic importance (Beu-
dant 1822). He was the first to map out and describe
the peat layers of Little Balaton and those near Sio-
fok. Furthermore, he successfully separated the dilu-
vial from the alluvial layers which were deposited
before and after the Biblical flood. These are known
today as Pleistocene and Holocene sequences.

The first reliable evolutionary history of the Lake,
based on a comprehensive analysis of geological
and paleo-ecological data was given by Lajos Loczy
and colleagues during the first half of the 20th cen-
tury (Loczy 1913). They realized that the lake itself
developed as a result of neotectonic faulting and sub-
sidence, creating a system of 4 successive sub-basins,
characterized by unique sedimentary histories. By
mapping out the distribution of peat sequences along
the Lake, they pointed out that the extension of the
shoreline was a lot larger than that of the modern
Lake in prehistoric times. The highest estimated wa-
ter level was between elevations of 105-110m ASL.

The modern Balaton, with its presently known
shape, extent and shoreline, is the outcome of nu-
merous regulation efforts lasting as long as the sec-
ond half of the 19th century. Regulation works im-
plemented at the end of the 18th and the first half
of the 19th century were primarily aimed at increa-
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sing area suitable for agriculture via drainage, which
fundamentally resulted in a drop in the water level
as well. The presently artificially maintained maxi-
mum water level in the basin lies at an elevation of
104.5m ASL, which is considered still very low. A
mere half-meter increase in the water level would
ultimately result in the inundation of the adjacent
meridional valleys along the southern shoreline. This
would also increase the original extent of the Lake
by about 150 percent, yielding a total water cover-
age of 900km?2.

And this half-meter increase in the water level is not
even a big issue, as the allowed fluctuation limit
given by the modern strict regulations is around
0.4m. However, in order that the modern extent be
doubled, another 5m increase in the water level is
required. For the shoreline to reach an elevation of
110 m ASL, an enormous increase in the Lake’s vol-
ume is required. This can happen only during an ex-
tremely long cool and humid period enjoying much
precipitation. The present study is engaged with elu-
cidating past shoreline fluctuations via the compre-
hensive environmental historical analysis of a core
sequence taken from the littoral part of the Lake,
where shoreline displacements are best preserved.

Material and methods

In accordance with the standards and general prac-
tice of Quaternary palaeo-environmental studies
(Aaby-Digerfeldt 1986), overlapping cores were ta-
ken using a Russian type corer. After transportation
to the laboratory, the cores were dissected length-
wise for various analyses; the sections for palaeobo-
tanical and geochemical analyses were stored at 4 °C,
in accordance with international standards. The sam-
ples submitted to lithological analyses were identical
with the ones used for the palaeobotanical, macro-
botanical, malacological and radiocarbon analyses.

Samples from the extracted cores were submitted
for radiocarbon analysis to determine their absolute
ages. The recent modernisation of the Light Isotope
Laboratory of the Nuclear Research Centre of the
Hungarian Academy of Sciences at Debrecen made
this laboratory suitable for implementing these mea-
surements (Hertelendi et al. 1989). Charcoal re-
mains, and peat retrieved from the sections were
used, in proportions of 6-10g of peat and charcoal
respectively. Each sample was original; bulk peat
was cleaned of roots (6-10g). The results of the
measurements are depicted in Fig 2.

The internationally accepted Troels-Smith soft sedi-
ment classification system and symbols were adop-
ted for the lithological description of the sediment
sequence (Troels-Smith 1955). The carbonate and
organic content was determined by the loss-on-igni-
tion procedure as described by Dean (1974). The en-
tire core sequence of Balatonederics was sub-sam-
pled at 4cm intervals for palaeobotanical and mala-
cological analyses using a plastic sampler.

For the classification of the plant macrofossil re-
mains a modified version of the QLCMA technique
(semi-quantitative quadrat and leaf-count macrofos-
sil analysis technique) was adopted (Jakab ef al.
2004). Organic remains from peat and lacustrine se-
diments rich in organic matter can be divided into
two major groups. Some remains can be identified
with lower ranking taxa (specific peat components),
while others cannot be identified using this approach
(non-specific peat components).

The exterior of the cores was removed and sub-sam-
ples were taken from the core interior to avoid er-
rors arising from recent pollen contamination. Pollen
grains are counted until a sum of at least three hun-
dred pollen grains from terrestrial plants are coun-
ted (aquatic species are discounted) - statistical stu-
dies have shown that higher counts do not yield sub-
stantially more information. Lycopodium spore tab-
lets were added for the determination of pollen con-
centrations. The pollen diagrams in this volume
show relative frequencies calculated from the pollen
sums of the various arboreal (AP) and non-arboreal
(NAP) taxa, excluding the values of aquatic species,
spores, ferns, mosses and sedges (AP + NAP = 100%).

Sediment samples were washed through a fine mesh
screen (0.5mm). The retrieved mollusc remains were
taxonomically identified using standard reference
works (Kerney et al. 1983; Lozek 1964). The core
was sampled for mollusc remains at 4cm intervals
and evaluated at 8cm intervals. The identified taxa
were assigned to palaeo-ecological groups for evalu-
ation (Szimegi-Krolopp 2002).

Paleo-ecological results

The base of the sequence at 520cm was given by
sandy silts mixed with gravel, grading into homo-
genous peat containing brown moss fragments. This
refers to considerable fluctuations in the water le-
vel in the infant neotectonic basin, which must have
been reached by streams flowing from the Bakony
Mountains, because the sediment contained typical
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Fig. 2. The palaeoecological results from the core sequence of the Balatonederics.

stream inwashed particles (small pebbles). The in-
washed sediment horizon was overlain by a dark
brown, homogenous peat layer containing brown
moss fragments, which gradually decreased upwards.
Above the peat layer containing brown moss, we
have come across a typical lacustrine sequence with
peat intercalations containing reed, reed-mace and
sedge. The Holocene sediment sequence is made up
of alternating lacustrine marls containing organic
matter and alternating peat layers, reflecting the
fluctuating, cyclic changes in the water cover during
the past ten thousand years. The sediment sequence
and the radiocarbon dates suggest that the water le-
vel in the Balatonederics Embayment must have
changed cyclically, reflecting the influences of alter-
nating wetter and drier climatic periods.

As is observable on the geological profile of the bore-
hole, the sequence starts with coarse-grained, pebbly,
sandy deposits corresponding to the infant lacus-
trine basin. This is overlain by periodically alterna-
ting horizons of grayish lacustrine marls and inter-
calated peat layers, marking the individual stages
in the evolutionary history of the Lake, when either
a highstand developed, representing open-water la-
custrine conditions resulting in a transgression to
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the shoreline; or a lowstand, creating marshland
conditions. This fluctuating pattern is also discer-
nible in the individual parameters of inorganic/orga-
nic and carbonate content of the studied deposits.
The horizons with a higher carbonate and lower or-
ganic content, and an estimated slow deposition of
0.3 mm/year correspond to the Lake’s phases, while
those of a higher organic content represent marsh-
land conditions.

Above the bottom of the core, 8 peaks could have
been identified in the parameters of inorganic and
carbonate content, representing a highstand due to
probably less evaporation and greater rainfall. Simi-
larly, 8 peaks in the organic content could have been
identified, representing drier periods and an accom-
panying lowstand. Here, it is worth noticing the peak
marking an all-time lowstand at 7000 calBP years.

The results of the macrofossil analyses on Fig. 2. are
presented from a depth of 515cm, marking the tran-
sition zone of the Weichselian/Late-Glacial (Jakab
et al. 2004, Jakab 2007; Jakab-Siimegi 2007). On
the basis of the observed features of plant macrofos-
sil remains, 11 zones could have been identified in
the core sequence.
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BEM-1 zone (515-485cm)

The extension of Phragmites and Typha cover was
maximal in the catchment basin in this phase. Seeds
of Cyperus fusus indicate seasonal dessication of
the catchment basin. A mat of Chara green algae de-
veloped at the bottom of the catchment basin during
this phase. The concentration of the ostracoda was
vey high, and the charcoal concentration increased
permanently in this layer. The seeds of Dryas occto-
petala, Betula humilis, Betula pubescens and the
remains of Pinus indicate the development of cold
and wet microclimatic conditions. This was the first
time that remains of white dryas and elements of the
Dryas flora were identified from the central part
of the Carpathian Basin in this part of the section.

BEM-2 zone (485-420cm)

This zone yielded the richest Late Glacial macrofos-
sil community from the entire Carpathian Basin. This
macrofossil community consists of tundra- and peat-
habitant moss species such as Scorpidium scorpioi-
des, Calliergon richardsonii, C. giganteum, Warn-
storfia sarmentosa, Hamatocaulis vernicosus, Dre-
panocladus lycopodioides, D. sendinerii, D. adun-
cus, Tomenthypnum nitens. According to the ma-
crofossil data, these moss species must have lived
together with small tundra vegetation willows like
Betula nana and Betula humilis in the Balatonede-
rics embayment during the referred period. On the
other hand, the presence of the remains of Pinus
sylvestris, with a maximum of charred wood frag-
ments of the species, indicate that this basin was a
brown moss peatland covered by coniferous stands
of Scots pine during the transition phase of the Up-
per Weichselian and Late Glacial, rather than a tun-
dra-like environment. Brown moss carpets are one
of the most typical vegetation communities of the
Subarctic region today. It was also one of the most
pervading vegetation types in the Carpathian Basin
during the Upper Weichselian and Late Glacial peri-
ods.

BEM-3 zone (420-390cm)

There is an abrupt change in the composition of the
macrobotanical remains at a depth of 430cm, cha-
racterized by a uniform decline in peat and the de-
position of lacustrine silts on top of the brown moss
peat horizon. There is 2 major decline in the amount
of charcoal here, accompanied by an upward incre-
ase in the proportion of Chara oogonia, ostracod
and mollusk remains. These transformations indi-
cate a gradual increase in the water level, which ul-
timately led to the decline of the littoral reedy vege-
tation. Plus, with the expansion of open water sur-

faces in the Balatonederics Embayment during this
zone, a relatively deep, oligo-mesotrophic lake must
have emerged during the last phase of the Late Gla-
cial period. According to the available radiocarbon
data, this high water level horizon and palaeoecolo-
gical stage can be dated to the first half of the Meso-
lithic or Epipalaeolithic (Banffy 2004; 2007).

BEM-4 zone (390-360cm)

A new peat formation and accumulation started at
390cm at the time of the Pleistocene/Holocene tran-
sition due to the gradually declining water level. An
increase in the macro-charcoal concentration refers
to the development of drier climatic conditions. This
macrofossil zone can be dated to the Pleistocene/
Holocene transition and must represent the second
half of the Mesolithic (Banffy 2004; 2007).

BEM-5 zone (360-320cm)

The elevated macro-charcoal concentrations and the
expansion of Phragmites and Typha in this zone re-
fer to drier conditions resulting in a lowstand. There
is a decline of Chara oogonia along with the expan-
sion of eutrophic, warmth-loving pondweeds (Poly-
gonum lapathifolium, Myriophyllum verticillatum)
in this zone, indicating the development of shallow,
eutrophic lacustrine conditions. The BEM-5 macro-
fossil zone can be assigned to the Pre-Boreal/Boreal
transition phase based on the available radiocarbon
data. As a result of the mentioned environmental
changes, the neotectonic basin of Lake Balaton was
dissected into smaller subbasins harboring paludify-
ing smaller water bodies. The emergence and trans-
formations of these smaller lacustrine basins must
have fundamentally influenced the movement and
settlement strategies of Mesolithic communities in-
habiting the area, similarly to what has been obser-
ved in connection with the subsidence of the Sdrrét
(Marosi 1935; 1936, Makkay 1972; Stimegi 2003),
where the presence of Mesolithic fishers was confir-
med by the archaeological record.

Former studies assumed a complete desiccation of
the basin of Lake Balaton for the Early Holocene.
However, according to our findings, the accumula-
tion of lacustrine sediments must have been conti-
nuous in the area of the Balatonederics Embayment
during the referred period. As shown by the macro-
fossil data available from our studied sequence, the
lowstand recorded for the Early Holocene was a re-
latively short event culminating around 10 300 calBP.
This peak lowstand must have been preceded by a
gradually decreasing water level in the basin, follo-
wed by an increase in average water levels. Conver-
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sely, no such signal indicating a major drop followed
by a rise in the water level was found in the macro-
botanical remains for the referred period. Rather,
they refer to uninterrupted lacustrine conditions in
the study area (Jakab 2007).

BEM-6 zone (320-270cm)

The accumulation of peat continued in this zone,
although there are signs of peat alteration and de-
composition between the depths of 315 and 305cm.
This cannot be attributed to a drop in the water le-
vel, because the macrofossil record shows a conti-
nuous increase in pondweeds (Chara, Nymphaea
alba) within the referred section. We may assume
the development of special conditions here, where
the inferred increase in precipitation could not com-
pensate for the increasing continentality of the cli-
mate ultimately changing the proportion of wetter
and drier days during the year. The presumably hi-
gher precipitation during the winter period must
have created a general highstand, with minor fluctu-
ations on the one hand; on the other hand, the pos-
sibility that the near-shore areas dried out at regular
intervals can not be excluded either during the year.
This assumption is clearly supported by the observ-
able increase in concentrations of macro-charcoal
and the appearance of Nanocyperion species (Che-
nopodium rubrum, Cyperus fuscus, Polygonum
persicaria) in this zone. This zone can be dated to
the last phase of the Mesolithic (Banffy 2004; 2007).

BEM-7 zone (270-200cm)

There is a major alteration in the sediment compo-
sition at a depth of 270cm (8450-8330 calBP). The
presence of blackish-grey, lacustrine deposits with
mollusc remains, reflect an initial highstand. This pe-
riod can be correlated with the beginning of the At-
lantic phase. From this point there is a continuous
decline in the water level, reaching a minimum at
7600 calBP, replaced by a later increase (Jakab et
al. 2005).

The open water habitat was gradually replaced by
reed-beds. Pondweeds occur in substantial amounts
here (Chara, Nymphaea alba, Potamogeton sp., Na-
Jas marina, Myriophyllum verticillatum). Moreover,
Schoenoplectus lacustris has also a marked pres-
ence. There is a gradual increase in the proportion
of Phragmites rhizomes in the sediment, together
with the amount of Eupatorium cannabinum and
Utricularia vulgaris, both of which are associated
with reed-beds. All this indicates that the previously
observable fluctuations in the water level must have
diminished. Furthermore, there was a considerable
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decrease in the dissolved carbonate content of the
water body.

BEM-8 zone (200-165cm)

The abrupt changes observable in this zone must be
attributed to changes in the hydrogeological condi-
tions, rather than to that of the climate. A significant
rise in the water level was inferred for the initial part
of the zone, followed by a sudden drop, which rea-
ched its absolute Holocene minimum at 7000 calBP.
This zone can be correlated with the second half of
the Atlantic.

According to the macrobotanical data, reed-beds
reached their maximum expansion during this peri-
od. The carbonate content decreased (Cladium is
not attested, Chara oogoniums and Ostracoda shells
decrease), and the bay paludified, as shown by the
peaks of Carex elata and Carex acutiformis. Ano-
ther increase in the water level can be assumed.
There was a temporary increase in the dissolved car-
bonate content of the water, shown by a peak con-
centration of Chara oogonia.

These transformations must be the outcome of geo-
logical processes acting on a larger scale than the
studied embayment. This zone coincides with the
period when the central and eastern subbasins of
Lake Balaton were reunited, resulting in an abrasion
of the shoreline and a continuous increase in the
water level. This unification process, resulting in
general abrasion along the shoreline, followed by
a highstand, seems to have been recorded in our
studied embayment in the form of a brief initial
drop in the water level, which was exchanged for
a gradual rise, as shown by the substantial increase
in Chara oogonia at 180cm, with no apparent ante-
cedents. Based on the macrofossil record, this trans-
formation must be dated to the second half of the
Atlantic (at ¢. 7000 calBP).

BEM-9 zone (165-140cm)

A gradual rise in the water level can be noted from
165¢m to the top of the sequence. Open water spe-
cies (Chara, Mollusca, Ostracoda) expand, although
with smaller fluctuations, at the expense of reed-beds.
The composition of zone BEM-7 resembles zone
BEM-9. Cladium mariscus occurred in significant
amounts here.

BEM-10 zone (140-90cm)

Reed-beds still play a significant role in this zone. Peat
formation continues. In addition to reeds, Schoeno-
plectus lacustris and Typha latifolia have a signifi-
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cant presence. The rising water level is reflected by
the disappearance of Nymphaea alba, a species less
tolerant of wave action, which prefers bays protec-
ted by reed-beds.

BEM-11 zone (90-50cm)

There is another abrupt change in the composition
of sediments here, marked by the deposition of
blackish-grey, lacustrine layers with mollusk remains,
indicating a rise in the water level. The number of
open water species (Chara, Mollusca, Ostracoda)
also increases. Conversely, there is a dramatic de-
cline in reed-beds here. This must be attributed to
the fact that reeds can form communities at a maxi-
mum water level of only 2m (Haslam 1972; Rod-
well 1995). In case of the modern Balaton, reeds
tend to form communities to a depth of 80cm (Ja-
kab 2007), suggesting that the water level must have
been higher than at present, and reached its Holo-
cene maximum in this zone. The currently terrestrial
areas of the Balatonederics Embayment must have
formed a side bay during the referred period. Above
50cm, the sediment was unsuitable for macrobota-
nical analyses.

Only a few pollen sequences spanning the entire
Late Glacial and the Holocene are known from Hun-
gary (Szimegi-Torocsik 2008). The Balatonederics
sequence will undoubtedly be one of the most im-
portant pollen profiles after the completion of the
pollen analyses, with sub-sampling at 16 intervals
in the old analysis (Juhdsz 2007) and 4cm intervals
in the new analysis (Sumegi-Torocsik 2008), and
once the radiocarbon dates for another six samples
from this sequence are available. On the basis of the
observed features of pollen remains, 10 zones could
have been identified in the core sequence marked
as BEP, an abbreviation of Balatonederics (BE) and
Pollen (P).

This part of the study presents the Pleistocene and
the Holocene sections of the pollen sequence and its
interpretation, with a focus on? the vegetation chan-
ges caused by the activity of human communities set-
tling in the broader area of the sampling location.

BEP-1 (515-480cm)

The lowermost local pollen zone reflects vegetation
dominated by Pinus, Betula and Poaceae. The pol-
len assemblage reflects a dense pine-birch forest,
with Pinus cembra, Pinus sylvestris/Pinus mugo,
and high values of Picea, Quercus, Ulmus, Fagus, Al-
nus and Corylus. The herbaceous vegetation is domi-
nated by Poaceae, with Arfemisia and Chenopodia-

ceae, reflecting dry grassland around the pine fo-
rests. The mean values of Pinus suggest a milder cli-
mate and open, Scots pine forest cover. According
to the radiocarbon data, this pollen horizon and pa-
laeoecological phase developed in the last phase of
the Upper Palaeolithic (To/nai-Dobosi 2000).

BEP-2 (480-420cm)

The second local pollen zone reflects vegetation do-
minated by Pinus, Betula and Larix. The pollen as-
semblage reflects dense pine/birch forest with Pinus
cembra, Pinus sylvestris/Pinus mugo, Larix and
low values of Picea, Quercus, Ulmus, Fagus and Co-
rylus. The dominance of the herbaceous vegetation
declined. The high values of Pinus (60-80%) sug-
gest a milder climate and local, dense Scots pine co-
ver. Based on the radiocarbon data, this pollen ho-
rizon and palaeoecological phase developed in the
first half of the Mesolithic or Epipalaeolithic (Ban/fy
2004; 2007).

BEP-3 (420-372cm)

A local origin can be assumed for some of the pol-
len material, since the values of Pinus sylvestris/P.
cembra range between 70-90% (Peferson 1983).
These data were congruent with pollen profiles from
other locations in the Balaton region (Bodor 1987;
Nagy-Bodor-Cserny 1998a, 1998b; Nagy-Bodor-Ja-
rainé 2000), which show a similar dominance maxi-
mum of over 80% of Pinus sylvestris between 9000-
11 000 uncalBP. This zone can be dated to the sec-
ond phase of the Mesolithic (Banffy 2004; 2007).

BEP-4 (372-296cm)

The ratio of coniferous trees, including Pinus spe-
cies, declined dramatically, parallel to a dominance
maximum of deciduous species thriving in a milder
climate, such as Quercus, Ulmus, Tilia and Corylus,
in the Early Holocene phase. The high values of Poa-
ceae can in part be attributed to the high number of
Phragmites pollens. The changes in the values of ar-
boreal and herbaceous species allow the separation
of three phases, which can probably be associated
with fluctuations in the water level. The water level
rises, although with fluctuations probably caused by
a more continental climate during the Early Holo-
cene phase. This zone can be dated to the last phase
of the Mesolithic Age (Banffy 2004; 2007).

BEP-5 (296-200cm)

The continuous curve of Fagus, whose regional pre-
sence was attested in the previous zone, and the ap-
pearance of the first Carpinus pollens and the start
of its continuous curve, characterise the Boreal/At-
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lantic transition, dated to 7600 + 70 uncalBP (6500~
0380 calBC) at 278-280cm. Poaceae/Phragmites
have higher values, and the transitional maximum
of Fraxinus and Alnus at the beginning of this zone
suggest a higher water level and the presence of a
gallery forest. Corylus thrives on the margins of the
oak forest, of which 7ilia and Ulmus are the impor-
tant members. Wetter areas are dominated by Cype-
raceae together with Alnus. Typha angustifolia and
Typha latifolia/Sparganium are present with low
values at first, slightly increasing later. The water le-
vel was probably lower during the Boreal/Atlantic
transition, probably owing to a more continental cli-
mate. Later, during the Atlantic, the water level in-
creased again. Ferns with monolete spores show a
substantial decline at the beginning of the zone and
are present with relatively low, but continuous va-
lues during its second part. The difference between
the beginning and the second part of the zone was
possibly caused by fluctuations in water levels. This
zone can be dated to the transition phase of the Me-
solithic and Neolithic and the first phase of the Neo-
lithic (Banffy 2004; 2007).

BEP-6 (200-160cm)

Pollens indicating human activity and trampling ap-
pear in this zone. Fagus, light-loving Betula and Co-
rylus have fluctuating values, with repeated declines
and expansions during this zone. The cyclically chan-
ging values of Poaceae can probably be associated
with human activity, although the changes may also
have been caused by the paludification of the bay
and peat formation, reflected by the expansion of
Cyperaceae and Typha in this zone. This phase is
characterised by the decline of all thermophilous ar-
boreal species and the expansion of herbaceous ve-
getation. Poaceae, Asteraceae, and cereals have high-
er values. The opening up of the forest canopy re-
sulted in the spread of Betula and Carpinus and an
increase in Typha/Sparganium and Poaceae/Phrag-
mites. This change suggests that the infilling process
speeded up during this time and a wide marshy zone
developed on the lake-side region of this bay. Cype-
raceae, Filicales, Myriophyllum spicatum and M. ver-
ticillatum thrive in the wetter areas, where Alnus
has a relatively low, but continuous presence. This
zone can be dated to the second phase of the Neoli-
thic Age (Banffy 2004; 2007).

BEP-7 (160-120cm)

This pollen zone is characterised by the maximum of
deciduous species (Fagus, Fraxinus, Quercus, Ul-
mus, Tilia), reflecting the maximum expansion of
forests in Transdanubia and the Carpathian Basin
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and the Holocene climatic optimum. According to
the radiocarbon data, this period can be dated to
between 6000 and 5000 uncalBP within the Atlan-
tic. Fagus and Fraxinus dominate the oak forest, in
which Tilia and Ulmus, as well as Corylus are also
attested. The herbaceous vegetation is relatively poor
in species. Typha angustifolia and T. latifolia and
Myriophyllum spicatum and M. verticillatum as
well as Filicales make an appearance towards the
end of the zone. The declining values of Cyperaceae
suggest a rise in the water level. This zone can be
dated to the transition zone of the Neolithic and Cop-
per Ages (Banffy 2004; 2007).

BEP-8 (120-100cm)

This zone is characterised by the decline of Tilia, Ul-
mus and Fagus, while Quercus and Alnus have con-
tinuous, significant values. Befula and Carpinus ap-
pear in open areas of oak forest, and there was also
a species-rich gallery wood nearby. Poaceae/Phrag-
mifes expand, and steppe ruderals make their ap-
pearance (Arfemisia, Asteraceae and Chenopodia-
ceae). The spread of herbaceous species (Chenopo-
diaceae, Poaceae, Arfemisia) and the changes in the
composition of deciduous trees can be attributed to
human activity, to the improvement in subsistence
techniques, and population growth. The relatively
high values of cereals, Plantago lanceolata and Ru-
mex suggest the presence of a human population
near the sampling location. It would appear that the
activity of the Early Copper Age population had a
major impact on the forest. Pastoral activity indica-
ted by Rumex, Plantago and Urtica can be noted
from the Middle Copper Age.

BEP-9 (100-72cm)

The ratio of species preferring an open habitat de-
clines compared to the previous zone, while arbo-
real species expand. A rise in the values of most fo-
rest species (Betula, Corylus and Tilia, as well as Fa-
gus and Carpinus) reflects the closing of the forest
canopy. The gallery forest made up of Fraxinus, Sa-
lix and Alnus retreats. Nitrophilous taxa, such as
Urtica and Plantago lanceolata, are still attested.
It seems likely that the Lake’s water level rose to
such an extent that reeds could hardly survive it:
Cyperaceae have a transitional maximum, while
Phragmites almost disappears. The high water level
probably forced the human population to relocate
their settlements farther from the lake, and the pre-
viously open territories were colonised by light-lov-
ing arboreal species. The earlier fields were used for
grazing livestock during the Late Copper Age.
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BEP-10 (72-40cm)

The water level probably dropped around 4000
uncalBP, and the human communities living in the
broader area of the sampling location apparently
used the area for arable farming, as shown by the
presence of cereals (Secale and Triticum) and of
Centaurea. This zone is characterised by a decline
in deciduous species and expansion of herbaceous
vegetation. In addition to the substantial amount of
cereal pollens, the weed flora of tilled fields and spe-
cies tolerant of trampling are also attested.

The expansion of herbaceous species and changes in
the mix of deciduous trees can be attributed to in-
tensifying human activity, to improvements in subsi-
stence techniques, and population growth. Although
no radiocarbon dates are available for this horizon,
the changes in the vegetation are typical of the Mid-
dle Bronze Age, characterised by a dense settlement
network in the Carpathian Basin (including Transda-
nubia) and a high level of arable farming (Poroszlai
2004; Kiss 2004).

Compositional changes in the mollusk fauna add a
further piece to the history of the Lake’s level and
shoreline changes. The lowermost part of the section
is dominated by cold-loving, cold-resistant boreal ele-
ments and an add-on of typical loess fauna. These fin-
dings, plus those of plant macrofossil studies refer to
the emergence of a local tundra-like cold spot at the
terminal Wiirmian in the infant lacustrine basin.

The appearance of Lithoglyphus naticoides in the
next zone clearly highlights the stage of the Pleisto-
cene/Holocene transition (Fig. 2). Its co-presence with
Valvata piscinalis indicate temporary moving water
conditions attributable either to the emergence of a
higher energy, wave dominated shoreline, or a grea-
ter freshwater discharge from a nearby creek.

In the next zone, recording events from the open-
ing of the Holocene, the formerly dominating cold-
resistant, cold-loving and moving water elements
disappear, giving way to elements preferring milder
conditions. A dominance of the lacustrine elements
of Bythinia tentaculata and Gyraulus albus refer
here to a lacustrine stage characterized by carbonate
mud precipitation and lush aquatic vegetation pre-
ceding the emergence of an incipient marshland.

The next zone marks the appearance of various
marshland dweller forms and those preferring dense
aquatic vegetation, reflecting a temporary lowstand.
Then in the next zone, a slight increase in the lacu-

strine elements besides the marshland dweller forms
indicates the emergence of a eutrophic lake with a
somewhat elevated water level. This process is ob-
servable from around 8200 calBP onwards, marking
a rise in the water-level somewhat balanced by the
vegetation. From about 2m upwards in the section,
the intensity of lake level fluctuations is somewhat
reduced and the eutrophic lacustrine fauna are gra-
dually replaced by littoral and marshland dweller
forms, indicating the emergence of a shoreline with
dense, closed aquatic vegetation cover.

If we compare the data expressing lake level fluctu-
ations inferred from three independent data sources
of sedimentology, malacology and plant macrofos-
sils, there seems to be a similar general trend with
slight differences in the intensity of water level fluc-
tuations. This must be attributed to the fact that,
while sediment compositional changes record fluctu-
ations over a larger scale of the open water body,
the compositional changes of the mollusk fauna and
plant macrofossils of the aquatic vegetation reflect
changes attributable to the evolution of the littoral
aquatic vegetation. However, the highstand at 8200
calBP and the all-time lowstand at 7000 calBP are
clearly visible in all three records.

Conclusion

Based on complex sedimentological, paleoecological
investigations of a continuous uninterrupted se-
quence dating from the Late Glacial to the Early Ho-
locene, the following evolutionary history could be
drawn: following the birth of the neotectonic basin
around 16 000 calBP, vegetation characteristic of
the taiga tundra interface appeared in the area due
to the emergence of a cold-spot, thanks to the local
microclimate of the basin. A rich fen, with conifers,
dwarf shrubs and mixed deciduous taiga species
evolved during the second half of the Late Glacial.
This mosaic of tundra vegetation, a rich fen and taiga
evolving side by side as a result of the micro-climate
was inhabited by a characteristic cryophilous mol-
lusk fauna. The water level was at its lowest at
around 14 000 calBP (Bglling interstadial) and high-
est around 10 000 calBP (Preboreal phase).

Several high and lowstands were recorded for the
captured period of the Holocene. The water level
probably reached its all-time low with the onset of
the period (7000 calBP). The morphological condi-
tions of the discharge area, reflected in such com-
ponents as the span of the permafrost, plus the ve-
getation cover, and the rate of evaporation, must
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have been the most important components influen-
cing water level fluctuations in the basin besides the
annual rainfall.

As shown by our findings, the water level seems to
have been quite high during the Mesolithic and the
basin must have consisted of a number of adjacent
carbonate-rich lakes. The shallow ponds and sub-ba-
sins, such as the studied Szigliget Embayment, were
surrounded by an extensive marshy zone and a
closed gallery forest, with more open woodlands in
the foothills, where hazel thrived on the forest mar-
gins.

Between 8100-8200 calBP a characteristic, but short
climatic change can be reconstructed in this se-
quence, associated with a highstand in a cool and
rainy phase. After this climatic event during the Neo-
lithic Age, some major environmental changes are
discernible. Soil erosion and the infilling of the basin

accelerated, and simultaneously, the extensive wood-
land became more open, with clearings and more
open patches of vegetation at the beginning of the
Holocene.

The interpreted fluctuation of the water level and
the evolution of Lake Balaton were congruent with
that characteristic of the lakes of the Balkans in the
Late Glacial and Early Holocene part of the record.
Conversely, it followed a pathway somewhat similar
to the lakes of Northern Europe from the Middle Ho-
locene onwards, with one important exception. The
Holocene history of Lake Balaton is characterized by
several lowstands , which must be attributed to the
emergence of a Continental (Boreal) and later on a
sub-Mediterranean (Atlantic) climatic influence in
the area. The findings are comparable with those ob-
served in Slovenian and Western European profiles
of similar ages.
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ABSTRACT - In this paper we present the resulls of the radiocarbon dating of organic sediments from
palaeochannels we have mapped by LiDAR (Light Delection and Ranging) imagery on the IZica flood-
Plain. We point out that the palaeochannels and the settlement structures at Maharski prekop site are
conlemporaneous. We hypothesise that the episodes in past river behaviour on the Ljubljana Marshes
correspond with climate anomalies in European palaeoclimate records in the Holocene.

IZVLECEK - V clanku predstavljamo rezultate radiokarbonskega (14C) datiranja organskih depozitov
v paleostrugah, ki smo jih kartirali z LiDAR posnetkom povrsja v poplavni ravnici IZice. Dokazuje-
mo, da so paleostruge in prazgodovinsko naselje Maharski prekop socasni. Ugotavljamo, da se spre-
membe v recni mreZi in hidroloskem reZimu casovno prekrivajo z nizom klimatskih anomalij v ho-
locenu.

KEY WORDS - Ljubljana Marshes; Holocene; LiDAR; palaeochannels; neo-eneolithic settlements; ra-

diocarbon dating; climate anomalies

Introduction

Simplified interpretative postulates in the percep-
tion of the prehistoric settlement patterns and pala-
eolandscapes on the Ljubljana Marshes that ‘lake
chalk’ and ‘vertical piles’ can be representamens of
a ‘prehistoric lake’ and pile-dwellings built on it, and
that they can mark the shift of post-Mesolithic, sup-
posedly Neolithic settlements from the land to the
lake were recently replaced by the model of an
active river floodplain and settlements and catch-
ment areas within. The interpretative reduction that
a series of vertical piles relates to the function of
platform holders exclusively was compensated by
the complex interpretation of a series of 2432 verti-
cal wooden piles at the Maharski prekop site that
show the number of rectangular wooden structures
(group of houses), and a structure running parallel
with the palaeochannel that is believed to protect the
settlement against river bank erosion (for details see
Budja 1994 (1995); 1997; Budja, Mlekuz 2001;
Mlekuz, Budja, Ogrinc 2000).

In this paper, we present the results of the radiocar-
bon dating of the organic sediments from palaeo-
channels we have mapped by the LiDAR (Light De-
tection and Ranging) imagery. These data are than
compared with and discussed in relation to Holocene
climate anomalies. We hypothesise that the episodes
in past river behaviour on the Ljubljana Marshes cor-
respond with climate anomalies in European palaeo-
climate records.

IZica floodplain and LiDAR

The IZica is a river with an extensive karstic water-
shed in the Dinaric plateau south of the Ljubljana
Marshes. It is a low energy river characterized by a
very low gradient, broad floodplain and dominant
fine-grained sedimentation. The IZica was a mobile
river and left earlier channels scattered across the
floodplain. They can be identified on aerial photos as
cropmarks, mainly as faint, broad anomalies, which
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do not enable the identification of individual chan-
nels. Aerial photographs reveal a very complex pa-
limpsest of palaeochannels.

In order to create a more complete picture of the IZi-
ca floodplain an airborne LiDAR survey of the part
of the floodplain was commissioned. An area of 1300
x 600m (78 hectares) was surveyed. Eneolithic and
Bronze Age sites (Resnikov prekop and Maharski
prekop) are located in the surveyed area. LiDAR is
frequently used as a tool for examining aspects of
river floodplains, most often for geomorphological
mapping or flood prediction purposes (Lohani and
Mason 2001; Charlton et al. 2003; Cobby et al.
2001; Marks and Bates 2000; Challis 2005; 20006,
Jones et al. 2000).

A LiDAR digital terrain model exposes extensive geo-
morphological detail of the study area and allows us
to resolve fine details of the floodplain and terrace

(Fig. 1). Three-dimensional elevation data enable us
to discern the stratigraphic relations between flood-
plain features and to create cross-channel profiles.
LiDAR provides us with a much more complete and
detailed picture of the geomorphology than aerial
photography (Jones et al. 2007). The results of
LiDAR allow us to discern two main geomorphologi-
cal units in the study area - an older terrace and a
younger and lower active floodplain. The difference
in elevation between units is up to 40cm. The most
obvious features of the study area are the palaeo-
channels, visible as slight depressions in the land-
scape; however, LIDAR reveals other features, such
as levees, and ridge and swale.

Based on the relative stratigraphic positions of pa-
laeochannels, at least four distinctive phases of flu-
vial activity can be discerned. The first phase is cha-
racterized by a number of thin, relatively straight
channels preserved on the terrace, suggesting a past

5725-5591calBP

5310-5046 calBP

I 5929-5746 calBP
Beta 23303' 1

— 3335-3072 calBP
Beta 233030

e

Fig. 1. LiDAR terrain model with the location of borehole records and radiocarbon dates of channels infill.
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anastomosing regime. The sec-
ond phase is represented by
wide anastomosing channels in
direct superposition with some
phase one channels. Third
phase is marked by the degra-
dation of the IZica and the cre-
ation of an active floodplain.
This process created a well-de-
veloped terrace edge and pre-
served phase 1 and 2 channels
on the terrace. IZica became a
more sinuous river. The most

Maharski prekop . o

distinctive features of this
phase are the ridge and swale
features in the floodplain, with
thalwegs, indicating signifi-
cant lateral channel migration
and meander core growth. And
lastly, the fourth phase is a mo-
dern network, the result of
flood-control and irrigation
works in the 19th and 20th cen-
turies (Fig. 2).

Y
The change from straight and

anastomosing to sinuous/mean-

RX 100m

1st phase 2nd phase 3rd phase 4th phase

O ftest french © chance find

dering channels and degrada-
tion of the IZica shows that
there were significant changes
in the hydrological regime of

Fig. 2. LiDAR image (a) and, Maharski prekop and Resnikov prekop
sites in the context of IZica floodplain. The landscape is structured by
an interlocking pattern of palaeochannels, and at least three phases of
superimposed palaochanels can be observed (b) (after MlekuZ, Budja,
Ogrinc 2006.Fig.2).

the streams draining the IZica
floodplain that were probably connected to Holocene
climate anomalies.

Dating of palaeochannels

Systematic mapping of the study area allowed the
selection of key localities for direct dating of the
palaeochannels. Locations for boreholes were cho-
sen on the base of LIiDAR map and field inspections
(Fig. 1). Boreholes were drilled with a motorized
auger of 8cm diameter. Only substantial, spatially
contiguous stratigraphic units were recorded. The
model records the details of at least three sedimen-
tary units: topsoil, organic deposits and lacustrine
marls.

In total, 9 boreholes were drilled and examined; five
samples from five boreholes were directly dated in
the first phase of the project (Fig. 1). Samples for

AMS radiocarbon dates were collected from the bot-
tom of organic channel infill, 5 to 20cm above the
lacustrine marl. This assumes that dates post-date
channel cutting and provide maximum age (fermi-
nus ante quem) for channel infilling and abandon-
ment.

Borehole 1 was located in a phase 1 palaeochannel
near the site of Maharski prekop. On the ground, the
depression is very evident. The borehole was com-
prised of topsoil underlain by fibrous dark organic
deposit. At 120cm there is a sharp transition to
chalky lacustrine marls. A sample of the organic de-
posit collected from 110cm yielded a radiocarbon
age range 4782-4414 calBP (Beta-233028)1.

Borehole 3 was drilled in a straight phase 1 channel,
southwest of the Maharski prekop site. It shows very
similar stratigraphy, with topsoil, organic rich sedi-

1 All the dates in the text are calibrated with the program CALIB version 5.10., and given in two sigma ranges (Reimer et al. 2004).

The conventional radiocarbon dates are presented on Table 1.
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ment and a sharp transition to lacustrine marls at
115cm. A sample from 110cm yielded age range
5725-5591 calBP (Beta-233029).

Borehole 7 was recovered from the phase 1 palaeo-
channel southeast of the Maharski prekop site. The
sample was taken from a depth of 50cm, 5cm above
the marl, and yielded age range 5310-5046 calBP
(Beta-233032).

Borehole 5 was located at the junction of the straight
channel and wider, second phase channel. A sample
of organic sediment from 125cm, 20cm above the la-
custrine marl, yielded age range 3335-3072 calBP
(Beta-233030).

Borehole 6 was located at the edge of the wide, sec-
ond phase palaeochannel, 50m west of borehole 5.
A sample from a depth of 100cm, 20cm above the
marls, yielded age range 5929-5746 calBP (Beta-
233031). This date can be considered as too early
for the infill of the second phase channel. The dated
channel is in direct superposition with the first phase
channel, dated with borehole 7 (see above) to age
range 5310-5046 calBP. The date from borehole 5
suggest that this second phase channel could be da-
ted to before age range 3335-3072 calBP. We as-
sume that the date pre-dates channel cutting and ac-
tually dates the terrace surface. This is supported by
a piece of prehistoric pottery found in the borehole,
indicating that we dated an undisturbed surface, pre-
dating channel cutting. We therefore suggest that
5929-5746 calBP is the age range of the terrace sur-
face.

Radiocarbon dates place the first phase of the palae-
ochannels before 5725 calBP. Thus, at the latest at
3776 calBC this part of Ljubljana Marshes was an ac-
tive floodplain and not a shallow lake, as the tradi-
tional view suggests.

Maharski prekop settlement on the IZica flood-
plain

The radiocarbon data indicate that the south-eastern
part of Ljubljana Marshes was already settled in the
tenth millennium BP. The earliest series of conven-
tional radiocarbon dates from the Breg and Babna
Gorica sites are followed by radiocarbon dates from
Resnikov prekop and Maharski prekop (Tab. 1).

Palynological data indicate that the floodplain sup-

ported mixed-deciduous woodland, composed pre-
dominantly of Quercus, Corylus, Fagus and Alnus,
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but with some coniferous elements and open ground
herbaceous taxa. In addition, the presence of cereal
type pollen is attested at least from 6000 calBP (Ser-
celj 1975.121-122; Gardner 1999.130, 189). Exten-
sive burning in the period 5550-5330 calBP that
may have related to human activity in the area is hy-
pothesised from high values in the charcoal curve.
Increased burning (clearance) correlates with a sharp
decline in arboreal pollen and an expansion of her-
baceous taxa, particularly cereal type pollen and
Poaceae, and thus supports the notion of fields sur-
rounded by woodland (Gardner 1999.130, 165,
168, see also Andric 2007).

In the composite plan of 2432 vertical wooden piles
at Maharski prekop site, two patterns are recognized
(Fig. 3). The first consists of rectangular wooden
structures that were recognized as a group of houses
with sizes of around 8-10 x 3.5-4.5m arranged in
parallel. Each house is built of three rows of structu-
ral timbers, with a central row of centre-posts sup-
porting a roof ridge pole; the lateral rows are wall
posts. The floors were plastered with clay, and the
stone features are probably the remains of thermal
structures in the front/back of the house, or might
be paved surfaces. Pottery, stone and bone tools are
often deposited directly upon burned clay surfaces.
The superpositions of clay floors separated by a thin
layer of occupational debris may indicate the perio-
dic rebuilding of surfaces. Houses were oriented with
the longer side parallel to the channel. However,
there is at least one house which is oriented perpen-
dicularly to the others. Three woods, oak (Quercus),
ash (Fraxinus) and rowan (Sorbus), comprise more
than 90% of identified taxa (Bregant 1974; 1975;
Sercelj 1973; 1975; Budja 1994 (1995); 1997; Mle-
kuz, Budja, Ogrinc 2006).

The second relates to two or three dense linear con-
centrations of piles running on the eastern side of
the excavated area. The piles, of much smaller dia-
meters than those mentioned above, were hamme-
red into the palaeochannel slope, recognized at the
hypothesised settling outskirts (Bregant 1975.18-
20; Sercelj 1973; 1975). The structure is believed to
have protected the site from floods and river bank
erosion.

Abrupt climate changes in the Holocene

The 8200 calBP ‘climate event’ which abruptly and
drastically changed global environments during the
transition to farming in southeastern Europe is re-
cently an intensively discussed topic. Less attention
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is being devoted to later climate oscillations and as-
sociated contrasting patterns of hydrological chan-
ges in Europe in response to abrupt climate changes
and cooling phases. There were several cooling os-
cillations, hydrological reversals and major atmos-
pheric circulation changes, recorded globally at c.
8200, 5200, 4200, 3500, 1200, and 600 calBP (Rok-
ling et al. 2002a; 2002b; Alley et al. 2003; Mayew-
ski et al. 2004) (Fig. 4).

From the central European Neo-Eneolithic perspec-
tive the most important are the climate oscillations
in the period 5600-5000 calBP. The records from
various regions in both hemispheres show global
cooling and contrasting patterns of hydrological
changes. The changes in vegetation cover, glacier ad-
vance and decline in tree lines in the mountains, in-
creasing permafrost and retreating timberlines at
high latitudes, cooler sea surface temperatures and
ice-sheet isotope records at the poles have been re-
corded. In the European Alps the cooling has been
assessed at 1-1.5° C for mean summer temperatures.
While in central Asia, in the northern part of Africa
and in the southern Mediterranean region where
drier conditions were predominant, there were wet-
ter conditions over intermediate latitudes between
approx. Latitudes 40° and 60° in west-central Eu-

Fig. 3. Maharski prekop site. In the compos-
ite plan of vertical wooden piles at Maharski
prekop site, two patterns are recognized.
The first consists of rectangular wood-
en structures that were recognized
as a group of houses arranged in
parallel. The second relates to
two or three dense linear con-
centrations of piles running on
the palaeochannel slope. A palaeo-
channel incised in the lacustrine marl
can be clearly seen on the plan (see
also Mlekuz, Budja, Ogrinc 2006).

rope, where large fluctuations in river and lake lev-
els and regional humidity have been recorded (Ma-
yewski et al. 2004; Magny 2004; Magny and Hass
2004). These climate oscillations were being more
recently recognized in western central European pa-
laeoenvironmental and archaeological data as an ab-
rupt tripartite climate change associated with drastic
lake level fluctuations at 5550-5320 calBP (Magny
et al. 20006). 1t is defined as ‘Episode 9’ in the long
sequence of Alpine lake level fluctuations (Magny
2004.74).

The sequence consists of 15 successive episodes of
higher lake levels in the Holocene. ‘Episode 1’ is da-
ted just prior to 1394 AD, and ‘Episodel5’ to a age
range between 11 250 and 11 050 calBP (Magny
2004; Magny et al. 2006). The reconstruction of the
episodes is based on regional patterns of palaeo-
hydrological changes and lake level transgressions
and regressions that have been recognized recently
in palaeoenvironmental data and in a set of 180 ra-
diocarbon, tree-ring and archaeological dates ob-
tained from 26 lakes in the Jura Mountains, the
northern French Pre-Alps and the Swiss Plateau.

‘Episode 9’ shows three successive peaks of higher
water levels in Lake Constance (Bodensee), Lake Ge-
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Conventional | CalBP age | CalBC age
Labcode radiocarbon | range (26) | range (20) Material Context Reference
age (BP)
Babna Gorica
GrA—98s5 5900+50 68816569 | 4932—4620 Charcoal Excavations 1995; SU o9
GrA—9856 6290+50 7321-7025 | 5372-5076 Charcoal Excavations 1995; SU 19
GrA—9857 6200£50 7249-6976 | 5300-5027 Charcoal Excavations 1995; SU 17
Other/Chalky .
GrA-9440 6700+50 7660-7483 | 5711-5534 lacustrine marls Excavations 1995; SU 20
Resnikov prekop
Z-345 5850 £ 150 | 7142-6312 | 5193—4363 Wood Excavations 1962, pile 5 | Srdo¢ et al. 1987.354
Hd-24038 518 & 23 6627-6437 | 4678-461 Wood (Alnus Excavations 2005, Cufar and Korencic
glutinosa) trench 3, pile 33 2006.124
Beta—182667 2120 + 40 2301-1991 352—42 Sediment Profile depth 120 cm Andri¢ 2006.Tab. 2
Beta—184792 2220 * 40 2331-2123 382-174 Sediment Profile depth 115 cm Andri¢ 2006.Tab. 2
Maharski prekop
Excavations 1972, ;
Z—278 4633 £117 | 5594-4974 | 3645-3025 | Wood (Quercus?) i ), sl e Srdo¢ et al. 1975.152
, Excavations 1973,
Z-305 4345 £ 113 5305—4617 | 3356—2668 | Wood (Fraxinus) ) . Srdoc et al. 1975.152
grid 15, pile 1
Z-314 4964 + 99 5919-5482 | 3970-3533 Wood Srdo¢ et al. 1975.152
Excavations 1972, )
Z-31% 4701 £104 | 5644-5055 | 3695—3106 Wood (Sorbus) i, il Srdoc et al. 1975.152
Z-351 5080 £ 110 | 6174-5594 | 4225-3645 Wood (Sorbus) Excavatlons. 1974, t.est S
trench 4 grid 42, pile 156 | 1977.465-475
Excavations 1974, Srdoé et al.
Z-353 4330 £ 120 | 5300-4580 | 3351—2631 Wood s 1677.465~475
AA—27182 4680 =+ 55 5581-5311 3632-3362 Charcoal Al sEslmeEt eEpsnE, Gardner 1999.Table 5.1
charchoal layer 61-63 cm
AA—27183 4980 + 60 | 5892-5601 | 3943—3652 Charcoal AL TG G Gardner 1999.Table 5.1
charchoal layer 138cm
Beta—219606 4740 + 40 5586—5326 | 3637-3377 Bone (Ovis) Grid square 42 Mlekuz et al. 2006
Beta—219607 4720 + 40 5583-5323 | 36343374 Bone (Ovis) Grid square 42 Mlekuz et al. 2006
Beta—219608 4710 £ 40 5582-5321 | 3633-3372 Bone Grid square 42 Mlekuz et al. 2006
Beta—219609 6570 + 40 7563-7424 | 5614-5475 Bone Grid square 34 Mlekuz et al. 2006
Beta—219610 4750 % 50 55895325 | 3640-3376 Bone Grid square 34 Mlekuz et al. 2006
Beta—219611 4740 £ 40 5586—5326 | 3637-3377 Bone Grid square 32 Mlekuz et al. 2006
Palaeochannels
Beta—233028 4020 £ 40 | 4782-4414 | 2833—2465 | Organic sediment| Borehole 1, 110 cm
Beta—233029 4920 + 40 5725-5591 | 37763642 | Organic sediment | Borehole 2, 110 cm
Beta—233030 3000 * 40 3335—3072 | 1386-1123 | Organic sediment | Borehole 3, 50 cm
Beta—233031 5110 + 40 59295746 | 3980-3797 | Organic sediment | Borehole 4, 105 cm
Beta—233032 4520 + 40 5310-5046 | 3361-3097 | Organic sediment | Borehole 5,100 cm

Tab. 1. Radiocarbon dates for Maharski prekop and Resnikov prekop sites, and IZica floodplain palaeo-
channels. Calibration performed with CALIB version 5.10., and given in two sigma ranges (Reimer et al.

2004).

neva and Jurassic lakes that correlate to abrupt tri-
partite climate changes between 5550 and 5320
calBP, supposedly caused by varying solar activity,
as it corresponds with climatic cooling and/or chan-
ges in moisture conditions in various regions in both
hemispheres. Moreover, the mid-Holocene climate
oscillations appear to have been characterised by in-
termediate warm spells within a distinct succession
of strong cooling episodes.

The tripartite sequence of abrupt increases in lake
water levels was reconstructed from sediment and
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pollen analyses of a sediment sequence at Lake Con-
stance. The first abrupt high level event was dated
to age range 5647-5478 calBP. The second abrupt
rise in lake level appears to have occurred in three
distinct episodes of rising lake levels at ¢. 5500 calBP.
The third sudden rise in lake level was dated be-
fore a range of 5583-5317 calBP. This event is mar-
ked by rapid depositions of sediment shortly after
building destruction at Arbon-Bleiche 3, the ‘Neoli-
thic pile-dwellings site’ located at the lake shore
(Magny 2004; Magny et al. 2006). 1t has been sug-
gested that this was associated with settlement aban-
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donment at 5320 calBP, accord-
ing to dendrochronological dat-
ing (Leuzinger 2000).

Although available data does not
allow us to correlate episodes of
Alpine lake level fluctuations with
the development and change of
fluvial network on the IZica flood-
plain directly, we may hypothe-
sise that this mid-Holocene ab-
rupt climate change and associ-
ated reversion to wetter condi-
tions affected regional hydrolo-
gical regimes and river behaviour
on the Ljubljana Marshes and
their catchments in the karstic

Dinaric Mountains and Julian Pre-Alps. The dynam-
ics of channel bed movements (in different direc-
tions) and their abundance in the first phase of flu-
vial activity on the IZica floodplain in the age ranges
5725-5591 calBP and 5310-5046 calBP are broad-
ly contemporary with the tripartite climate reversal
and the sequence of abrupt increases and decreases
in water levels in Lake Constance, Lake Geneva and
Jurassic lakes (Fig. 5). Similar age ranges of 5644-
5055 (Z-315) and 5305-4617 (Z-305) were obta-
ined for the wooden structure believed to protect
the Maharski prekop settlement against floods and

river bank erosion.
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Fig. 4. The correlation of mid-European lake level fluctuations and the
Holocene climate anomalies, recorded in Polar Circulation Index at
GISP2, the atmospheric residual 14C variations, and the ice-rafting de-
bris (IRD) events in the North Atlantic Ocean (after Magny 2004.Fig 3).

The third phase of fluvial activity on the IZica flood-
plain is marked by larger streams, lateral channel
movement, and bank erosion. The LiDAR image clear-
ly shows that the Resnikov prekop site is situated in
the area, damaged by the third phase channels. Re-
cently performed stratigraphical, sedimenological and
palynological analyses at the Resnikov prekop site
showed that the settlement deposit was washed out
by intensive river erosion (Andric 20006; Veluscek
2007.426). Two radicarbon dates of the channel in-
fill, in the age ranges 2336-2146 calBP (Beta -
184792) and 2148-2040 calBP (Beta - 182667),
both post-date the event, may indicate that it corres-
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Fig. 5. The chronological sequence of ‘episodes’ (4-11) of abrupt increases in lake water levels in the Jura
Mountains, the northern French Pre-Alps and the Swiss Plateau (Magny 2004; Magny et al. 2006), and
calibration ranges at 1 and 2 standard deviations (calBP) of radiocarbon dates from Babna gorica
and palaeochannels in IZica floodplain.
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ponds to an abrupt cooling phase, and to the major
flood event in west-central Europe ‘after ¢. 2700
calBP and before ¢. 2265 calBP’ as Michel Magny
(2006. 13) suggests.

It is worth pointing out the complex floodplain lake
level fluctuations and fluvial dynamics on the north-
eastern edge of the Ljubljana Marshes that predate
those on the IZica floodplain. Microclimate proxy data
from the bottom part of the stratigraphic sequence
of the Babna Gorica test trench indicate dynamic
events in the age range of 7660 to 6976 calBP. In
the bottom part of the stratigraphic sequence trans-
gression/regression dynamics of a probable flood-
plain lake are recorded. A layer of lacustrine marls
is dated to age range 7660-7483 calBP (GrA-9440).
It is covered by an organogenic layer dated to age
range 7249-6976 calBP (GrA-9857) associated with
a buried soil horizon. The area was inundated again,
as demonstrated by a thin layer of lake marl. Above
it, another buried soil horizon was identified. Wood
stumps and charcoal deposition in age range of
7321-7025 calBP (GrA-9856) were contextualised
within it. Thereafter, a series of loam, sand and gra-
vels deposits was recorded after the age range 6881-
6569 calBP (GrA9855) that indicates the dynamic al-
luvial episodes (Vidic 1997; Mlekuz, Budja, Ogrinc
20006.257). The floodplain lake transgression and
regression sequence runs parallel with the ‘Episode
11 (7550-7250 calBP)’ of abrupt central European
lake-level fluctuations (Magny 2004.72) (Fig. 6).

Conclusions

The absolute dates of the first phase palaeochannels
identified on LiDAR imagery are contemporary with
the dates from the Maharski prekop site. The wood-
en structures, either rectangular buildings or struc-
ture that run parallel with the channel, demonstrate
the overlapping age range. It is worth noting, how-
ever, that the abandoned channel was already iden-
tified and excavated in the 1970s (Bregant 1975.18-
20). The palaeochannels and the settlement reveal a
microtopography suitable for settlement which,
although prone to seasonal flooding, offered an at-
tractive resource for floodplain agriculture. There-
fore, we can imagine Maharski prekop as a dispersed
settlement with several settlement foci located on
the channel levees and surrounded by fields.

We suggest that the complexity of fluvial and allu-
vial process on the Ljubljana Marshes, dependent on
palaeoclimate oscillations, must be incorporated in
an adequate understanding of landscape dynamics
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Fig. 6. Babna gorica test section 2. A layer of lacu-
strine marls (20) is covered by an organogenic la-
yer associated with a buried soil horizon (19). The
area was inundated again, as demonstrated by a
layer of lake marl (18). Above it, another buried
soil horizon was identified (11) with well preser-
ved wood stumps and charcoal deposition contex-
tualised within (17). Thereafter, a series of loam,
sand and gravels deposits was recorded that indi-
cates the dynamic alluvial episodes (for stable iso-
tope 613C and 65N analysis see Mlekuz, Budja, Og-
rinc 2006.257-258).

and settlement patterns in the microregion. Further-
more, the age ranges of changes in the IZica flood-
plain palaeochannel system and Babna Gorica flood-
plain lake transgression and regression correspond
with Alpine lake level fluctuations and mid-Holocene
global cooling and contrasting patterns of hydrologi-
cal changes.

We present here fragmentary data that can have
heuristic value only at the southeastern part of Ljub-
ljana Marshes to show that at least at the time of
occupation (and probably even earlier) of the Resni-
kov prekop and Maharski prekop sites, this part of
the Ljubljana marshes was not covered by a shallow
lake, as the traditional view suggests, and that chan-
ges in hydrology correspond to abrupt climate chan-
ges. However, intensive multidisciplinary palaeoen-
vironmental research and adequate radiometric da-
ting of particular contexts can be the way forward in
interpreting the complex archaeological and palaeo-
environmental records of the Ljubljana Marshes.
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ABSTRACT - The phylogeny of the human Y chromosome as defined by unique event polymorphisms
is being worked out in fine detail. The emerging picture of the geographic distribution of different
branches of the evolutionary tree (haplogroups), and the possibilily of genetically dating their anti-
quity, are important tools in the reconstruction of major peopling, population resettlement and demo-
graphic expansion events. In the last 10 000 years many such events took place, but they are so close
together in time that the populations that experienced them carry Y chromosomal types which can
hardly be distinguished genetically. Nevertheless, under some circumstances, one can delect departu-
res_from the model of a major dispersal of people over much of the territory, as classically claimed for
the European Neolithic. The results of three studies of haplogroups relevant for Southern European po-
pulations are discussed. These analyses seem lo resolve the signal of recent post-Neolithic events from
the noise of the main East-to-West Palaeolithic/early Neolithic migrations. They also confirm that, pro-
vided an appropriate level of resolution is used, patterns of diversity among chromosomes which ori-
ginated oulside Europe may ofien be recognized as the result of discontinuous processes which occur-
red within Europe.

IZVLECEK - Filogenija cloveskega kromosoma Y, kot jo lahko preberemo skozi zaporedje polimorfiz-
mov, je dobro poznana. Cedalje jasnejsa slika geografskih distribucij posameznih vej evolucijskega
drevesa (haploskupin) in mozZnosti njihovega genetskega datiranja so pomembna orodja pri preuce-
vangju Sirjenja clovestva, premikov in Siritev populacij. V zadnjih 10 000 letih se je zgodilo kar nekaj
takih dogodkov, ki pa so si casovno tako blizu, da populacije, ki so bile vanje vpletene, nosijo tako
zelo podobne Y kromosome, da jih genetsko le tezko raziocimo med seboj. Kljub temu je moc pod ne-
katerimi pogoji opaziti razlike, ki se loCijo od klasicnega modela Sirjenja populacij, ki velja za evrop-
ski neolitik. Predstavijamo rezultate treh studij haploskupin juznoevropskih populacij. Analize so po-
kazale, da je moc iz Suma glavnih paleolitskih in neolitskih migracij iz vzhoda proti zahodu razlo-
citi nekatere po-neolitske demografske dogodke. Studija tudi potrjuje, da je mogoce - ob dovolj visoki
locljivosti - nekatere vzorce kromosomov, ki izvirajo izven Evrope, pripisati seriji prekinjenih proce-
sov znotraj Evrope.

KEY WORDS - Y chromosome; Neolithic; peopling of Europe; population genetics; demographic
expansions

Introduction

The genetic characterization of human populations
has long been recognized as an important and often
indispensable complement to historical research for
the understanding of population stratification, the
reconstruction of migrations and the evaluation of
gene flow. A major leap forward in this field was re-

presented by the possibility of assembling and ana-
lysing genetic data into a phylogenetic perspective.
Here we are concerned with the application of this
approach to population processes that occurred in
the Neolithic and post-Neolithic, as inferred from the
current population distribution of genetic diversity
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of the male-specific portion of the human Y chromo-
some (MSY).

The phylogenetic approach takes into account the
sequential accumulation of mutations in a given
stretch of DNA (in this case the MSY) over time. A
mutation in a given DNA position produces a so-cal-
led derived allele at that position. Whenever this
event can be considered unique, and subjects car-
rying the derived allele coexist in the population
with subjects carrying the non-mutated (ancestral)
allele, a so-called Unique Event Polymorphism (UEP)
can be observed (also called biallelic polymorphisms,
as typically only two alleles are observed at a given
position). In this situation, each derived allele be-
comes a genetic marker whose origin can be located
in a time when the ‘parental’ type already existed
and can, in turn, be considered ‘parental’ for other
mutations that appeared later. Graphs that summa-
rize the overall process are called phylogenetic trees,
and they display branches that diverge progressi-
vely, each new branch being defined by a new de-
rived allele in any position along the MSY.

A direct extension of these concepts is that all MSY
copies (each carried by a different subject) bearing
the same derived allelic variant at a given position
can be considered, as a first approximation, descen-
dants of the first one in which that particular muta-
tional event occurred (i.e. have a monophyletic ori-
gin). When considering more than one position on
the same DNA molecule, the particular combination
of allelic variants (the haplotype) thus represents a

numbers from the deepest to the terminal branches
(Y Chromosome Consortium 2002) (Fig. 1). Each
lineage defined by biallelic markers is referred to
as a haplogroup, whereas the term haplotype has
been restricted to a combination of alleles at Short
Tandem Repeats (STRs, see below).

After a pioneering era, the search for biallelic mar-
kers exploited high-throughput methods that were
first applied to samples representative of the entire
world population and, later, oriented to resolve in
finer detail some specific lineages.

Another important class of markers is represented by
STRs. These include loci with different lengths of the
basic repeat, and extensive searches for developing
them as markers have been performed (Kayser ef
al. 2004). Mutation at these loci occurs by the addi-
tion/subtraction of a number of repeats that is one
in the majority of cases. This latter feature fits the
theoretical ‘Stepwise Mutational Model’, which al-
lows us to create expectations for the rate of accu-
mulation of diversity and the distribution of allele
sizes. What matters here is that the overall amount
of STR diversity observed among the carriers of a
specific lineage defined by biallelic markers is a fun-
ction of the time elapsed since the origin of that li-
neage, and this property is exploited to arrive at an
evaluation of the antiquity of that lineage purely on
genetics grounds.

The genetic concepts and tools described above have
been used to search for the genetic signatures that

record of all the mutational

events that occurred on the li-
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Fig. 1. Schematic representation of the human MSY phylogenetic tree.
Only the main branches found in Europe are shown. Mutations that iden-
tify each branch are reported above the corresponding line. Letters used
in the unified nomenclature for the main haplogroups are shown on the
right. The positions of the nodes are not proportional to age estimates.
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the Neolithic revolution has left in the male gene
pool of populations of the Mediterranean region and
other areas nearby. However, it has to be empha-
sized that events that occurred in the last tenth of
millennia or later may have left traces that could
only modify the pre-existing repertoire of genetic
markers and their particular geographic distribu-
tions. These were the result of processes occurring
over a much longer time preceding the Neolithic. In
fact, even in the current description of the MSY
phylogenetic tree, most of the markers are older
than 10-15 ky BP, i.e. they were already present in
the populations that experienced the demographic
changes associated with the Neolithic revolution. In
conclusion, the question for the geneticist is whether
a DNA polymorphism which is able to mark a speci-
fic episode indeed exists and is known. In the phylo-
genetic framework, only under some circumstances
one can safely assume that a particular pattern of ge-
netic variation within a single or a group of popula-
tions can be the result of a Neolithic or post-Neolithic
event. These are:

O 2 biallelic marker near to the tip of a branch of
the MSY tree is dated at a time compatible or
younger than the Neolithic or,

® no such marker is known but, within an older li-
neage, a subset of populations display a limited
amount of STR variation, as if they had been foun-
ded at a more recent time and by a reduced num-
ber of founders.

We review and discuss here three studies (Di Gia-
como et al. 2004; Cruciani et al. 2007; Luca et al.
2007) that found genetic evidence of demographic
events which occurred after the spread of the Neo-
lithic culture from the Levant and involved Central
and South-Eastern Europe.

Post-Neolithic expansion from the Aegean de-
tected by haplogroup J2f1-M92

Haplogroup J has been considered to represent a sig-
nature of Neolithic demic diffusion associated with
the spread of agriculture (Semino et al. 1996). Di
Giacomo et al. (2004) provided population data
which give insights into the ways in which this ha-
plogroup spread.

Phylogenesis. Haplogroup J can be subdivided into
two major clades J1 and J2 - characterized by the
markers M267 and M172, respectively - plus the rare
paragroup J*(xJ1,J2). Within ]2, the analysis of a

multi-repeat deletion in the dinucleotide STR locus
DYS413 (Malaspina et al. 1998) resolves a major
multifurcation of six independent lineages, recently
increased to 11 (Sengupta et al. 20006). This additio-
nal mutational step within J2 enhances the possibi-
lity of performing phylogeographic studies of the
entire J2 sub-haplogroup in the Mediterranean area

(Fig. 2).

Population Data. Data on the overall occurrence of
the entire J haplogroup display an area of high fre-
quencies (>20%) stretching from the Middle East to
the central Mediterranean. A review of the frequency
data on Europe, the Caucasus, Iran, Iraq and North
Africa reveals that, in the Mediterranean, this haplo-
group is mainly confined to coastal areas. The high
frequencies in Turkey, Jewish and non-Jewish Middle
Eastern populations and in the Caucasus, identify
the fertile crescent and the east Mediterranean as
the focal area for the westward dispersal of the hap-
logroup. However, the data agree in showing that
this haplogroup did not leave a strong signature in
the peoples of the northern Balkans and central
Europe, this being the most likely route under the
demic diffusion model for the entry of agricultura-
lists into the European continent north to the Alps.
Instead, the raw frequency data from within the Ibe-
rian, Italian and Balkan peninsulas are more in line
with alternative routes of westward spread, possibly
maritime.

Internal J diversity. The highest UEP diversity is
observed in Turkey, Egypt and three locations in
southern Europe. The two most derived sub-haplo-
groups typed (J2f1-M92 and J2e-M12) were only
found in Turkey and locations west to it, boosting
the UEP internal diversity. The sub-haplogroup dis-
tribution found in Turkey is similar to that reported
by Cinnioglu et al. (2004).

The UEP diversity within J2 is lower in the Middle
East compared to both Turkey and the European lo-
cations. In conclusion, the UEP diversity of J in Tur-
key and southern Europe does not seem to be a sim-
ple subset of that present in the area where this ha-
plogroup first originated. This finding, also confir-
med in the data by Semino et al. (2004), points to
Turkey and the Aegean as a relevant source for the
J diversity observed throughout Europe.

The contribution of STRs for dating. When com-
bined with the results of 5 STRs, the age returned
for the entire J clade and its confidence interval fell
within the range reported in previous works (39.6
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-10.5 ky BP). Conversely, two of the terminal bran-
ches (J2f-M67 and J2f-M92) turned out to be much
younger, with estimated ages of 4 and 2.6 ky BP, res-
pectively (C.I. 2.4-7.7 and 1.6-4.2, respectively).

Conclusion 1

The dating estimates obtained by Di Giacomo et al.
(2004) are in agreement with the appearance of J1
and J2 in the Levant at the time of the Neolithic agri-
culture revolution. Implicitly, these figures make
these haplogroups of little aid in identifying splits in
population that may have accompanied the west-
ward dispersal of the entire haplogroup.

The data by Di Giacomo et al. (2004) and Semino
et al. (2004) show that J2f1-M92 is predominantly

found in the northern Mediterranean, from Turkey
westward. In particular, the estimates for this latter
sub-haplogroup are barely compatible with its pre-
sence among the early Levantine agriculturalists.
Thus the most likely explanation is the emergence of
J2f1 in the Aegean area, possibly during the popula-
tion expansion phase also detected by Malaspina et
al. (2001), and coincident with the expansion of the
Greek world up to the European coast of the Black
sea. This scenario would agree with the clustering of
J2f1-M92 chromosomes in the north-west of Turkey
(Cinnioglu et al. 2004).

In summary, this set of data is in agreement with a
major discontinuity for the peopling of southern Eu-
rope. Here, haplogroup J constitutes not only the sig-

nature of a single wave-of-advance

J2f-M92 from the Levant but, to a greater ex-
aief tent, also of the expansion of the
J2a-Ma7 Greek world, with an accompanying

Jz'(DYSj;:5M1132) . novel quota of genetic variation
oire : produced during its demographic
J1.02) 1 growth. Recently Cadenas et al.
A T | ! (2007) described similar evidence
* concerning haplogroup J1-M267 as
—lA L — a marker of the Neolithic spread
a9 & W B =N from the fertile crescent to the South
& s Arabian peninsula.

Post-Neolithic expansion from
within the Balkans detected by
haplogroup E-V13

Cruciani et al. (2007) provided de-
tailed population data on the distri-
bution of E-M78 binary sub-haplo-
groups defined by ten UEPs in 81
populations mainly from Europe,
western Asia and Africa. In order to
obtain estimates of the internal di-
versity and coalescence age of E-

M78 sub-haplogroups and their asso-

Fig. 2. Top. Phylogenetic arrangement of lineages within haplo-
group J, as analysed by Di Giacomo et al. (2004). Other internal
lineages (Y Chromosome Consortium 2002; Sengupta et al. 20006)
are not shown. The positions of the nodes of the tree are according
to age estimates (Di Giacomo et al. 2004) and are marked on the
lower bar (0 = present). Bottom. Same phylogenetic tree as above
superimposed onto geography, to show the main routes of disper-
sal of the different lineages. The origin of the entire J haplogroup
was arbitrarily placed in the fertile crescent and only south and
westward dispersals are outlined. For simplicity, J2-M12 and J2-
M47 are not shown. The endpoints of each line are schematic and
do not represent exclusive directions of migration (e.g. J1-M267 is
JSound not only in the Arabian Peninsula, but also in other areas
where J is present).
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ciated human migrations and demo-
graphic expansions, a set of eleven
microsatellites was also analyzed.
The same set of microsatellites was
also analyzed in a sample of Y chro-
mosomes belonging to the haplo-
group J-M12. These results not only
provide a refinement of previous
evolutionary hypotheses based on
microsatellites alone, but also well
defined time frames for different mi-
gratory events that led to the disper-
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sal of these haplogroups and sub-haplogroups in the
0ld World.

Phylogenesis. By analyzing a worldwide sample of
6501 male subjects, 517 chromosomes belonging to
haplogroup E-M78 were identified, more than twice
the number found in a previous study (Cruciani et
al. 2004). These chromosomes have been further
analyzed for 10 biallelic markers. Four sub-haplo-
groups were either rare or absent in the global sam-
ple, while the other haplogroups/paragroups were
relatively common.

Population data and dating. The subdivision of
E-M78 in the six common major clades revealed a
pronounced geographic structuring: haplogroup E-
V65 and the paragroups E-M78* and E-V12* were
observed mainly in northern Africa, haplogroup E-
V13 was found at high frequencies in Europe, and
haplogroup E-V32 was observed at high frequencies
only in eastern Africa. The only haplogroup showing
a wide geographic distribution was E-V22, relatively
common in north-eastern and eastern Africa, but also
found in Europe, western Asia, up to southern Asia.

The peripheral geographic distribution of the most
derived sub-haplogroups with respect to north-east-
ern Africa, as well as the results of quantitative ana-
lysis of UEP and microsatellite diversity, are strongly
suggestive of a north-eastern African origin of E-
M78. The evolutionary processes that determined
the wide dispersal of the E-M78 lineages from north-
eastern Africa to other regions can then be addres-
sed.

Previous studies on the Y chromosome phylogeogra-
phy have revealed that central and western Asia
were the main sources of Palaeolithic and Neolithic
migrations contributing to the peopling of Europe
(Underhill et al. 2000; Wells et al. 2001). The mole-
cular dissection of E-M78 contributes to the under-
standing of the genetic relationships between north-
ern Africa and Europe. Several lines of evidence sug-
gest that E-M78 sub-haplogroups E-V12, E-V22 and
E-V065 were involved in trans-Mediterranean migra-
tions directly from Africa. These haplogroups are
common in northern Africa, where they probably
originated, and are observed almost exclusively in
Mediterranean Europe, as opposed to central and
eastern Europe. Also, among the Mediterranean po-
pulations, they are more common in Iberia and
south-central Europe than in the Balkans, the natu-
ral entry-point for chromosomes coming from the
Levant. Such findings are hardly compatible with

the south-eastern entry of E-V12, E-V22 and E-
V65 haplogroups into Europe. Upper limits for the
introduction of each of these haplogroups in Europe
are given by their estimated ages (18.0, 13.0 and 6.2
ky BP, respectively), while lower bounds should be
close to the present time, given the lack of internal
geographic structuring.

Haplogroup E-V13 is the only E-M78 lineage that
reaches the highest frequencies outside Africa. In
fact, it represents about 85% of European E-M78
chromosomes, with a clinal pattern of frequency di-
stribution from the southern Balkan peninsula
(19.6%) to western Europe (2.5%) (Fig. 3). The same
haplogroup is also present at lower frequencies in
Anatolia (3.8%), the Near East (2.0%) and the Cau-
casus (1.8%). In Africa, haplogroup E-V13 is rare,
being observed only in northern Africa at a low fre-
quency (0.9%). The European E-V13 microsatellite
haplotypes are related to each other to form a near-
ly perfect, star-like network, a likely consequence of
rapid demographic expansion (Jobling et al. 2004).
The age of the European E-V13 chromosomes turns
out to be 4.0-4.7 ky BP. On the other hand, when
only E- V13 chromosomes from western Asia are
considered, the resulting network does not show
such a star-like shape, and a much earlier age of
11.5 ky BP (95% C.I 6.8-17.0) is obtained. These re-
sults present the possibility of recognizing time win-
dows for i) population movements from the E-M78
homeland in north-eastern Africa to Eurasia, and ii)
population movements from western Asia into Eu-
rope and, later, within Europe.

The most parsimonious and plausible scenario is that
E-V13 originated in western Asia about 11 ky BP,
and its presence in northern Africa is the result of a
more recent introgression. Under this hypothesis, E-
V13 chromosomes sampled in western Asia and their
coalescence estimate detect a likely Palaeolithic exit
from Africa of E-M78 chromosomes devoid of the
V13 mutation, which later occurred somewhere in
the Near East/Anatolia. The refinement of location
for the source area of such movements and associ-
ated chronologies attained by Cruciani et al. (2007)
may be relevant to controversies on the spread of
cultures (and languages) between Africa and Asia in
the corresponding timeframes (Bellwood 2004; Ehret
et al. 2004).

Two haplogroups support the same scenario.
As to a western Asia-Europe connection, the data
suggest that western Asians carrying E-V13 may
have reached the Balkans anytime after 17.0 ky ago,
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but expanded into Europe not earlier
than 5.3 ky ago. Accordingly, the allele
frequency peak is located in Europe,
whereas the distribution of microsatel-
lite allele variance shows a maximum
in western Asia. Based on previously
published data discussed above, Cru-
ciani et al. (2007) observed that ano-
ther haplogroup, J-M12, shows a fre-
quency distribution within Europe si-
milar to that observed for E-V13. In
order to evaluate whether the present
distribution of these two haplogroups
can be the consequence of the same
expansion/dispersal microevolutionary
event, the two frequency distributions
in Europe were compared. A high and
statistically significant correspondence
between the frequencies of the two ha-
plogroups (r = 0.84, 95% C.L 0.70-
0.92) was observed. A similar result
(r=0.85,95% C.I. 0.70-0.93) was ob-
tained when the series was enlarged
with the J-M12 data from Bosnia, Cro-
atia and Serbia (Marjanovic et al.
2005) matched with the frequencies
of E-M78 cluster o. (Pericic et al. 2005) as a proxy
for haplogroup E-V13.

Finally, tetranucleotide microsatellite data were used
in order to obtain a coalescence estimate for the J-
M12 haplogroup in Europe. By taking into conside-
ration two different demographic expansion models,
age estimates very close to those of E-V13 were ob-
tained, i.e. 4.1 ky BP (95% C.I. 2.8-5.4 ky BP) and
4.7 ky BP (95% C.I. 3.3-6.4 ky), respectively.

The overall view was confirmed by subsequent works
aimed at clarifying the peopling of Crete. According
to Martinez et al. (2007) E-M78 cluster o. chromo-
somes (which largely overlap E-V13) may have rea-
ched Crete as a result of gene flow from mainland
Greece during and/or after the Neolithic. King et al.
(2008) dated the expansion of E-V13 chromosomes
in Crete at 3.1 ky BP, “arguably reflecting the pre-
sence of a mainland Mycenaean population in
Crete”. Also, the V13 marker is able to rule out re-
cent genetic affinities between Crete and Egypt,
where E chromosomes are mainly devoid of V13.

Conclusion 2

The congruence between frequency distributions,
shape of the networks, pair-wise haplotypic differ-
ences and coalescent estimates point to a single
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Fig. 3. Map of the observed haplogroup E-V13 frequencies (Cru-
ciani et al. 2007).

evolutionary event at the basis of the distribution
of haplogroups E-V13 and J-M12 within Europe, a
finding never appreciated before. These two hap-
logroups account for more than one fourth of the
chromosomes currently found in the southern Bal-
kans, underlining the strong demographic impact of
the expansion in the area.

At least four major demographic events have been
envisioned for this geographic area, i.e. the post-Last
Glacial Maximum expansion (about 20 ky BP) (7a-
berlet et al. 1988; Hewitt 2000), the Younger Dryas-
Holocene re-expansion (about 12 ky BP), the popu-
lation growth associated with the introduction of
agricultural practices (about 8 ky BP) and the de-
velopment of Bronze technology (about 5 ky BP).
Though large, the confidence intervals for the coale-
scence of both haplogroups E-V13 and J-M12 in
Europe exclude the expansions following the Last
Glacial Maximum, or the Younger Dryas. The esti-
mated coalescence age of about 4.5 ky BP for haplo-
groups E-V13 and J-M12 in Europe (and their C.Ls)
would also exclude a demographic expansion asso-
ciated with the introduction of agriculture from Ana-
tolia and would place this event at the beginning of
the Balkan Bronze Age, a period that saw strong
demographic changes as clearly seen in the archaeo-
logical record. The arrangement of E-V13 and J-M12
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frequency surfaces appears to fit the expectations
for a range expansion in an already populated terri-
tory. Moreover, similarly to what Periic et al. (2005)
found for the E-M78 network, the dispersion of E-
V13 and J-M12 haplogroups seems to have mainly
followed the rivers connecting the southern Balkans
to north-central Europe, a route that had already has-
tened by a factor of 4-6 the spread of the Neolithic
to the rest of the continent (Davison et al. 2000).

Post-Neolithic expansion within Central Europe
detected by three haplogroups

Luca et al. (2007) explored the MSY diversity in five,
closely spaced Czech population samples. The hap-
logroups P-DYS257*(xR1a) and R1a-SRY 1083 estab-
lish a major divide across central Europe, initially
identified with a line roughly extending from the
Adriatic to the Baltic (Malaspina et al. 2000). This
line separates high frequencies of R1a-SRY10g31 to
the East from low frequencies to the West, with an
opposite trend for P-DYS257#(xR1a). Kayser et al.
(2005) found this sharp genetic boundary to coin-
cide with the German-Polish border, and interpreted
it as the result of massive population movements as-
sociated with World War II, superimposed on pre-exi-
sting continent-wide clines. The Czech Republic ap-
pears to be affected by a much smoother frequency
shift, if any, supporting the interpretation of a very
recent origin of the German-Polish discrepancy.

Overall, the haplogroup frequencies identify the
Czech population as one influenced to a very mode-
rate extent by genetic inputs from outside Europe in
the post-Neolithic and historical times. It thus may
represent an ideal population to draw inferences on
geographically confined processes that might also
have occurred in other parts of central Europe.

Inferences based on STR variation in the three most
common haplogroups obtained with coalescent me-
thods deserve careful evaluation. First, even though
sampling was carried out in a limited geographic
area, it returned age estimates for I-M170, P-
DYS257%(xR1a) and R1a-SRYjos3; similar to those
obtained in reports with a wider geographical cove-
rage (approximately 500, 400 and 350 generations
ago, respectively). Conservatively, one can simply
conclude that the Czech population harbours a large
part of the STR variation generated in each haplo-
group. The ages of the three most common haplo-
groups turned out to be largely overlapping, and
compatible with their presence during or soon after
the Last Glacial Maximum.

However, a local signal emerged from the distribu-
tion of this diversity, 7.e. that of a fast and recent po-
pulation growth, which persists even after relaxing
the prior assumptions of the dating method and is
similar for the three haplogroups. This is summari-
zed by the parameters alpha (rate of population
growth, 0.023, 0.031 and 0.032 for I-M170, P-
DYS257%(xR1a) and R1a-SRYs31, respectively) and
beta (beginning of population growth, 97, 150 and
125 generations ago, respectively) and their relati-
vely narrow confidence intervals (up to 1.5 fold the
average). Estimation of the beta parameter most li-
kely locates the beginning of this process in the 1st
millennium BC, with confidence intervals that are
barely compatible with the archaeologically docu-
mented introduction of Neolithic technology in this
area (Haak et al. 2005). At least for the female lin-
eage, these authors found a little genetic contribu-
tion to the present European gene pool from the
first farmers settled in the area. Independently of
the relevance of these data for reconstructing the ge-
netics of Europe in the early Neolithic (Barbujani
and Chikhi 2006), the central value for population
growth coincides with a later period of repeated
changes in the material cultures in this geographic
region, driven by the development of metal techno-
logies and the associated social and trade organiza-
tion.

Conclusion 3

The combined use of UEP and STR markers
allowed the exploration of different time horizons
for the age of molecules and for the process of pop-
ulation growth (Torroni et al. 2006). In fact, the
data for the Czech population favour a model in
which the age of the most common MSY molecules
could be separated from consistent population
growth. Similar results have been obtained for
Lithuania (Kasperaviciute et al. 2004). Both regions
lie at the north-western and northern edge, respecti-
vely, of the putative homeland (central and south-
eastern Europe) of an aboriginal quota of the mole-
cular MSY diversity. This offers an unprecedented
opportunity to test alternative models for a continen-
tal pattern of diversity which is arranged along the
southeast-to-northwest axis. The question of whether
this could be the result not only of a single demic dif-
fusion, but also of the demographic increases affec-
ting pre-existing local gene pools is still open. Exam-
ples of the recent growth of pre-existing gene pools
that add complexity to the simple demic diffusion
models, are provided by mtDNA haplogroup HV and
H1 (Achilli et al. 2004), as well as Y chromosomal
haplogroup R-SRYz27 (Hurles et al. 1999).
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Concluding remarks

The build-up of present day male-specific Y chromo-
some (MSY) diversity can be viewed as an increase
in complexity, due to the repeated addition of new
variation to the pre-existing background by two main
mechanisms: the immigration of differentiated MSY
copies from outer regions, and the accumulation of
novel MSY variants generated by new mutations in
loco. Recently, Sengupta et al. (2006) pointed out
that combining highly resolved phylogenetic hierar-
chy, haplogroup internal diversification, geography
and expansion time estimates can lead to the appro-
priate diachronic partition of the MSY pool. The DNA
content of the MSY ensures that abundant diversity
exists to proceed a long way in this process of phylo-
geographic refinement, eventually leading to a level
of resolution for human history comparable with, or
even greater than, that achieved by mitochondrial
DNA (Torroni et al. 2000).

In addition, environmental or cultural transitions are
usually considered to be the basis of dramatic chan-

ges in the size of human populations. These changes,
too, are expected to leave a distinct signature in the
genetic pools of the populations that experienced
them. Even in the absence of known markers that
are able to qualitatively mark these episodes, quanti-
tative analysis is feasible and can sometimes lead to
robust inferences.

Here we show that a growing body of work conver-
ges in disclosing a further level of complexity in the
genetic landscape of central and south-eastern Eu-
rope. This appears to be, to a large extent, the conse-
quence of a recent population increase in situ, rather
than the result of a mere flow of western Asian mi-
grants during the early Neolithic.
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ABSTRACT - This paper proposes an association between climate forcing connected with the 8200
calBP ‘climate event’ and a postulated phase of internecine warfare and population collapse at Late
Neolithic/Early Chalcolithic sites in Pisidia, southwestern Turkey. A summary of this evidence is pro-
vided and a hypothetical scenario considered in the context of contemporaneous developments in
neighbouring regions.

IZVLECEK - V clanku predlagamo povezavo med klimatskimi anomalijami - 8200 calBP ‘kRlimatskim
dogodkom’ in postulirano fazo morilskil spopadov in populacijskega kolapsa v pozno neolitskih/

0 hipoteticnem scenariju dogajanja v kontekstu socasnega razvoja v sosednjih regijah.

KEY WORDS - 8200 calBP ‘climate event’; Anatolia; warfare; GIS-analysis; Neolithisation

Introduction

The past few years have seen the publication of a
number of papers in which human reactions to cli-
mate forcing at the time of the 8200 calBP ‘climate
event’ have been discussed. These have focused not
only on potential implications for contemporaneous
Neolithic communities in the Eastern Mediterranean,
and its possible outcome on Neolithisation processes
(Weninger et al. 2005, 2006), but have also consi-
dered temporal correlations with developments in
Late Neolithic Cilicia and the Balikh valley (Clare et
al. in press), as well as Mesolithic and/or transitio-
nal Neolithic cultures in western, north-western, cen-
tral and south-eastern parts of Europe (Weninger et
al. this volume; Weninger et al. 2007; Budja 2007).

In the following, emphasis is on the geographical
region of south-western Anatolia (ancient Pisidia),
which in the late seventh millennium calBC was a
centre of emerging ‘western’ painted pottery (Haci-
lar) traditions!. Excavations at four contemporane-
ous sites in Pisidia (Hacilar, Kurucay Hoyiik, Hoyt-
cek Hoytik, Bademagaci Hoytik) have produced evi-
dence for the erection of fortifications, episodes of
destruction through burning, and large scale confla-
grations, all of which coincide with the 8200 calBP
‘climate event’. In this paper it is argued that these
may be connected with episodes of warfare triggered
by the effects of altered climatic conditions in the
late seventh millennium calBC.

1 At roughly the same time, the ‘eastern’ painted ware tradition, or Halaf culture, was developing under the influence of Hassuna
and Samarra in the Middle Euphrates region (¢f. Cruells & Nieuwenhuyse 2004).
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Although a causal relationship between prehistoric
warfare and climate change is certainly nothing
new, and has been discussed for a number of years
by researchers with a focus on the American South-
west (e.g. Haas 1990; Haas and Creamer 1993; Le-
Blanc 1999), as far as we are aware, this is the first
time that such a hypothesis has been proposed for
the Late Neolithic/Early Chalcolithic period in the
Anatolian landscape of Pisidia.

Climate change around 8200 calBP

The period around 8200 calBP is marked by distinct
climate change on large, Northern Hemispheric or
even global, scales (for reviews, see Alley et al. 1997,
Mayewski et al. 2004; Rohling and Pilike 2005;
Alley and Agiistsdottir 2005). In Greenland ice-core
stable oxygen isotope data of the ice itself, there is
a sharp ‘event’ that stands out from a largely ‘stable’
Holocene time-series, and it was first considered as
a widespread abrupt climate change event in Alley
et al. (1997). Based on the recently updated layer-
counted timescale for Greenland ice cores, the apex
of this event is dated at 8190 calBP, with a counting
uncertainty of 47 yr (Rasmussen et al. 2006). Tho-
mas et al. (2007) investigated the event in the ice
cores in great detail, and concluded that it began at
8247 calBP and ended at 8086 calBP, with a central
peak event between 8212 and 8141 calBP. At the
Greenland summit, the observed oxygen isotope ano-
maly may imply about 6 + 2 °C cooling (4/ley et al.
1997).

The North Atlantic record

The 8200 calBP climate event has been ascribed to
catastrophic flooding from glacial lakes Agassiz and
Ojibway into the North Atlantic during the terminal
demise of the Laurentide ice sheet, dated at 8470 +
300 calBP (likely due to ice-dam collapse) (Barber
et al. 1999). It was suggested that the freshwater re-
lease into the North Atlantic temporarily reduced, or
even shut down, the formation of North Atlantic
Deep Water (NADW), resulting in reduced oceanic
northward heat transport and consequent cooling
around the North Atlantic (DeVernal et al. 1997;
Alley et al. 1997). Increasingly sophisticated model-
ling studies show good apparent agreement between
the impacts of freshwater-related reduction of NADW
formation and the changes inferred from observa-
tions on hemispheric to global scales, and also that
the climate impacts would develop within a few de-
cades after the freshwater flooding event (Renssen
et al. 2002; 2007; Bauer et al. 2004; Alley and Agiists-

66

dottir 2005; Wiersma and Renssen 2000, LeGrande
et al. 2000).

Studying a marine sediment core from Gardar Drift,
where they can constrain the Iceland-Scotland Over-
flow Water (ISOW) component of NADW, Ellison et
al. (2000) infer from stable oxygen isotope data a
main freshening pulse in the North Atlantic close to
the 8470 calBP timing of the Agassiz/Ojibway flood.
They compare this with ISOW flow rates based on
sortable silt data that are co-registered with their
oxygen isotope data in the same sample archive.
The sortable silt values indicate an onset of ISOW
weakening around 8450 calBP, with a gradual de-
cline leading to the weakest ISOW interval at about
8260-8050 calBP. These results are rather puzzling,
since all models suggest that the NADW (including
ISOW) response would have occurred within a few
decades of the flood. In the models, the NADW slow-
down then results in a sharp cool event around the
North Atlantic. However, in the dataset of Ellison et
al. (2000), there is a first cool spike centred on about
8490 calBP (spanning roughly 8550-8450 calBP),
followed by a more distinct cool event that spans
the interval 8380-8260 calBP. The latter immedi-
ately pre-dates (without overlap) a rapid reduction
to lowest ISOW flow intensity, which spans the inter-
val 8260-8050 calBP (see Figure 3 of Ellison et al.
20006). The data of Ellison et al. (2006) therefore pose
some challenging questions: (1) Why did it take some
two centuries after the main flooding event before
ISOW flow was minimised, when models suggest
there should be an almost instantaneous response?
(2) Why does their main cold event appear to pre-
date the ISOW flow minimum, instead of the expect-
ed reversed or virtually synchronous relationship?
These questions cannot be brushed aside on the basis
of dating uncertainties, since all the records of Ellison
et al. (2000) are co-registered in a single sample ar-
chive, so that relative phase relationships are fixed.

Kleiven et al. (2007) emphasise that ISOW is just one
component of NADW, and that the complete NADW
signature should be considered when comparing
data with models for the 8200 calBP climate event.
They endeavour to do so by studying a marine sedi-
ment core from Eirik Drift, at the southern tip of
Greenland, which records information from the total
combined Nordic Seas overflow. Kleiven et al. (2007)
find a single event of NADW weakening, which they
date between 8380 and 8270 calBP, in close agree-
ment with the main cooling event that Ellison et al.
(2000) correlate to the actual 8200 calBP event. It is
also within dating errors of both the 8247-8086
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calBP age of the cold event in Greenland ice cores
(Thomas et al. 2007) and the 8470 + 300 calBP age
of the Agassiz/Ojibway flood (Barber et al. 1999).

Kleiven et al. (2007) assert that their results confirm
the scenario of flooding leading to NADW weakening
and consequent climatic cooling (with only minor
delays in between these stages), as seen in model-
ling experiments (e.g. Renssen et al. 2002; 2007;
Bauer et al. 2004; Alley and Agustsdottir 2005;
Wiersma and Renssen 2006; LeGrande et al. 2000).
Note that this would imply that the onset of the
gradual ISOW flow reduction at about 8500 calBP
(Ellison et al. 2006) predated by more than a cen-
tury the sharp flood-related ‘8200 calBP’ cool event
(8380-8260 calBP in Ellison et al. 2006). The first
microfossil evidence of surface cooling in fact starts
even earlier, around 8550 cal BP, in the records of
Ellison et al. (2006) (their Figure 3). Even more in-
triguing, the ISOW flow minimum postdates the
main 8380-8260 calBP cold event that Ellison et al.
(2000) correlate to the actual 8200 calBP event, and
hence the period of minimum total composite NADW
influence over Eirik Drift noted by Kleiven et al.
(2007). Clearly, relationships are by no means sim-
ple between the flooding, ISOW intensity at Gardar
Drift, composite NADW intensity at Eirik Drift, and
the (potentially complex) climate responses. While
the short and sharp composite NADW reduction at
Eirik Drift would seem to be related to the flooding
event in a manner expected from modelling experi-
ments (Kleiven et al. 2007), the Gardar Drift records
of ISOW seem to be telling us about more subtle un-
derlying changes, which span some 5 centuries from
about 8500 calBP until the recovery of ISOW flow
intensity at around 8000 calBP (Ellison et al. 20006).
The state of knowledge should not be seen as ‘mud-
dled’ or ‘confused’, but instead as a developing rich-
ness of information that will eventually lead towards
a comprehensive understanding of climate change in
the times around 8200 calBP.

Reviewing high-quality palaeoclimate records (draw-
ing on the wider Holocene overview of Mayewski
et al. 2004), and focusing on co-registered relation-
ships between statistically significant anomalies,
Rohling and Pilike (2005) established for the first
time that the actual short, sharp 8200 calBP event
occurred ‘embedded’ within a broader underlying
climate anomaly. The broad anomaly was found to
span 5 to 6 centuries, between about 8600/8500
and 8000 calBP, an interval similar to that of the
entire ISOW anomaly of Ellison et al. (2006), as no-
ted by those authors. The broad underlying anomaly

forms part of a distinct repeating pattern of anom-
alies during the Holocene, marked by glacier expan-
sions on a global scale; the well-known Little Ice Age
of AD 1400-1900 forms the most recent example
(Mayewski et al. 2004). Given that there clearly are
two mechanisms at play, one causing the repeating
pattern of anomalies during the Holocene, and the
other a ‘climatic accident’ (the Agassiz/Ojibway flood),
attribution of any record to the actual 8200 cal BP
climate event has to be performed with the utmost
caution (Rohling and Pilike 2005). A sound way
forward is to carefully document patterns of change
through an extended interval from about 9000 to
7000 calBP, to distinguish longer-term changes
between about 8600/8500 and 8000 calBP from
the sharp, short actual 8200 calBP event that has a
Greenland ice-core age of about 8250-8080 cal BP
(Thomas et al. 2007).

The Aegean record

The present paper is specifically concerned with the
Aegean/Levantine region, and the regional expres-
sions of climate change around 8200 calBP are here
discussed within the context of a key record for iden-
tifying Holocene climate anomalies (Rapid Climate
Change events, or RCCs, after Mayewski et al. 2004)
in the eastern Mediterranean region, based on micro-
fossil assemblages in marine sediment core LC21
(Rohling et al. 2002a). 1.C21 was recovered from
the SE Aegean Sea, on the boundary between the
north-south extended Aegean Sea and the west-east
extended Levantine Sea, which is a sensitive loca-
tion for the recording of expansions and contrac-
tions of the cooler Aegean signature relative to the
warmer Levantine signature.

Changes in the assemblages of marine unicellular
zooplankton microfossils (planktonic foraminifera)
in sediment core LC21 were used to determine a Ho-
locene history of relative surface-water temperature
fluctuations (Rohling et al. 2002a). Mapping of the
distribution of the same assemblages in core tops
from the Aegean Sea allowed rough calibration of
the relative changes into more quantitative esti-
mates of sea surface temperature change. This work
revealed a pattern of three main Holocene RCCs
that were associated with temperature drops of the
order of 2-3 °C in the SE Aegean region, notably in
winter (Rohling et al. 2002a). Rohling et al. (in
press) corroborate this initial estimate by similar val-
ues from statistically more robust calibrations of the
faunal changes using an Artificial Neural Network
approach (for method, see Hayes et al. 2005) (Fig.
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1). Further to the north in the Aegean Sea, cooling
may have been a little bit more intense (Rohling et
al. in press). Contemporaneous cooling events of
similar magnitude are known from the western Me-
diterranean, where they were quantified with organ-
ic geochemical techniques (Cacho et al. 2001).

Rohling et al. (2002a), Mayewski et al. (2004), and
Rohling and Pilike (2005) have placed the Aegean
record of RCCs within a wider framework of climate
variability, and strong agreement was found be-
tween the Aegean RCCs and the more intense Holo-
cene events found both throughout the North Atlan-
tic region, and further afield. Besides global glacier
advances, the Holocene RCCs are also marked by
distinct increases in the concentration of K* ions
(i.e. [K*]) in the GISP2 ice core from Greenland
(O’Brien et al. 1995; Mayewski et al. 1997; 2004)
(Fig. 1). Potassium transport to the Greenland ice
sheet is strongly related to the late winter-spring in-
tensity of the atmospheric high-pressure conditions
over Siberia (Meeker and Mayewski 2002), so that
enhanced [K*] within the RCCs suggests an inten-
sification of Eurasian winter conditions. The Holo-
cene RCCs are also characterised by peaks in the
sea-salt [Na*] series from the GISP2 ice core (Fig. 1).
These sea-salt [Na*] variations reflect the intensity of
the Icelandic Low (Meeker and Mayewski 2002). An
intensified Icelandic Low causes intensification of
onshore winds to Greenland, so that sea ice stays
longer each season, and persists more from season

to season. The inferred increase of North Atlantic
sea-ice extent and duration during the Holocene
RCCs is supported by concomitant increases in the
Holocene, most likely sea-ice transported, ice-rafted
debris concentrations in North Atlantic sediments
during the RCCs (Bond et al. 2001). Mangini et al.
(2007) presented a detailed composite speleothem
record from Spannagel Cave, central Alps, which dis-
plays a temporal structure similar to that of records
of North Atlantic hydrographic/sea-ice variations, as
obtained from ice-rafted debris counts in marine se-
diment cores (Bond et al. 2001) and supported by
the GISP2 ice-core [Na*] series (Fig. 1). The main
RCCs in this speleothem record may be associated
with winter cooling of roughly 3 °C, although Man-
gini et al. (2007) argue that their oxygen isotope
data are better considered as a function of precipita-
tion origin rather than temperature. The combined
information demonstrates a significant correlation
between terrestrial and marine palaeoclimate re-
cords at the time of Holocene RCCs, with an empha-
sis on winter-time perturbations.

The cooling events in the Aegean Sea have been
ascribed to intensification and frequency increase of
wintertime northerly outbreaks of cold polar and
continental air over the basin, relative to the present
(Rohling et al. 2002a). Such outbreaks still occur
today, and for a summary and data of such an event
in December 2001, we refer to Casford et al. (2003;
and below). The northerly outbreaks are a conse-
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shown in Rohling et al. (2002a). An artificial neural network (ANN) technique is used to transform the
JSaunal abundance data into records of winter, summer, and annual mean sea surface temperature. The
technique and its core-top calibration set are fully explained in Hayes et al. (2005). Note that the records
are presented on the left-hand side versus age in years Before 2000 CE (= yr B2K), which is the conven-
tionally used ice-core reference datum, as well as (right-hand side) versus age in years CE/BCE (as used
throughout this volume). The age of the Minoan eruption is indicated after Friedrich et al. (2006).
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quence of the Mediterranean’s latitudinal position
and its mountainous northerly margin, which exert
an important control on circulation and water-mass
transformations in the Mediterranean Sea, and con-
temporaneous cooling events have been found in
the Adriatic Sea and in the western Mediterranean
(Rohling et al. 1997: 2002b; Casford et al. 2001,
Cacho et al. 1999; 2000; 2001; Frigola et al. 2007).
To understand the relationship between the fre-
quency and intensity of wintertime northerly out-
breaks over the Mediterranean and the climatic pat-
terns inferred from proxy records from the wider
northern hemisphere (particularly the Greenland ice
sheet), we first consider the main drivers behind
the general climatic conditions over the region.

During summer, climate over the eastern sector of
the eastern Mediterranean is dominated by north-
ward displacement of North African subtropical high-
pressure conditions, causing widespread drought.
The Aegean Sea then comes under the influence of
northerly winds (‘Etesians’), due to the extension of
the deep monsoon Low of NW India over the Iranian
highlands and Anatolia. Although this semi-perma-
nent extension of the monsoon low causes local de-
pression formation around Cyprus and the Middle
East, dry summer conditions prevail due to descent
in the upper troposphere that is related to the in-
tense Asian summer monsoon (Rodwell and Hos-
kins 1996; Trigo et al. 1999).

During winter, the subtropical conditions are dis-
placed southward, and polar/continental conditions

expand southward from the North. Low surface-pres-
sure conditions over the central to eastern Mediter-
ranean develop as a consequence of the high sea-
surface temperatures relative to the surrounding
land masses, fuelled by the high thermal capacity of
the basin’s water masses (Lolis et al. 2002). Inter-
actions between this Mediterranean Low and north-
eastward extension of the Azores High (over Iberia,
France, and southern Britain), or westward ridging
of the Siberian High towards NW Europe and south-
ern Scandinavia (Maheras et al. 1999; Lolis et al.
2002), drive intense northerly flows of cold and dry
air masses towards the Mediterranean basin, which
are channelled through valleys in the mountainous
topography of the northern Mediterranean margin.
Channelling of polar and continental airflows
through the lower Rhone Valley towards the Gulf of
Lyons gives rise to the ‘Mistral’, while similar flows
towards the Adriatic and Aegean Seas cause the
‘Bora’ and ‘Vardar’ (Fig. 2). These wintertime out-
bursts of polar and continental air cause intense eva-
poration and associated cooling of the sea surface
(e.g. Leaman and Schott 1991; Saaroni et al. 1996;
Poulos et al. 1997; Maheras et al. 1999; Casford et
al. 2003; and references therein).

The enhanced potassium accumulation in the Green-
land ice sheet during Holocene RCCs (Fig. 1) sug-
gests an intensified late winter-early spring Siberian
High (Meeker and Mayewski 2002). Given that
expansion and westward ridging of the Siberian
High are important processes controlling northerly
outbreaks over the Mediterranean (Maheras et al.
1999; Lolis et al. 2002), we
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plain the observed episodes of
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Fig. 2. Schematised map showing a) the location of Hudson Bay; b) Ice-
land Low, Azores High, and Siberian High pressure zones; c) the position
of core LC 21; and d) intense cold northerly airflow over Western, Cen-

tral and Eastern Europe in the winter months.

has very high thermal inertia.
Over land, therefore, the im-
pacts should be expected to
have been much sharper and
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more pronounced, especially at altitude and further
inland, away from the moderating influence of open
sea (i.e. away from ‘maritime’ and into more ‘conti-
nental’ climate conditions). Also, the climatic effects
over land may have consisted of highly variable con-
ditions with considerable extremes, which become
‘smoothed out’ by long time-integration in the sea.

The main RCCs recognised in the Aegean Sea record
of core LC21 are found at about 8600-8000 calBP,
6300-5500 calBP, and 3300-2600 calBP (Fig. 1).
The duration of the first of these is well established
at 5 to 6 centuries (Mercone et al. 2000; Casford et
al. 2007), and it evidently forms part of a repeating
RCC pattern during the Holocene. The GISP2 data
(Fig. 1) clearly indicate that the Little Ice Age (LIA)
is part of this repeating pattern, but the giant sedi-
ment corer used to recover core LC21 proved too
crude a tool to recover this very recent (waterlog-
ged, ‘fluffy’) sediment. As yet, no sharp culmination
of the 8600-8000 calBP cool anomaly associated
with the actual 8200 calBP event has been found in
the records, which might be (unlikely) because of
insufficient temporal resolution, or because further
study of other indicators with different sensitivities
is needed to record it. To understand the regional
impact of enhanced frequency/intensity of northerly
air outbreaks over the Aegean Sea, it is worth consi-
dering weather and impact reports for recent events,
and historical reports for the LIA.

Modern meteorological analogies

In December 2001, several weeks of intermittent
northerly winter outbreaks caused serious disrup-
tions around the Black Sea-Aegean Sea region. The
severe winter weather included sustained periods of
sub-zero temperatures, snow-storms and blizzards,
heavy rains, and strong winds (e.g. CNN weather,
19 December 2001). Aboard the German Research
Vessel Meteor, air temperatures down to -1 or -2 °C
were recorded in very strong (force 8, gusting 9) NE
winds (Casford et al. 2003). Athens and Istanbul re-
ceived about 30 cm of snow, and city governor Erol
Cakir declared that conditions in Istanbul amounted
to a ‘national disaster’ (Telegraph). In Larissa, Greece,
night temperatures plummeted to a minimum of
-20.2 °C, and more than 300 villages in northern
and central Greece were snowed in, while airports
and schools were closed in the North. In Bulgaria,
heavy snowfall cut power lines in Bulgaria, while
frosts cut off water supplies (World Weather News).
The picture that emerges for the December 2001-
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January 2002 event portrays intermittently very
heavy precipitation (both rain and snow), severe
storms, and severe frosts (certainly for this region).

Our combined data suggest that such events were
much more intense/frequent during the Holocene
RCCs than they are today. This notion is further sup-
ported by a review of historical evidence for the peri-
ods 1675-1715 (Late Maunder Minimum) and 1780-
1830 (Early Instrumental Period), key parts of the
Little Ice Age during which Europe experienced sig-
nificant cooling (Xoplaki et al. 2001). The majority
of the documentary sources for these periods was
found to refer to winter, which is the critical season
for the eastern Mediterranean because it is normally
wet and represents the early growing season. Re-
lative to the present, these periods show signifi-
cantly more cold/severe winters and springs, signi-
ficant increases in precipitation during winter, and
significantly more occurrences of winter drought
(Xoplaki et al. 2001). Although the latter two may
sound paradoxical, they simply reflect inter-annual
variability within a context of significantly increased
winter extremes. The study highlights the year 1700,
when it is documented that snow cover remained
present on the Cretan mountains throughout the
year. Xoplaki et al. (2001) also report a rather com-
mon association between the extreme conditions
and flooding, crop failure, famine, and deaths of ani-
mals and people. The main synoptic (= weather) si-
tuations responsible for cold and snowfall over the
region were generally characterised by north-north-
westerly or north-easterly airflow, with high pres-
sure over northern Europe, and lower pressure over
the central or eastern Mediterranean (Xoplaki et al.
2001).

The framework of the interval 8600-8000
calBP

Based on the above, we can build a speculative fra-
mework regarding the climatic impacts expected
around the Aegean region in the period 8600-
8000 calBP. Winter conditions would have been
characterised by much more pronounced extremes
than today, and the LIA examples suggest that very
extensive rainfalls and snowfalls should be expect-
ed, which would have given rise to problems with
crops and grazing, as well as larger issues such as
flooding and the attendant potential destabilisation
of hillsides and of mud-brick dwellings. These aspects
would have been exacerbated by frequent, sustained,
and very significant frosts. During other winters,
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conditions may have remained very dry, again with
considerably detrimental effects on crops and graz-
ing. Severe winds/gales are also expected more fre-
quently than today. This spectrum of extreme con-
ditions would have been considerably amplified at
a distance from the coasts (away from the climate
moderating effects of open sea), and especially at
altitude. Overall, this analysis would suggest a con-
siderable amount of pressure on resources, and ge-
neral environmental stress during the RCC of 8600-
8000 calBP, with a (not yet regionally documented)
potential culmination between about 8250 and 8080
calBP.

The archaeology of warfare

Discussions on the origins of human warfare can be
traced back to the 17th and 18th centuries, to Tho-
mas Hobbes and Jean Jacques Rousseau, respecti-
vely. Whereas in ‘Leviathan’ (1651) Hobbes pro-
poses that the natural human condition was syn-
onymous with a violent primitive plight, characte-
rised by endemic war, murderous feuds, and the
struggle for the preservation of personal gain, lib-
erty, reputation, and safety, Rousseau proclaims in
his ‘Discourse of the Origins and Foundation of
Inequality among Mankind’ (1755) a totally oppo-
site myth. Instead, he argues that warfare only
emerged following the inception of agriculture,
which in turn led to demographic growth, more
complex forms of social organisation, the concept of
private property, and ultimately, state coercion (see
Keeley 1996.5-8; Gat 2006.5-6). Meanwhile, it is
generally accepted that archaeological evidence for
warfare first becomes overtly apparent from the Neo-
lithic (e.g. Roper 1975; Fry 2006; Hamblin 2000),
although Rousseau’s myth of the non-bellicose hun-
ter-gatherer can certainly no longer be upheld (¢f.
Keeley 1990).

Signatures for warfare in the archaeological record
are manifold, and include the construction of forti-
fied settlements by means of walls and palisades,
the erection of sites in strategic defensive locations,
line-of-sight connections between contemporaneous
sites, and the occurrence of settlement clusters sepa-
rated by buffer zones (‘no-man’s-land’). Further, the
occurrence of weapons and military paraphernalia,
burial information (mass graves, warrior graves),
skeletal indicators (‘parry’ fractures, frontal head
fractures, scalping marks), burned communities, and
artistic depictions are all considered characteristic
attributes (Haas 1990; LeBlanc 1999).

Case study - Pisidia

Ancient Pisidia, also known as the Lake District, lies
within the central part of the western Taurus range
in modern day Turkey (Erol 1983.92-94; Yakar
1991.139-141). Its landscape is characterised by na-
tural depressions and basins, many of which hold
lakes, the three largest being the lakes Burdur, Egir-
dir, and Beysehir, surrounded by mountain ranges
and plateaus. It is bordered to the north by the ter-
raced plateau-landscape of central-western Anatolia,
to the west by the eastern foothills of the Menderes
massif, to the east by the Konya-Eregli basin, and to
the south by the western Taurus range. Although the
karst nature of the Pisidian landscape (primarily in
its eastern parts) has resulted in a distinct lack of
larger rivers in the area compared to more central
parts of Anatolia, e.g. the Konya Plain and Cappa-
docia, the region is characterised by an increased
water budget, availability, alimentation and routes.
Compared to both the moister lower-lying coastal
areas to the south (700-1200 mm/annum) and the
aforementioned arid parts of the central Anatolian
plateau further east (250-370 mm/annum), Pisidia
receives moderate amounts of rainfall (400-800
mm), mainly in winter and spring (Erol 1983.93,
Fig. 6; Akman and Ketenoglu 1986; Tiirkes 2003.
184, Fig. 1). Vegetation is described as heterogenous
and transitional in character, connecting the milder
and moister coastal zone with the arid central Ana-
tolian plateau, the former characterised by its sub-
Mediterranean and continental sub-Mediterranean
vegetation, and the latter by xerophilous grassland,
shrubs and patches of temperate coniferous forest.
This situation is expressed by arid, steppe-like veg-
etation in depressions and basins, and tropical and
subtropical dry forest with Scots Pine, European
Black Pine, and Downy Oak in higher lying areas
(see also Hiitteroth 1982.143, Fig. 50).

Current knowledge of the Late Neolithic and Early
Chalcolithic in Pisidia comes from excavations con-
ducted at four sites: Hacilar, Kurucay Hoyiik, Hoyi-
cek Hoytik, and Bademagac Hoyiik (Fig. 3). Whereas
Hacilar was excavated in the late 1950s by James
Mellaart, investigations at the latter sites, of which
those at Bademagaci are still in progress, have been
realised in the framework of three decades of inves-
tigations in the Burdur region by Refik Duru and the
Burdur region research team.

HACILAR (37.57°N, 30.08°W): This site is located in

an intramontane valley, ¢. 940m above sea level and
26km southwest of Burdur (Mellaart 1970). The
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mound, which at the time of its
excavation measured 140m in
diameter and approximately 5m
high, lies only a small distance
from Bozcay river, one of a num-
ber of tributaries draining into
nearby Burdur lake. The settle-
ment deposits excavated at Hacr-
lar were assigned by Mellaart to
a total of ten levels. These com-
prise five Early Chalcolithic phas-
es (Hacilar V-T), four Late Neoli-
thic occupations (IX-VI), and one

Gatalh6yik

3
Mersin-
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underlying ‘aceramic Neolithic’
deposit thought to comprise se-
ven different construction levels.
However, more recent sondages at the site in 1985
and 1986 (Duru 1989) could not confirm the pres-
ence of an ‘aceramic Neolithic’ settlement phase,
and with the continued absence of such early depo-
sits at other sites in the region, this is now no longer
seriously considered.

KURUGAY HOYUK (37.63°N, 30.16°W): Kurucay
(Duru 1983; 1994a; 2001a) is located 15km south-
west of Burdur and 10km northeast of Hacilar. The
small mound, with a height of some 8m and a dia-
meter of approximately 100m, is situated upon a
natural prominence 960m above sea level, just 4km
southeast of Lake Burdur. The investigation of de-
posits, mostly down to the underlying virgin soil, led
to the identification of an archaeological sequence
spanning a period from the Neolithic to the Bronze
Age. Neolithic levels comprise the lowermost layers
(13, 12 ‘lower’, and 12 ‘upper’) assigned by the ex-
cavator to the ‘Early Neolithic’, as well as 11 ‘lower’
and 11 ‘upper’ that make up the ‘Late Neolithic’ occu-
pation at the site. Overlying layers 10-7 are assigned
to the ‘Early Chalcolithic’.

HOYUCEK HOYUK (37.45°N, 30.55°W): The small
mound at Hoyticek (Duru 1994b; 1995; 2001b; Duru
and Umurtak 2005) lies in the Bucak plain, 35km
south of Burdur and 30km southeast of Hacilar. The
mound measures approximately 120m in diameter
with a current height of some 4m. The archaeologi-
cal sequence at Hoyticek stretches from the Neoli-
thic to the Chalcolithic, and features a total of four
cultural layers. The earliest occupation at the site
comprises the ‘Early Settlements Phase’ (ESP) and
the ‘Shrine Phase’ (ShP); Late Neolithic levels are re-
ferred to as the ‘Sanctuaries Phase’ (SP); and finds
from the Early Chalcolithic and later periods were
recovered from the overlying ‘Mixed Accumulations’
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Fig. 3. Map of Anatolia and adjacent regions with archaeological sites
mentioned in the text, dated to the 8600-8000 calBP RCC interval.

(MA). The terminology chosen to refer to the ele-
ments of the sequence is at the same time an inter-
pretation of the site’s functions in each of its respec-
tive phases. Thus, in the Shrine Phase and the subse-
quent Sanctuaries Phase a dominant religious com-
ponent is implied (Duru and Umurtak 2005.230-
2310).

BADEMAGACI HOYUK (37.22°N, 30.49°W): This oval
mound measures 200m long, some 110m wide, and
7m high (most recently Duru 2005; Duru and
Umurtak 2007; Yildirim and Gates 2007.287). It
lies on a small plain surrounded by low hills, adja-
cent to the northern flank of the western Taurus,
approximately 50km north of Antalya. Investigations
of the archaeological sequence have been underway
since 1993 and have so far yielded remains from the
Neolithic, Bronze Age and Christian era. Due to ex-
treme difficulties encountered in establishing the
correct stratigraphic sequence, slight revisions of
previously proposed chronologies became neces-
sary following the 2002 and 2003 seasons (Duru
2005.541-547). This involved the reassignment of
structures previously thought to date to the Early
Bronze Age, to a newly defined Late Neolithic (LN)
period. Accordingly, the site of Bademagaci has yiel-
ded a Neolithic sequence (after Duru 2005) compri-
sing the phases ‘Early Neolithic’ (ENI 9-5; ENII 4B,
4A, 4, 3A, 3, 2, 1) and ‘Late Neolithic’ (LN 2-1), with
evidence for a Chalcolithic occupation at the site still
only slight and amounting to small numbers of paint-
ed pottery sherds possibly indicative of a period of
temporary settlement during this period.

From the four excavated LN/ECh sites there exists
a total of 41 radiocarbon dates (Tables 1-9); 34 stem
from Neolithic and Early Chalcolithic contexts, with
seven Late Chalcolithic dates from the Kurucay Ho-
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yiik site. A total of 26 of these 34 dates are consi-
dered reliable, i.e. are neither evident outliers, nor
characterised by high standard deviations in excess
of +100 14C-years. Whereas the most ancient date
from the Bademagaci site (Hd-22340: 7949+31 14C-
BP) may attest to the earliest reliably dated occur-
rence of Neolithic settlement in Pisidia so far - pre-
viously considered unlikely to predate the mid-sev-
enth millennium calBC - others confirm contempo-
raneous occupation phases at all four sites with the
8600-8000 calBP RCC interval (Fig. 10, Tabs. 1-4).

On the basis of radiocarbon dates, and in due con-
sideration of pottery assemblages from these sites,
Ulf-Dietrich Schoop (2002; 2005) recently under-
took a re-evaluation of the Neolithic and Chalcolithic
sequence in the Lake District (Fig. 4). One important
conclusion from this study is that the abrupt change
in material culture observed in the Hacilar sequence
between levels Il and I, and originally interpreted by
Mellaart (1970.75) as resulting from the immediate
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Fig. 4. Hacilar, Kurucay Hoyiik, Hoyiicek Hoyiik,
and Bademagacy Hoyiik. Synchronisation of settle-
ment sequences after Schoop (2005.Fig.4.9), with
most recent observations from Bademagac after
Duru (2005). Dark grey shading indicates Early
Chalcolithic (painted pottery) levels; highlighted in
light grey is the temporal extension of the 8200
calBP ‘climate event’.

occupation of the site by a vanquishing foreign’
force, was in fact due to a temporal hiatus in the oc-
cupation sequence. This gap is now filled by assem-
blages of a type discovered at Kurugay 12-7. This
hiatus in the Hacilar sequence is also mirrored at
the nearby sites of Hoyticek and Kurucay, albeit that
at these sites lacunae occurred slightly earlier. We
return to the implications of such breaks (or phases
of reorganisation) in settlement sequences, which
can also be observed at contemporaneous sites to
the east, further below.

The main line of evidence for the occurrence of LN/
ECh warfare in Pisidia is twofold. On the one hand,
it comprises the occurrence of major conflagrations,
and on the other it involves the construction of forti-
ficatory walls around settlements (Fig. 5).

Fires

Why were the blazes at Hacilar, Hoyticek, and Bade-
magact not accidental? A number of points suggest
that these events are warfarerelated. To this end,
we must turn to an earlier study of prehistoric war-
fare in the American Southwest by LeBlanc (7999),
who discusses the characteristics of accidental fires
on the one hand, and warfare-related fires on the
other. Here it is noted that the most telling differ-
ence between the two concerns scale. Whereas acci-
dental burning is more likely to be characterised by
small and random fires, perhaps limited to just a
single room, and occurring only rarely, warfare re-
lated conflagrations will affect the entire settlement,
or large sections thereof, and result from a single
event. Potential motives for burning entire settle-
ments can be, for example, the displacement of its
inhabitants by the enemy (by killing them or forc-
ing them to migrate); to strike a blow sufficient to
render defenders incapable of retaliation; or alter-
natively, if initiated by the defenders themselves,
to deny the site to the enemy. A further indicator
for warfare-related fires is noted already by Roper
(1975.301), and more recently by Fry (2006.136-
137), who state that a good signature is when burn-
ing is followed by either abandonment or a hiatus
in the occupation sequence. Unburied bodies of vic-
tims and the discovery of ‘in-situ’ finds in burnt
houses also suggest that blazes may have resulted
from conflict situations (Roper 1975.301). Whereas
the former are considered by LeBlanc (1999.85) as
a good signature of warfare, in-situ finds might also
indicate a potential element of surprise, which of
course could also suggest the occurrence of an acci-
dental fire.
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Site Signature Source
level IB: Iarge s.cale destruction of settlement through fire; Mellaart 1970.76
burned bodies in rooms
level IA-B: Hacilar | ‘fortress’ Mellaart 1970.75-76, Figs. 33—35
level IIB: large scale destruction of settlement through fire Mellaart 1970.37, 75
Hacilar level I1A: large scale destruction of settlement through fire;
) Mellaart 1970.36-37
body in burnt room
level 11A-B: fortified enclosure Mellaart 1970.25, Figs. 19—22, 25-27
level IV: ‘bad fire’ Mellaart 1970.16
level VI: large scale destruction of settlement through fire Mellaart 1970.16
Kurugay level 11: fortified enclosure Duru 1994.99
ShP (end): large scale destruction of remaining buildings 3, 4,
and g throughhﬁre; large number of sling projectiles found Duru 1995.486-48, plate 57.1
Haoyticek on floor of building 3
) o Duru & Umurtak 2005.230
ShP: destruction of buildings 1 and 2 through fire;
large number of sling projectiles found on floor of building 1
ENII/2: burned structures (?) Duru & Umurtak 2006.12
ENII/3: bodies in burned house Duru 2005.548
Bademagaci Duru 2002.582, 597, plate 11/1,2; 2004.16f.;
ENII/4-3: remains of fortificatory structure 2005.548, plates 5, 8/1; Umurtak 2007.147;
Yildirim & Gates 2007.287

Fig. 5. Haclar, Kurucay Hoyiik, Hoyiicek Hoyiik, and Bademagacy Hoyiik. Archaeological signatures for

warfare.

Large scale destruction through fire at Pisidian sites
can be especially observed at Hacilar at the end of
levels VI, IIA, 1IB, and IB, whereby Mellaart himself
only considers the conflagrations at the end of pha-
ses IIB and IB as resulting from attack by hostile
groups (Mellaart 1970.75, 87). A further ‘bad fire
is also noted in level IV (Mellaart 1970.16). Follo-
wing the destruction of level IIB, Mellaart suggests
that the attacker took possession of the site, import-
ing their own material culture and erecting the Haci-
lar T “fortress’. Meanwhile, the profound change in
material culture observed between these two levels
is instead thought to stem from a hiatus in the occu-
pation sequence (Schoop 2002; 2005; see above).
Thus, this newly recognised gap, which is directly
subsequent to the destruction of the IIB settlement,
serves to substantiate Mellaart’s original assumption
that this settlement fell victim to a violent act at this
time. Similarly, the ‘fire and massacre’ at the end of
level IB is termed by Mellaart as the “death blow to
the once flourishing settlement”, calminating in its
permanent abandonment at the end of level ID (Mel-
laart 1970.87). Here, although abandonment was
delayed, it would appear to have followed within a
short period of the conflagration, and therefore was
presumably related to this catastrophe. It should be
noted, however, that the much earlier conflagration
at the end of Hacilar VI, although not followed by a
temporal hiatus, is characterised by a development
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in ceramic traditions, it marking the generally ack-
nowledged transition from the predominantly mono-
chrome Late Neolithic to the Early Chalcolithic, dur-
ing which the ratio of painted decoration in the ce-
ramic assemblage rapidly increased.

Whereas at Hoyiicek all five structures belonging to
this ‘religious’ complex were destroyed by two sepa-
rate outbreaks of fire (Duru and Umurtak 2005.
230), at Bademagaci the evidence for destruction by
fire is more limited in scale, with burned houses so
far noted for levels ENII/3 and ENII/2 (Duru 2005.
548; Duru and Umurtak 2000.12). At Hoyticek, the
destruction at the end of the ‘Shrine Phase’ is fol-
lowed by a temporal hiatus in the occupation se-
quence of approximately 100 years until reoccupa-
tion in the so called ‘Sanctuaries Phase’.

Unburied victims of fires have been reported from
both Hacilar and Bademagaci. At Hacilar, unburied
victims were excavated from the ruins of both the
IIB and IB settlements. From the former, one vic-
tim was recovered - the crouching skeleton of a per-
son of advanced age was found upon the floor next
to the western hearth of the northeast shrine (Mel-
laart 1970.36) - and in the remains of Hacilar IB an
unspecified number of bodies, especially children,
has been reported (Mellaart 1970.76). A further oc-
currence of unburied victims stems from the burnt
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remains of house 8 in level ENII/3 at Bademagact
Hoyiik. Upon excavation, this structure revealed the
remains of nine burnt skeletons (two adults and
seven children) “in disorderly positions in differ-
ent parts of the house” (Duru 2005.548). Further,
the discovery of large numbers of complete pottery
vessels, stone tools, a terracotta seal, bone items,
and thousands of beads suggests that this building
may have been destroyed by a sudden fire.

Fortifications

The erection of fortifications around settlements has
often been regarded as one of the most reliable in-
dicators for the occurrence of warfare in prehistoric
societies, although more recently, alternative pro-
posals have been considered; for example, a wall can
divert flood waters away from houses, it can block
winds that produce sandstorms, and it can keep
animals and children in and wild animals out (Otter-
bein 2004). In the case of the first of these propos-
als, this calls to mind Bar-Yosef’s reappraisal of the
function of the walls at Jericho (Bar-Yosef 1986). Be
this as it may, Otterbein has also compiled ethnogra-
phical data which leads him to the conclusion that
there is indeed a correlation between the frequency
of internal war and village ‘fortifications’. Accor-
dingly, whereas village fortifications could be shown
to predict continual or frequent warfare (15 out of
18 societies), war does not predict village fortifica-
tions (15 out of 25 societies) (Otterbein 2004.192).
Thus, whereas this evidence confirms that walls are
a reliable marker for the occurrence of war, it also
demonstrates that they are not a com-
pulsory feature. Additionally, following
Keeley (1996.55), “the variant sufficient
condition for the construction of de-
fences is the relative intensity of the
perceived threat”, i.e. only if the danger
of attack is sufficiently acute and con-
stant, and the community meets the ne-
cessary preconditions for construction
(social systems, adequate labour input
etc.), will fortifications be erected.

Fortifications at Hacilar are known from
the settlements Hacilar IIA, IIB, and 1.
However, it remains unknown whether
the earlier Hacilar VI settlement, which
was destroyed in a major conflagration
(see above), was also fortified, as the
edge of the settlement was never rea-
ched during excavations. Nevertheless,
according to Mellaart, if not enclosed by

a wall, it is extremely likely that it would have been
provided with “some sort of defence, probably as at
Catalhoyiik, in the form of blank doorless outer
walls in the houses on the periphery of the site”
(Mellaart 1970.10). For all remaining periods at
Hacilar, fortifications are unknown; in the case of
Hacilar V, this corresponds to a general loss of evi-
dence associated with large-scale levelling and re-
shaping of the mound prior to the erection of the
Hacilar 1 “fortress’ (Mellaart 1970.23).

Essentially, Hacilar IIA is a rectangular, fortified en-
closure, measuring 36 x 57m and comprising a2 mud
brick wall 1.5m to 3m thick (Fig. 6). Although lack-
ing stone foundations itself, the wall was equipped
with small and irregularly placed towers which did
feature such substructures (Mellaart 1970.25, pla-
fes XXVIIIa, XXVIIIb). The exact number of gate-
ways to the settlement remains ambiguous - either
three or four (to the northwest, southwest, north-
east, and possibly southeast). The main entrance to
the settlement, a narrow doorway flanked by two
towers, was located on the (north)western side of
the settlement and led into the ‘West Court’. The
shape of the enclosure was changed slightly follo-
wing the fire at the end of phase IIA. In Hacilar IIB
the walls were extended several metres eastwards,
whereby the eastern quarter of the settlement that
had been destroyed at the end of level IIA was not
rebuilt, but left void of structures; this part of the
settlement is now referred to as the ‘Eastern Court’
(Mellaart 1970.31, Fig. 25). Following the destruc-
tion of Hacilar IIB and the ensuing hiatus in the Ha-
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Fig. 6. Hacilar IIA. Reconstruction of the fortified settlement
(from Mellaart 1970.Fig. 22).
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cilar sequence, a new ‘fortress’ (Hacilar I) was erect-
ed. This comprised an extremely massive, on aver-
age 2m (and up to 4m) thick, solid mud brick wall
that had been erected upon a single course of lime-
stone rubble on the prepared level ground (Mellaart
1970.75, 77). The fortifications of the Hacilar I ‘fort-
ress’ surrounded the entire hoyzik (approximately
100m in diameter) and encompassed a central court
void of further structures; rooms were located
against the inner side of the wall, groups of which
were separated by small courtyards.

Of particular note is the continued presence of a
deep, stone-lined well in the Hacilar settlement, in
levels VI, 1A and IIB (Mellaart 1970.19, 35, Figs. 7,
20, 25). In each case, the numerous postholes disco-
vered in its proximity might have belonged to some
water-drawing appliance (Mellaart 1970.35). Here, a
remark made by LeBlanc (7999.69) is of some rel-
evance: “Ethnographic accounts of warfare point to
the very significant danger of ambush. Having a
source where domestic water could be procured
without fear of ambush would have been very
valuable - and considerable effort was made to
provide this security in some cases”.

Turning now to Kurucay Hoyiik, the fortificatory wall
discovered at this site is reported to have enclosed
the level 11 settlement (Duru 1994.99) (Fig. 7). In
spite of its poor state of preservation (only the stone
foundations of the southern wall are well preserved),
the fortification is thought to have been of rectan-
gular plan, with a series of externally situated circu-
lar towers, three of which (one complete and two
partially preserved) were discovered during exca-
vations (Duru 1999.plate 15). The entrance to the
enclosure was located at its south-eastern corner.
Within the enclosure, excavations revealed very lit-
tle architectural evidence. It is proposed that this is
due to the northern part of the settlement having
been swept away following a heavy downpour (flo-
oding) which may have occurred during a late stage
of the level 11 settlement phase (Duru

1994a.99).

At Bademagaci Hoyiik, levels ENII/4 and
ENII/3 have also provided some poten-
tial evidence of fortificatory architecture
(Duru 2002.582, 591, plate 11/1,2;
2004.16-17; 2005.548, plates 5 and
8/1; Umurtak 2007.141; Yildirim &
Gates 2007.287). This feature, which is
located at the edge of the tell and “in
keeping with the outer boundary of
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the hoyiik” (Duru 2005.548), comprises five north-
west-southeast oriented, parallel rows of founda-
tions constructed of medium sized stones (20-35c¢cm
in diameter) placed approximately 40-50cm apart.
Beneath this structure was discovered an older and
more substantial (1m thick), L-shaped wall founda-
tion. Both the younger ‘grid plan foundations’ as
well as the earlier L-shaped wall section are thought
to date to levels ENII/3 and ENII/4, respectively. In-
deed, if the proposed function of this feature is con-
firmed, this would mean that Bademagaci presides
over the earliest fortification so far discovered at a
Neolithic settlement in Anatolia (c. 64th-63rd cen-
tury calBC). On the other hand, the excavations at
both Hacilar (level I) and Kurucay (level 11) suggest
that fortifications were still a common feature of
Early Chalcolithic settlement into the sixth millen-
nium calBC.

Slings and sling missiles

Although there is no direct evidence that slings were
used as weapons during the Late Neolithic and Early
Chalcolithic periods in Anatolia, it is interesting to
note the widespread use of the sling at this time (as
testified by the frequent occurrence of biconical clay
sling missiles) and the contemporaneous decline in
the use of the bow (as evidenced by the absence of
arrowheads among these same communities) (Korf-
mann 1972; Ozdogan 2002). This is a phenomenon
which can be observed over a large region, from the
eastern fringes of the Near East to the Aegean in the
west. Indeed, by the close of the seventh millennium
calBC, the sling would have been the most readily
available long-distance weapon of communities liv-
ing in these geographical regions, and therefore in
Pisidia also.

Nevertheless, to interpret all clay sling missiles as
weapons, without considering other functions, would
be wrong, and similarly, it would be false to assume
that all locations where clay sling missiles occur were
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Fig. 7. Kurucay Hoyiik, level 11. Reconstruction of fortifications
(from Duru 1994.Fig 1-11), with kind permission of the author.
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war zones. Indeed, Perlés (2001.229-231) has criti-
cised the over-emphasis on the sling’s status as a
weapon, which in her opinion is more likely a ‘shep-
herd’s implement’ used to bring back stray animals
to a herd in the absence of sheep dogs. Although
such an interpretation is acceptable, the potential
destructive power of the sling should not be played
down in any way. Indeed, its capabilities as a hunt-
ing weapon are related from the Halaf culture in
northern Syria (Akkermans and Wittmann 1993.
159), and it is but a small step from its usage in the
hunt to its being brandished as a weapon (¢f. Otter-
bein 2004.85-86); Chapman (2004.108) refers to
the sling as a so-called ‘Tool-Weapon’, whereby the
hoarding of such items, in this case sling projectiles,
has been noted as a significant marker for the pre-
paration of a community for war, particularly in the
case of fortified settlements (Redmond 1994; Chap-
man 2004.102-103).

For the Neolithic, the use of slings and sling missiles
in a conflict situation has been proposed by Vutriro-
pulos (1991.129, plate V) for a discovery made at
the Bulgarian site of Stara Zagora. Here, the excava-
tion of a burnt (Karanovo II period) settlement - fol-
lowed incidentally by a gap in the occupation se-
quence - revealed the remains of two adjacent struc-
tures, both of which yielded a large number of clay
missiles dispersed throughout. This scene is com-
mented on by Vutriropulos as a prime example of
prehistoric warfare in the archaeological record.
However, although a tempting interpretation, it is
essential that we proceed with a little more caution,
it being equally conceivable that these objects fell
from an upper storey in the course of the (acciden-
tal) fire (pers. comm. H. Todorova). Be this as it
may, the factor of warfare should not simply be pas-
sed by, as recent discoveries at the fourth millen-
nium calBC settlement of Hamoukar in northern
Syria have demonstrated. At this site, an excavation
team “found extensive destruction with collapsed
walls, which had undergone heavy bombardment
by sling bullets and eventually collapsed in an en-
suing fire” (University of Chicago News Office).

At the Late Neolithic/Early Chalcolithic sites in Pisi-
dia, (clay) sling missiles are a very common occur-
rence. At Hacilar VI, a depot was discovered in a
recess behind the oven in house Q.5 (Mellaart 1970.
18, plate XIVb), and in Hacilar V, IV, and III further
deposits of ‘slingstones’ were revealed (Mellaart
1970.24, plate XXVIa, Fig.16). At Hoyticek (Shrine
Phase), sling projectiles were also discovered in large
numbers. Duru refers to “hundreds of clay sling pel-

lets found on the floors of the [burnt] Structures 3
and 1" (Duru 1995.486-487, plate 57.1); in the first
of these buildings they were found together with a
collection of large stone hand axes (Duru and
Umurtak 2005.165). At Kurucay Hoyik, sling pro-
jectiles are not mentioned in the comprehensive
English summary of the final publication (Duru
1994a), although their occurrence at this fortified
site must be assumed; and at Bademagaci they occur
from level ENII/3 onwards, following absence from
earlier levels (Cilingiroglu 2005.7). On the basis of
this evidence, it may be assumed that slings and clay
sling missiles were introduced to the Lake District
from around 6300 calBC. Only further east are ear-
lier finds of clay projectiles known, e.g. at Gatalho-
yik East in Central Anatolia, where they appear
from level VI (¢. 6500/6400 calBC), and at Tell Sabi
Abyad in the Balikh valley, northern Syria, where -
although particularly common in phases Balikh IIC
and IIIA (¢. 6200-5900 calBC) - they have also
been found in relatively large numbers in recent ex-
cavations of older deposits that date back to the
mid-seventh millennium calBC (Akkermans et al.
2000.141, 144, 149). Ultimately, this spatial and
temporal pattern might be suggestive of a rapid dis-
persal of sling and clay projectiles from the east to-
wards the west, arriving in Pisidia and western Ana-
tolia in the late seventh millennium calBC. Indeed,
in more westerly parts, for example in the Aegean
region and the south-eastern periphery of Europe,
they may even have arrived as part of the larger
‘Neolithic Package’, as may have been the case at
Hoca Gesme and Ulucak Héyik (Cilingiroglu 2005.
Tab. 2).

Who was the enemy?

Naturally, the Late Neolithic and Early Chalcolithic
settlement of Pisidia comprised more than just the
four excavated settlements at Hacilar, Kurucay, H6-
yiicek, and Bademagaci. On the basis of past and re-
cent survey work, it must be assumed that both in
the Lake District and in adjacent regions there was
a dense network of contemporaneous and semi-con-
temporaneous sites during these periods, and there-
fore also in the centuries 6200-6000 calBC. So who
was the enemy?

Here we must return to an aforementioned archaeo-
logical study from the American Southwest (see
above) in which similar lines of enquiry have pre-
viously featured. In his investigation, LeBlanc (1999)
reports of typical situations in which clusters of three
or more sites are separated from each other by about
20 miles, with the spaces between clusters - ‘7o
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man’s land - increasing over time. Whereas such a
settlement pattern is presumed characteristic for
group internal conflict, more densely packed con-
glomerations of site clusters, or the appearance of
long linear arrangements of settlements, are thought
likely to denote an ‘outside’ threat (LeBlanc 1999.
53-54). In order to gain a picture of these aspects
in the Late Neolithic and Early Chalcolithic settle-
ment pattern, a GIS-analysis of available settlement
distribution data for south-western Anatolia and ad-
jacent parts was undertaken.

Using GIS-applications, the spatial distribution of pre-
historic sites can form the basis for a ‘reconstruc-
tion’ of past settlement areas and, in some cases, per-
mits calculations of population densities (e.g. Zim-
mermann 2003; Zimmermann et al. 2004; Vogel-
sang & Wendt 2007; Hilpert et al. 2007). LN/ECh
settlement groups have been identified using spatial
data from south-western and central Anatolia using
a method known as KDE (‘Kernel Density Esti-
mates’), first applied to an archaeological dataset by
Beardah and Baxter (7996). It has been noted more
recently (Herzog 2007a; 2007b, Hilpert et al. in
press) as a promising alternative to the counterpart
method based on the LEC (‘Largest Empty Circle’).
Common to both methods is their ability to trans-
form point data into area data. While LEC calcula-
tions involve the application of Thiessen polygons
(voronoi tessellation) for territory allocation, and
the geostatistical kriging interpolation to produce
isolines, the KDE method instead uses the find spots
themselves. This latter method has the advantage of
being less dependent on interpolation, and hence
more robust in large areas with relatively low den-
sity sites, as given here.

Data was accessed from the online TAY Project Data-
base. It includes both excavated sites with deposits
radiocarbon dated to the 8200 calBP ‘climate event’
(N = 6; Hacilar, Kurucay Hoyiik, Hoyiicek Hoytik, Ba-
demagaci Hoyiik, Erbaba, Gatalhoyiik), as well as un-
excavated sites (N = 81) from the Lake District and
adjacent regions with surface collections assigned to
either the Late Neolithic and/or Early Chalcolithic
(¢. 6500-5300 calBC) and therefore ‘straddling’ this
same time period. Naturally, in the case of the latter
sites, which by far outnumber the former, temporal
resolution is far from sufficient to identify those set-
tlements occupied during the 8200 calBP ‘climate
event’. Nevertheless, this database provides the best
evidence for potential settlement groups in south-
western Anatolia and adjacent parts at the end of
the seventh millennium calBC.
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The GIS-analysis of the Anatolian data confirms the
existence of four distinguishable settlement groups
situated within clearly defined physical borders (Fig.
8). Each group is characterised by clusters of settle-
ments located on small plains or within natural de-
pressions and basins, and each separated from its
neighbour(s) either by bodies of water or by exten-
sions of the western Taurus range. At the same time,
the two larger groups (Burdur and Beysehir groups)
are characterised by an internal structure compris-
ing smaller agglomerations of sites. Here it is strik-
ing that the arrangements of settlements within
these same two groups show analogies with the spa-
tial criteria stipulated by LeBlanc (1999) as charac-
teristic of an ‘outside’ threat; particularly notable is
the high frequency of sites arranged in a linear, rib-
bon-like manner, especially in the Beysehir group,
but also to a very visible extent in the Burdur group.
Further, the GIS-analysis is particularly effective in
highlighting clusters of settlements. Whereas in the
Burdur group one might differentiate between three,
possibly four, different concentrations, in the Beyse-
hir group a total five clusters are clearly distinguish-
able. The distance between these clusters exceeds in
some cases - especially in the Beysehir group of set-
tlements - some tens of kilometres. Therefore, if all
the analysed sites were contemporaneous, on the
one hand, one might interpret their distribution as
spatial evidence of an external threat, particularly
the long linear arrangement of sites providing inha-
bitants with mutual support from neighbouring com-
munities in times of danger; while on the other hand,
visible clusters of settlements separated by consid-
erable distances might also suggest internal conflicts.
A more satisfactory conclusion from GIS-analyses
would require a higher temporal resolution of the
featured data, which is only possible through son-
dages or excavations at the featured Late Neolithic/
Early Chalcolithic sites.

Contemporaneous developments in adjacent
regions

As is evident from the chronology table (Fig. 9) and
the available radiocarbon dates (Figs. 10 and 11,
Tabs. 1-10), there appears to be a temporal associa-
tion of the 8200 calBP ‘climate event’ with gaps and/
or phases of reorganisation at Pisidian sites, as well
as similar events at settlements in other parts of
Anatolia and beyond. In the following, reference is
made to Gatalhoyiik in the Konya plain, Mersin-Yu-
muktepe in Cilicia, and Tell Sabi Abyad in the Balikh
valley, northern Syria. At all three sites there is evi-
dence that there occurred a change in settlement
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<
Burdur Group’

Fig. 8. Southwest Anatolia. Distribution of Late Neolithic/Early Chalcoli-
thic sites with discernible settlement groups based on GIS-analysis (data
accessed from TAY Project Database).

structures which correlate temporally with the 8200
calBP ‘climate event'.

The temporal correlation of climate forcing and the
abandonment of the eastern mound at Gatalhéyiik
has already featured in earlier papers (Weninger et
al. 2005.98; 20006.410). There it was proposed that,
following the abandonment of Catalhéyiik East,
there ensued a hiatus of some 200 years prior to the
founding of Gatalhoyiik West in the Early Chalcoli-
thic. Remarkably, a new series of radiocarbon dates
from the western mound (Fig. 11, Tab. 5) has re-
cently been put forward as “strong evidence sup-
porting the hypothesis that the sequence at Catal-
hoyiik West overlaps with that of its Neolithic pre-
decessor Catalhoyiik East” (comment C. Cessford
in Higham et al. 2007). Notwithstanding, even in
light of this new evidence, we feel obliged to hold
fast to our earlier claim, 7.e. that the available radio-
carbon dates are still suggestive of a temporal break
in the Gatalhoyiik sequence at the end of the seventh
millennium calBC, as shown in Figure 11. However,
caution should be exercised, at least until it is clear
that the basal deposits of the Catalhoyik West
mound are covered by the available dates. The re-
sults from continuing investigations should bring
clarity in this matter. Ultimately, irrelevant to
whether the abandonment of Catalhoyiik East pre-
dated, coincided with, or even post-dated, the estab-
lishment of the nearby western ‘hgyiik’, this same
period is still marked by a major reorganisation of

soom  the settlement structure in
I the Gatalhoyiik area. This in-
1%0™ - yolved not only the abandon-
g om ment of the eastern mound
.z after some 1000 years of unin-
. terrupted settlement activity,
but also the founding of a new
settlement on the opposite
side of the Garsamba river,
¢. 200m to the west. Further,
this development is also con-
current with a major change
in material culture that is cha-
racterised by the abrupt in-
crease of painted decoration
in the ‘Early Chalcolithic’ ce-
ramic assemblage found at
Gatalhoyik West.

A very similar development
can be observed not only at
the Cilician settlement of Mer-
sin-Yumuktepe, but also at the
northern Syrian site of Tell Sabi Abyad (Akkermans
et al. 2006, Clare et al. in press). At the former, the
final two centuries of the seventh millennium calBC
coincide with those occupation levels (Yumuktepe
XXVII-XXVI) recently assigned to an independent
‘Middle Neolithic’ settlement phase (Caneva 2004a).
Whereas this period is noted for the earliest evi-
dence at this site of rectilinear stone foundations of
structures interpreted as a combination of living
quarters and storage facilities (Garstang 1953.27,
Fig. 12; Caneva 2004a.37, Figs. 8 and 9; Balossi
Restelli 2006.14, PI. 2.1), it is also a period during
which its ceramic repertoire began to diverge from
the contemporaneous (DFBW) assemblages found in
adjacent regions to the east, i.e. in the Amuq plain,
at Ras Shamra, and in the Rouj basin (Balossi 2004.
Tab. 1). This ‘Middle Neolithic’ occupation, with its
characteristic ‘cell-buildings’, appears to have clima-
xed, at least in the excavated area of the mound,
with a major conflagration and the likelihood of a
subsequent hiatus, albeit of short duration (Caneva
2004b.45; Clare et al. in press). Following this
break, a marked change is suggested in both the set-
tlement structure and function of this same part of
the settlement. This sees a broad shift from the ‘do-
mestic’ to the ‘agricultural’, with the same part of
the settlement now accommodating large rectilinear
stone-based structures that have been interpreted as
animal pens, followed in levels XXV (‘Late Neoli-
thic’) and XXIV (‘Final Neolithic’) by the introduc-
tion of (communal?) storage facilities in the form of
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cobble-paved silos (Caneva W. Anatolia Pisidia C.Anatolia Cilicia Balikh
2004b.49-50; Balossi Restel- | caiBc Gatalhoytk  Yumuktepe calBP|
i 5700 -
li 2006.14). ] Early Chalcolithic § ———— 7700
7 % XXV
Moving eastwards, the north- e Westen °" s 1|2 i ecni et s ciiona 7 900
ern Syrian settlen;ent of Tell Anatollan_y 0o v 2 S
Y. 6100 Red VI ShP 13 ENI1 ‘ XXV "G PreHalaf 8100
Sabi Abyad in the Balikh val- B ® t B
ley has also provided evi- 6300 POTW ’ Late Neolithic sl 8300
. . Pottery/Late
dence of a significant reorga- e g) Eép S g owxix | Nedliic
nisation of its structure in the B ooxxx ™ 8500
" ENI/9 Vil 8
transition from the Early Pot- (5700 ® XXX
L . Early Pottery 8700
tery Neolithic (Balikh IIA/B) 2 Neolithic XXXII
to the Pre-Halaf period (Ba- (6900 i XXX 8900
likh IIC), i.e. at around 6300/ Late PPN Prexi Late PPNB

6200 calBC (Akkermans et
al. 2000). This was connected
with a substantial decline in
the size of the settlement, dur-
ing which “the formerly den-
sely occupied area on the
western side of Tell Sabi Ab-
yad was abandoned” (Akkermans et al. 2006.150).
In the wake of this reorganisation, settlement ap-
pears to have continued at two separate occupations
on the eastern side of the mound. The subsequent
“Transitional’ period (Balikh IIIA; ¢. 6050-5900
calBC) is associated with a number of major deve-
lopments marking the run-up to the emergence of
the Halaf culture in the early sixth millennium
calBC. Particularly significant for the ‘Transitional’
period at Tell Sabi Abyad is the so called ‘Burnt Vil-
lage’ (level 6) which, as its name implies, was de-
stroyed by a major fire. New evidence suggests that
not only the south-eastern part of the site was de-
stroyed in this event, but that the same blaze may
also have ravaged north-eastern parts of the settle-
ment (Akkermans et al. 2006.129-130). The cur-
rent hypothesis concerning the background of this
conflagration lies in a ritual context, possibly an in-
tentional (cleansing) act, perhaps in association with
the death of (a) prominent individual(s), although
accidental or warfare related causes cannot be
ruled out entirely2. The end of the Transitional pe-
riod sees the beginning of the Halaf sequence pro-
per (from ¢. 5900 calBC), characterised by large
numbers of small (0.1-1 ha) and short-lived (seaso-
nal?) sites, widespread mobility, and a relatively low
population density (Akkermans and Schwartz 2003.
119-120). Pottery frequently displays a mainly
black or brown painted decoration, also with highly
standardised motifs (Le Miere and Nieuwenhuyse
1996).

Fig. 9. Late Neolithic/Early Chalcolithic chronology. Western Anatolia
after Lichter (2006); Pisidia after Schoop (2005), with recent observa-
tions from Bademagac: after Duru (2005); Mersin-Yumuktepe after Ba-
lossi Restelli (2006); Balikh valley after Akkermans et al. (2000). 1. Hact-
lar, 2. Kurucay, 3. Hoyiicek, 4. Bademagaci. Grey shading marks the tem-
poral extension of the 8200 calBP ‘climate event’.

To the west of Pisidia, research into contemporane-
ous settlement is still at a relatively early stage (Lich-
ter 2005; 2006), with excavations and sondages so
far conducted at only a small number of Western
Anatolian sites, which include Ulucak Hoyik (¢ilin-
giroglu et al. 2004; Cilingiroglu and Cilingiroglu
2007), Dedecik-Heybelitepe (Lichter and Meri¢
2007; ¢f- Yilderim and Gates 2007.287), Yesilova
Hoyik (Derin 2007), as well as Gukurici Hoyik (Ho-
rejs 2008), although many more are known by sur-
face finds, indicating that the region was densely po-
pulated at this time (¢f. Erdogu 2003.12-14; Lich-
fer 2005.62-63). In addition to the archaeological
evidence, absolute radiocarbon dates from the area
are still limited to just a handful of measurements
from Ulucak and Yesilova. These suggest the first
occurrence of Neolithic lifeways in this region not
prior to the final centuries of the seventh millennium
calBC, with the oldest date so far from Yegilova (KN-
5811: 7505 + 30 14C-BP). Traces of earlier Neolithic
settlement activity is still lacking, although deeper
deposits at Ulucak, for example, still remain unex-
cavated. Exceptional are the slightly older dates
from the lowermost level at Hoca Gesme in Turkish
Thrace, which may testify to the sporadic occurrence
of earlier (fortified) Neolithic ‘colonies’ (¢’ Ozdogan
1998) in the Turkish Aegean region from the mid-
seventh millennium calBC. The absence of painted
pottery is striking, and in stark contradiction to the
ceramic assemblages recovered from contempora-
neous sites in the Lake District. Recently referred to

2 http://www.sabi-abyad.nl/tellsabiabyad/projecten/index/0/8/?sub=9&language=en
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an intensification of Neolithic
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Fig. 10. Cumulative calibrated dating probability of radiocarbon data
JSrom nine archaeological sites in Turkey (Kurucay Hoyiik/Table. 2,
Hoca Cesme/Table 9, Ulucak Hoyiik/Table 7, Mersin-Yumuktepe,/Table 6,
Hacilar/Table 1, Hoyiicek Hoyiik/Table 3, Yesilova Hoyiik/Table 8, Ba-
demagacy Hoyiik/Table 4) and Northern Syria (Tell Sabi Abyad/Table
10) in relation to the Holocene non-sea-salt [K+] series for the GISP2 ice
core from Greenland (0’Brien et al. 1995; Mayewski et al. 1997) (bot-

tom).

by Lichter (20006) as ‘West Anatolian Red Burnished
Pottery’ (‘Westanatolische Rot Polierte Keramik’ or
WARP), vessels from these assemblages are red to
reddish brown, slightly burnished, and sometimes
slipped; most frequent forms are hole-mouth and §-
shaped pots, with flat bases or sometimes with low
pedestals (Lichier 2005.63; 2006.34).

Discussion

Summarising the evidence presented in this paper,
it appears that the 8200 calBP ‘climate event’ coin-
cides not only with clear breaks (and possible lacu-
nae) in sequences at major settlements in the Balikh
valley, Cilicia, and the Konya plain, but also with po-
tential evidence for warfare in Pisidia, as well as with

T
7600

‘.,,r this conflict relate to the roughly

ML B contemporaneous interludes of
settlement reorganisation at the
sites of Gatalhoyiik, Yumuktepe
and Tell Sabi Abyad? Although
Ozdogan makes no suggestions
himself as to the possible ‘moti-
vation’ behind migration, the
apparent coincidence of the 8.2
ka calBP ‘climate event' with
this period of intensive Neolithic dispersal may be
critical. In the semi-arid interior of the Anatolian
peninsular and in northern Syria, communities may
have been struck by particularly cold/severe winters
and springs, combined with either drought condi-
tions or the effects of more extensive rainfalls and
snowfalls. These would have placed an increased
strain on resources, leading ultimately to food shor-
tages and famine situations; substantiation for such
a scenario is certainly found in historical accounts
from central parts of the Anatolian peninsular (Chri-
stiansen-Weniger 1964).

As noted by J. Yakar (2000.229), the only sensible

way to alleviate such problems “is for farming com-
munities to temporarily minimize the pressure on
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the carrying capacity of the
land. The best solution is to re-
locate much of the livestock
and part of the community to
less affected habitats”. He stres-
ses, however, that any transloca-
tion of even small groups of pa-
storalists and/or farmers to areas
beyond the crisis zone can lead
“to territorial disputes, and
large-scale intrusions may well
have sparked serious conflicts
and anarchy”. This same basic
assumption, 7.e. that climate
change affects societies by alter-
ing agricultural productivity and
consequently social stability, is
encountered in most studies to
have focused on the effects of
climate deterioration on human
society. Could this then also be a
likely scenario for the late sev-
enth and early sixth millennium
calBC in Anatolia? Had the cli-
mate in central and eastern parts
of the peninsular become too
unpredictable? Did parts of the
population from these regions
seek alternative territories in ad-
jacent, less afflicted areas? In-
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Fig. 11. Cumulative calibrated dating probability of radiocarbon data
Jrom Catalhéyiik East (Weninger et al. 2005.Tab.4) and Catalhéyiik
West (Tab. 5) in relation to GISP2 §160,/180 (Grootes et al. 1993) (top)
and the Holocene non-sea-salt [K*] series for the GISP2 ice core from Gre-
enland (0’Brien et al. 1995; Mayewski et al. 1997) (bottom). In contrast
to published GISP2 ages (Grootes er al. 1993), GISP2 160,180 records
(top) and GISP2 [K*] records (bottom) are shifted 40 yrs to the youn-

ger, as proposed by Weninger et al. (2006) and Vinther et al. (2006).

deed, this may have led not only to a reorganisation
of their own communities, for example, as at Gatal-
héyiik, Mersin-Yumuktepe and Sabi Abyad, but also
to the destruction and periodical abandonment of
settlements encountered in the latter, e.g. in Pisidia.
As noted by Keeley (1996.139), “Droughis figure fre-
quently in examples of disaster-driven warfare’.

Finally, and perhaps most controversially, are we
witnessing a climate induced intensification of

82

Neolithisation processes from the semi-arid ‘forma-
tive zone’ of Neolithic genesis westwards into both
the Aegean region and into centres of south-eastern
European ‘Early Neolithic’ development, e.g. in Thes-
saly, in the Strumon valley, and beyond? Certainly,
the aforementioned predominance of the sling over
the bow at this time has been linked with the migra-
tion of specialised craftsmen from core areas of ob-
sidian tool manufacture, located primarily in Central
Anatolia (Ozdogan 2002.443).
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Appendix

Date List: '4C-Data from archaeological sites referenced in the text

The radiocarbon dates are cited according to the ori-
ginal publication (reference). There are cases when
the archaeological sample description is only avail-
able from secondary and higher order data descrip-
tions, and notably from the following on-line data-
bases:

Reingruber and Thissen 2004: www.canew.org/
download.html

Gérard 2001: www.canew.org/download.html
Thisssen 2007: www.canew.org/download.html
Bohner 2006: www.context-database.uni-koeln.de.

Conventional 14C-ages [BP * 1 o] are defined as di-
mensionless logarithmic 14C count rates of dated
samples relative to the standard NBS Oxalic Acid
(Mook and van der Plicht 1999). Calibrated ages
[calBC * 1 o] are calculated with the CalPal program
(www.calpal.de) using methods of Weninger (7986)
as the base of the INTCALO4 14C-age tree-ring cali-
bration database (Reimer et al. 2004). Numeric cali-
brated ages are given as median values, with errors
(p = 68.2% interval derived from the calibrated age
distribution) rounded to the nearest decade.

'4Cage | Cal age
3 . . . .
Lab code (BP) 0'3C| Material | Species| Period Site Locus (calBP) Reference
Room s, Ralph and Stuckenrath
P—315 6926 + 95 | n.d.| charcoal | (poutre)| level IA Roof Beam 7780 £ 90 1562
Room 5, Ralph and Stuckenrath
P—315A 7047 + 221| n.d.| charcoal level 1A Roof Bearn 7900 * 210 1962
Area E, ash Ralph and Stuckenrath
P—313 7150 = 98 | n.d.| charcoal level VI from fireplace 7990 % 110 1962
P—326A | 7169 £131 |n.d.| n.d. 8000 + 140 | Bienert 2000
Area N, Room 4, Ralph and Stuckenrath
P—316 7170 + 134 | n.d.| charcoal level 1A Roof Beam 8000 + 140 156
Area N, Room 4, Ralph and Stuckenrath
P—316A | 7172 + 127 | n.d.| charcoal level 1A Roof Beam 8010 + 130 1962
Area E, ash Ralph and Stuckenrath
P-314 7340 = 94 | n.d.| charcoal level IX from fireplace 8170 + 110 1962
Area E, ash Ralph and Stuckenrath
P—313A 7350 + 85 | n.d.| charcoal level VI Fratin rcralles 8180 + 110 156
P—326 7386 + 131 [ n.d.| charcoal 8200 + 130 | Bienert 2000
.. Area P, Burnt .
AA—-41604| 7398 = 63 |n.d.| charcoal | juniper| level VI Post, id BM—48 8230 + 80 | Thissen 2006
. Area P, Burnt .
AA—41603| 7452 £ 51 |n.d.| charcoal | juniper| level VI Post, id BM—-48 8280 + 60 | Thissen 2006
L Area P, Burnt .
AA—41602| 7468 + 51 | n.d.| charcoal | juniper| level VI Post, id BM—48 8290 + 60 | Thissen 2006
Area P, Barker and Mackey
BM—48 | 7550 + 180 | n.d.| charcoal level VI Burnt Post 8360 + 180 5e
Area P, C Bark d Mack
BM-125 |7770 +180| n.d.| charcoal level VII rea m, Lormer 8660 + 230 arker and Mackey
Beam from room 1963
level A h Bark Mack
BM-127 |8700 + 180| n.d.|