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Abstract
The continental shelf offshore of the Ukraine 
coast represents one of the largest areas of 
submerged landscape in the Black Sea, com-
parable to the extensive shelf areas of 
Northwest Europe. The general region has a 
long history of Palaeolithic occupation and 
numerous archaeological sites associated 
with the major river systems draining from 
the north, including many famous Palaeolithic 
settlements. The submerged landscape 
exposed during periods of low sea level 
would have offered an extensive and attrac-
tive extra increment of land. Underwater 
archaeological survey in the Black Sea has so 
far failed to produce convincing evidence of 
pre- Holocene sites, but the expectation that 

the Ukrainian shelf harbours Late Upper 
Palaeolithic sites is strengthened by the pres-
ence of occasional flint artefacts in sediment 
cores recovered from the shelf area during 
geological surveys. This chapter develops a 
predictive model for identifying target areas 
in the search for Late Palaeolithic sites on 
this submerged landscape. We focus on the 
Dniester-Kuyalnik region and analyse the 
location and distribution of on-land Late 
Palaeolithic sites in relation to the topo-
graphic and palaeoenvironmental features of 
their local surroundings to identify key deter-
minants of site location. We then use the 
maps produced by the many hundreds of 
sediment sequences recovered by drilling 
and coring on the shelf, many radiometri-
cally dated, to identify similar features on the 
submerged landscape. We also assess the 
likelihood of site preservation and visibility 
under different scenarios—rapid or grad-
ual—of sea- level rise. A preliminary test of 
the model was attempted with remotely oper-
ated vehicles, video and acoustic equipment, 
but was terminated prematurely by logistic 
problems, and further investigation awaits 
improved funding.
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21.1  Introduction

The Ukrainian continental shelf exposed as a 
sub-aerial landscape at the maximum lowering of 
sea level at the Last Glacial Maximum represents 
one of the largest areas of now-submerged land-
scape in the Black Sea (Fig. 21.1), and one of the 
largest in Europe apart from the North Sea (see 
also Bailey et al., Chap. 1, Fig. 1.1, this volume; 
Peev et al., Chap. 20, this volume). Palynological 
data show that this new territory was a steppe 
region that could have been exploited extensively 
by hunter-gatherers migrating in from west to 
east and from the north-west to the south (Stanko 
2007; Yanko-Hombach et al. 2011a, b).

Many Upper Palaeolithic archaeological sites 
are present in these source regions, extending 
from Romania through the Ukraine to the Crimea, 
particularly in the basins of the major rivers 
draining into the Black Sea from the north such 
as the Dniester and the Dnieper (Yanko-Hombach 

et al. 2017, Figure 16.24). Notable examples are 
Movileni, Lespezi, Mitoc-Malul Galben and 
Dobrudja in Romania, Molodova in the Middle 
Dniester region, Liubymovka in the Lower 
Dnieper in the Ukraine and Siuren 1 and Vishenne 
2 in Crimea; (Otte et al. 1997; Demidenko 2000–
2001; Chabai 2007). The similarities in stone tool 
assemblages between these sites suggest a high 
degree of mobility and connectivity over wide 
areas.

Moreover, several flint tools have been 
retrieved from boreholes in various places on the 
north-western shelf (Stanko 2007, p.  374). In 
fact, flint pebbles and splinters were mentioned 
during description of samples recovered from 
geological survey. However, these descriptions 
were made by geologists who lacked the knowl-
edge to distinguish between natural pieces of flint 
and artefacts.

All these factors suggest a high likelihood that 
the new land exposed by lowered sea level would 

Fig. 21.1 Map of the Black Sea and adjacent regions, showing the extent of the shelf areas, the connections to the 
Marmara and Aegean seas via the Bosphorus and Dardanelles Straits and the location of the case study area. (1) The 
Dniester Estuary region; (2) The Berezan Estuary region. From Yanko-Hombach et al. 2017
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have provided a very significant and productive 
extension of new territory attractive to human 
settlement. This possibility was explicitly recog-
nised over a decade ago by Stanko (2007) who, in 
writing about the north-western Black Sea shelf, 
noted:

Fluctuations in sea level and the commensurate 
shrinking and expansion of littoral areas had con-
siderable impact on the settlement pattern of the 
final Palaeolithic and Mesolithic societies there. 
(Stanko 2007, p. 372)

Archaeological surveys targeted at final 
Palaeolithic and Mesolithic sites on the northwest-
ern Black Sea shelf and along the submerged river 
valleys might be deemed promising… Such … 
survey … might solve a number of major problems 
related to the character and chronology of the sub-
mergence, migrations, and the interrelationship 
between prehistoric groups of the Balkans, Central 
Europe, and Crimea. (Stanko 2007, p. 374)

Until recently, there has been little opportunity to 
pursue these ideas. Blavatsky (1972) provided 
the first English language review of underwater 
archaeological studies in the Black Sea, describ-
ing submerged Greco-Roman ruins at water 
depths of 4–8 m near the Azov Sea entrance and 
in Taman Bay, near Phanagoria. Similar sub-
merged historical archaeological sites were found 
in the Bug River Estuary, Olbia Pontica 
(Kryzhitskiy et al. 1999) in the Dniester Estuary, 
ancient Tyras (Samoilova 1988) and off the 
south-eastern Crimean Peninsula (Bolikhovskaya 
et al. 2004). None of these studies reported any 
submerged prehistoric settlements.

Dimitrov and Dimitrov (2004) reviewed under-
water archaeological studies related to a ‘Varna 
culture’ that appeared near the present- day coast 
of Bulgaria around 5000  BC.  Drowned settle-
ments in Lakes Durankulak and Varna were dated 
to 5270 BC (Dimitrov and Dimitrov 2004, p. 49) 
by correlation with dated settlements on the lake 
shore. They claimed that ‘Before the Flood [about 
7600 years ago], Neolithic people inhabited not 
only today’s coast but also that part of the bottom 
(called the shelf) which was land’ (Dimitrov and 
Dimitrov 2004, p. 51). So far, however, drowned 
prehistoric archaeological sites have been found 
only close to the present Black Sea shore of Cape 

Shabla north of Varna and in Lake Varna in water 
less than 10 m deep (Peev 2009). The Shabla site 
was indirectly dated to the Late Neolithic 
(Eneolithic) by correlation with the sea-level 
curve of Peychev and Peev (2006), and submerged 
settlements in the coastal Varna-Beloslav Lake 
were indirectly dated to the Late Eneolithic and 
Early Bronze Age (Peev 2009, 91; see also Peev 
et al., Chap. 20, this volume).

Coleman and Ballard (2007, p. 677) reviewed 
evidence for submerged palaeoshorelines in the 
southern and western Black Sea and their impli-
cations for prehistoric inundation. Despite clus-
ters of Neolithic to Bronze Age sites near the 
present coastline, evidence of prehistoric occupa-
tion at water depths greater than 10 m is restricted 
to one ceramic plate of debatable Neolithic age 
from −90 m off Varna, and photographs of boul-
ders at −90 m depth off Sinop, possibly related to 
human habitations along a shoreline inundated 
during the Neolithic over 8000 years ago (Ballard 
et  al. 2001). In fact, underwater artefacts and 
shipwrecks recovered to date from this region are 
of historical age (Ward and Ballard 2004; Ward 
and Horlings 2008). However, Algan et al. (2009) 
found archaeological remnants of a Neolithic 
culture in Istanbul dating between 8400 and 
7300  cal BP, indicating shoreline occupation 
when sea level was 6 m lower than today. These 
archaic Fikirtepe pottery sherds are immediately 
overlain by Early Iron Age artefacts, dated by 
molluscs from 3335 to 3260 cal BP.

Thus, despite decades of searching for sub-
merged prehistoric habitations, there have been 
no definite finds below a water depth of −10 m, 
and reports of Neolithic settlements (e.g., Ballard 
2001) are based on debatable Early Holocene sea-
level estimates (Yanko-Hombach et al. 2011a, b). 
However, the region is extremely rich in archaeo-
logical sites and information relating to the his-
tory of sea-level change and the  geomorphology 
and palaeoenvironment of the continental shelf, 
thanks to systematic studies that have been carried 
out by several generations of Soviet, Russian and 
Ukrainian researchers. Discussions have been fur-
ther intensified during the past decade by a series 
of multidisciplinary and international research 
networks involving the increasing participation of 
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western scholars and focussed on Black Sea sea-
level change, shoreline dynamics at the 
Pleistocene-Holocene boundary, their implica-
tions for understanding global climate change and 
their relationship to transformations in human 
occupation systems, subsistence strategies and 
stone-tool technologies (Yanko-Hombach and 
Smyntyna 2009; Yanko-Hombach et al. 2011a, b, 
2014; Lericolais 2017; Yanko-Hombach 2017; 
Yanko-Hombach et al. 2017).1

The main goal of this chapter is to identify 
potential locations for submerged prehistoric 
sites and landscapes on the north-western Black 
Sea shelf using the on-land archaeological data 
as a basis for prediction. Here we:

 1. Look for regularities in the spatial distribution 
of prehistoric sites and artefacts known today 
in the on-land archaeological record.

 2. Examine geomorphological, geological and 
climatic data to identify the environmental 
features associated with the locations of these 
prehistoric sites.

 3. Develop a predictive model, based on (1) and 
(2) for locating submerged prehistoric sites 
and provide some evaluation of the conditions 
in which they are likely to have survived the 
potentially destructive effects of sea-level rise.

21.2  Case Study Area

The Dniester-Kuyalnik interfluve, including both 
on-shore and underwater areas, was chosen as the 
case study area (Fig. 21.1). The area is well stud-
ied geologically and geomorphologically and has 
a high density of Late Palaeolithic sites supple-
mented by geographic coordinates and extensive 
field studies (Table  21.1). The area is located 
within the third alluvial terrace of the Dniester 
River, is crossed by valleys of small rivers (e.g. 
the Baraboy) and contains the system of valleys 
associated with the Sukhoy Liman (an ancient 
estuary) as well as good-quality and well-exposed 
flint outcrops (Sibirchenko et al. 1983).

1 See the Acknowledgements for full details of these 
research networks.

21.3  Materials and Methods

There are about 250 known Late (Upper) 
Palaeolithic archaeological sites in the south- 
western part of the Ukraine (Yanko-Hombach 
et al. 2011a, b, Figure 7). They comprise mainly 
Aurignacian industries (32–24  ka; Anikovich 
et  al. 2007) and Epigravettian (19–12  ka; 
Zaliznyak 2014). More than 30 of them were dis-
covered on the present-day on-shore segment of 
the case study area (Table 21.1).

Each site has GPS coordinates and a short 
geographic designation enabling one to place it 
on a geomorphological map (Fig. 21.2). The map 
is based on information from hundreds of gravity 
cores and drill holes with lengths up to 5 and 
100 m, respectively, many of which were dated 
by radiometric methods. Descriptions of the main 
cores and geological maps and reports in digital 
format are available at http://geoinf.kiev.ua/ and 
http://geoinf.kiev.ua/wp/kartograma.htm.

In order to increase the probability of finding 
submerged archaeological sites on the shelf, a 
method with clearly defined topographic, palaeo-
geographical and geological search criteria was 
implemented. These criteria are designed to iden-
tify topographic positions that have a good over-
view of the terrain, nearby freshwater sources 
and exposures of flint material for stone tool 
manufacture, a combination of qualities we think 
would have been influential in site selection.

To further narrow the search, we used GIS 
software to reconstruct the size of a typical site 
catchment or site territory based on the distance 
between site clusters but without taking account 
of topographic irregularities and barriers (see, 
e.g. Bailey and Davidson 1983).

21.4  Results

21.4.1  Palaeogeography and Site 
Prediction

Geomorphologically, the study area includes a 
watershed plateau, river terraces and slopes, river 
valleys and hills (Fig. 21.2). The watershed pla-
teau is represented by a Pleistocene succession of 
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alternating aeolian-deluvial, aeolian and eluvial 
rocks forming loess loams with buried soils up to 
40 m in thickness (Avrametz et al. 2007).

The slopes of the river valleys mainly com-
prise alluvial sediments accumulated on 12 
Quaternary terraces of the rivers flowing into the 
Black Sea (Veklich and Sirenko 1976; Veklich 
et al. 1993; Sibirchenko et al. 1983; Ivanov 1987; 
Shmuratko 2001). One place where all 12 ter-
races are exposed is the lower reaches of the 
Dniester River. The deposits of the terraces are 

basically similar in their lithological 
 characteristics, being represented by sands with 
pebbles in the lower part and sandy silts and 
clays, sometimes peat, in the upper part. However, 
there are some differences in the composition of 
the heavy mineral fraction caused by differences 
in the redistribution of eroded sedimentary mate-
rial. The most significant variations are present 
within the third terrace, where numerous expo-
sures of abundant, good-quality flint are present 
(Veklich and Sirenko 1976; Veklich et al. 1993). 

Table 21.1 List of archaeological sites and artefacts with coordinates, geographical location and archaeological age 
based on Kurten (1969), Sinitsyn (1997, p. 58), Sapozhnikov and Sapozhnikova (2011, table 4, pp. 39–43), Dodonov еt 
al. (2000, p. 307), Djindjian еt al. (2006) and Stanko (1999)

Site no Site name Type Latitude Longitude Geographic location Age yrs. ago
1 Cobruciu Artefact 46.6622 29.7578 Dniester 14,000–12,000
2 Varvara I Artefact 46.7728 29.9689 Kuchurgan 18,000–12,000
3 Calfa Artefact 46.9072 29.4558 Dniester 18,000–16,500
4 Bolshaya Akkarzha Site 46.3425 30.6095 Velykodolynskoe 19,000–17,000
5 Anetovka II Artefact 47.7039 31.1222 Bakshala 19,100–18,000
6 Anetovka I Artefact 47.7069 31.1636 Bakshala 19,500–19,100
7 Tatarbunary Site 45.8572 29.6562 Koghylnik 20,000–12,000
8 Bolshaya Akkarzha II Site 46.3343 30.6066 Velykodolynskoe 22,000–18,000
9 Bolshaya Akkarzha III Site 46.3264 30.6040 Velykodolynskoe 22,000–18,000
10 Gribovka Site 46.1944 30.5576 Baraboy 22,000–20,000
11 Gribovka I Site 46.2004 30.5498 Baraboy 22,000–20,000
12 Otarik Site 46.3321 30.3376 Sukhoy Liman 22,000–20,000
13 Skurta Site 46.3321 30.3376 Sukhoy Liman 22,000–20,000
14 Roxolany Site 46.1628 30.4736 Dniester 24,000–20,000
15 Caragas Artefact 46.7881 29.6597 Dniester 24,000–20,000
16 Anetovka XXII-1989 Artefact 47.7183 31.1764 Southern Bug 24,000–20,000
17 Anetovka XXI Artefact 47.7186 31.1811 Southern Bug 24,000–20,000
18 Baraboy 3 Site 46.2020 30.5765 Baraboy 25,000–22,000
19 Baraboy 2 Site 46.2110 30.5548 Baraboy 25,000–22,000
20 Efymovka Site 46.3605 30.3454 Dniester 25,000–22,000
21 Efymovka2 Site 46.3516 30.3466 Dniester 25,000–22,000
22 Nikolaevka II Site 46.3321 30.3376 Dniester 25,000–22,000
23 Peshcera Nordmana Site 46.4792 30.7345 Black Sea 28,000–26,000
24 Novaya Doina Site 46.3321 30.3376 Sukhoy Liman 32,000–11,000
25 Olanesti Artefact 46.4975 29.9675 Dniester 32,000–12,000
26 Krasnaya Kosa Artefact 46.3475 30.0953 Dnestrovsky Liman 32,000–12,000
27 Kazatskoe Artefact 46.3533 30.0953 Dnestrovsky Liman 32,000–12,000
28 Turlaki Artefact 46.1992 30.2331 Dnestrovsky Liman 32,000–12,000
29 Roxolany Artefact 46.1622 30.4747 Dnestrovsky Liman 32,000–12,000
30 Otaryk Artefact 46.2061 30.4208 Dnestrovsky Liman 32,000–12,000
31 Aneovka XIII Artefact 47.7200 31.1764 Bakshala 32,000–24,000
32 Bornatove-zatoka Site 46.7756 30.4909 Khadzhybey 32,000–26,000
33 Zeleny Khutor Artefact 46.5006 30.1733 Kuludorova 32,000–28,000
34 Kuludar Artefact 46.5008 30.2033 Kuludorova Balka 32,000–28,000
35 Tatarka 2 Site 46.4067 30.5907 Dalnik 34,000–22,000

21 The Ukraine: In Search of Submerged Late Palaeolithic Sites on the North-Western Black Sea Shelf
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Valley bottoms are filled with typical floodplain 
sediments, such as interbedded sandy silt, clay 
and peat.

The hills, such as the Dnestrovsky (I) and 
Katranya (II) Banks, are formed of Upper 
Pleistocene marine sediments of Karangatian 
age—MIS 5e, 74–123  ka BP (Yanko-Hombach 
and Motnenko 2016a, b). Lithologically, they are 
represented by cemented sandy coquina (lime-
stone with shells) that was exposed during the 
post-Karangatian regression, passed the first 
stage of lithification in a coastal environment and 
formed positive relief forms with a cemented 
crust over the underlying loose sediments. During 
the Holocene transgressions, these hills became 
underwater banks.

All analysed sites are located on the alluvial 
terraces of secondary rivers or tributaries and 
form small groups or clusters, each of which 
includes two to four sites (Fig. 21.3a). The dis-
tance between clusters is typically within the 
range of a 1-day walk (Fig. 21.3b). The distribu-

tion of these distances follows a normal probabil-
ity (Gaussian) curve (Fig. 21.3c) with an average 
value of 19.49  km and a standard deviation of 
6.51  km (95% confidence interval). Moreover, 
these sites are broadly contemporaneous, sug-
gesting that their distribution reflects a real pat-
tern of prehistoric land use and that the factors 
that determine the location of the site clusters are 
concentrations of attractive resources and a dis-
tance to the nearest neighbouring cluster that cre-
ates a suitably sized territory large enough to 
support each cluster. It is possible that some sites 
are missing because they have not been preserved 
or discovered, but the region has been well stud-
ied and the distribution of known sites is clearly 
not random.

The boundary values (maximum and mini-
mum inter-cluster distances) are 16.74  km and 
22.24 km. If these distances are accepted as max-
imum and minimum spacings between clusters, 
then a predictive model can be created by draw-
ing concentric circles with these radii around 

Fig. 21.2 Geomorphological map of the pre-Holocene (largely Late Pleistocene) geology, produced at scales ranging 
from 1:200,000 to 1:50,000. Data from quadrants L-36-XIII and L-36-XIV mapped by Prichernomor SRGE [Black Sea 
Area State Regional Geologic Enterprise] (www.pgrgp.com.ua; Podoplelov et al. 1975; Karpov et al. 1978; Sibirchenko 
et al. 1983; Gozhik et al. 1987; Avrametz et al. 2007, see also Yanko-Hombach et al. 2017, Fig. 16.3). The map shows 
locations of on-land Late Palaeolithic sites and artefacts together with underwater areas that appear promising for locat-
ing submerged Late Palaeolithic sites according to the predictive model. See text and Fig. 21.3 for further detail and 
discussion

S. Kadurin et al.
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each site cluster. The circles then map out a 
catchment within which known sites are located 
in the centre and other possible sites would lie 
within the inner and outer radii corresponding to 
these values (Fig.  21.3d). Based upon inter-site 
distances exhibited by known sites, the intersec-
tion areas of these catchment circles would be the 
most promising in the search for new clusters of 
sites (Fig. 21.3e). Overlain on a geomorphologi-
cal map of the study area (Fig. 21.2), these inter-
section areas (A, B, C, D in Figs. 21.2 and 21.3e) 
show possible locations of submerged archaeo-
logical sites that satisfy the search criteria.

21.4.2  Underwater Target Areas

There are three intersection areas (Fig. 21.2) that 
could be suitable for our purpose. The first one 
(A) is located 9 km from the present coastline at 
water depths of 15–20 m bsl (below sea level) in 
front of the present spit of the Dniester Estuary. 

Here all search criteria converge. There are small 
rivers flowing into the large Dniester River form-
ing bluffs and terraces with a good overview of 
the surrounding terrain. The main elevation point 
is the Dniesterovsky Bank, which would have 
been a hill rising above the surrounding plain 
during Late Palaeolithic time. There are exposed 
outcrops of good-quality flint material in signifi-
cant quantity, and according to geostatistical 
data, the location is at the appropriate distance 
from the nearest cluster of known sites. Area A 
seems quite promising in the search for sub-
merged Late Palaeolithic sites.

The second area (B) is located 7 km from the 
modern coastline opposite Sandzeika village at a 
water depth of 20–22 m (Fig. 21.2). In the Late 
Palaeolithic, there was a system of small rivers 
with elevated bluffs and terraces (terrace III). 
These rivers in recent times formed the Sukhoy 
Liman. From the elevated points, there was a 
good view to the other side of the river valley as 
well as to the confluence of these tributaries with 

Fig. 21.3 Geostatistical predictive model for identifying target areas to search for submerged Late Palaeolithic sites in 
the case study area. (a) Location of known Late Palaeolithic sites on-land and within the main river valleys today; (b) 
distance between clusters of sites; (c) histogram of distances showing normal (Gaussian) type of distribution; (d) mod-
elling of concentric catchment circles based on maximum and minimum inter-cluster distances (95% confidence inter-
val); (e) areas that lie at the intersections of catchment circles and could therefore be promising targets in the search for 
submerged Late Palaeolithic sites

21 The Ukraine: In Search of Submerged Late Palaeolithic Sites on the North-Western Black Sea Shelf
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the Palaeo-Dnieper valley. The river terraces con-
tain numerous outcrops of exposed flint material 
(Sibirchenko et al. 1983). The distance of area B 
from other archaeological sites also fits the pre-
dictive model.

The third area (C) is located directly within the 
Palaeo-Dnieper River valley at 25 m (Fig. 21.2). 
None of the search criteria (except close proxim-
ity to flint) is satisfied here. For example, there 
was no prominent elevated area, the flat sides of 
the large valley were wetlands (indicated by the 
presence of peat deposits), and flint nodules are 
small and poor in quality. As such, this area is not 
considered as promising in the search for sub-
merged Late Palaeolithic sites. There is one more 
area D (Fig.  21.2) located presently on the left 
side of the Palaeo-Dniester River at 2 m asl (above 
sea level). This area might be promising for the 
discovery of on-land archaeological sites.

21.5  Discussion

Three areas, A, B and C, described above 
(Fig. 21.2) seem to be promising for finding sub-
merged Late Palaeolithic archaeological sites at 
water depths of 20–22  m. Could these sites be 
present below sea level and if so when were they 
inundated? To answer this question, the dynam-
ics of sea level, climate and salinity variation dur-
ing the Late Palaeolithic period should be 
considered using geological, palynological and 
palaeontological data together with archaeologi-
cal evidence of human adaptive strategies. This 
may give us further clues as to whether we are 
correct in our assumptions regarding the search 
for submerged Late Palaeolithic sites.

21.5.1  Sea-Level Change 
and Palaeoenvironment

In terms of chronology, the Late Palaeolithic cor-
responds approximately to the following strati-
graphic units: the Tarkhankutian (c. 44–32 ka cal 
BP) and the Lower (c. 32–20  ka  cal BP) and 
Upper Neoeuxinian (c. 20–11.5 ka cal BP) beds 
(Yanko-Hombach 2007; Yanko-Hombach et  al. 

2014). The Tarkhankutian beds are occasionally 
recovered in cores (Fig. 21.4) penetrating below 
the 30–35  m isobath. The Tarkhankutian basin 
was a brackish (8–11 psu) body of water, 30 m 
below present sea level, and connected with the 
Mediterranean Sea (Nevesskaya 1965; Yanko- 
Hombach 2007; Yanko-Hombach et  al. 2017). 
Located to the south of the continental glaciers, 
the northern Black Sea coastal region provided 
favourable conditions for intensive settlement 
and hunting, as evidenced by the presence of 
such large settlements as Sagaidak 1 and 
Anetovka 1 (Yanko-Hombach et al. 2011a, b).

The Lower Neoeuxinian beds deposited dur-
ing the LGM are distributed everywhere in the 
Black Sea below the 100 m isobath (Fig.  21.4) 
(Kvasov 1975; Fedorov 1977, 1978, 1988; 
Shcherbakov et  al. 1978; Abashin et  al. 1982; 
Shcherbakov 1983; Shnyukov 1985; Svitoch 
et  al. 1998; Kuprin 2002; Kuprin and Sorokin 
2007; Yanko-Hombach 2007; Yanko-Hombach 
et al. 2014, 2017; Harff et al. 2016). During that 
time, the Black Sea was a brackish lake with 
salinity around 5 psu and a level at −100 m. The 
lake was isolated from both the Caspian and 
Mediterranean seas (Kuprin and Sorokin 2007; 
Yanko-Hombach 2007; Yanko-Hombach et  al. 
2011a, b, 2014, 2017). A large portion of the 
present shelf above the 100  m isobath was 
exposed and eroded. The north-western shelf was 
downcut some 40 m to the basement by the Pre-
Danube, Pre-Dnieper and Pre-Dniester rivers and 
covered by subaerial loams (e.g. Shcherbakov 
et al. 1978; Shcherbakov 1983; Inozemtsev et al. 
1984; Fedorov 1988). River mouths were relo-
cated 80–100  km seaward (Gozhik 1984; 
Shnyukov 1985), where they possessed poorly 
developed deltas and opened directly into can-
yons on the continental slope (Fig. 21.5; Yanko-
Hombach et al. 2017).

At the LGM, the entire Eastern European plat-
form was covered with periglacial tundra-steppe 
vegetation (Artyushenko 1970; Artyushenko 
et al. 1972; Mudie et al. 2014). Extremely harsh 
climatic conditions caused the displacement of 
the late Palaeolithic inhabitants from Central and 
Eastern Europe to the northern Black Sea coastal 
regions (Yanko-Hombach et al. 2011a, Figure 6). 
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In fact, the Black Sea steppes represent a natural 
refuge for the populations of the contiguous ter-
ritories, which is reflected in the mosaic of mod-
ern ethnic groups in the region and confirmed by 
the highest population densities in Eastern 
Europe (Yanko-Hombach et al. 2011a, Figure 7). 
In search of protection from the harsh conditions 
of the periglacial regions and the need to find ani-
mals for hunting, bison hunters moved to the 
south and south-west along the river valleys of 
the Dnieper, the Southern Bug, the Dniester and 
the Prut and reached the shore of the Early 
Neoeuxinian lake. However, it is unlikely that 
they settled along the immediate coastline. 
Palynological data from high-resolution marine 

cores suggest a marshy and mosquito-infested 
shoreline subject to periodic river flooding 
(Mudie et  al. 2002, 2007). This might have 
 provided good hunting and fishing but poor con-
ditions for the location of settlement because of 
brackish water and soils prone to salinization and 
waterlogging. This is consistent with the evi-
dence that prehistoric populations preferred to 
settle in small river valleys. These marshy condi-
tions may have been inhospitable for permanent 
settlement, but there is no evidence that prehis-
toric people would have avoided coastal locations 
on the Black Sea because of the presence of salt-
water (Yanko-Hombach et al. 2014).

Fig. 21.4 Palaeo-Dniester valley cross-shelf profile, showing sediment lithology and genetic type, depositional setting 
and stratigraphic ages. Inset shows shelf bathymetry, locations of transect cores and present-day estuaries at the seaward 
end of the Dnieper, Bug and Dniester rivers. Shell detrit = detrital shell fragments. Profile is based on results of a 
1:200,000 marine geological survey. From Yanko-Hombach et al. 2014, 2017
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These changes of environmental conditions in 
the north-western Black Sea region resulted in 
the emergence of a new occupation system based 
on the collective hunting of bison herds, which 
involved the short-term concentration of human 
groups at specialised base camps, designed for 
implementation of economic activities connected 
with the preparation for a major hunt and further 
celebration of its results, and a set of other sites 
briefly visited during the rest of the year. This 
occupation strategy is particularly well demon-
strated by the key archaeological sites of the 
region belonging to the Epigravettian, notably 
Anetivka 2 (on the Southern Bug River). Within 
walking distance of this site, there are over 30 
Late Palaeolithic archaeological sites, all within 
reach of the Bakshala River, a tributary of the 
Southern Bug (Stanko 1999, p. 322; Stanko 1997, 
Figure 23).

The Lower Neoeuxinian beds are often over-
lapped by sub-aerial loams and later by aquatic 
sediments with freshwater ostracods Candona 
and Candoniella indicating the transformation of 
bottom conditions from an erosional to a sub-
aquatic accumulative phase at the beginning of 
the Late Neoeuxinian transgression (Gozhik 
1984; Shnyukov 1985).

The Upper Neoeuxinian beds cover the Black 
Sea floor almost everywhere on the north- western 
shelf below the 37–39  m isobath (Fig.  21.4; 
Larchenkov and Kadurin 2011; Mudie et  al. 
2014; Yanko-Hombach et  al. 2014, 2017). 
Palaeosalinity for the Late Neoeuxinian lake was 
about 5  psu in shallow areas and could have 
reached 7 psu and even 12 psu in deeper parts of 
the basin (Nevesskaya 1965; Mudie et al. 2001; 
Mudie et  al. 2011; Marret et  al. 2009; Yanko- 
Hombach et al. 2014, 2017). Despite a relatively 

Fig. 21.5 Schematic geomorphological map of the north-western shelf during the Early Neoeuxinian: (1) Palaeovalleys 
and large alluvial plains; (2) gently sloping hills formed by Late Pleistocene marine and continental landforms; (3) 
gently sloping piedmont uplands; (4) steep banks and seabed folded bedrock; (5) large relict accumulative landforms 
formed by sand; (6) palaeoriver bed; (7) underwater debris cone; (8) coastline of 18 ka BP; (9) shelf edge, (a) outer 
shelf, (b) continental slope. From Yanko-Hombach et al. 2017
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high salinity, Mediterranean species are absent, 
and Caspian immigrants are abundant.

Prevalence of broad-leaved trees (e.g. 
Quercus, Carpinus, Ulmus, Salix, Betula) over 
conifers (e.g. Pinus) and grasses in the spore- 
pollen diagrams indicates that climate became 
warmer compared to the Early Neoeuxinian (Pop 
1957; Bozilova 1975). During the Late 
Neoeuxinian transgression, a relatively wide and 
shallow, sub-horizontal inner shelf with depths of 
c. 10–15 m was formed. Due to an increase in the 
base level and consequent increased lateral ero-
sion, the river valleys expanded due to bank 
scouring, and the accumulation of alluvium 
intensified. The absence of Mediterranean organ-
isms clearly shows the lack of connection with 
the Mediterranean Sea. The widespread presence 
of Caspian species indicates a possible connec-
tion with the Caspian Sea. It is also possible that 
under favourable conditions Caspian species 
could expand from sheltered habitats in river 
mouths and lagoons, as was noted by Nevesskaya 
(1965). The Caspian waters, together with strong 
freshwater runoff from the land, raised the level 
of the Late Neoeuxinian lake by 70  m within 
3–4000  years. In many places, the Upper 
Neoeuxinian beds are overlain by peat (Fig. 21.4) 
with an age of ~11.7 ka cal BP (10 ka radiocar-
bon years BP) and/or coarse sediments. Their 
maximum depth of deposition does not exceed 
50  m. These peats were formed during the 
Younger Dryas around 11.7 ka cal BP when the 
level of the lake dropped to 55  m (Yanko- 
Hombach et al. 2011b).

It is difficult to reconstruct the lifeways of the 
Late Palaeolithic human population during this 
Late Neoeuxinian period due to the almost com-
plete absence of large, long-term settlements, and 
consequently a scarcity of chronometric dates. 
For whatever reason, perhaps because of human 
overexploitation of the northern Black Sea steppe 
region, population density in this region appears 
to have sharply decreased, and in the Dniester- 
Bug interfluve, it became the lowest for the 
steppe zone within the modern territory of 
Ukraine (Yanko-Hombach et al. 2011a, Figure 6). 
As of now, only one ancient occupation—Vladi-
mirovka (layer 3)—can be associated with any 

degree of certainty to the Late Neoeuxinian, and 
its technocomplex retains all the features typical 
of the Anetivka Late Palaeolithic culture 
(Chernysh 1953).

21.5.2  Conditions of Preservation 
and Site Discovery

Areas A and B seem never to have been sub-
merged by transgression during the Late 
Pleistocene because neither the Tarkhankutian 
nor Late Neoeuxinian transgression exceeded the 
30 m and 37 m isobath bsl, respectively. However, 
the transgressions would have caused an expan-
sion of the river valleys, and this would have ini-
tiated meandering and steady infilling by fluvial 
sediments. In this way, the river valleys would 
have provided ample accommodation for sedi-
mentary accumulation and buried settlements; 
i.e. any sites would have a good chance to be 
preserved.

Today, these areas are below sea level, how-
ever, and this means that they were inundated 
during the Holocene Mediterranean transgres-
sion. What are the chances that archaeological 
sites would have been preserved? There are two 
basic scenarios proposed for this transgression: 
progressive (Aksu et al. 2002) or progressive but 
oscillating (Balabanov 2007; Yanko-Hombach 
2007; Yanko-Hombach et  al. 2007) and cata-
strophic (Ryan 2007) or rapid (Nicholas et  al. 
2011; Lericolais 2017; Yanchilina et al. 2017).

In the case of a gradual transgression, there 
should be an upward succession of coarse to fine 
grained sediments. On the inner shelf, alluvial 
facies should be covered by marshy, estuarine and 
marine ones. Such a picture can be observed in 
Core 342 recovered from the Dniester 
 palaeo- valley (Mudie et al. 2014; Yanko-Hombach 
et  al. 2014). Over the course of a progressive 
transgression, the elevated watershed plateaux 
would have been prone to coastal abrasion and 
destroyed by the gradual sea-level rise. But the 
terraces and their associated protruding bluffs 
within the meanders of small rivers and tributaries 
would have been preserved, and these features, 
according to our data, are present in areas A and 
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B. In the case of a gradual but oscillating scenario, 
low-amplitude sea-level fluctuations would be 
unlikely to destroy thick sequences of sediments 
or the settlements buried within them.

In the case of a catastrophic or rapid transgres-
sion, there would be sharp erosional downcutting 
in the river valleys, and this would destroy the 
bluffs and other elevated elements of relief 
together with the settlements buried within the 
sediments of previous transgressions. Such a pic-
ture of course is an ideal. In reality, it could be 
different.

In order to verify our predictive model and to 
improve the search for submerged Late 
Palaeolithic sites, an expedition ‘Coast of Gods’ 
was undertaken in 2012 with the participation of 
the first author and the use of a seine-fishing ves-
sel ‘MBSS 10–06’ (Kerch registration port) and a 
scientific team to search for underwater prehis-
toric archaeological sites and materials on the 
Black Sea shelf. We used a remotely controlled 
submarine ‘Sophocles-1’ with a ‘Towed Bottom 
Video, TBV-2’, an underwater towing system 
(test model of the National Naval Construction 
University named after admiral Makarov, 
Nikolayev city) and sidescan sonar. Unfortunately, 
due to technical problems and harsh weather con-
ditions, the expedition did not achieve its goal 
and was postponed pending acquisition of new 
funding.

21.6  Conclusions

Using on-land archaeological data on the loca-
tions of known Late Upper Palaeolithic sites, in a 
case study area located on the Dniester-Kuyalnik 
interfluve, we have analysed the main regularities 
in their spatial distribution. We found that all the 
sites examined are located on the lower alluvial 
terraces of smaller, tributary rivers and form 
small clusters, each of which includes two to four 
sites. The distribution of distances between the 
clusters of sites follows a normal (Gaussian) dis-
tribution with an average 19.49  km in walking 
distance between each cluster and its nearest 
neighbour.

We used geomorphological, geological and 
climatic data to identify the environmental fac-
tors determining the choice of site locations and 
to predict likely target areas for archaeological 
survey offshore on the now-submerged land-
scape. This predictive model identified two likely 
areas. The first area (A) is 9 km from the present 
coastline at water depths of 15–20 m in front of 
the present spit of the Dniester Estuary. Here 
there would have been small rivers flowing into 
the large palaeo-Dniester River, forming bluffs 
and terraces with good overviews of the sur-
rounding terrain. The main elevation point is the 
Dniesterovsky Bank, which would have been a 
hill on the exposed land surface during the Late 
Palaeolithic. The area has outcrops of flint of 
good quality and quantity on the third alluvial 
terrace of the Dniester River, and according to 
our analysis, it is located at an appropriate dis-
tance from the nearest cluster of known sites in 
the present-day landscape. The second area (B) is 
located offshore from Sandzeika village, 7  km 
from the coastline at a water depth of 20–22 m on 
a river terrace of the Sukhoy palaeoriver, a tribu-
tary of the palaeo-Dnieper, with a good view to 
the other side of the river valley as well as towards 
its confluence with the palaeo-Dnieper valley. 
The distance of area B from other archaeological 
sites also fits the predictive model.

In the case of a gradual or gradual-but- 
oscillating transgression by water from the 
Mediterranean at the Pleistocene-Holocene 
boundary, submerged archaeological sites should 
be preserved by being buried by thick fluvial sed-
iments accumulated during the Late Pleistocene 
(Tarkhankutian and Late Neoeuxinian) transgres-
sions. In the case of a catastrophic or rapid trans-
gression, a sharp erosional downcutting within 
the river valleys would have destroyed the bluffs 
and other features of elevated relief together with 
any prehistoric settlements buried by sediments 
accumulated during previous transgressions.

Although the proposed model for finding sub-
merged Late Palaeolithic archaeological sites on 
the north-western Black Sea shelf was not veri-
fied by successful underwater fieldwork, we 
identify the reasons for this failure not with the 
predictive model itself, but instead with techno-
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logical aspects of the fieldwork and the equip-
ment used.

Taking into account the peculiarities of the 
region under study—depth below present sea 
level of around 30 m, distance from the present 
seashore of about 10 km, and most importantly 
the significant thickness of Holocene sedi-
ments—traditional underwater archaeology 
employing scuba-diving may not be effective for 
future survey. The only reliable source of infor-
mation is a programme of underwater drilling, 
which will require substantial funding and the 
joint efforts of a multidisciplinary scientific team.
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