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Introduction

The northwestern Black Sea shelf is an outstanding area for research. On one hand, its geomorphological features
and geological structure make it possible to trace the course of transgressions, and on the other hand, the place is rich
in paleoanthropologic data on the adjoining land surface (Yanko-Hombach, 2011). Detailed reconstructions of its
geologic history allow an understanding of the environmental influence on human development, and the results of
investigation may be used to search for ancient human settlements within the shelf area now covered by sea.

In this work, we present data about the distribution of thicknesses in Holocene sediments (Drevne- and
Novochernomorian time) and their connection with the bottom relief of the northwestern Black Sea shelf.

The objectives of the research were:
* to characterize the relief of the study area;
*  to construct sediment thickness maps for Drevne- and Novochernomorian time;

*  to estimate the sedimentation rate during the Holocene.
In the study area, during the period from 1976 to 2006, many cores were collected across the whole northwestern
continental shelf of the Black Sea. The results of the investigation are based on extensive sampling of bottom
sediments and the analysis of more than 3000 gravity and piston cores as well as 250 boreholes. These data are the
result of previous geological surveys that were carried out by Prichernomorskoe State Regional Geological
Enterprise "Prichemomor GRGP" (Odessa, Ukraine) and Odessa I.I. Mechnikov National University.

Geomorphologic characteristics of the northwestern Black Sea

The northwestern part of the Black Sea shelf includes the Dniester-Danube coastal waters in the west, the
Dnieper-Dniester interfluves, the Tendra spit and Dzharilgach Island in the north, and the western part of the
Crimean peninsula in the east (fig. 1). Its width is up to 170 km and its extent about 270 km. Maximum sea depths
are -55 meters. The surface of the shelf before the Chernomorian transgression was represented by an alluvial plain
which was formed under the influence of such large river systems as the Danube, Dniester, Yuzhniy Bug, and
Dnieper (Zenkovich, 1960; Tonin et al., 1987; Fesyunov, 1996). In the course of the Chernomorian transgression, the
shelf was flooded by the sea, and its surface was partly flattened by the sediments (Fedoronchuk et al., 2010). The
system of palcoriver valleys, paleo-terraces, ancient shorelines, and sandbars are represented on the surface of the
shelf, which was formed during the late Wurm glaciation. The main subaeral relief elements despite partial wave
reworking were preserved and are visible, though they are covered with a layer of marine sediments. Positive relief
forms are represented by the Odessa and Dniester sandbanks, and the Budak, Western Tendra, and Dniester
elevations (fig. 1). Elevations are the ancient watersheds that were characterized by the presence of mesa relief forms
(Radzvil and Polovka, 2002). Uplifted areas lie at a water depth of less than 30 m, usually in the interval between -17
and -23 m.

The Odessa sandbank is the largest accumulative form on the shelf; its area is 178 km . It rises over the bottom surface an
average of about 10-15 meters. The Odessa trench separates the Odessa sandbank
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from the shoreline, whieh is situated some 5-8 km to the north. This accumulative formation started to form in the
Middle Pleistocene and consists of sediments from the first, second, and third terraces above the floodplain. The Odessa
sandbank is a submarine continuation of the Kinburnskaya spit (fig. 1).

The Dniester sandbank is situated about 12-16 km from the shore; its length is 12 km, its width 6 km. It follows an E-W
direction.

The Budakskoe elevation is situated some 10 km from the shore. The minimum water depth above it is - 20 m.

The western Tendra elevation is situated westward of the Tendra spit; it has submeridianal extension and an asymmetric
shape: its northern part is 5 km in width, and its southern is 20 km. Water depth above its surface is 20 m.

Negative topographic forms in the shelf are represented by the Odessa trench, the Paleo-Dnieper, the Paleo-Dniester,
and the Paleo-Sarata valleys.

The Odessa trench has a U-shaped profile, and its bottom becomes deeper in the western direction. The width of the
trench varies from 4.5 to 9 km, and the maximum depth is 22 m. The Odessa trench was formed by the Paleo-Dnieper
and Paleo-Yuzhniy-Bug waters during the late Pleistocene. The Paleo- Dnieper valley occupies the central part of the
inner shelf. Maximum water depths within the valley are in the southern part (-30 m).

The Paleo-Dniester valley has distinctively shaped relief, and its width is up to 10-25 km. The Paleo- Sarata valley is a
narrow depression with a width between 3 and 5 km.

Results

To study the patterns of sediment accumulation, their processes, and their connection with bottom relief, maps of the
thickness of Drevne- and Novochernomorian sedimentary deposits were constructed. Also, the rate of sedimentation
was estimated. Determinations of sediment age were based on the results of bulk, uncalibrated radiocarbon dating by
Sibirchenko et al. (1983). The results of radiocarbon dating are not corrected according to a reservoir effect due to the
uncertainty in the correction. That is why the precision may vary over wide ranges (Major et al., 2006). According to
available age estimations, the Drevnechernomorian sediments were formed in the time range between ca. 10.5 and 7.1
ka BP and the Novochernomorian, from ca. 7 ka BP until the present.

The distribution of Drevnechernomorian bottom sediments is shown in fig. 2. The thickness of the studied
sediments varies from 0.05 to 1 meter within the outer shelf (water depths greater than 35 m), and from 1 to 10 meters in
the north (within the valleys of the Paleo-Dnieper, Paleo-Dniester, and Paleo- Sarata). The outlines of the
Paleo-Dnieper valley match the isopach of 1 -2 meters, those of the Paleo- Dniester and Paleo-Sarata valleys, 0.5-1 m.
Maximum thickness is encountered in Odessa Bay at 18.2 m. These sediments are absent in the area of the Odessa and
Dniester sandbank, and the Tendra spit. According to radiocarbon dating (Sibirchenko et al., 1983), the sediment
formation rate during Drevnechernomorian time was estimated. Maximum sedimentation rate is within Odessa Bay
(5.35 m/1000 yrs), and for the Dnieper-Bug liman (3.5 m/1000 yrs), for the Dniester coastal waters (up to 5.3 m/1000
yrs), and for the Paleo-Sarata and Paleo-Dnieper (up to 0.8-0.6 m/1000 yrs, respectively). The outer shelf with a water
depth more than 35 meters is characterized by a sedimentation rate of 0.3 m/1000 yrs. Mean sedimentation rates are in
Table 1. Odessa Bay, the Dnieper-Bug liman, the Dniester coastal waters, the Paleo-Dniester, the Dnieper depression,
the Paleo-Sarata, and the western Tendra elevation are characterized by high sedimentation rates. At the end of
Drevnechernomorian time, favorable paleogeographical and geomorphological conditions arose and deep sediment
thicknesses were formed within the western Tendra elevation area.

Novochernomorian bottom sediment thicknesses (fig. 3) vary from-0.1 to 0.4 meters on the outer shelf and from 10
to 18 meters within the river mouth areas in the north. Maximum thickness can be encountered in the Dnieper-Bug
liman (18 m). Bottom sediments of Novochernomorian age are widespread in the study area. The Odessa sandbank, and
the Dniester and Tendra elevations are outlined by isopach 0.5, 0.2-0.5 and 0.3-0.5 meters, respectively.
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In the Dnieper-Bug liman, average sediment thicknesses are from 1.5 to 12 m, in Odessa Bay; in the Paleo-Dniester,
from 0.5 to 5 m; in the Paleo-Dnieper, from 0.3 to 5 m; and for the Paleo-Sarata, up to 0.15 m. The areas with high
sediment thicknesses concur with depressions, though during Novochernomorian time, these areas had smaller sizes
and were displaced toward the northern direction.

The duration of the Novochernomorian time is about 7100 years (Sibirchenko et al., 1983). The maximum
sedimentation rate for the Dnieper-Bug liman is 2.9 m/1000 yrs; for Odessa Bay it is up to 0.35 m/1000 yrs; for the
Dniester coastal waters, up to 1.4 m/1000 yrs; lor the Paleo-Sarata up to 0.3 m/1000 yrs; for the Dnieper depression
0.2 m/1000 yrs; and for areas of the shelf with water depths greater than 35 m, up to 0.1 m/1000 yrs. On the elevations,
sedimentation rates are low and vaiy from 3 to 7 cm per 1000 years. Average sedimentation rates for the
Drevnechernomorian and Novochernomorian time were calculated (Table 1).

Table 1. Average sediment accumulation rate (m/1000 yrs)

Areas within the NW shelf of the Black Sea | Drevnechernomorian time | Novochernomorian time
Odessa Bay 4.95 0.22
Dnieper-Bug liman 067 1.4 |
| Dniester coastal waters 1.35 0.36
| Dniester elevation 0.06 0.096
Paleo-Dniester - 0.4 N { 0.05 i
7}517116}):1 -dcprtssion 0.33 [ 0.14 o
Budak clevation 0.09 012
Paleo-Sarata . 0.2 0.07
: Western Tendra elevation N 01 o 0.08
| Central part of the shelf 0.02 0.05
Conclusions

The distribution of thickness within the Drevne- and Novochernomorian sedimentary deposits is closely associated
with bottom relief. During periods when the recent shelf surface was land, certain features of the bottom relief were
formed. Subsequently, these relief features caused incremental sediment thicknesses in the depressions.

During Drevnechernomorian time, the ancient limans were situated farther to the south than recent ones, and their
position determined the environments and patterns of sediment formation. The limans on the shelf correspond to
paleoriver valleys, and these areas are characterized by the accumulation of deep sediment thicknesses (from 5 to 10
m). Such areas as Odessa Bay, the Dnieper-Bug liman, the Dniester coastal waters, the Paleo-Dniester, the Dnieper
depression, and the Paleo-Sarata are characterized by high sedimentation rates. This is connected to a large volume of
terrigenous material brought by river flow. In the Dnieper and Dniester depressions, accumulation of sedimentary
material took place close to the shoreline of the early Holocene. A s the result of northward movement of the coastline,
the character of the distribution of sediment thicknesses changed. Such shelf accumulative forms as the Odessa and
Dniester sandbanks are usually formed by terrigenous sediments from rivers, but besides this source, washout,
re-sedimentation of ancient accumulative formations (Ischenko, 1971), and shore abrasion (Shnyukov et al., 1985) also
make a contribution. The Holocene sediments of the Odessa sandbank are represented by dark-grey mud with shell
detritus and anisomerous sand followed by shell sediments. The source of the sand in this area is Dnieper alluvial
deposits. According to Pazyuk and Rychkovskaya (1972), Odessa sandbank mineralogical composition is similar to
recent Dnieper alluvial deposits.

Several patterns in the distribution of bottom sediments during the Novochernomorian can be noted: deep thicknesses
of sediments can be encountered in paleoriver valleys on the shelf, but these areas have smaller sizes and are displaced
closer to the recent coastline in comparison with those of Drevnechernomorian time. Sediment accumulation processes
led to bottom surface flattening. For example, the Paleo-Sarata valley features are smoothed in the modern relief, even
though this area was
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characterized by high average sedimentation rates during Drevnechernomorian time (Table 1). This shows that the
Paleo-Sarata valley was a negative geomorphological site during the Drevnechernomorian. On the contrary, during
Novochernomorian time, this area shows low rates of sediment accumulation, which could be the result of gradual
flattening and burial by sediments. River mouth areas and depressions within the northwestern Black Sea shelf are the
places of avalanche sedimentation. Our results confirm data obtained from previous research (Shnyukov et al., 1985;
Fesyunov, 2000).

Bottom relief flattening in the shelf was caused mostly by burial of depressions. Wave erosion of positive relief forms
was not significant for several reasons: (1) high speed of the transgression, (2) active accumulation of terrigenous
sediments on the shelf, and (3) shallow depth of wave influence on bottom sedimentary deposits. As a result, a lot of
positive paleorelief forms on the bottom were covered by a layer of recent sediments. Thus paleorelief forms were
protected and preserved from significant erosion processes.

Even so, the limited thickness of the overlapping sediment layer was sufficient to prevent washout processes of these
relief forms. Nevertheless, at the present time on the shallow shelf (at water depths from 15 to 18 m), positive relief
forms are under the influence of scour. Similar processes probably took place in the past, and this allows us to suggest
that small forms of ancient relief could be destroyed by wave activity. Large forms of ancient relief probably did not
experience strong erosion during the Holocene and can be traced because of the shallow thickness of the overlapping
sediments.

As a whole, the paicogeography of the study area (position of the coastlines, relief of the bottom surface) has a strong
influence on the distribution of bottom sediments. During the Holocene, the connection between sediment thickness and
relief forms can be traced.

Maximum thicknesses correspond to depressions and to river mouth areas, minimal thicknesses to positive forms of
ancient relief. The processes of sediment formation on the shelf of the northwestern Black Sea during the Holocene
resulted in flattening of the bottom surface.
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