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INTRODUCTION
The study area is situated within the Northwestern 
Black Sea shelf. This part of the shelf belongs to a plat-
form type. The surface of the shelf has rather gentle 
slope (1-2’), and its relief is complicated by paleo-river 
valley systems. The shelf area is separated from the 
land by coastal submarine slope, whose height is 10-15 
m. In general, the slopes of the relief forms are about 
20’. Further to the south from this slope, the recent sur-
face of the shelf is divided by linear depressions which 
are well expressed in the relief. These depressions are 
the relicts of paleo-river valleys which were cut dur-
ing regression periods (Fesyunov, 2000). The depths 
of the paleo-valleys vary from 10 to 15 m. During the 
Pliocene-Quaternary time, this alluvial plain was being 
shaped by epeirogenic and eustatic sea level variations 
as well as repeated reorganization of the paleo-river 
network (Ionin et al., 1987; Fesyunov, 1996; Suchkov 
et al., 2001). Exogenous processes (sedimentation, 
sedimentary material dispersal by currents and waves, 
bottom erosion and abrasion) as well as subaerial proc-
esses of continental sediment accumulation and denu-
dation during regression periods played an important 
role in forming the shelf’s relief. The relief was partly 
flattened by accumulation of marine bottom deposits 
(Fedoronchuk et al., 2010). All the above mentioned 
factors have helped create the shelf’s recent relief.

Sedimentological environment reconstructi on in 
the Northwestern Black Sea shelf during late Pleisto-

cene-Holocene is currently debated in a series of un-
resolved paleogeographic questions which are widely 
discussed (Aksu et al., 2002; Leri co lais et al., 2007; 
Ryan, 2007; Nicholas et al., 2011; Yanko-Hombach et 
al., 2011; Yanko-Hombach et al., 2013). Detailed geo-
chemical studies in the shelf were carried out in the 
course of previous research (Mitropolskiy et al., 1982; 
Fesyunov, 2000; Suchkov and Tyuleneva, 2014) as 
well as in recent studies of sedimentary deposits of its 
continental slope (Soulet et al., 2011). However, some 
questions about geochemical peculiarities of some 
com ponents such as silica in the bottom deposits of 
different facial composition and age, has not been 
clarified yet. The aim of this paper is to characterize 
the gradual change of sediments’ facial composition 
over the course of time, on the basis of certain data 
about the fauna composition (mollusk fauna), and 
lithological and geochemical composition (СаСО3 and 
SiO2 content) of the bottom sediments in the coastal 
part of the Northwestern Black Sea shelf during late 
Pleistocene-Holocene time. 

STUDY AREA, METHODS AND RESEARCH OBJECT
The study area is situated in the Northwestern Black 
Sea shelf. The northern boundary of the study area is 
the shore line, in the south it is isobath of 55 m. The 
results of determination of such parameters as mol-
lusk fauna, lithological composition and geochemistry 
of the sediments were used in this research. Fauna  
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composition and lithological determinations were 
carried out by the staff of Physical and Marine Geol-
ogy Dept. of Odessa I.I.Mechnikov National Univer-
sity (ONU), Institution of Geological Sciences, NAS 
of Ukraine, and by SRGE Prichernomorgeologiya. 
Carbonate content measurements were done using 
value method (precision: 0.01 %); silica dioxide con-
tent was estimated by spectral analysis. The research 
data were obtained by marine geological survey of 
SRGE Prichernomorgeologiya over many years, and 
by Laboratory of Marine Geology and Geochemistry of 
ONU were also used in this paper. The investigation of 
facial and chemical composition of late Pleistocene-
Holocene deposits on the shelf were carried out on 
the basis of 18 cores collected at a depth from 10 
to 50 m in the paleo-river valleys of Dnieper and Dni-
ester (Fig. 1).

RESULTS AND THEIR ANALYSIS
The Holocene transgression had a character of in-
gression of marine water up along paleo-river val-
leys, and as a result  watersheds were covered with 
water. The fauna composition of the sediments has 
since changed. That is why change of the facies 
from terrestrial, lacustrine to marine can be traced 
in depression areas. The position of the coastline 

in the beginning of the Holocene is shown in the 
map (Fig. 2). The system of large limans and bays 
developed on the surface of the inner shelf during 
that time. Coast line topography was mainly deter-
mined by subaerial plain relief features in the be-
ginning of the Holocene (Tyuleneva, 2010).

On the basis of the data about the ratio between
Caspian and Mediterranean type of mollusk fau-

na of late Pleistocene-Holocene sediments following 
stages of the evolution of the Northwestern Black Sea 
shelf were marked out: lacustrine (Neoeuxinian) and 
marine (Chernomorian). Relations of the above listed 
facial types of the sediments are depicted in the cor-
relation scheme of late Pleistocene-Holocene depos-
its (Fig. 3).Terrestrial facies before the Holocene trans-
gression were represented by subaerial eolian-alluvial 
sediments and were wide spread on the watersheds 
of the shelf; subaqueous alluvial facies filled paleo- 
river valleys.  Eolian-alluvial deposits are represented 
by loams and loamy sands. Alluvial sediments con-
stitute the first and the second above flood plain ter-
races of upper Pleistocene age and widely distributed 
in the Northwestern Black Sea shelf (Sibirchenko  et 
al., 1983). Alluvial deposits are represented by grey, 
quartz, anisomerous sands with admixture of silt, clay, 
shell and plant detritus; by dense clays and layers of 

Fig. 1. Map of the factual material.



19COLLECTION OF SCIENTIFIC WORKS OF THE IGS NAS OF UKRAINE, VOL. 8, 2015

CHANGES IN THE dEpOSITIONAL ENVIRONmENT OF NORTHWESTERN SHELF OF THE BLACK SEA...

peat. Peat layers as a rule can be encountered on top 
of alluvial deposits, on floodplains, but streaks of peat 
can also be encountered in the middle of the sedi-
mentary sequence. Peat accumulation is related to 
the base level raise due to gradual transgression and 
as a sequence of paleo-rivers’ flow deceleration. Ter-
restrial sediments with sharp lithological discontinuity 
are followed by brackish water lacustrine stage depos-
its at water depth of 40 m. Latter are formed by sands 
of greenish-grey, grey color, with quartz and admixture 
of shells, shell detritus and silt; by shell deposits of 
light-grey color with admixture of sand. Fauna is repre-
sented by brackish water Caspian species of mollusks 
such as dreissena polymorpha (Pallаs), dr. rostrifor-
mis (Desh.), monodacna caspia (Eichw.), micromela-
nia caspia (Eichw.), hypanis plicatus (Eichw.), Cless-
eniola variabilis (Eichw.), Viviparus viviparus (Linne). 
within shallow parts of the shelf, upwards in the sedi-
mentary sequence, terrestrial deposits are followed 
by marine facies of early Holocene age (Fig. 3). The 
lower part of these sediments have variable lithologi-
cal composition and is represented by shell deposits, 
clays and silty mud. The most wide spread mollusk 
fauna in the sediments is dr. polymorpha (Pallаs), mi-

cromelania caspia, dr. rostriformis (Desh.), hypanis 
plicatus (Eichw.), although in the cores 183 and 899 
appearance of the first Mediterranean species such 
as mytilus galloprovincialis (Lam.) and Cardium ed-
ule (Linne.) can be observed. The sediments from the 
middle part are represented by greenish-grey mud; 
clayey, shell and fine sands. Mediterranean species 
become dominating but at the same time Caspian 
species can be encountered as well. The sediments 
from the upper part are represented by silty and clayey 
mud with grey hue with admixture of shell detritus and 
by fragments and whole shell valves; by medium and 
small shell fragments of olive hue; by light-grey me-
dium sands with admixture of shell detritus. Fauna is 
represented by such Mediterranean mollusks as myti-
lus, Cardium exiguum, C. edule, Spisula, Rissoa sp., 
Chione sp., within the area of influence of fresh water 
inflow from large river systems and in limans Caspian  
brackish species of mollusks can be encountered.  

Chemical composition variation (calcium carbon-
ate and silica dioxide) of the bottom sediments is de-
picted in the graphs (Fig. 4 A, B). Carbonate content 
was estimated for fine and medium grained sands 
and mud. Late Pleistocene sediments considerably 

Fig. 2. Early Holocene coastline position: 1 – isobaths in meters; 2 – recent coastline; 3 – Early Holocene coastline.
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differ from the Holocene deposits in chemical as-
pect. It was revealed that early Holocene sediments 
are characterized by following values of СаСО3 in 
different depths within marine facies, in core 339: 
lower (20.28 %), middle (35.04 %) and upper part 
(46.76 %). The graphs in the Figure 4A depict СаСО3 
content in other studied cores.

The opposite tendency in variations of silica 
relative content was observed. As it is shown in the 
graphs (Fig. 4 B) the highest values have late Pleis-
tocene alluvial deposits (from 65 to 94 %) and up-
wards in the sedimentary section of the Holocene 
deposits these values decrease to about 20-35 %.

DISCUSSION AND CONCLUSIONS
Successive changes of facial composition was de-
scribed on the basis of late Pleistocene-Holocene 
bottom sediments studies. Appearance of the first 
Mediterranean mollusks was observed in the early 
Holocene sediments (Fig. 3). Facial composition of 
the Holocene sediments makes it possible, on a lo-
cal scale to allocate lower middle and upper part 
sediments within the marine stage. The accumula-
tion of the lower part sediments, apparently, start-
ed after the connection with the Mediterranean 
Sea had been renewed, as it was supported by the 
presence of euryhaline species, even though their 
quantity is very scarce. Existing difficulties of pre-
cise time frame determination of these sediments 
(Tyuleneva et al., 2014) make it complicated to es-
timate the period of time of their accumulation. 
However, on the basis of existing data base of age 

determination (Tyuleneva et al., 2014) in general, 
early Holocene sediments was accumulating for 
about 4.3 ka years and approximate time frame of 
the beginning of their accumulation is from ~10.5-
10 to 8.9-8.5 ka years BP (age is not calibrated, 
basin effect was not taken into account, that is 
why the precision may vary over wide ranges). 
One of the reasons of long duration of the distri-
bution of Mediterranean fauna in the sediments 
of the lower part of marine facies could be con-
siderable volumes of fresh water inflow into the 
Black Sea and in particular in its northwestern 
part. The transformation of fauna composition in 
the studied bottom sediments was determined by 
salinity decrement under the influence of river wa-
ter runoff during all Pleistocene-Holocene history 
of geological development of the Black Sea ba-
sin. Overall value of inflowing fresh water into the 
Black Sea is about 350 km3 per year (Aksu et al., 
2002), and about 234 to 270 km3 per year comes 
directly to northwestern part of the sea (Melnik, 
2001). This amount of fresh water is more than 70 
% from the overall value of the total riverine inflow 
into the Black Sea basin. 

Besides fauna composition changes, the Ho-
locene transgression determined geochemical 
transformation of the bottom sediments. The main 
source of carbonates in the coastal part is mol-
lusk shells as it was shown in previous research 
(Mitropolskiy et al., 1982). The tendency of incre-
ment in carbonate content upwards in the sedimen-
tary section from late Pleistocene to the Holocene 

Fig. 3. Stratigraphy chart of late- Pleistocene and Holocene sediments.
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deposits was noted in previous studies (Fesyunov, 
2000). On the one hand this pattern is connected 
with higher bio-productivity of Mediterranean fauna 
in comparison with brackish water Caspian species; 
on the other hand decrement of terrigenous mate-
rial and less favorable climate conditions in com-
parison with recent, influenced carbonate material 
content. During late Pleistocene time, terrigenous 
material came straight to the shelf. This explains 
relatively high thicknesses of clastic material in al-
luvial and lake sediments, which has its reflection 
in high silica dioxide content. This component of 
the bottom sediments is the indicator of the vol-
ume of exactly terrigenous material for the basin 
of the Black Sea. After sea level achieved recent 
position the limans became the main deposition-
al centers of the incoming land material, where 
the biggest part of it accumulates at the present. 
The data about the distribution of such lithophi-
lous elements as zirconium and titanium which 
come mostly in the form of suspension together 
with terrigenous rivers’ supply, were obtained in 
the course of previous research (Mitropolskiy et 
al., 1982, Fesyunov, 2000). The results of these 
studies are in agreement with the previously car-
ried out investigations. Existing notions about sil-
ica distribution in the sedimentological sequence 
from late Pleistocene to the Holocene were wid-
ened. Biogenic carbonates veil the real patterns of 
terrigenous components distribution (Mitropolskiy 

et al., 1982, Fesyunov, 2000),  e.g. silica in par-
ticular; however, supply of clastic material was 5-6 
time higher during the lacustrine stage (Neoeuxin-
ian time) than during the Holocene. 

Obtained data allowed characterization of the 
tendency of bottom deposits accumulation during 
late Pleistocene-Holocene. The facial composition 
of the sediments experienced gradual changes 
from terrestrial to marine deposits. Observations 
of fresh water and mixed brackish water mollusk 
fauna allowed to allocate lower, middle and up-
per parts within the marine stage. The Holocene 
transgression resulted in the changes of the bal-
ance of biogenic and terrigenous components in 
the sediments. The results of the studies of the 
cores which were retrieved in a water depth from 
10 to 50 m showed that from the beginning of late 
Pleistocene time content of carbonate material 
gradually increased upwards in the sedimentary 
sequence, in medium and fine-grained sands. The 
results of geochemical analysis of the sediments 
showed reversal tendency in silica content. Silica 
is the main terrigenous component. Its values 
decrease upwards in the sedimentary sequence 
from lacustrine to marine stage deposits. Thereby, 
the transformation of sedimentological environ-
ments was reflected in matter composition of the 
sediments which in its turn has changed due to 
alterations in the balance of terrestrial material 
incoming into the sedimentary basin.
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