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The physicochemical characteristics of the sediments of Balaklava bay: granulometric composition
and fractional composition content of organic and inorganic carbon are considered. The spatial distribution of the main factions of particle size distribution and content of organic carbon (TOC) and calcium carbonate (CaCO3) are investigated. The relationship between the organic and inorganic carbon
and particle size distribution of sediments are analyzed. The main formation factors of the sediments
from Balaklava bay are hightlighted. The results of the performed investigations have shown that the
bottom deposits in the Balaklava Bay are represented mainly by silts and in some areas the gravel and
sandy materials are interspersed. On average, for all the stations the fine-dispersed fraction content
makes up 61%. The coarse-dispersed material is concentrated near the coast, and at the bay exit; the
increased content of the sand fraction is typical for the central part of the water area. The calcium
carbonate content in the Balaklava Bay varies within 18.32–82.95 %; its average value constitutes
40.06%. Its maximum concentrations are in the coastal parts of the bay. The highest correlation between the inorganic carbon content and the granulometric composition in the samples is observed in
the coarse-dispersed material (fraction 2–1 mm). As for the fine-dispersed material, the sandy and
alevrite-pelite silts are characterized by the inverse relation: from 0.4 – for the fraction 0.25–0.1 mm
up to 0.6 for the fraction lower than 0.05 mm. The organic carbon content varies from 0.66 to 4.74%;
the average value is 2.37 %. The presence of the increased values in the central part of the bay can be
explained by “weak” water exchange formed by minimum wind and wave effect and insignificant
eddy formations.
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Introduction. Coastal areas have always been an object of active human activity. It has contributed to formation of specific ecosystems which now constitute a
part of the total ecosystem of the Black Sea. Study of sediments, their physical and
chemical features, as well as the processes taking place in the water – suspended
matter – sediments system is an important part of the total system of the coastal
waters monitoring.
A distinctive feature of the bottom sediments of the Black Sea coastal area is a
high rate of sedimentation. In contrast to the deep-sea part where the sedimentation
rate is 0.15 – 0.35 mm/year [1], this process in the coastal areas increases. According to [2] in the Crimea coastal regions where the determining factor is the abrasion
processes, the sedimentation rate is 0.35 mm/year, in the Sevastopol Bay –
2.4 mm/year and in the Danube estuarine zone – 11.5 mm/year [3].
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Among the important factors of sediment formation we can distinguish the
depth of the area under study, the distance from the coast and the form of the bottom relief. Hydrodynamic features of the water area and vital activity of the living
organisms can also be attributed to the basic factors of sedimentation [4].
The main characteristics of bottom sediments are the organic matter content
and the granulometric composition and humidity. Significance of these features is
defined by their influence upon the processes of absorption, retention and accumulation of pollutants. Study of organic (Сорг) and inorganic (CaCO3) carbon implies
an important point, i.e. analysis of its spatial distribution and close relations with
the sediment fractional composition.
Investigation of bottom sediments provides the data that can be widely used in
practice. The information on the bottom sediment granulometric and fractional
composition is applied in geological researches [5] and in analyzing the features of
trace metals’ distribution [6]. Such physical parameters as sediment density and
particles’ average diameter are used to study the processes of sediment transport in
the coastal regions [7]. Analysis of Сорг and CaCO3 content plays an important role
in studying the components of the carbonate system and the carbon cycle [8].
The present paper examines bottom sediments in the Balaklava Bay. In contrast to hydrological, hydrochemical and hydrobiologicl studies [9 – 16], the bottom sediments in the bay were paid inconvenient attention in the scientific literature [6, 17]. The purpose of this paper is to study the sediment physical and chemical characteristics (granulometric and fractional composition, content of Сорг and
CaCO3), the distinguishing features of its spatial distribution in the bay water area
and the correlations between these characteristics and the factors of their formation.
Materials and methods of investigation. The samples taken in the bottom
sediment surface layer (0 – 5 cm) of the Balaklava Bay in 2005 were investigated
in the present paper. Location of sampling stations is shown in Fig. 1. The applied
scheme of stations allows conditional zoning of the water area directed from the
north to the south.
In the northern (internal and the most shallow) part stations 1, 2, 4, 5, 6 are located, in the central part - stations 7 – 11. Further, in the narrowest part of the
Balaklava Bay stations 12 – 14 are situated, and stations 16 and 17 are in the
southern part and at the bay exit.
Sediment samples were taken using a bottom sampler (0.025) according to
State Standard 17.1.5.01-80 [18]. The combined sieve analysis (decantation and
dispersion method) was used to determine the granulometric composition [19]. The
inorganic carbon content (carbonate content) in a sample was found by the weightvolume method after the carbonates were decomposed by hydrochloric acid [20].
The organic carbon concentration in a sample was determined by the spectrophotometry method after oxidation of organic matter by the chromic-sulfuric mixture
[21].
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Fig. 1. Spatial distribution of the stations in the Balaklava Bay in 2005 where the following samples
of the bottom sediment surface layer (0 – 5 cm) were taken: bottom sediment (a) and the granulometric composition fractions, i.e. sand (b), silt (c) and gravel (d)

Results and discussion. The Balaklava Bay is a residue of the rias coast located within the Megalo-Yalo Gulf and represents a semi-enclosed water area with
the width up to 200 m and the depth up to 30 m [9, 10].
The coastline length is 3.33 km, the bay average depth is 12.5 m and the depth
of 47 % of the water area varies from 4 to 12 m [10]. Bathymetry and orography of
the bay have changed significantly since late XIX to the beginning of the XXI century. The most considerable changes took place in the northern shallow part where
deepening of the bay resulted in the depth increase from 1.83 m to 4 – 5 m. Besides, the original circular form of the bay internal part has transformed with time
into a rectangular one. The coastline configuration and bottom topography to a
great extent determine the features of bottom sediments in the bay. Due to their
geological structure the coasts of the Balaklava Bay and the surrounding MegaloYalo Gulf prevent development of the abrasion processes [11].
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The processes of formation and redistribution of bottom sediments in the
coastal areas are significantly affected by the wind and wave impact. It is noted in
[11] that the Balaklava Bay has its proper distinctive features of the wind and wave
modes. Except for its narrow twisting part, the wind direction in the bay coincides
with the axial line. Due to the orography of the surrounding region, the bay water
area is protected from the impact of the western and eastern winds. In the southern
open part of the bay storm waves are possible. In the central and northern (shallower) parts the wind and wave impact is minimized [12].
As for the structure of surface currents, it is represented in [11] by three variants. Being influenced by the northerly winds, the south-directed current occurs
and intensifies in the narrow part of the bay owing to the tunnel effect. When the
wind is south the currents’ northern vectors are formed the velocity of which increases in the northeastern part of the water area. When the impact of the eastern
and western winds is weak, as well as at calm weather, the vortex formations of
cyclonic and anticyclonic directions take place.
The structure of the bottom currents is described in [13]. It was shown that
benthic circulation was weak. The direction of bottom currents is opposite to that
of the surface ones. The flow is formed in the internal part and propagates to the
south along the western coast.
Among the factors producing the strongest influence on the ecological state of
the Balaklava Bay, distinguished are human activity and water dynamics, namely,
the surge process. [14] Within the bay water area its two parts are the most contaminated [11]. The first one is the internal shallow part. Rain drainage from the river
Balaklavka and local sources of anthropogenic pollution in the coastal zone [6]
together with weak water exchange [15] contributed to accumulation of suspended
matter and dissolved organics.
The other area subjected to pollution is located in the bay southern part close
to the collector discharging ~ 3 million m3/year of wastewater. This area is characterized by the increased concentrations of dissolved substances, suspended matter
and mineral oil [16].
It is shown in [17] that the deposits represented by a fine-dispersed fraction in
the upper part of the bay are replaced by silt sands in the central part, and in the
narrowest part and at the bay exit – by shell detritus with the inclusions, first, of
sand and fine gravel, and then – of silt.
In the sediment core samples taken in 2005 a similar scheme of changing the
fraction structure is observed (Fig. 1). At the same time the obtained results permit
to detail the scheme and to define quantitative characteristics.
The major part of the samples is presented by alevrite-pelite and sandy silts.
The coarse-dispersed material is concentrated at four stations located close to the
coast.
The alevrite-pelite silts are predominant in the bottom sediments of the northern and northwestern internal parts of the bay. Here the content of fine-dispersed
fractions achieves its maximum values (71.47 – 99.95 %). The total content of the
silt fraction in the bay sediments varies from 1.3 – 99.95 %, and the average value
for all the samples constitutes 58.20 %. The characteristic distribution of the silt
fraction in these parts of the bay is governed by influence of the natural slope runoff and also by that of industrial and utility companies. The increased content of
silt material at the bay exit (station 16) is due to the bottom relief features, namely,
the depth increase [10].
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Moving to the central part the fine-dispersed silts are replaced by the sandy
ones. The sediment fractional composition at certain stations (stations 1, 9, 11) reflects the ratio of the silt fraction to the sand ones as 1: 1. The maximum content of
the sand material is 56 – 57 % and the average value for all the samples is 23.08 %.
In addition to the central part, the sandy silts are concentrated in the deposits of the
north-eastern part of the bay.
It was mentioned above that the gravel fraction is most substantial at four stations (stations 8, 12, 13, 16) where its values vary within 11.79 – 98.9%. At other
stations the coarse-dispersed material is weakly represented, its values vary in the
range 0.03 – 0.26 %. Propagation of the gravel fractions from the north-east to the
south-west in a form of local maximums in the coastal area and at the bay exit is
conditioned by the increased content of the shell gravel and detritus in these areas.
Due to the effect of morphological and hydrological features and also in connection with close proximity of anthropogenic sources of pollution, the northern
and the north-eastern shallow-water parts of the bay are the most interesting for
investigation.
The organic carbon and carbonate contents are among the important sedimentforming and ecological factors [22]. Spatial distribution of the CaCO3 and Сорг contents in the bottom sediments is shown in Fig. 2.
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Fig. 2. Distribution of CaCO3 (a) and Сорг (b) in the surface layer (0 – 5 cm) of bottom sediments in
the Balaklava Bay in 2005

The calcium carbonate content in the Balaklava Bay varies within 18.32 –
82.95 %; its average value constitutes 40.06%. Its maximum concentrations are in
the coastal parts of the bay. The highest correlation between the inorganic carbon
content and the granulometric composition (0.8) in the samples is observed in the
coarse-dispersed material (fraction 2 – 1 mm). As for the fine-dispersed material,
the sandy and alevrite-pelite silts are characterized by the inverse relation: from
0.4 – for the fraction 0.25 – 0.1 mm up to 0.6 for the fraction lower than 0.05 mm.
The organic carbon content varies from 0.66 to 4.74%; the average value is
2.37 %. Location of the areas with the highest Сорг concentrations is conditioned by
the described-above hydro-meteorological and circulation features of the bay. Presence of its increased values in the central part is explained by a weak water exchange conditioned by a minimal wind and wave impact and insignificant vortex
formations. At the bay exit the near-bottom circulation is hampered due to the
depth drop from 10 to 20 m.
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Conclusions. The paper examines important physical (granulometric and fractional composition) and chemical (content of organic and inorganic carbon) characteristics of the bottom sediments. Formation of the sediment fractional composition
is conditioned both by morphometric and orographic features of the bay and the
circulation processes taking place in it. The results of the performed investigations
have shown that the bottom deposits in the Balaklava Bay are represented mainly
by silts and in some areas the gravel and sandy materials are interspersed. On the
whole, for all the stations the fine-dispersed fraction content constitutes 58.20 %.
The coarse-dispersed material is concentrated near the coast, and at the bay exit; the
increased content of the sand fraction is typical for the central part of the water area.
The obtained results testify to the fact that, in contrast to the existing scientific
literature data, distribution of the bottom sediment fractions in the northern shallow
part of the bay has changed insignificantly. These changes took place due to increase of depth and change of the bay coastline contour. In course of the previous
century general features of the sediment distribution spatial structure have remained the same.
The organic carbon maximum concentrations in the bottom sediment surface
layer (0 – 5 cm) are concentrated around the maximum depths and in the areas with
the increased content of fine-dispersed silts.
The values of carbonate content increase from the bay center to its coastal
areas; and the maximum values are observed in the samples with the increased
shell and shell detritus content.
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