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Sediments on the Crimea southern coast shelf are studied within the Black Sea hygrophysical polygon 
in Katsiveli. Comparative analysis of the present sediments’ parameters in the Crimea shelf zone is 
done. Physical and chemical characteristics of the bottom sediments (particle-size distribution, 
humidity, organic carbon content, carbonate content) are studied. The peculiarities of the 
sedimentation process and the specific features of spatial structure of the bottom sediment fractional 
composition and the organic matter content are revealed. According to the results of the study it was 
found that bottom sediments at the testing ground under research are represented generally by silty 
sands with pebbles and coquina and, to a lesser extent, by aleurite-pelitic silts. Coastal zone sediments 
are composed of medium sands with the inclusions of shell material and limestone gravel. Seaward 
part of the testing ground has the aleurite-pelitic silts. The analysis of distribution features of fine 
bottom sediment fractions and Сorg showed that a high content of organic carbon is characteristic of 
fine sediments, and it is evidenced by increased carbon concentrations in the seaward part of the 
water area. It is shown that the organic carbon content in the bottom sediments on the Crimea 
southern coast shelf does not exceed the background values. This fact indicates that the existing 
potential anthropogenic sources (of the Limensky Gulf) of organic carbon currently don’t have a 
significant effect on its accumulation in bottom sediments. 
The areas of high carbonate concentrations coincide with the areas characterized by decreased content 
of fine fractions and organic carbon in the bottom sediments. Maximum values of carbonate content 
in Cape Kikineiz area are related to shell gravel accumulation. 
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Introduction 
 

Bottom sediments are used as an indicator for revealing the technogenic 
pollution level and intensity. This is due to the fact that shelf bottom sediments (as 
the most important marine ecosystem element) are the final link of geochemical 
processes in the water – bottom system. Bottom sediments are a kind of pollution 
level integral indicator, inasmuch as over a long period of time they accumulate the 
pollutants incoming the water area. Formation intensity, particle-size and chemical 
compositions of bottom sediments depend on physical and geographical conditions 
of the basin and on the aggregation of processes running in it.  

Investigations of organic carbon in bottom sediments of the Crimean Peninsula 
coastal water areas allowed us to estimate the effect of anthropogenic impact on the 
processes of organic matter accumulation in modern bottom sediments of the 
Crimean shelf zone [1 – 6]. These investigations point out a significant role of such 
impact on ecologic condition of coastal water areas.  

In order to assess the accumulation of organic carbon in the water areas with 
different levels of anthropogenic load at the Southern coast of the Crimea (SCC), 
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the bottom sediments at the Black Sea hydrophysical ground (near Katsiveli 
village) were studied.  

The testing ground is ~1 × 1.5 km water area, including  Limensky Gulf  (Blue 
Bay) and a stationary oceanographic platform, which is situated at ~600 m distance 
from the coast (the depth of the site is 28 m; coordinates 44°23′35″ N, 
33°59′04″ E). Coastal zone in the testing ground area is composed of the Taurian 
Series deposits. Limensky Gulf is bounded from the East by the spurs of Mount 
Koshka, from the West – by Cape Kikineiz. The Gulf is stretched in the latitudinal 
direction and is characterized by high shores. The West coast is composed of series 
of clay and loam sediments with inclusions of Jurassic limestone detrital material 
(frequently with the size of several meters). The shores in the central part of the 
Gulf are steep, clayey and with an active abrasion zone. Rocky shores of the 
eastern part consist of the Upper Jurassic limestone blocks [7]. The Limenka River 
(temporary watercourse with seasonal flooding regime) discharges the Gulf in its 
eastern part.  

The sounding, carried out in 2002, showed [8] that the bottom of the Gulf is 
flat and rather smooth, with 10 – 12° slope. The average Gulf depth is about 20 m, 
but the presence of large rocky boulders on the bottom characterizes its relief as a 
complex one. Rate of modern sediment accumulation at the SCC shelf is 40 – 
50 cm/1000 years. The shelf belongs to the zone of intensive substance intake to 
the bottom sediments [9, 10]. 

Prevailing winds are the ones of north-eastern and western directions, southern 
winds blow from the open sea.  

 
Research materials and methods  

 

Collection of materials was performed in 2012 when performing the complex 
hydrologic-hydrochemical research at the Black Sea hydrophysical testing ground.  
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Fig. 1. The scheme of bottom sediment sampling stations at the Black Sea hydrophysical testing 
ground (Katsiveli village)  
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The location of stations was selected on the principle of the most complete 
characterization of sediment accumulation process in the conditions of complex 
microrelief of water area under study (Fig. 1). The sampling was performed by the 
grab of the Petersen dredge type, which allows us to pick the upper 5 cm layer of 
sediment mass. Particle-size distribution and chemical analysis of bottom 
sediments was carried out. Collection and preparation of bottom sediment samples 
were performed according to the normative documents [11 – 13]. 

 
T a b l e 1 

 

General characteristics of bottom sediment surface layer (0 – 5 cm) of Limensky Gulf 
(SCC, Katsiveli village; sampling performed on November 28 – 30, 2012)  

 

Station  Depth, m ° N ° E Characteristics of bottom sediments 

2 18 44.391 33.978 Limestone with stone pebble (>1mm) and 
sand  

     
3 41 44.389 33.979 Dark grey silt with shells and detritus  

 
     

5 39.5 44.391 33.984 
Dark grey silt with shells (~20%) and 
detritus  
 

     
6 19.5 44.393 33.983 Dark grey sand with shells and detritus 

     
7 5 44.395 33.981 Grey sand with shells and shell detritus 

     
9 12.5 44.397 33.986 Dark grey gravel with sand and shell 

detritus 
     

10 25 44.395 33.988 Grey fine sand with shells (>20%) and 
detritus 

     
11 37 44.393 33.989 Shelly gravel (>40%) with grey liquid silt 

     
19 38 44.395 33.994 Dark grey silty sand with shell detritus  

 
     

20 21.5 44.397 33.993 Dark grey sand with shell detritus 
 

21 13.5 44.399 33.991 Grey sand with shells and shell detritus  
 

     
22 7 44.401 33.990 Dark grey sand with shells and detritus  

 
 

Organic carbon concentration was determined by spectrophotometric method 
after the oxidation of sediment organic matter with the sulfochromic mixture [14, 
15]. The modification of methodology with an improved technique of chemical 
analysis experimental part was applied. Inorganic carbon content (carbonate 
content) was determined by a weight-volume method after the decomposition of 
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sediment carbonates with the chlorohydric acid according to DSTU ISO 10693-
2001 [16] taking into account methodological recommendations of 
UNEP/IOC/IAEA manual [17]. Natural moisture sediments were analyzed. Natural 
moisture was determined according to DSTU 11465-2001 [18]. Particle-size 
distribution was carried out by the standard method [19, 20] under the 
recommendations given in the papers [17, 21]. Aleurite-pelitic fraction separation 
(≤0.05 mm) was performed using the wet sieving method. Coarse-grained fractions 
(>0.05 mm) were separated using the sieving method after the drying. Information 
on material collection and general characteristics of the Gulf bottom sediments are 
represented in Table 1.  

 
Results and discussion 

 

Grain-size distribution of bottom sediments at the testing ground. The results 
of study of bottom sediments at the Black Sea hydrophysical ground indicate their 
inhomogeneity by particle-size distribution. Bottom sediments here are represented 
mainly by silty sands (0.25 – 0.1 mm fraction) with pebbles and limestone and, to a 
smaller extent, by aleurite-pelitic silts (0.25 – 0.1 mm fraction) (Fig. 2 – 4). In the 
coastal zone, bounded by 10 m isobath, sediments are composed mainly of medium 
sands (0.5 – 0.25 fraction) with the inclusions of shell materials and limestone 
gravel. Testing ground seaward part has aleurite-pelitic silts. Main allochthonous 
components of modern sediments in the water area under study are the products of 
abrasion, eolian transport, Limenka river solid runoff, slope runoff. Bottom 
sediment autochthonous components are the products of biogenic sedimentation 
(limestone and shell detritus resulted from the wave reworking). The study of 
atmospheric aerosol at the testing ground revealed the fact that the content of 
detrital quartz in sediments correlates with wind activity – detrital quartz amount 
rises with the velocity of northern winds [22].  

 

 
 

Fig. 2. Particle-size distribution of Limensky Gulf bottom sediments (percentage of fractions)  
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Fig. 3. Particle-size distribution of Limensky Gulf bottom sediments (the character of fraction 
distribution)  
 
 

 
Fig. 4. Spatial distribution of aleurite-pelitic (a) and sandy (b) fractions in the bottom sediment 
surface layer at the Black Sea hydrophysical testing ground (Katsiveli, 2012)   

 
Silt sediments can be classified into aleurite-pelitic, pelite-aleuritic and 

aleuritic silts (Fig. 3, 4). Sediments with ≥50% content of coarse-aleuritic fraction 
belong to aleurite-pelitic silts, with ≥50% content of fine-aleuritic and pelitic 
fractions belong to pelite-aleuritic silts. Partitioning principles are based on the 
Bezrukov – Lisitsyn classification [23] amended and supplemented by Nevesskij 
[24] for the coastal marine sediments.  

A priori it is considered that within the water area under study the 
anthropogenic impact sources are absent. At the same time, according to the paper 
[8], there are at least two permanent anthropogenic impact sources in the area 
under study: discharge of wastewater with a high content of suspended solids from 
Katsiveli village treatment plant down the ravine (Philibert watercourse) near Cape 
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Kikineiz and Aquapark wastewaters discharge at the central part of the shore, 
which frames the Gulf. This part of the shore is also characterized by an active 
abrasion and occasional collapses of the shore composed of clayey deposits. Along 
with some other factors, abrasion, as a sedimentary material producer, pays a key 
role in the process of the Limensky Gulf bottom sediment formation. It is 
confirmed by the results of the Gulf suspended matter mineralogical composition 
study, and the main components of suspended matter are clay particles, detrital 
quartz grains, calcite and organic remains [22].  

It was determined that two-peak diagram of fraction content, formed both by 
coarse and fine-grained particles, is characteristic of all sediment samples (Fig. 3). 
The greatest share falls on gravel (coquina and rounded limestone pebbles) and 
sand fractions represented by particles with ≥10 – 1 mm and ≤1 – 0.1 mm, 
respectively. The presence of two peaks in the diagram indicates a significant 
heterogeneity of the Gulf bottom sediment particle-size distribution.  

Aleurite-pelitic suspension (formed as a result of intensive erosion of local 
clayey shores and sediment surface layer wave reworking) is transported to the 
deep water zone. Model experiment revealed the fact that the transport of fine-
grained sediment part to the greater depths (in the seaward direction) occurs during 
the predominance of south-western winds [25].  

Features of aleurite-pelitic and sand fractions distribution at the testing ground 
are represented in Fig. 4. As is evident from the figure, fine dispersed aleurite-
pelitic fractions are localized at seaward part of the testing ground.  

Apparently, the most significant reason of such a high degree of bottom 
sediment inhomogeneity is constant changes of suspended matter sedimentation 
conditions determined by seasonal variations of meteorological parameters and 
water hydrodynamics. Obviously, the main sources of bottom sediments are 
suspended materials formed as a result of coast abrasion. Productive activity of 
benthos also makes a significant contribution. In so doing its biological role 
manifests itself in sedimentogenesis, and it is indicated by the presence of shell 
material at all stations. This process contributes to the organic matter localization 
and sedimentation on the bottom within the coastal areas and their further multiple 
usages in the food chain. Average annual sedimentation rate at the testing ground, 
determined by sediment trap method, makes up 0.84 g/cm2/year [26]. The results of 
bottom sediment accumulation measurements previously obtained by radiocarbon 
dating method also indicate high sediment accumulation rate in the Limensky Gulf 
(40 – 50 cm/1000 years), which is due to coast abrasion and features of 
hydrological regime [9].  

Organic carbon and carbonate content of the Limensky Gulf bottom 
sediments. Total organic carbon content in marine bottom sediments is one of the 
main characteristics when studying geochemical aspects of sedimentation 
processes. In the coastal water areas exposed to anthropogenic impact the Сorg 
content in bottom sediments is one of the of the main geochemical indicators, 
which characterize the marine ecosystem state [1, 2].  

According to the data of the SCC shelf coastal zone bottom sediment organic 
carbon study performed by IBSS in 1970 – 1980, bottom sediments in this area 
were generally represented by coarse-grained fractions: sands and coquinas, rarely 
by silts with admixed shell detritus and silty sand. 0.91 – 1.14% were typical 
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values characterizing Сorg content (mass fraction) in silty sediments.  For the sand 
and coquina with admixed silt they makes up 0.22 – 0.75%. Laspi Bay bottom 
sediments were composed of aleuritic silts (55 – 65 m depth), sandy silts and sand 
(20 – 40 m depth). In the silty sediments Сorg content ranged between 0.51% and 
1.11%, in sandy ones between 0.48% and 0.83% [27, 28].  

Previous investigations at the testing ground were restricted only to the study 
of suspended matter organic component by measuring the loss on ignition, which is 
not equal to the direct Сorg measurements. The authors of [29] showed that the 
values obtained by this method didn’t exceed 4% within a year (average value is 
1.29%). The data on Сorg content at the shelf near the SCC, which amounted ~1%, 
are represented in [30]. According to the data of [9], Сorg content in the bottom 
sediments for our study area on average amounted 1 – 2%.  

The results of organic matter distribution (Сorg), carbonate content (СаСО3) 
and the Limensky Gulf bottom sediments natural humidity (W) studies, performed 
in 2012, are represented in Table 2. In the same table the measurements of these 
parameters in bottom sediments of other coastal waters of the Crimean shelf, 
obtained in IBSS and MHI, are contained [1 – 6, 27, 28]. Comparative analysis of 
these results shows that there were no sufficient changes in material composition of 
the SCC shelf bottom sediments over the last 40 – 50 years.  

In Fig. 5 the distribution of organic carbon and carbonate content in the bottom 
sediment surface layer at the Black Sea hydrophysical testing ground in 2012 is 
represented. The analysis of distribution features of bottom sediment fine fractions 
(Fig. 4, a) and Сorg (Fig. 5, a) showed that a high content of organic carbon is 
characteristic of fine sediments, and it is evidenced by increased carbon 
concentrations in the seaward part of the water area. Such ratio is also 
characteristic of other water areas of the Crimean shelf: Sevastopol Bay, Gulf of 
Kalamita, Balaklava Bay [1 – 3, 5].  

 

 
 
Fig. 5. Spatial distribution of organic carbon (a) and carbonate content (b) in bottom sediment surface 
layer at the Black Sea hydrophysical testing ground (Katsiveli, 2012)
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T a b l e  2 
Distribution of bottom sediments organic matter (Сorg), carbonate content (СаСО3) and natural humidity (W) of some 

Crimean shelf regions in different years 
 

Regions        number of 
stations 

Сorg, % СаСО3, % W, % 
Reference 

average range average range average range 

Limensky Gulf 12 0.51 0.23 – 1.08 38.8 20.1 – 47.7 26.9 13.3 – 54.9 this paper 

Laspi Bay 10 0.80 0.48 – 1.11 – – 33.5 25.1 – 47.7 [27] 

Southern coast of the 
Crimea 26 0.50 0.16 – 1.14 – 2.4 – 30.1 26.5 20.3 – 30.4 [28] 

Sevastopol Bay 62 4.38 0.97 – 11.58 34.5 18.9 – 68.6 46.5 29.9 – 71.3 [1, 2] 
 
Balaklava Bay 16 2.43 0.66 – 4.83 40.1 18.8 – 82.9 51.7 11.4 – 93.3 [3] 

Cossack Bay 15 1.80 0.11 – 4.55 73.7 44.1 – 96.9 – – [6] 

The Kerch Strait  73 1.40 0.12 – 5.02 23.6 2.4 – 91.7 71.3 23.1 – 168.8 [4] 

Gulf of Kalamita:  
coastal part 
seaward part 

11 0.29 0.23 – 0.40 53.1 22.3 – 97.0 35.7 24.7 – 59.6 [5] 
9 0.44 0.24 – 0.60 42.0 19.6 – 96.7 46 29.0 – 62.0 

Gulf of Kalamita  17 0.14 0.06 – 0.62 – – 27.7 20.3 – 30.4 [27] 
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Maximum values of carbonate content in Cape Kikineiz area are related to 
shell gravel accumulation (stations 2, 3, 6, 7). The areas of high carbonate 
concentrations coincide with the areas characterized by decreased content of fine 
fractions and organic carbon in the bottom sediments (Fig. 4, a, Fig. 5, a, b). The 
analysis of these results and the earlier obtained data on the study of organic carbon 
in the bottom sediments of the Crimean shelf coastal water areas (Table 2) [1 – 6, 
27, 28] allows us to assert that the current level of organic matter accumulation in 
the Limensky Gulf is relatively insignificant and does not exceed the previously 
submitted assessments [10, 30].  

In comparison with anthropogenically loaded water areas both with limited 
water exchange (the bays of Sevastopol: Cossack Bay, Balaklava Bay, Sevastopol 
Bay) and open one (Gulf of Kalamita, the Kerch Strait) average Сorg content in the 
SCC water area under research is significantly lower and does not exceed the 
background values (they are close to the values of organic carbon content in the 
Black Sea bottom sediments) [31]. This fact indicates that the existing potential 
anthropogenic sources of organic carbon currently don’t have a significant effect 
on its accumulation in bottom sediments.  

 
Conclusion 

 

According to the results of the study it was found that bottom sediments at the 
testing ground under research are represented generally by silty sands with pebbles 
and coquina and, to a lesser extent, by aleurite-pelitic silts. Coastal zone sediments 
are composed of medium sands with the inclusions of shell material and limestone 
gravel. Seaward part of the testing ground has the aleurite-pelitic silts. 

The reason of such a high degree of bottom sediment inhomogeneity is 
constant changes of suspended matter sedimentation conditions determined by 
seasonal variations of meteorological parameters and water hydrodynamics. 
Obviously, the main sources of bottom sediments are suspended materials formed 
as a result of coast abrasion.  

The analysis of distribution features of fine bottom sediment fractions and Сorg 
showed that a high content of organic carbon is characteristic of fine sediments, 
and it is evidenced by increased carbon concentrations in the seaward part of the 
water area.  

The areas of high carbonate concentrations coincide with the areas 
characterized by decreased content of fine fractions and organic carbon in the 
bottom sediments. Maximum values of carbonate content in Cape Kikineiz area are 
related to shell gravel accumulation. Сorg content level at the SCC shelf (the Black 
Sea hydrophysical testing ground, Katsiveli) does not exceed the background 
values and is sufficiently lower than the values characteristic of anthropogenically 
loaded water areas both with limited water exchange (the bays of Sevastopol: 
Cossack Bay, Balaklava Bay, Sevastopol Bay) and open one (Gulf of Kalamita, the 
Kerch Strait). This fact indicates that the existing potential anthropogenic sources 
(of the Limensky Gulf) of organic carbon currently don’t have a significant effect 
on its accumulation in bottom sediments.  
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