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X. r. Xpuc11e6, B. M. Teopzue6, E. I(. Koxyxapos- Pa3HOC u 
aKKYMYRR/.IWI OCaOO'IHOi!O Mamepuana 6 3anaOHOM qepHOM 
MOpe - zeonozu'leCKaJl MoOenb. YCTaH8BJJHBaeTCll MepHJlHO
Ha.JlbHblii T}JeH)l H3MeHeHHll THD8 H CKOpOCTH OC8,/lJCOHaKOIIJie
HIUI. I>eoreHithle (paxywe'!Hble) OC8JlKH Ha wenbCJ~e 38Mew8JOT
Cll TeppereHHbiMH IOlKHee Mb1C8 KaJIKupa. rny6oJ:OBO.IlHble 
OC8JlKH B cesepHOH '48CTH .llenpeccH.H npe.llCT8BJJeHbl HJBeCT
JCOBbiM KOKKOJIHTOBbiM HJJOM. 8 HKX KOJIH'feCTBO H p83Mep Tep
pHreHHOH COCT8Bruuoweii YBeJJH'fHB8eTCJI K 101)', Tal: 'fTO OHH 
38MewaJOTCll TeppHreHHbiMH JIHT<>4laUHliMH. 06oco6JIJIIOTCll 
)lBe 60JJbWHe o6naCTH Jl8BHHHOH Ce)lHMeHTaUHH. TiepB8ll DpH
ypO'leHa K WHpOKOMY 3a08)lHOMy WeJJI>cllY H CB.II3aHa C p83r
py3KOH 0C8)lO'IHOf0 MaTepHa.na DO DyTH PyMeJIHHCJ:OfO Te'fe
HHll. 8TOp8ll o6.'1aCTb OXB8Tb1BaeT IO'lKHYJO rny6oJ:OBOJlHYIO 
'18CTb ,uenpeCCHH. 0Ha DHT8eTC.II TeppereHHbiM MaTepHaJJOM, 
ooCTynatowHM c AHaroneiicKoro 6epera (rnaBHbiM o6p830M 
TBep.UbiM CTOKOM peKH CaKapll) H H8XOJlHTCJI DO)lJHa'fHTCJlb
HbiM B03)leHCTBHeM MyTbeBbiX DOTOKOB. 

Abstract The change in the type and rate of sedimentation is 
of meridian trend. The biogenic sediments (lumashells) on the 
shelf to the south ofKalialcra Cape are replaced by terrigenous 
ones. The deep water sediments in the northern part of the 
depression are represented by coccolithic carbonate oozes. The 
quantity and the grain-size of the terrigenous component in 
them increases to the south and they are replaced by terrigenous 
lithofacies. Two big areas of avalanche sedimentation are 
developed. The fJISt one is located along the wide Western shelf 
and is connected with material's discharge from the Rumellian 
current The second area is in the southern deep water part of 
the depression. It is supplied by the Anatolian coast (by solid 
discharge of the River Sakarya mainly) and is subjected to 
considerable influence of the turbidy currents. 
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Introduction 

There are two approaches to characterize the recent 
sedimentation processes, which could be conventio
nally defined as oceanologic ones (direct recording 
of the processes) and geological ones (reconstruction 
on the basis of sediments, their material products). 
The model we represent here is based on the geolo
gical approach and is in conformity with other ocea
nologic (hydrophysical mostly) data. Thus the mo
del displays the stable trends in sedimentation pro
cesses or the results from extreme events, which 
reflect on the sedimentation. In such way it is 
possible to avoid the Jack of information on water 
masses' movement within the bottom layer, a weakly 
studied aspect of the Black Sea. 

The problems of the recent sediment genesis are 
treated from different aspects by the literature data 
on the Black Sea. The most expressive concept is that 
of CTJ)axos (1954, 1960). As a matter of fact, the 
Black Sea has been one of the author's basic exa
mples for characterization of the humidic type of 
lithogenesis. Shimkus, Trimonis (1974), Muller, 
Stoffers (1974) and other authors extended the con
cept further on. Recently, the attention has been 
drawn upon the oceanologic approach, especially 
upon the study of the particle flux using also sedi
ment traps (Izdar et al., 1984; Honjo et al., 1987; 
Tambiev, 1987). In our model we use the sedi
mentary setting in the Western continental margin 
of the Black Sea, quite unknown up to now, though 
of key importance for the sedimentation in the 
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Fig. I. Location of the sampling stations 

Western Black Sea depression. The stress is set also 
upon the influence of the Anadol coast over the 
type and the rate of sedimentation in the abyssal 
plain. 

The sedimentation model we propose is based on 
data on 1687 geological sampling stations, as shown 
on fig. 1. The sampled material was selected and 
studied in various aspects during performing of 
various national and international projects in the 
period of 1974-1991 by our staff from the Depart
ment of Marine Geology at the Geological Institute 
of the Bulgarian Academy of Sciences. 

The data of the model include information on types 
of sediments, their sedimentological characteristics 
indirectly, and the rate of sedimentation calculated 
using the "absolute masses method" of C-rpaxos 
(1954). The purpose of the interpretation is to indicate 
the general direction of sedimentary material flows 
and possibilities of their fixing at the bottom and 
burying. Geochemical aspects, a specific problem for 
the Black Sea, are not discussed here. 

It is necessary to make some explanations to the 
calculation of the rate of sedimentation. The "abso
lute masses" (expressed by gjcm21 0·3 yrs solid matter 
were calculated for the time interval of the Neocher
nomorian regional substage (illonoa, reoprHeB, 
1990). Lithostratigraphic unit Ia- coccolithic ooze, 
lower boundary defined radiometrically as 3090± 140 
yrs BP (Ross, Degens, 1974), corresponds to that time 
interval in the basin's deep water part. Due to non
conformity of the chronostratigraphic and the 
lithostratigraphic boundaries, the calculations are 
based on Shopov's biostratigraphic data on the shelf 
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sediments by molluscan communities (Khrischev, 
Shopov 1978; Shopov et al., 1986). 

Recent sediments 

The Western Black Sea shelf sediments are terrige
nous mostly, slightly carbonate. Their variability is 
determined by the grain-size composition mainly. 
The analyzed samples usually correspond to the 
range of sands to silty clays. The second lithological 
type, of limited distribution, is represented by bioge
nic carbonate sediments built up of molluscan shells 
- whole (lumashells) or fragments (biodetritus). 
Carbonate sands are developed nearshore, consi
sting of round skeleton fragments. Some mani
festations of chemical sedimentation with formation 
of ferro-manganese crusts around molluscan shells 
in washed out biogenic sediments and seldomly of 
rudimentary nodules are recorded along the Wes
tern shelf edge. 

The areas of domination of the two major types of 
sediments are well developed. The boundary bet
ween them is situated to the southeast from the 
Kaliakra Cape (Fig. 2). Biogenic sediments are 
distributed to the north along the whole shelf with 
various degree of washing out (with different content 
of sandy-clayey matrix correspondingly). Shelly 
accumulations are established to the south of this 
boundary also though with limited development. They 
are linked to the rocky bottom or submarine banks 
along the coastline, while in the outer shelf they build 
lens or layers among the clays. 

The terrigenous shelf sediments are divided in three 



Fig. 2. Conceptual model of recent sedimentation in the Western Black Sea 
I - transition zone of lumashell formation; 2 - zone of discharge of sandy-muddy terrigeneous material of northwestern and 
western sources of supply; 3 - zone of accumulation of coccolithic oozes with low rate of sedimentation; 4- zone of dilution 
of deep-sea carbonate sediments with fine grained material (clay lithofacies) of northwestern and western sources; 5· 7- zones 
of terrigeneous supply from Anatolian province of different lithofacies of unit la: 5 - clay lithofacies; 6 - silty lithofacies; 7 
- sandy lithofacies; 8 -zone of intraclastic breccia formation; 9- lack of recent sediments in the inner shelf and continental 
slope; 1 0 - lack of recent sediments on the shelf edge and development of .relict bars; 11 - current pattern on the western 
shelf; 12 - sediment transit directions on the continental slope; 13 - canyon transport of sediment material from river 
Sakarya; 14 - dispersal of Anatolian terrigeneous material in the abyssal plane; 15 - shelf edge; 16 - contour of the abyssal 
plain (2000 m isobath) 

major groups according to their grain-size com
position. The first one contains pure sands from 
the nearshore zone. The grain size decreases and 
the sorting becomes worse offshore. The transition 
from sands to muds is accomplished around the 30 
metres isobath. The second group is represented 
by muds. It is less homogenous. Different varieties 
of the sand-silt-clay system are to be found. Pure 
clays and sandy clays are absent. The third group 
with intermediary distribution contains silty sands 
and sandy silts, as well as coarser silts. 

Two directions of grain-size characteristic's chan
ges in the outer shelf are observed, i. e., longitudinal 
(meridian) one and distal one. The grain sizes dec
rease from north to the south, and the median dia
meters change their values from 5q> averagely at Var
na to 7 q> averagely at the southern most part of the 
Bulgarian shelf. 

Bipolarity, especially expressive in the South Bul-

garian shelf, is established in distal direction. Coa
rser sediments correspond to two longitudinal accu
mulative bars, developed in the shelrs central zone 
and representing a specific phenomenon. Within 
the northern Kaliakra bar, sandy silts to silty sands 
predominate, while clayey silts to sandy silts predo
minate the Southern bar. Thin layers of coarser ma
terial are defined among these deposits. The se
diments change to fine grained ones, becoming silty 
clays from the bar's slopes in the two directions - to 
the shore (though limited) and offshore (reaching the 
shetrs periphery). 

The recent deep water sediments of the Western 
Black Sea Depression pertain to four major litholo
gical types - terrigenous, biogenic carbonate, bio
genic siliceous and intraclastic breccia. The deep wa
ter terrigenous sediments are mostly muds with 
insignificant content of sandy fraction and are rep
resented by clayey silts and silty clays in contrast to 
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Fig. 3. Absolute masses of solid matter (in g/cm21 Q·l yrs.) for the Neochemomorian time 
I - more than 20; 2 - from 2.5 to 20; 3 - less than 2.5; 4 - lack of recent sediments; 5 - shelf edge; 6 - abyssal plain contour 

the shelf sediments. Another difference is the hig
her content of carbonates (1 0-30%) and of organic 
matter (1 ,5-6%). Silts, sandy silts and silty sands 
are considerably seldom developed. They build thin 
interbeds, which often possess the characteristics of 
the turbidites or of the laminites. 

The carbonate (usually above 50% calcareous com
ponent) coccolithic oozes with considerable content 
of organic matter (3-8%) dominate among the deep 
water biogenic sediments. Diatomic siliceous muds 
are present in limited quantities. 

Intraclastic breccia are composed by fragments of 
recent sediments and of sediments from lower levels 
- Oldchemomorian sapropels mostly. 

The spatial development of different types and 
varieties of deep sea sediments is a problem discu
ssed long ago in the literature on the Black Sea. The 
tendency towards detailed study (detailed cla
ssification of sediments by genetic, substance and 
structural features), which was expressed during 
map's presentation, in many cases unnecessarily 
complicates the models. A simplification achieved 
by differentiation of lithofacies in unit Ia, displays 
successfully the major trends of changes (Xpacqes 
et al., 1988). 

The coccolithic carbonate oozes developed in the 
northern part of the Western Black Sea depression 
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(Fig. 2) are considered as unit's type development. 
The gradual increase of terrigenous sedimentation 
to the south is expressed by a lithofacial order with 
defmed clayey, silty and sandy lithofacies. They have 
been named by their specific features and not by 
the dominant sedimentary type. The clayey litho
facies is characterised by increased quantity of fine 
grained (clayey and fine silty) terrigenous compo
nent, evenly distributed in some cases (to the west 
and north-west mostly) and concentrates in separate 
interbeds (in the central part) in other cases, thus 
determining an alternation of carbonate coccolithic 
oozes and lower carbonate terrigenous muds. The 
silty lithofacies is distinguished by the presence of 
thin silty layers on the carbonate clayey sedimen
tation background, while the sandy one - by the 
appearance of sandy layers with frequently graded 
bedding. The intraclastic breccia pertain to the con
tinental rise mostly. The diatomic oozes are locally 
developed and pertain to the clayey lithofacies along 
the continental slope in its north-western and south
western section. 

Rate of sedimentation 

The rate of sedimentation is represented by the ab
solute masses of the solid matter (Fig. 3). The pictu-
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Fig. 4. Absolute masses for the Neochemomorian time: 
A - carbonate organic free solid matter (in gjcm2tO·l yrs.); 
B - Thorium (in !lg/Cm21 o · l yrs.) 

re is quite expressive in wide range of values, from 
zero beyond 50 gfcm21 0·3 yrs. Lack of recent depo
s:i1S is established in three different zones, i. e., in 
the nearshore (to the south of Cape ofEmine), along 
the edge of the Western shelf with development of 
elict (Chaudinian and Neoeuxinian) shallow water 

bars and along the continental slope in the form of 
separate spots within the submarine valleys and 
canyons and outside them. 

Two vast areas of active sedimentation are esta
lished. The first one is in the shelfs central zone 
o the south of Kaliakra Cape, and the other one is 

in the southern part of the Western Black Sea Dep
ression. According to JlHCHUbiH (1982), the sedi
mentations of very high rate is defined as avalanche 
one. We consider 20 gfcm21 o-3 yrs as a border value 
of absolute masses for the Black Sea conditions (the 
contour is shown on Fig. 3). The avalanche sedimen
tation in the two areas is marked by terrigenous 
sediments. On the shelf these are the deposits buil
ding the longitudinal submarine accumulative bars. 
At some places the values of the absolute masses 
e:~ceed I 00 gfcm21 0'3 yrs (CopOKHH, .[{HMHTJ>OB, 
1 980). The wide area of avalanche sedimentation 
in the Western Black Seea depression is connected 
with the sandy and silty lithofacies of unit Ia. In 
contrast to the shelf, the area has no single morpho-
ogical appearance in the bottom's relief, and 

comprises the Southern continental rise as well as 
the adjacent part of the abyssal plain. 

A small area of avalanche sedimentation is esta
blished in the south-western section of the Black Sea 
around the shelfs edge and the upper most part of 
the slope, but it is very narrow and elongated. It is 
connected with terrigenous muds with shelfs features. 
Thus the boundary between the shelf and deep water 
sediments, which almost coincides with the shelfs 
edge, is located deeper here. 

Active authochtonous microbiological gas for
mation accompanied by metamorphism of pore wa
ters (XpHc'fes, 1981) is displayed in all zones of ava
lanche sedimentation. 

The biogenic sedimentation both in the shelf and 
in the depression is characterised by low rates. The 
rate of terrigenous sedimentation under deep water 
conditions is of special interest. A comparative eva
luation is achieved by recalculation of the absolute 
masses disregarding the carbonate and organic com
pounds (although some parts of them are also terri
genous). Fig. 4A displays a clear trend with insig
nificant (below 1 gfcm21 o-3 yrs) accumulation of te
rrigenous material on the northern continental slope 
and rise (where the ancient Danube fan is located), 
as well as within the adjoining northern part of the 
abyssal plain (the absolute masses here are below 0.5/ 
cm21 0'3 yrs ). 

The difference in the rates of the terrigenous sedi
mentation in the depression is outlined by the abso
lute masses of one of the typical lithogenic elements 
- thorium (Fig. 4B). 

A considerable part of the deep water sediments 
are carbonate ones, so it is important to evaluate the 
rate of the carbonate sedimentation in the depression. 
In contrast to the phases indicating terrigenous 
content (Fig. 4A and 4B), the absolute masses of the 
carbonate component as a whole indicate much lower 
values and even distribution within the boundaries 
of one and the same order (Fig. 5). The picture reflects 
the twofold nature of the carbonate component -
planktonogenic one (background, determining small 
variability) and terrigenous one (explaining the 
pertainance of the maximum values to the zone of 
avalanche sedimentation). 

Interpretation 

The sediments of terrigenous origin dominate the 
total balance of deposited sedimentary material in 
the area studied. Its distribution and possibilities 
of burial determine the considerable differences in 
the character and rate of sedimentation processes 
with wide presence of avalanche sedimentation. 

The planktonogenic carbonate sedimentation in the 
depression is realised as a background one with low 
rate despite the high values of phitoplankton pro
duction (Shimkus, Trimonis, 1974). It has own 
proper expression with formation of carbonate sedi-
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Fig. 5. Absolute masses of solid carbonates phase (in gJcm2J0·3 yn;.) for the Neocbemomorian time 

ments only at places of insignificant accumulations 
of diluting terrigenous material. The paradox is that 
this is the northern part of the depression closest to 
the mouth of the River Danube (predominant sou
rce of terrigenous supply) and comprises the ancient 
fan of the river. The explanation is that the route of 
the Danube material to the depression is not the 
shortest one, but the sediment flow moves to the 
southwest by cyclonic water circulation. Only a 
small part along the narrow line is going down
wards the northwestern continental slope (Fig. 2). 

The condensates of washed lumashells and the low 
rates of sedimentation in the northern most part of 
the Bulgarian shelf (to the north of Kaliakra Cape) 
fix a transitional zone of the Danube sedimentary 
material. The reason is to be looked for in the high 
bottom velocity of the kvazistationary currents here. 
The discharge and blocking of the terrigenous 
material are accomplished to the south along the 
whole wide central zone of the shelf from the Cape 
of Kaliakra to the Bosphorus region. As a result of 
the overcompensational sedimentation longitudinal 
submarine accumulative bars occur. The sandy in
terbeds located there, which sometimes are horizon
tally laminated, record an even stratification con
nected with storm conditions mostly. The avalan
che sedimentation phenomenon in the outer shelf 
represents a very specific feature which distinguishes 
the Western Black Sea shelf from other shelf zones 
where remarkable bypassing and development of 
relict sediments exist. 
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The study of the mineral content of the shelf se
diments proves that other supply sources including 
that from the Srednogorie region (III.rn.ucos, JlyKllla, 
1980; Chochov, 1981; Ruskova, 1987) take part in 
the transportation route of the Danube material. The 
statistic models based on data on clayey minerals fix 
a zone of homogenisation to the south of the Cape 
of Emine, right at the place of division of the two 
bars by a horizontal accumulative plain. It is supposed 
to be caused by an anticyclone eddy, while another 
mesoscaled eddy has been reconstructed by the 
increased quantity of smectite in the more external 
part of the shelf right in front of the Maslen Nos 
Cape (Khrischev, Andreev 1983). 

The direct measurements of the suspended matter 
and analyses of the landsat images obtained from 
METEOR confirm the reconstructed transport pa
ttern along the Western Black Sea shelf- high va
lues of suspended matter as a whole, uneven dis
tribution in separate streams of the Rumellian cu
rrent and presence of eddies (Dimitrov et al., 1981; 
Ai6ynaTOB, Hosuosa, 1984; Atbulatov, 1987). 

The transition zones of "hungry" regime of sedi
mentation are established at both sides of the area 
with avalanche sedimentation. This is another spe
cific feature of the Western shelf- its bipolarity. 
The lack of recent sediments in the nearshore zone 
(from the Cape ofEmine to the south) is connected 
with the short-fall of terrigenous material with sandy 
sizes due to the lack of considerable local sources 
of supply - river and abrasjve ones. The transition 



zone along the shelfs periphery could be explained 
by the high dynamics of the bottom water layer, as 
well as in consequence of internal waves and upwe
lling which does not allow the fJ.xing and the burial 
of the fJ.ne grained sedimentary material transmitted 
by the Rumellian current. 

The situation changes in the southeastern section. 
High rates of sedimentation are established around 
the shelfs edge and top of the continental slope. The 
reason is that the sedimentary flow, connected with 
the general streams of the Rumellian current, leaves 
it partially due to the shelfs tum and narrowing and 
discharges in the deep-water depression. The process 
is recordedd by terrigenous-mineralogical associa
tions in the deep water sediments where the influ
ence of the Srednogorie supply zone is observed 
(Ruskova, 1987). 

The low values of the solid matter absolute masses 
along the Western continental slope with frequent 
exits to the bottom surface of older sediments are 
connected with smaller amount of suspended matter 
reaching this area, as well as with cross transition as 
a result of resuspension and landslide. Indication of 
these processes is the development of intraclastic 
breccia. 

Along the Western continental slope a compli
cated system of submarine valleys and canyons 
(KphiCTeB et al., 1990) is established. However, their 
heads are not supplied with sedimentary material, 
but are close to the zone of zero sedimentation. 
For that reason there are no significant appearances 
of turbidity currents here. A deviation from this 
situation could exist in the southwestern section. 

The sedimentary pattern in the deep water part 
of the Western Black Sea Depression clearly indi
cates the dominant supply with terrigenous material 
from south. Besides the lithofacies changes and rates 
of sedimentation, another indication is the sedi
ments' mineral composition of the silty-sandy and 
of the clayey fractions. The pertainance is to the 
Anatolian province (Muller, Stoffers 1974; IiyTy-
30Ba et al., 1975; Ruskova, 1987). 

The reason for this sedimentation setting is the 
narrow and indented Southern shelf where blocking 
of the terrigenous material coming from coast is 
difficult to achieve. The solid input of the River 
Sakarya is especially important. Its average monthly 
values by data drom the period of 1979-1982 during 
winter and spring exceed 800.1 06ro3 (Honjo et al., 
1987). Due to the submarine canyon neighbouring 
the river's mouth, the material rushes directly into 
the depression. The turbidity currents going down 
the canyon in front of the River Sakarya mouth are 
considered to be one of the basic means of transpor
tation according to the wide development of turbi
dites in the deep water zone of the avalanche sedi
mentation. However, the presence of sandy-silty 
layers without graded bedding and with sharp boun-
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daries indicates the possible appearance of contour 
currents under deep water conditions, an aspect 
which has not been studied by the Black Sea hydro
logy. The configuration of the sandy lithofacies area 
(Fig. 2) is also an indication of such a phenomenon. 
On the basis of mineralogical data of Ruskova 
(1987) recording influence of the Srednogorie region 
in the western periphery of the deep water zone of 
avalanche sedimentation, the eastern direction of 
these currents in the sector studied could be consi
dered as predominant one. In the Amasra region, 
to the east of the zone of dominant influence of the 
River Sakarya, three phases of different ratio of. bio
genic and lithogenic component are distinguished 
by the studies over the annual cycle of the particle 
flux with the help of sediment traps (Honjo et al., 
1987). 

In accordance with the so interpreted sedimen
tological reconstruction, the South-Western conti
nental margin and the adjoining part of the abyssal 
plain are distinguished for their complicated sedi
mentary pattern due to the presence of various tran
sport factors and mixing of a material of different 
origin from different provinces. Additional compli
cation in the hydrophysical setting (in the hydro
chemical also) is caused by the Bosphorus. The stu
dy of the particle flux using sedimentary traps in this 
area displays extremely high variety of material 
(Tambiev, 1987). 

Conclusion 

The concept we propose, based on the geological 
approach, emphasises on the 4 major features of 
sedimentation (beyond its geochemical aspects 
which are not to be discussed here) in the Western 
Black Sea: (i) domination of the terrigenous material 
and its determining role for the differences in type 
(terrigenous or biogenic) and rate of sedimentation; 
(ii) presence of two vast areas of avalanche sedi
mentation (with absolute masses beyond 20 g/cm2 

I0-3 yrs) located at two different levels and at two 
different regimes; (iii) determining role of the Ru
mellian current for the transportation of the Danube 
material and its blocking over the wide Western shelf; 
(iv) general supply of the deep water depression from 
south with special significance of the solid input of 
the River Sakarya and"considerable importance of 
the turbidity currents as means of cross transport. 
The reconstructed pattern of sedimentary disposal, 
a result of stable trends, could be useful during the 
precise determination of localities for future studies 
of particle flux in this area of the Black Sea. 
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