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INTRODUCTION

The issue of the character and rate of the post-gla-
cial rise of the Black Sea level owing to invasion of
Mediterranean water has been vividly discussed in the
scientific literature during the recent years. Ryan and
his colleagues [17] proposed the hypothesis of cata-
strophic drowning of the basin by saline Mediterranean
water approximately 7 ka ago and an “instantaneous”
sea level rise similar to the Deluge, based on examina-
tion of several sediment sections and on data from
detailed acoustic profiling in limited areas within the
Northwestern and Kerch segments of the Black Sea
shelf. These notions boil down to the following. The
World Ocean level declined during the last worldwide
glaciation to a minimum (–100 to 20 m MSL) and dry
land emerged in areas of the present-day shelves. A bar-
rier occurred between the Mediterranean and Black
Seas due to emergence of the Bosporus Strait floor. The
Black Sea gradually gave way to a fresh-water lake
similar to the contemporary Caspian Sea. At the end of
the Würmian glaciation, the thick glacial shield started
thawing and breaking up owing to climatic changes,
which caused a rise of the ocean level. Approximately
9000 ka ago, the Mediterranean Sea level was at an ele-
vation of – 50 m MSL and that of the Black Sea was at
an elevation of – 120 m. By 7150 ka ago, the water lev-
els in these basins were at elevations of – 15 m (above
the Bosporus Threshold) and – 150 m, respectively.
This resulted in the Mediterranean water filling the
Black Sea Basin during the subsequent 400 years at a
discharge head equal to 500 Niagara Falls (!).

Some researchers supported this idea [3, 8, 13],
while others contradicted it [1, 4, 7] and argued that the
post-glacial Black Sea transgression was gradual [2, 5,
14].

Some foreign researchers referred to Russian publi-
cations for substantiating the idea of catastrophic

drowning of the Black Sea. Therefore, we feel our-
selves obliged to express our viewpoint concerning this
problem based on additional factual data.

Researchers from the Laboratory of Marine Geol-
ogy of the Moscow State University, collected over 700
Late Quaternary sediment cores from the Black Sea
during their field seasons, and over 300 of these cores
were collected from the southwestern, western, north-
western, northern, northeastern, and eastern shelf seg-
ments. Fig. 1 shows the location of these cores. Simul-
taneously, sections of the New Euxinian Beds were
examined from numerous structure test wells sunk in
the same areas [6, 8, 11]. Detailed biostratigraphic and
petrographic investigations of the sediment cores and
sections penetrated by wells were also performed. The
subdivision of the shelf sections was based on a strati-
graphic scheme constructed by Arkhangelsky and Stra-
khov [2] and included recognition of the New Euxinian
Bed, the Ancient Black Sea Bed (with a transitional
layer in its lower portion), and the New Black Sea Bed.
The boundaries between these beds were traced via
changes between bivalve mollusk assemblages. Radio-
metric carbon-14 datings were obtained in some of the
sediment cores.

The Black Sea shelf shows topographic elements
determined by structural–morphologic specific features
of their geological structure in the study regions and
their setting among adjacent tectonic elements. For
example, the shelf width varies between the Kaliacra
Cape and the Bosporus Strait within limits of 30–
70 km. Its outer boundary, dissected by the upper
reaches of submarine valleys and canyons on the conti-
nental slope, lies largely at depths of 130–180 m. Judg-
ing from acoustic data, a portion of the upper zone of
the shelf is a combination of marine terraces that origi-
nated during lowstand periods. The Northwestern shelf,
which is located within tectonic elements of a stable
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platform, is distinct for its maximum width reaching
250 km and a minimum steepness. Its surface is a gen-
tly inclined hilly plain formed owing to a combination
of accumulation–erosion processes during numerous
sea level oscillations. The shelf is the narrowest (up to
5–10 km), steepest, and straightest near the mountain-
ous South Crimean Foldbelt. The shelf edge lies at a
depth of 100–150 m where a sharp slope element
occurs toward the continental slope. The shelf widens
eastward to 50 km and becomes more gently sloping.
The shelf edge is distinctly confined to a depth contour
of 100 m.

STUDY RESULTS

We shall discuss the sediment sections in different
segments of the Black Sea shelf below.

 

South Crimean shelf

 

. The New Euxinian, transi-
tional, and Black Sea beds were penetrated only in the
central and outer zones of the shelf, generally at sea
depths exceeding 60 m, due to the great sediment thick-
ness.

In the eastern part of the study area, the section base
in a number of cores consists of compact, obviously
Pliocene, clay (Fig. 2). This is overlain by the New
Euxinian sediments enclosing brackish-water mol-
lusks: 

 

Dreissena polymorpha

 

 (Pall.), 

 

Dreissena rostri-
formis

 

 

 

Andrus

 

., and 

 

Monodacna caspia

 

 (Eichw.). The
sediments occurred under a shallow sea and in the
lower portions of many cores various sands are pre-
dominant with a considerable admixture of shell detri-
tus. They enclose gravel and pebbles at Station 219. A
thin (<18 cm) transitional layer of predominantly fine-
grained silt (with a significant sandy admixture in Core
211) rests higher in the section. The silt encloses a
mixed assemblage of brackish-water and marine fos-
sils: 

 

Dreissena polymorpha

 

, 

 

Dreissena rostriformis

 

,

 

Monodacna caspia

 

, 

 

Cerastoderma glaucum

 

 (Poir.),

 

Mytilaster lineatus

 

 (Gmel.), and 

 

Mytilus galloprovin-
cialis

 

 (Lam.). Silty–argillaceous ooze crowns the sec-
tion. It encloses Mediterranean mollusk fossils: pre-
dominantly 

 

Mytilus galloprovincialis

 

 in the Old Black
Sea Bed and 

 

Modiolus phaseolinus 

 

(Phil.) in the New

Black Sea Bed. The Old Black Sea ooze is enriched at
different stratigraphic levels of cores 215 and 216 in
organic matter up to formation of shelf sapropel.

Westward, in the Yalta and Laspi area, the New Eux-
inian coarse-grained gravelly–pebbly sediments, con-
temporary analogues of which rest on the coastal slope
at depths of 5 m, were penetrated at sea depths of 80–
100 m (Fig. 2). Carbon-14 datings indicate that these
sediments accumulated at Station 81 during the time
interval of 17–15 years ago. The New Euxinian sedi-
ments consist of fine-grained silty–argillaceous ooze at
sea depths of 90–100 m, with a corresponding mollusk
assemblage. The sand proportion increases nearer to
the shoreline. Carbon-14 datings of Dreissena shells
from the upper portion of the New Euxinian Bed
yielded 8550 

 

±

 

 130 years [5]. The New Euxinian Bed is
everywhere overlain by a layer up to 22 cm thick
enclosing the remains of mixed fresh-water and marine
fossils. A carbon-14 age of 6840 

 

±

 

 140 years was deter-
mined at an interval of 105–110 cm in Core 101. The
presented radiocarbon datings from the top of the New
Euxinian succession and from the upper portion of the
transitional layer demonstrated that the accumulation
time of the latter numbered 1700 years, i.e., it was
rather long.

The overlying Old Black Sea and New Black Sea
oozes enclosing marine fossil remains also enclose an
interval of a considerable thickness enriched in organic
matter, which can be interpreted as sapropel. It locally
directly overlies the transitional layer or occurs at a dis-
tance from it.

 

Northwestern shelf

 

. The wide Northwestern shelf of
the Black Sea is covered by a thin mantle of Late Qua-
ternary sediments. Its specific feature is that the marine
sediments are underlain by Quaternary continental sed-
iments and/or Neogene rocks of different origins and
ages.

For a major portion of the seafloor the New Euxin-
ian sediments consist of coarse-grained shellstone, bio-
genic–detrital sand, and shell-containing sand, and,
locally, of silt. Their thickness on the outer shelf is gen-
erally 10–20 cm (Fig. 3). The New Euxinian beds
wedge out toward the shore, and the area of their distri-

 

(a)

(b)

Shelf edge

 

Fig. 1.

 

 Layout of the factual data (a) Turkey, Bulgarian, and Romanian segments; (b) Northwestern, Crimean, and Kerch–Taman
segments). Dashed line is shelf edge.
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bution is confined to a band between depth contours of
25 and 30 m. A number of drowned late New Euxinian
river valleys with relics of a clearly traceable step were
recognized in its bottom topography. The Holocene
marine sediments overlie Pleistocene continental rocks
in many areas. Lagoonal and avandeltaic sediment
facies were recognized in several areas at a shallower
depth; they enclose fresh-water fossils: 

 

Monodacna
caspia

 

 (preponderant) and 

 

Dreissena

 

, 

 

Viviparus, 

 

and

 

Limnea

 

 genera.

A thinner transitional layer enclosing fresh-water
and marine fossil remains occurs higher in the section.
Its distribution area is a little wider than that of the New
Euxinian sediments, and the layer was recorded at cer-
tain stations at depths of 20–25 m.

Younger normal marine sediments enclose charac-
teristic mollusk assemblages indicating that the water
in the basin became gradually more saline. The Old
Black Sea ooze and shellstone enclose largely 

 

Mytilus
galloprovincialis

 

, 

 

Abra ovata

 

 (Phil.), species from the

 

Cardium

 

 genus, 

 

M. lineatus

 

, and other genera. The
New Black Sea ooze on the outer shelf encloses

 

M. phaseolinus

 

, 

 

Spisula subtrancata

 

 (Costa) and a
diverse assemblage of pelecypods and gastropods in
shallower-water areas. We mentioned above that the
sediments with marine fossil remains at depths greater

than 25 m directly overly continental rocks or lagoonal
and deltaic sediments. In the seafloor topography, this
is a zone of the coastal slope of variable width where
material supplied by the present-day Danube, Dniester,
and Dnieper rivers also accumulated.

 

Western shelf

 

. The Late Pleistocene and Holocene
sediments were penetrated by piston corers in the cen-
tral and southern parts of the Bulgarian Shelf at sea
depths ranging from 90 to 120 m (Fig. 4). The structure
of the sections is rather similar to those described above
in other segments of the Black Sea floor. A significant
thickness of sediments of this age was penetrated by
structure test wells sunk within exploration areas on the
Bulgarian Shelf [11].

The composition of the New Euxinian sediments
varies between the Kaliacra and Emine capes (Fig. 4,
Columns 52, 55, 56, and 2) from relatively finer-
grained (Column 2) to essentially sandy varieties
enclosing abundant shells and shell detritus. A thin
interlayer of sandy (Column 52) or silty and silty–
argillaceous ooze with mixed fresh-water and marine
fossils overlies it. The sediments enclosing Mediterra-
nean fauna consist predominantly of argillaceous ooze
enclosing mollusk shells. The Old Black Sea argilla-
ceous sapropel bed is variable in its thickness similar to
that in other areas. It either overlies directly the transi-
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Fig. 2.

 

 Structure of the Late Quaternary sections within the Kerch (right) and Crimean shelf segments.



 

MOSCOW UNIVERSITY GEOLOGY BULLETIN

 

     

 

Vol. 62

 

       

 

No. 5

 

      

 

2007

 

ON THE CHARACTER OF BLACK SEA LEVEL RISE 337

 

tional layer or occurs higher in the succession at some
distance from it. The structure of the succession located
opposite to the Burgas Bay is similar (Fig. 4, Columns
60, 62, and 63). It is noteworthy that Column 62
encloses a considerable proportion of gravel and small
pebbles below a level of 191 cm in the detrital sand of
the New Euxinian Bed.

South of it (columns 83–86), Chaudinsky Clay was
recognized below the New Euxinian Bed [8]. The thin
New Euxinian sediments proper consist of biogenic–
detrital sand enclosing numerous Dreissena and Mono-

dacna shells and mollusk shells redeposited from the
Chaudinsky clay and enclose gravel and small pebbles.
The low thickness of the transitional layer increases
toward the shoreline. The New Black Sea and Old
Black Sea argillaceous oozes were recognized owing to
typical mollusk assemblages. The sapropel-like argilla-
ceous layer makes up a considerable proportion of the
succession of Holocene sediments and directly overlies
the transitional layer.

Carbon-14 datings of sediments were obtained in a
number of columns from the Bulgarian Shelf [8, 10]
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 Structure of the Late Quaternary sections within the Northwestern shelf segment. See Fig. 5 for the Column location. See
Fig. 2 for the Legend.
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 Structure of the Late Quaternary sections within the Bulgarian shelf segment. See Fig. 2 for the Legend.
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(table). The presented values indicate a considerable
erosion of the upper portion of the New Euxinian Bed
between 9 and 11 ka. The youngest New Euxinian sed-
iments are 8.5 ka old. The transitional layer with its
mixed fauna of the Caspian and Mediterranean types
has an age of 7–7.5 ka. Sediments at the base of the Old
Black Sea Bed accumulated 6.9 ka ago. A number of
datings from the Old Black Sea Bed fall within an inter-
val of 3.5–6.8 ka, and the New Black Sea Bed is
younger than 3.5 ka.

The above-presented structure is also characteristic
of other examined segments of the Black Sea shelf: the
vast Kerch–Taman, Caucasian Shelf from Tuapse to
Batumi, the shelf off Northwestern Turkey, and the
Romanian Shelf.

DISCUSSION

Analysis of the presented lithological and paleonto-
logical data combined with the results of radiocarbon
datings of shells allows tracing the evolution of the
Black Sea level since the last glaciation.

Discoveries of coastal gravelly–pebbly rocks on the
margin of the South Crimean Shelf indicate a level of
the New Euxinian sea at approximately 100 m below
the present MSL during a time interval of 17–15 ka ago,
which shows the maximum of the glaciation-related
transgression. These sediments are underlain and over-
lain by finer-grained rocks, which accumulated in
deeper-water environments; these environments pre-

ceded and succeeded the lowest level of the fresh-water
basin.

The trend in changes up the section of the New Eux-
inian sediments on the outer shelf from the coarsest-
grained varieties at the base to fine-grained silty–
argillaceous ooze at its top suggests gradual deepening
of the sea and a gradual shift of the shoreline toward the
present-day coast. As shown above (Fig. 2), the New
Euxinian sediments within the eastern of the examined
areas rest presumably on the Neogene clay at the inter-
val of 84–56 m. Within the Northwestern and the
Romanian segments of the shelf, the thin (up to 5 cm)
interlayers of the New Euxinian biogenic–detrital sand
in many cores recovered from wells at sea depth of 40–
65 m overlie either Neogene rocks or Pleistocene con-
tinental sediments.

Hence, the presented data do not show any evidence
of a repeated considerable decline to –120 to 150 m of
the Black Sea level at the end of the New Euxinian time
(beginning of the Holocene) as Ryan and his colleagues
and R. Ballard and his colleagues assumed [3, 17]. As
well, we have to draw attention to the following. When
the sea level in the basin was at an elevation of –100 m
MSL at the margin of the Northwestern Shelf, the sed-
iment load was discharged directly into the upper por-
tion of the continental slope, where avandelta sedi-
ments and submarine fans formed at paleoriver mouths.
Therefore, the finding of alluvial sediments at a depth
of –140 m by Ryan and his colleagues are by no means
proofs of an existing shoreline there. The discovery by

 

Carbon-14 radiometric ages of sediments

Number of core Sea depth, m Sampling interval, cm

 

14

 

C age, years Geological age

81
100

465–470 17780 

 

±

 

 200

New Euxinian Bed

81 290–300 13500 

 

±

 

 1500

62
93

140–150 17180 

 

±

 

 300

62 90–100 11430 

 

±

 

 330

2345 122 120–125 11590 

 

±

 

 240

101 97 110–115 8550 

 

±

 

 130
Top of New Euxinian Bed

52 110 32–35 8620 

 

±

 

 70

101 97 105–110 6840 

 

±

 

 140

Transitional layer52 110 27–30 7040 

 

±

 

 200

2362* 102 70–90 7480 

 

±

 

 540

2345 122 85–95 6880 

 

±

 

 260 Base of Old Black Sea Bed

2362* 102 60–70 6890 

 

±

 

 630

Old Black Sea Bed62 93 55–65* 6800

52
110

20–27 5110 

 

±

 

 70

52 13–20 4390 

 

±

 

 65 Top of Old Black Sea Bed

62 93 10–20 3450 New Black Sea Bed

 

* Means from data by Kuptsov et al. [8].
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Ballard and his colleagues of pebbly sediments at a
depth of –155 m in the southern part of the Turkey Shelf
also do not prove their beach facies. A detailed exami-
nation of graphic attachments to their paper, and partic-
ularly of Fig. 4, shows that the pebbles are mixed with

 

M. phaseolinus

 

 shells, which inhabited the Black Sea
3 ka ago. These sediments could be supplied by waste
streams in the upper parts of canyons, which we
recorded many times in the upper reaches of canyons of
the Kodori, Bzyb, and other rivers. It is possible that the
pebbles were supplied from pebbly Early Quaternary
rocks cropping out in the Sinop area and from more
ancient sediments, for which wells penetrated in the
coastal zone.

According to factual data obtained by the present
authors, the level of the fresh-water New Euxinian Sea
had risen to –(25–30) m by the beginning of the
Holocene, which is recorded by the maximum distribu-
tion of the corresponding sediments within the stable
Northwestern Shelf within the Russian Platform
(Figs. 5, 6). Data from wells sunk on the shelf off South
Crimea in the Yalta area also support this. The New
Euxinian pebble beds were recorded there at elevations
of approximately –30 m [6]. Judging from the radiocar-
bon datings presented above, the fresh-water New Eux-
inian Basin existed until 8–8.5 years ago. Keeping in
mind the continuity of the sea level rise, we may esti-
mate its average rate at approximately 1 cm/year.

Sediments enclosing mollusk remains of a transi-
tional type overly everywhere the New Euxinian Bed
underlying the shelf and enclosing fresh-water fauna
and flora. The area of distribution of these sediments is
limited by a depth contour of 20–25 m. Based on radi-
ometric datings, the intervals of their accumulation
were determined at 8550 

 

±

 

 130 and 6840 

 

±

 

 140 years

ago. Mediterranean water penetrated into the Black Sea
Basin at the beginning of this interval approximately
8 ka ago and brought about the higher salinity of its
water and a radical change in its flora and fauna. Upon
this the sea level rose from –(25–30) m to –(25–20) m,
since no transitional beds were recorded in sediment
cores above the elevation of 20 m (Figs. 5 and 6). The
rate of the sea level rise decreased to 0.5–1 cm/year.

The marine sediments proper of the Old Euxinian and
New Euxinian beds started accumulating 6.8 ka ago
under conditions of a further Black Sea level rise and a
two-way water exchange with the Mediterranean Sea.
The average rate of the sea level rise further declined
upon this to 0.3 cm/year.

We have to dwell a little on the ratio between Old
Black sapropel in the basin and on the shelf. Judging
from numerous radiometric age determinations per-
formed by Western and Russian researchers [16], the
base of the deep-water sapropel formed at a time of
approximately 7 ka ago, although the first determina-
tions performed by Russian researchers in the Bosporus
area yielded a value of 9 ka [19]. This time level pre-
cisely marks the change of the fresh-water diatom
assemblage into a marine diatom algae assemblage.
This boundary is expressed in the rock lithology by a
sharp change of the New Euxinian argillaceous ooze to
sapropel. We earlier proposed that the lower portion of
the sapropel layer in the basin enclosing thin aragonite
interlayers and enriched to a minimum in organic mat-
ter corresponds to the transitional later [5].

It follows from our data that sapropel accumulation
on the shelf commenced after salination of the basin
since the sapropel rests above the transitional layer. The
sapropel layer is separated from the transitional layer
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 Location of the examined Late Quaternary sections and levels of the New Euxinian Sea within the Northwestern Black Sea
Shelf. Dashed lines show the minimum (– 100 m) and the maximum (approximately – 30 m) levels.
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by ordinary sediments, which allows assuming its asyn-
chronous accumulation on the shelf.

CONCLUSIONS

The available data suggest a continuous and, most
probably, nonuniform rise of the Black Sea level during
post-glaciation time.

After the regression maximum approximately 15–
17 ka ago, a transgression of the fresh-water New Eux-
inian lake–sea commenced synchronously with the
retreat and thawing of the continental glacier. The sea
level rose during that period presumably from eleva-
tions of –(110–100) m to –(25–30) m. Upon this, the
excess of fresh water above the Bosporus Threshold
was discharged into the Mediterranean Sea. Approxi-
mately 7–8 ka ago a two-way water exchange set in,
owing to Mediterranean Sea level rise, and progressing
salination of the Black Sea water began. The New Eux-
inian fresh-water transgressive stage was transformed
into a marine stage. The fresh-water conditions gave
way during 500–1000 years to a marine environment,
which was accompanied by formation of the Mediterra-
nean assemblages of marine fauna and flora and the sea
level rose to approximately –20 m. Starting from 6.8–
7 ka ago, a marine transgression proper proceeded,
which caused the sea level rise to the present-day level.

Thus, there are no grounds for assuming a cata-
strophic and geologically instantaneous filling-up of
the Black Sea Basin with saline Mediterranean water.
Acceptance of this proposition would mean ignoring
the presence of the transitional layer enclosing a mixed
assemblage of Caspian and Mediterranean fauna and
ignoring the fact that the time period for the accumula-
tion of this layer lasted at least 1.6–1.7 ka.
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