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Black Sea Trench: Sedimentation and Downwarping Rate
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Abstract: The transformation phase of the Black Sea Trench from shallow into the abyssal basin was ephemeral,
without alteration of founderings and elevations of the basin bottom. Quantitatively, trench downwarping rate
can be considered as appropriate to the sedimentation rate, except of the Paleocene-Eocene stage. Early in this
stage, the trench bottom subsided sharply and the Black Sea basin became abyssal. Formation of abyssal Black
Sea Trench has led to environmental catastrophes, namely hydrogen sulfide contamination of the basin.
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INTRODUCTION downwarping that was inherited from the Cretaceous

Black Sea Trench is an intermountain basin, which Eastern Black Sea Trench in form of wide shelf zone. In
arose at the latest development stage of a large part of the Maikop period, new deep downfolds, intensively
Earth's crust. It is almost completely occupied by the sea converged, originated in place of base downfold; these
with the area of 413.5 thousand km  and a maximum depth are Sorokin, Kerch-Taman and Tuapse downfolds.2

of 2245 m. The trench has been studied by common depth Shatsky swell, which, starting from the middle Miocene,
point seismic method. The geological structure of this was involved in the overall foundering of the Black Sea
large negative structure with sedimentation, Trench, was structurally formed between them and the
uncompensated for a long time period, was characterized Eastern Black Sea Trench. Margin lob of the West Black
by A.S. Gorshkov et al. [1], D.A. Tugolesov and L.B. Sea Trench was also involved in downwarping process
Meisner [2]. Within the trench, there are two bolsons during the Pliocene-Anthropogenic period. The
referred as to Western Black Sea and Eastern Black Sea significant part of the anthropogenic sediment complex
bolsons, which are separated by Andrusov swell and constitutes of the instream alluvial cones, which are
were continuously flexed since the early Paleogene as a located around the perimeter of the today’s abyssal sea
single abyssal basin, as well as numerous structures of area.
the third order. Thick (up to 12.0 km) formation of Thus, the fact of occasional quick immersions of
Cenozoic sediments, accumulated here, is separated into Black Sea Trench or alternating phases of erosion and
four seismic complexes: the Paleocene-Eocene, Maikop sedimentation are denied, though the immersion rate of
series (Oligocene-Lower Miocene), the middle Miocene- bolsons, particularly, in the Middle Miocene-Pliocene
Pliocene and Anthropogenic [3-5]. They lie almost period could be substantially different. This is contrary to
horizontally within the bolsons, though, while the opinion of the researchers, who believe that vertical
approaching the slopes, are continually declining in movements in positive direction could have taken place as
thickness and gradually elevating. Features of occurrence well, for example, in the early Oligocene.
and expansion of Cenozoic sediments manifestly point to The maps of Cenozoic sediments in scale of 1:1500000
a continuous long-term, though the uneven Trench served as a basis for the determination of sedimentation
foundering, which is non-isochronous in terms of both rates in the Black Sea Trench. Average thicknesses of the
area and time [6]. concerned complexes, according to D.A. Tugolesov and

The process of gradual expansion of the Cenozoic L.B. Meisner [2], which have carried out the most recent
Black Sea Trench is a rather complicated  process.  During estimates, are approximate for various reasons; including
the Paleocene –Eocene period, the Novorossiysk flysch the  impossibility  of  taking  into  account  the  diagenetic

period, continued to immerse. It broke away from the



World Appl. Sci. J., 27 (3): 336-339, 2013

337

Table 1: Average thickness of the Cenozoic sediments of the Black Sea

Trench and average sedimentation rates

Aseismic Average Sedimentation Average

complexes thickness, km period, mln. years sedimentation rate,

mm/year

Paleocene-Eocene 1.9 30 0.06

Maikop series 2.25 19 0.12

Mid Miocene-Pliocene 1.8 14.3 0.13

Anthropogenic 1.35 1.7 0.79

Calculation for Anthropogenic period

Instream area of the 

Danube Delta 2.3 1.7 1.40

Remaining area of 

the trench 0.75 1.7 0.44

Calculation for the mostly downwarped part of the Western Black Sea

Trench

Paleocene-Eocene 5.0 30 0.17

Maikop series 4.5 19 0.24

Mid Miocene-Pliocene 2.5 14.3 0.18

Anthropogenic 1.5 1.7 0.88

transformation processes in appropriate formations.
Possible deviation in either direction is about 15-20%.
Average sedimentation rates (Table 1) were determined by
the ratio of the average thickness of each complex to the
duration of its formation. Special calculation of
sedimentation rates was produced for all the complexes of
Cenozoic period for the mostly downwarped part of the
Western Black Sea Trench. In fact, such an approach
gave the possibility to calculate the formation rates of the
Cenozoic rocks of the trench.

When comparing the average thicknesses of the
distinguished complexes of Cenozoic Black Sea Trench,
the thickness of Anthropogenic complex appeared to be
unexpectedly large. This is due to the fact that its
significant part consists of the sedimentation of instream
alluvial cones. The area of Danube instream delta stands
out especially, since it has the sediment thickness of 2.5-
3.0 km, while the average thickness of Anthropogenic
sediments on the rest of the trench is 0.75 km (Table 1).

Analyzing the results obtained, we can come to the
following conclusions.

Sedimentation rate in most of the downwarped part of
uncompensated Black Sea Trench (in the Western Black
Sea Basin) is more or less uniform throughout the
Cenozoic era, with the exception of the Anthropogenic
period, when it rose sharply. The constancy of the
abyssal conditions and permanent confinement of the
maximum thickness of sedimentary complexes to most of
the downwarped parts of the trench, like other structural

features, suggest the rate of its tectonic setting
approximately equal to the sedimentation rate in it.
Downwarping occurred with variable intensity in different
parts of the Black Sea Trench, though the signs of the
process reversibility across the entire trench are lacking.
Assertion of possible significant elevations of the abyssal
trenches bottom or unusually fast immersions are not
substantiated by factual data. 

As already noted, the structural features of the Black
Sea Trench allow one to assume it as abyssal basin since
the Paleocene and each subsequent time plane. Ancient
slopes of the trench are treated as huge flexures, from
where the sedimentary material in the sedimentation
process was permanently removed to the bolson. Over 65
million years (according to the scale of U.B. Harlend et al.
[3, 4]), the basin was and still remains uncompensated.
The questions arise, when and at what time the Black Sea
Trench became abyssal; was this at the end of the
Cretaceous period or just at the beginning of the
Paleocene? Also, what was its deepening rate while
turning from shallow to abyssal basin? In the northern
margins of the trench, on the Shatsky swell and,
apparently, Andrusov swell, there are Cretaceous
sediments that are carbonate and rather thin, judged by
the nature of the seismic record. Hency, by the end of the
Cretaceous, sea basin was still shallow.

Regardless of the solution of the designated
problem’s first part, one must assume after A.E.
Schlesinger and other researchers [7,8,9], very fast, in fact
catastrophic and probably one-act foundering of large
tectonic block that served as the bed of the abyssal Black
Sea Trench. In a very short span of time, instantaneously
in terms of geology, the depths of the trench increased by
not less than 2000-2500 meters. In the subsequent history
there were no such founderings of the Black Sea Trench.

An indirect confirmation of a very rapid foundering
of the Black Sea Trench bottom at the turn of the
Mesozoic-Cenozoic is the intense subsidence of large
parts of the southern Scythian plate, characterized by
high mobility. An abyssal basin system of Black Sea
region and Pre- Caucasian region, etc. with
uncompensated sedimentation, appeared instantaneously
from a geological viewpoint also at the turn of the Eocene
and Oligocene, i.e. at pre Maikop times. Their depths
reached 1000 meters.

Thus, if we accept the downwarping of the Black Sea
Trench bottom as a phenomenon that took place in the
early Paleocene, then the sedimentation rate of the
Paleocene-Eocene seismic complex and the rate of
tectonic foundering   of   the   basin   bed   pool   are  not
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Table 2: Calculation of sedimentation rates for the most downwarping part of the Western Black Sea Trench

Thickness of unchanged Sedimentation Sedimentation rate,

Aseismic complexes Thickness, km* sediments, km, ( = 2,0) period, mln. years** mm/1000 yearsó

Paleocene-Eocene 5.0 10.0 30 333.3

Maikop series 4.5 9.0 19 460.0

Mid Miocene-Pliocene 2.5 5.0 14.3 350.0

Anthropogenic 1.5 3.0 1.7 1764.7

Instream area of the Danube Delta 2.3 4.6 1.7 2700.0

* According to D.A. Tugolesov and L.B. Meisner [2].

** According to U.B. Harlend et.al. [10, 11].

consistent with each other. The same can be stated with Abyssal trenches of the Black Sea type remain
respect to the possible formation of abyssal bolson in the uncompensated due to the lack of the sedimentary
end of the Cretaceous period. material,  whereas  exceeding  the   sedimentation   rate

Since  the  calculated  sedimentation  rates (Table 1) over the rate of trench bed downwarping, even
for  Cenozoic  period  are  in  fact  the  rates  of  formation significant,  is  just  an  episode  in  its  development,
of the  Cenozoic  rocks,  to  obtain more  accurate  results, which  does  not  cause notable geological implications.
it is necessary to determine the initial thickness of To ascertain definitely such theoretically permissible
precipitations for each complex. Based on the known stages is impossible.
composition  of   Maikop   series   and   recent  sediments,
it  is assumed  that  the  greater  part  of  the  abyssal REFERENCES
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