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SUMMARY

The Ukrainian sector of the Black Sea was studied with the interpretation of seismic reflection data
along seismic lines having a total length of some 30 000 km. The strong compression occurred in the
Late Miocene. The compression caused the generation and additional growth of thrusts and anticline
folds. The broad onshore terrain that was exposed in a roughly E-W direction across the present shallow
and deep-water parts of the Black Sea was formed as a result of the compression. The onshore terrain
partially occupied the area where the present-day water depth reaches 2000 m. The weaker
compressional stresses caused a continuation of the syn-depositional growths of many anticline folds
after the main phase of compression. The upper apexes of folds were severely eroded during the gradual
subsidence of the Late Miocene land. The shallow sea penetrated into the land between local folds and
created gulfs, lagoons, lakes and islands. Then, the accelerated subsidence of the Black Sea Basin led
to the formation of the deep-water sea having the present-day water depth. The results will undoubtedly
entail a revision of most present-day geodynamic models of the entire Black Sea region
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Introduction

Tectonic and geodynamic models of the Black Sea over the past decades usually consider that the
Western and Eastern Black Sea basins evolved in the (sub)oceanic environment with the water depths
more than 2 km throughout the whole syn-rift and post-rift subsidence history up to the recent time.
However, the question remains about a validity of the models for the whole geological evolution of
the sea. The purpose of the work presented in this paper is to restore tectonic evolution of the
Ukrainian sector of the Black Sea (BS) since the Late Miocene to Pleistocene. The main attempt is
made to the formation and following subsidence of a broad land originated in the northern Black Sea
in the Late Miocene. We also arrive at a conclusion about the water depth of the Black Sea since the
Late Miocene to present time.

Seismic data and interpretation

The entire Ukrainian sector of the Black Sea, which occupies its northernmost part, was studied with
the interpretation of the post-1990 seismic reflection data along seismic lines having a total length of
some 30 000 km. Up to data GIS and software packages for processing and interpretation of G&G
data were used for seismic interpretation, mapping and geological reconstructions. The regional
paleotectonic and paleogeographic settings in the northern Black Sea during the Late Miocene have
been established with simplified tectonic reconstructions for a few time slices. The absence of wells
drilled in the deep water of the Ukrainian offshore is the major problem for stratification of seismic
horizons in the area. Therefore, geological data from the Crimea Peninsula, as well as published
results of submarine studies of the continental slope helped to define more precisely peculiarities of
the Late Miocene — Pliocene tectonics and evolution of the northern Black Sea.

Main results

The strong compression, which exerted a fundamental impact on the formation of the architecture of
the northern Black Sea, took place in the Late Miocene (Stovba et al., 2020 and references thereafter).
The tectonic processes caused by the compression made a decisive contribution to the generation and
additional growth of thrusts with vertical offsets of 2 — 3 km and even more (Figure 1). Local

structures on the Odesa Shelf underwent additional growth. The intensive deformation of sedimentary
cover caused the formation of several chains of high anticline folds that are located almost parallel to
the main NEE-SWW faults in the Sorokin Trough and marine continuation of the Crimean folds The
amplitude of these folds ranges from a few hundreds of meters to more than 2 km (Figure 1).
Numerous new local folds were generated also on the margins of the Western Black Sea Basin.

The broad onshore terrain that was exposed in a roughly E-W direction across the present shallow and
deep-water parts of the Black Sea and the entire Crimea Peninsula were formed before the following
marine transgression (Figure 2a) as a result of the Late Miocene compression and related crustal
deformation, including the faulting and uplift of tectonic blocks.

The erosion of the emergent areas served as a prominent source of clastic supply to the adjacent
shallow-water sedimentary basins. The relatively weaker compressional stresses could cause a
continuation of the syn-depositional growths of many anticline folds in the Sorokin Trough after the
main phase of compression till the end of the Pliocene indicating a possible continuation of tectonic
compression against a background of relatively rapid subsidence of the Black Sea.

The present-day deep-water part of the study area began to subside rapidly in the Pliocene probably as
a consequence of regional, lithosphere scale geodynamic processes that are continuing until the
present-day (Stovba et al., 2020). The mechanical response to this rapid subsidence appears to have
reactivated normal faulting of the previously inverted south-dipping rift faults along the coast of the
Crimea Mountains and to the west of the mountains during the Pleistocene and possibly Holocene
after the relaxation of the tectonic compressional deviatoric stress field, which had still been active in
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the Pliocene. This normal faulting could also cause compressional stresses in the southern part of the
Sorokin Trough, which, in turn, actuated additional growth of some local folds and thrusts up to the
present time.

The upper apexes of most folds were severely eroded and truncated prior and during the gradual
subsidence of the Late Miocene land areas after the ceasing of the main phase of compression
(Figures 1, 2). Some local syn-compressional and post-compressional synclines formed between the
anticlinal

structures and they were filled with deposits given the basin subsidence and\or sea level rise after the
phase of the strong compression (Figure 1). Rivers were flowing from the Eastern European Platform
and Crimea Peninsula and some of them created deep erosional cuts within the Odesa Shelf when the
shelf was exposed above sea level (Figure 2a)

N Sea level S

depth
Water dep >

Figure 1 An interpreted seismic section crossing the eastern part of the study area. The location of
the seismic line is shown in Figure 2. The red dashed line corresponds to the main unconformity
formed by the time of ceasing of the main compressional phase. Layer 1 corresponds to syn-tectonic
sediments deposited during the main phase of compression. Layers 2 and 3 were deposited after the
ceasing of the main compressional event. The blue arrows indicate transgressive overlapping of
sedimentary layers, and the red arrows indicate the most profound truncation of sediments beneath
the main unconformity. M.-U. Miocene is the Middle — Upper Miocene. The vertical scale of the
section is highly exaggerated in comparison to the horizontal one

During the first phase of the marine transgression the sea penetrated into the land between local folds
and created gulfs, lagoons and lakes to the south of the Crimea (Figure 2b). The formation of two
large lakes in the Odessa Shelf (Figure 2b) could be caused either by a short-term invasion of the sea
water along the deep erosional cuts or by flowing of rivers into the erosional cuts, which were isolated
by a sill from the sea to the south (Figure 2a).

The marine transgression gradually penetrated further to the north by the Pliocene. In the area that
was newly covered by marine water numerous islands were formed at that time (Figure 2c). The
islands represented tops of local anticlines emerged above sea level because they had not been
completely truncated prior and during the previous phase of the marine transgression. It is also clear
that lagoon and/or shallow-sea depositional environments were settled around the islands in the time
of marine transgression.
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Figure 2 Simplified paleotectonic reconstructions demonstrating the distribution of offshore (blue)
and onshore (yellow) areas for three time slices of the Late Miocene. The time slices corresponds to
the time of terminations of formation of sequences numbered as 1, 2 and 3 in Figure 1. Green lines
and black arrows in (a) show valleys of paleo-rivers and the directions of their flows respectively.
Isolines of the present-day water depth are indicated with black lines. The location of the seismic
section shown in Figure 1 is demonstrated with red line. Abbreviations of present-day regional
tectonic units: EBSB, Eastern Black Sea Basin, EEP, Eastern European Platform; MCCF, Marine
Continuation of the Crimean Folds;, WBSB, Western Black Sea Basin
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The exact time of the Late Miocene strong compression is still controversial. The maximum
deformations of the sedimentary cover could happen prior and during the Pontian time as suggested
by Stovba et al. (2020). However, the geological data reveal that Kerch folds within the Crimea
Peninsula stopped their growth by the Maeothian stage (Muratov, 1969). Thus, it is not precluded that
the strongest deformations to the south of the Crimea and Odessa Shelf could take place during the
Sarmatian time (Syn-tectonic layer 1 in Figure 2). In that case the time of the Late Miocene strongest
compression in the northern Black Sea correlates with the beginning of main deformations within the
Great Caucasus area.

The seismic data reveal that towards Crimea and Odessa Shelf the Pliocene sediments cover the older
eroded strata with a prominent angular unconformity and display transgressive overlapping within the
area where the emerged land area and its folds had been formed during Late Miocene time (Figure 1).
The subsidence of the deep-water area continued after the Pliocene and, consequently, the Quaternary
sequence overlies Pliocene sediments without any gap in sedimentation (Figure 1). The remnants of
the Late Miocene subaerially exposed area, which had survived after the Pliocene, decreased in size
and Quaternary sediments transgressively overlapped the Pliocene and older sediments with angular
unconformity on the margins of the basin.

It is notable that the Late Miocene onshore terrain partially occupied the area where the present-day
water depth reaches 2000 m (Figure 2). The formations of lakes and islands during the marine
transgression as well as the internal architecture of sedimentary sequences near the shoreline of the
Late Miocene land allow suggesting that the land was washed by a shallow sea at least since the time
of the Late Miocene main compression and perhaps till the end of the Pliocene. Then, the accelerated
subsidence of the Black Sea Basin led to the formation of the deep-water sea having the present-day
water depth.

Conclusions

Many presented results are in contradiction to conventional concepts embedded in current
geodynamic models of the origin and evolution of the Black Sea and its constituent tectonic units.
Some of these new results lead to rediscovering old views published during the initial phases of the
Black Sea exploration (e.g. Andrusov, 1926; Arkhangelskiy and Strakhov, 1938; Muratov et al., 1969
and references thereafter). Despite some uncertainties regarding the exact timing of geological
processes and the influence of sea level drops, which occurred in the northern Black Sea since the late
Miocene, the newly presented results will undoubtedly entail a revision of most present-day
geodynamic models of the entire Black Sea region.
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