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Abstract: High fluvial input combined with specific topographic and oceanographic settings in the
Caspian Sea create favorable conditions for contourite deposition. For the first time in its middle
portion, contourite deposits have been observed in high-resolution seismic profiles. Various types
of contourite drifts and mixed depositional systems have been revealed on the lower slope and in
the adjacent basin, some of which are accompanied by sediment wave fields. The deposition of
contourites or turbidites and their lateral distribution is controlled by sea-floor topography and
oceanographic processes, as well as the modern activity of gravity flows downslope on the western
Caucasian slope and in the channel system on the Mangyshlak Sill. The contourite drifts and
sediment wave fields form several contourite depositional systems, which seem to merge in the
Caspian contourite depositional complex. This occurs near the foot of slopes of the Derbent Basin and
is related to the counterclockwise circum-Caspian current in the Middle Caspian Sea. The fact that
the Caspian Sea is the largest lake in the world makes this region a significant area for research into
the “lake contourites” issue. The Caspian Sea is an important oil-producing area, and sedimentary
processes related to the contourite and turbidite can be a source of potential geohazards in the
construction and exploitation of underwater engineering structures

Keywords: contourites; drift; sediment waves; bottom currents; turbidite; geohazards; high-resolution

seismic data

1. Introduction

Contourites are deposits of bottom thermohaline-driven geostrophic contour cur-
rents [1-3]. Numerous studies in recent years have revealed their presence in a wide range
of settings, such as the open ocean, along continental margins, in seas and even in lakes.
Despite their apparent abundance, many aspects with respect to the formation, internal
structure, and sedimentology of contourites still remain poorly understood in general. The
most progress in understanding contourite deposits has been made by studies in deep-
water environments, whereas shallow water contourites, including lacustrine contourites,
are still largely unknown.

The Caspian Sea (CS) is the largest lake of the world (Figure 1), although it is composed
of salt water. The maximum water depth in the Middle Caspian is approximately 700 m.
The specific topographic and oceanographic settings of the sea, as well as its high fluvial
input, are favorable conditions for contourite deposition; however, bottom circulation and
its impact on sedimentation and the sea floor topography in the Caspian Sea still requires
further investigation, and appropriate special sedimentological studies for contourite
identification in the Caspian have not been carried out. The Caspian Sea is one of the oldest
gas- and oil-producing areas, with some sedimentary processes related to the contourites
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and turbidites perhaps being sources of potential geohazards in the construction and
exploitation of underwater engineering structures. The downslope gravity and turbidity
flows causing seafloor erosion and intensive sediment input are treacherous processes for
submarine pipelines that could cause pipe rupture, while sediment waves should serve as

a warning.
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Figure 1. Bathymetric map (m) of the Caspian Sea with regional divisions (northern, middle, and
southern) and major geographical sites (mountains, rivers, and steppe). Major bottom currents:
NCW (north CS water mass which takes all water levels), SWMS (surface-water mass of the middle
and south Caspian sub-basins), DWM (deep water mass of the middle Caspian sub-basin), DWS
(deep-water mass of south Caspian sub-basin); river system of the Caucasus Mountains in the west
and the Volga River delta in the north are shown. Rectangle shows the area of seismic surveys
performed between 2004 and 2012.

Lacustres contourite drift studies could be used to better understand all current-
controlled sedimentation processes. Current-controlled sedimentary features have been
discovered in Lake Superior (USA), some of the larger West-African Rift lakes, Lake
Lago Cardiel (Argentina) and others. For the first time, lacustrine contourite drifts with
dimensions comparable to those of their deep-water counterparts were discovered in Lake
Baikal (Russia) over an intra-basin high; however, they do not occur in the deep basin
or along its margins [4]. Current-controlled sedimentary features in the Caspian Sea are
generally located in the lower part of the continental slope and in a deep basin at its foot,
which is in keeping with such deep-water features. The morphology and dimensions of
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these Caspian Sea features are also comparable to those of many of their oceanic deep-water
counterparts. This general similarity may be explained by the fact that some features that
are particular to oceans remain in the evolution of the closed Caspian Sea. Nevertheless,
giant contourite drifts and fields of sedimentary waves, such as those in the Argentine
Basin, have not been found in the Caspian Sea.

The initial recognition of contourite deposits in the marine setting is generally based
on reflection seismic data, which is now considered a standard method in most contourite
studies. This study is based on a new dataset of mostly high-resolution (HR) and ultra-
high-resolution (UHR) seismic reflection profiles collected respectively with the sparker
and the parametric sub-bottom profiler SES by the Shirshov Institute of Oceanology in the
Caspian Sea between 2004 and 2012 (Figure 2). The results obtained significantly clarified
our understanding of the structure of the upper Pliocene-Quaternary sedimentary strata. It
was these new data that made it possible to identify, for the first time, accumulative and
erosive features in the Middle Caspian, similar to contourite ones [5-8]. This paper focuses
on the description of the most prominent erosive and accumulative forms of bottom relief
and the Late Cenozoic sedimentary cover of the Derbent Basin (DB) in the Middle Caspian
Sea, as well as the processes responsible for the interaction of three different processes.
Apsheron Sill (AS) with the along-slope bottom contour currents, the formation of the Late
Cenozoic sedimentary cover is affected by the downslope turbidite and gravity flows.
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Figure 2. Scheme of seismic reflection profiles (high (sparker) and ultra-high (SES) resolution),
collected by Shirshov Institute of Oceanology from 2004 to 2012. The straight lines show the positions
of the seismic profiles illustrated in Figures 3-15. The rectangle shows the position of the seismic
profiles shown in Figure 4. Crosses for oceanology stations.



J. Mar. Sci. Eng. 2022, 10, 990 4 of 25

TR - Turkanian regression (600
. é(olt-)l - Khvalinian transgression (1
v Wwater depth (m)

CEN - site

hv2+mg+nc - local age

Figure 3. Middle Caspian sparker data and stratigraphy scheme. Regional unconformities: TR—
Turkanian regression (600 kyr), KH—Khvalinian transgression (100 kyr). Local age: B + Ap—Bakinian
and Apsheron transgressions, Hz+Hv1—Khazar and Khvalinian (first step) transgressions, hv2 + mg
+ nc—Khvalinian (second step) transgression, Mangyshlak regression (7-10 kyr) and new-Caspian
transgression. CEN—Site Centralnaya. PRV-1—Site PRV-1.
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Figure 4. High resolution seismic profiles (sparker) on the western slope of the Derbent Basin off the
Caucasus Mountains. (A) P2—Seismic profile P2, W-E across the slope; (B) P1—Seismic profile P1,
S-N along the slope; (C) P3—Seismic profile P3, SW-NE along foot of the slope. Location in inset. The
rectangle at the top left of Figure 4A shows a fragment of this seismic profile, illustrated in detail
in Figure 5. The rectangle at the bottom right of Figure 4A shows a fragment of this seismic profile,
illustrated in detail in Figure 6.
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Figure 5. Sediment waves of turbidity + contourite genesis on the western slope of the Derbent
Basin. (A) Fragment of the profile (sparker) from Figure 4A. KT—regional unconformity Khvalinian
transgression. (B) Enlarged fragment of ultra-high-resolution seismic reflection profile (SES) showing
in detail uppermost sedimentary layer with evidence of the young to present-day erosion activity.
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Figure 6. Separated drift in the contourite mounded elongate drift at the foot of the western slope of
the Derbent Basin. (A) Fragment of the profile (sparker) from Figure 4A. Main unconformities: TR
—Turkanian regression, KT—Khvalinian transgression. (B) Enlarged fragment of ultra-high-resolution
seismic reflection profile (SES) showing in detail uppermost sedimentary layer with a migration drift
dome and adjacent erosional moat. Current in moat is to the viewer.
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Figure 7. Contourite deposits near the western slope of the Middle Caspian Sea. Location in insert.
Arrows for near bottom water currents. Lines 4a, 9, and 10 show the positions of the seismic profiles
shown in the corresponding figures.
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Figure 8. Scheme of modern channel system over the Mangyshlak Sill and contourites off the northern
slope of the Middle Caspian Sea: sediment wave types 2 (on levee) and 3 (contourite) and abyssal
drift. Lines 9, 10 and 11 show the positions of the seismic profiles shown in the corresponding figures.
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Figure 9. Sediment waves type 2 (on channel levees) on the northern slope of the Derbent Basin
near the Mangyshlak Sill. (A) Fragment of the profile (sparker) SW-NE trending along foot of the
slope. Main unconformities: TR—Turkanian regression, KI—Khvalinian transgression. (B) En-
larged fragment of ultra—high-resolution seismic reflection profile (SES) showing in detail uppermost
sedimentary layer. Location of the profiles is shown in Figures 2 and 8.
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Figure 10. Sediment waves type 3 (contourite) on the northern slope of the Derbent Basin near the
Mangyshlak Sill. (A) Fragment of the profile (sparker) NW-SE trending across foot of the slope. Main
unconformities: TR—Turkanian regression, KT—Khvalinian transgression. (B) Enlarged fragment of
ultra-high-resolution seismic reflection profile (SES) showing in detail uppermost sedimentary layer.
Location of the profiles is shown in Figures 2 and 8.
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Figure 11. Contourite detached drift in the northern Derbent Basin off the Mangyshlak Sill. (A) Frag-
ment of the profile (sparker) NW-SE across foot of the northern slope. Main unconformities: TR—
Turkanian regression, KT—Khvalinian transgression. (B) Enlarged fragment of ultra-high-resolution
seismic reflection profile (SES) showing in detail uppermost sedimentary layer with present-day
channel. Location in Figures 2 and 8.

Figure 12. Contourite plastered drift on the southern slope of the Derbent Basin near the Apsheron
Sill. Fragment of the profile (sparker) roughly S-N across the slope. (A) Fragment of the profile
(sparker). (B) Enlarged fragment of ultra-high-resolution seismic reflection profile (SES) showing in
detail uppermost sedimentary layer. Location in Figure 2.
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Figure 13. Contourite fault-controlled drift on the southern slope of the Derbent Basin near the
Apsheron Sill. (A) Fragment of the profile (sparker) roughly S-N along foot of the slope. Main
unconformities: TR—Turkanian regression, KT—Khvalinian transgression. (B) Enlarged fragment of
ultra-high-resolution seismic reflection profile (SES) showing in detail uppermost sedimentary layer

with weak acoustical transparent gas escape zones. Location in Figure 2.
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Figure 14. Contourite separated drift and deep erosional moat in the Derbent Basin off its eastern
slope. (A) Fragment of the profile (sparker) NW-SE along foot of the slope which shows buried ancient
creep deformation. Main unconformities: TR—Turkanian regression, KI—Khvalinian transgression.
(B) Enlarged fragment of ultra-high-resolution seismic reflection profile (SES) showing in detail
uppermost sedimentary layer with lens of the drift. Location in Figure 2.
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Figure 15. Exogenic—gravitational folds or creep deformation on the eastern slope of the Derbent
Basin. Fragment of the profile (sparker) SW-NE trending across foot of the slope. Location of the piles
is shown in Figure 2.

High regional seismicity initiates numerous landslides and density flows on the
slopes of the Derbent Basin. The exogenic—gravitational folds in the Quaternary clayey
and calcareous—clayey sediments were previously defined along the eastern slope of the
Derbent Basin, which were produced by the plastic flow of poorly consolidated sediments
under the influence of gravitational forces [9]. Our HR and UHR surveys revealed similar
slump box-shaped rootless folds on the northern slope of the Derbent Basin [10]. These new
seismic reflection data made it possible to reveal the structure of the upper sedimentary
layer of the western slope of the Derbent Basin in greater detail. Areas with a chaotic pattern
of the acoustic record are marked here, which are interpreted as a set of separate slump
and landslide blocks [11]. They appear to have moved in the recent geologic past (Late
Quaternary) down a relatively steep slope. These landslide deformations and gravitational
features were previously considered [10,11]; therefore, in this paper, we focus on the
description of turbidite features and, mostly, contourite ones.

This paper focuses on the bottom and sub-bottom features in the central part of the
Caspian Sea (the Middle Caspian) and the processes of near bottom water circulation which
formed these features. Our main objectives are (1) to test the contourite paradigm on
special sea-lake conditions, where the morphology is similar to an oceanic one, but all
oceanography processes occur in far smaller time-space scale, and (2) to explore potential
geohazards of which contouritic features can be signs.

2. Regional Settings

The Caspian Sea (CS) is located between Europe and Asia and is the largest lake in
the world; however, its physical environment and its floor have mixed oceanic-continental
characteristics [12]. The CS was created tectonically when the Paratethys began splitting
into smaller water bodies some 5.6 million years ago [13]. Now the sea is confined between
the Caucasus Mountains in the south and west, the vast steppe of Central Asia in the east
and an extensive alluvial plain in the north (Figure 1). The water surface is almost 28 m
below the World Ocean level [14]. The sea extends for about 1030 km from north to south
and for 196-433 km in the east-west direction (total area 386,400 km? in 2017 [15]).

2.1. Geological Setting

The Caspian Sea is divided into three parts (Figure 1): northern, middle, and south-
ern [16]. The northern part is the shallowest with a maximum depth of 25 m and smooth
bottom topography. The Middle Caspian Sea represents a large depression separated from
the northern and southern parts by the Mangyshlak Sill (a bow-shaped depositional body)
and the Apsheron Sill (a large structural high), respectively. A major part of the Middle
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Caspian area is occupied by the Derbent Basin, which is contoured by an isobath of 400 m
and has a maximum depth of 788 m. The Southern Caspian Basin is the deepest part of the
sea, with a maximum depth of 1025 m [17].

The seismotectonic provinces were mapped by Ivanova and Trifonov [18] using the
criteria of Earth’s crustal structure, specific features of neotectonic (Pliocene-Quaternary)
evolution, the pattern and kinematics of active faults, as well as the distribution of earth-
quake focal zones and the dynamics of their activation during the last 160 years. Average
seismic energy values were computed for individual seismotectonic provinces that differ
in the Earth’s crustal structure as regards the intensity of neotectonic movements and
seismicity. Our study concerns an area of contrasting combination of the Caucasus Moun-
tains with the Derbent Trough in the west of the Middle Caspian region (Figure 1). The
structures originated simultaneously in the Pliocene-Quaternary, and their formation was
accompanied by a reworking of the Earth’s crust in the post-Paleozoic era [19]. The main
earthquake focal zone, which features events of up to M = 6.3 with hypocenter depths of
up to 110 km, extends along the southwestern slope of the Derbent Trough. Significant
geological processes on a regional scale are neotectonic movements and deep-focus earth-
quakes. Seismicity triggers mud volcano activity and mass movements on the slopes of
both deep basins in the Middle and Southern Caspian.

The western slope of the Derbent Basin is characterized by a slope angle from 0° to
4° and a “double break” at water depths of 100 m and 400 m (Figure 3). The upper break
correlates with isobath 100 m and marks the outer edge of the modern shelf; the lower
break goes with isobath 400 m, which outlines the Derbent Basin. The Mangyshlak Sill and
the northern slope of the Derbent Basin are intersected by a channel system, which relates
to the overall fan of the Volga, Terek, and Ural rivers.

The Caspian Sea’s most unique feature is the unpredictable and fast level changes,
which are impossible to correlate either with the World Ocean or with the history of glacia-
tions [20,21]. Furthermore, seismicity variations for the Caspian region do not point to
any unique correlation with the sea level oscillations. At the same time, tectonic processes,
which are partly reflected in seismicity, make a significant contribution to the contemporary
CS level oscillations [18]. This manifests itself in sea level rises during large earthquakes
and, more convincingly in a correlation between values of the total seismic energy released
in individual seismotectonic provinces in the region and sea level changes. The tectonic im-
pacts produce an integral effect of interaction between the deformation processes, causing
changes in the sea basin volume (depression deepening or transverse shortening, and local
anticline growths), which may be supplemented by an intermittent water supply from the
deep-seated layers of the sedimentary cover [22]. This supply could be more significant
in the deep and rapidly subsiding South Caspian depression, where it is enhanced by
faults revived by earthquakes [18]. Since 2016, the CS level seems to have stabilized to
an equilibrium at —28 m [14]. As it is an endorheic lake, CS level variations are mostly
controlled by water discharge from rivers, direct precipitation and evaporation over the
CS [14,23].

The Caspian deep-water environment benefited from the water-level fall until 2016
and the consequent accelerated circulation that causes deep-water ventilation and nutrient
exchange; however, most changes are felt at the surface level [14].

2.2. Sedimentation Setting

The maximum thickness of sediments in the Derbent Trough is 14 km, while the
thickness of Pliocene-Quaternary sediments is >5 km. It should be noted that the most
intense subsidence only began at the end of the Pliocene and is continuing at the present
time, remaining uncompensated by sediment accumulation [19,24].

Sedimentation processes in the Caspian Sea are controlled by bottom topography
and sources of sedimentary material (river runoff first), as the Caspian Sea is asymmetric
in terms of sediment input. Its western part is dominated by a strong alluvial input: a
slope adjoins the high chain of the Great Caucasus Mountains with many mountain rivers,
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most notably, The Terek, Sulak, Samur and Kura. Runoff sediments move across the shelf
and down the western slope; nevertheless, the highest surface concentration suspensions
(41 mg/L) are measured on the northern Caspian and in the delta of the Volga River [16].
The overall sediment discharge of more than 130 rivers exceeds 110 tons per year [25],
while the eastern part of the sea is adjacent to the desert and is characterized by the absence
of river input and a prevalence of aeolian processes [26].

2.3. Hydrological Settings

The differences in water masses, which are mainly created by the climate, lead to
relatively distinctive physical and chemical specifications. To a lesser extent, geological
forces may cause a mixing of water masses, e.g., by the dispensing of materials and energy
through the water column. Four flows of water masses circulation seem to be identified
in the Caspian Sea (Figure 1): (1) the north CS water mass, which takes all water levels
(NCW), (2) the surface-water mass of the middle and south Caspian sub-basins (SWMS),
(3) the deep-water mass of the middle Caspian sub-basin (DWM) and (4) the deep-water
mass of south Caspian sub-basin (DWS) [27]. The Apsheron Sill separates the two deep-
water masses of middle and south sub-basins and prevents free mixing between them.
The middle Caspian deep-water mass has a lower temperature and salinity and higher
dissolved oxygen content, compared to the southern one [14].

Vertical exchange in the middle CS is partially caused by wind forcing that forms a
cyclonic gyre in the center and upwelling along the east and west coasts of the middle
Caspian sub-basin, which leads to contrasting temperatures. Moreover, the intense evap-
oration at the eastern coast may cause local saline and dense warm water to penetrate
deeper waters [28]. Extensive water exchange among the water masses occurs during the
cold season. The winter convection mixes the water column vertically, and during mild
winters, it penetrates down to around 200 m in the middle Caspian masses. During severe
winters, it reaches down to enable the vertical mixing of oxygen and other biochemical
elements [29,30]. The vertical mixing is forced by wind, evaporation and winter convection;
this, however, is not affected by current water-level fluctuations. The Arctic-type mixing
occurs annually in the CS, and it affects the whole Caspian water mass [17]. The strength of
this type of mixing is closely related to the severity of winter and the Caspian water-level
status. During water-level lowstand, mixing would be stronger and deeper; however, in
the highstand, it would hardly reach deep-water masses.

The rate of the CS deep-water circulation has changed significantly during water-level
fluctuations [17,31]. The Middle Caspian Sea is characterized by a counterclockwise circu-
lation of surface currents (Figure 1). Intense current sweeps fine-grain sediments from the
northern area down to the Derbent Basin, where abundant mass-wasting deposits form and
sometimes cause gravity flow activity. Although deep-water currents are poorly studied
there, it is proposed [25,32] that the bottom circulation has the same pattern as the surface
circulation; this was proven by recent hydrological and mineralogical studies [26,33], where
an active bottom current along the western slope of the Derbent Basin was revealed. Near
the eastern slope, surface currents form vortices and water masses sink along with pycno-
cline at the deep-sea level and the velocity of bottom currents increases up to 1 m/s [33].
Thus, a contour current is flowing along the western slope roughly from NNW to SSE, while
along the eastern slope, it is flowing from SSE to NNW. A strong upwelling of cold deep
water is observed near the eastern slope [33]. The experimental material shows the seasonal
variability of the flow of the cyclonic cycle along the western coast of the Middle Caspian.
The observations showed that the cyclonic circulation in the Middle Caspian is, essentially,
a seasonal contour current flowing around the slope of the Derbent Depression. In winter
(December—February), the current in the circulation is relatively fast (up to 70 cm/s), while
in summer (June-August), it practically disappears everywhere, except for its western
branch, which carries water into the Southern Caspian [34].

The formation of the bottom current in the Caspian Sea is associated with the Volga
River’s giant outflow of water into the shallow northern part of the Caspian Sea, and its
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paths are determined by the relief of the Middle Caspian Sea bottom. Moving southward,
this water rolls into the deep water Derbent Basin, forming a flow along its western slope.
This is confirmed by the observed channels in the lower part of the slope and adjacent basin.
Furthermore, when reaching the Apsheron Sill, the bottom water flow turns eastward along
the southern slope of the Derbent Basin, then turns northward along the eastern slope of
the Derbent Basin.

In the open ocean, bottom contour currents are associated with thermohaline cir-
culation created by the difference in water density resulting from the inhomogeneous
distribution of temperature and salinity in the ocean. This circulation creates a global ocean
conveyor belt in the world’s oceans. In the closed Caspian Sea, the formation of the bottom
current is associated with the giant Volga River outflow, and the geometry of this bottom
current distribution is determined by the topography of the Middle Caspian Seabed.

2.4. Stratigraphy Setting

The stratigraphy of the upper sedimentary sections on the shallow-water shelf and the
upper slope areas in the Middle Caspian Sea is determined mostly by regional transgres-
sions and regressions [20]. On long time scales, Caspian Sea level oscillations are dramatic.
During the last 8000 years, the sea level has fluctuated repeatedly with amplitudes up to at
least 25 m, even dropping from a Last Glacial highstand at +50 m down to possibly —113 m
in the early Holocene [35,36]. The causes of Caspian Sea level change are not yet fully
understood. Caspian Sea levels depend largely on the balance between the influx of the
Volga River water and evaporation over the sea surface [15,37]. However, the correlation of
Caspian Sea level with global and regional circulation patterns, which cause precipitation
in the Volga basin, is often surprisingly poor, or only significant for specific intervals with
relatively stable sea levels [38]. In spite of great advances in understanding of our climate
system, the predictive power of our Global Circulation Models, and accurate monitoring by
satellite systems, such as Topex-Poseidon/Jason, opinions about future Caspian Sea level
trends diverge. Some authors do not believe in climatic forcing at all, referring instead to
tectonics, geochemical causes, or chaotic behavior [39].

Previous data interpretation showed three regional acoustic sequences [40]. Due to two
deep drilling sites, it was possible to refer the acoustic sequences to lithological ones and to
the regional stratigraphic scale and absolute age. Such correlation proves the TR (Turkanian
regression) and KT (Khvalinian transgression) horizons to be one of the largest regional
stratigraphic markers. These are as follows: TR, the most dramatic Caspian regression
in the last 1 million years (occurred about 600-700 kyr ago); and KT, the most dramatic
transgression of the whole Caspian history (occurred about 100 kyr ago) (Figure 3). There
is also the M horizon, which is correlated to the Mangyshlak regression (10 kyr) (vertical
resolution of Figure 3 is not enough to show the MR horizon). For details see Section 4.1 of
this paper.

3. Materials and Methods

The study is based on high- and ultra-high-resolution seismic reflection profiles col-
lected by the Shirshov Institute of Oceanology in the Caspian Sea between 2004 and 2012
(Figure 2). The techniques used provide both high resolution and penetration of acoustic
signals below the seafloor.

3.1. High-Resolution Seismic Reflection Profiling (Sparker)

The high-resolution (HR) seismic reflection profiling was carried out using a multi-
electrode (64-114 pieces) sparker (500-1000 J) towed at a depth of 0.5-1.0 m. The shot
interval was set to 1 or 2 s, and the bandwidth of the transmitted seismic signal was
100-1000 Hz. The 25 m long single-channel streamer was towed at water depth of 0.5-1.0 m,
with the collected data being visualized in real-time and recorded on a PC in the SEG-Y
format with simultaneous processing (initial muting, filtration). More advanced processing
of the seismic data was carried out after the field campaign in the RadExPro software
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package (more frequency filtering, muting, static correction, equalization of the amplitudes,
deconvolution, etc.). Depending on sediments, penetration varied between tens and
hundreds of meters with a resolution from a minimum of 2 m. The resulting SEG-Y files
were imported into a Kingdom Suite™ project for interpretation.

3.2. Ultra-High-Resolution Parametric Profiling (SES UHR)

The ultra-high-resolution seismic reflection profiling (UHR) was carried out using the
two-channel (high-frequency (HF), 100 kHz, and low-frequency (LF), 4-15 kHz) parametric
acoustical system SES-2000 standard (Innomar Technology, Germany). The hardware
includes an echosounder and sub-bottom profiler, and the HF (100 kHz) channel is used
for bathymetric surveying.

Depending on the selected registration mode, the shooting rate can be up to 30 shots
per second and depending on the sediments, penetration and resolution, are 50 m and
5 cm, respectively. The motion sensor MRU-H was used to resolve the sea swell. Data were
collected and displayed in real time by original software SESWIN. For further processing,
the special software ISE 2 was used.

4. Results

The high-resolution seismic reflection surveys revealed expressive erosional and
depositional features on slopes and the rise of the Derbent Basin and in the middle part of
the Caspian Sea [5,7,41]. These features had not been distinguished earlier as contourites
because of the low resolution of air gun seismic profiling, and similar ones were considered
here as slump or landslide features, tectonic folds, or creep deformations [9,32]. The high-
resolution seismic reflection data presented in this paper were collected mainly in the
western part of the Middle Caspian Sea and significantly less in the eastern part (Figure 2).

4.1. Western (Derbent) Slope

The sparker seismic profiles on the western slope of the Derbent Basin show some
strong reflectors (Figure 4), which emphasize the complex history of transgressions and
regressions in the Caspian Sea [40,42]. The strong sub-horizontal reflector TR (see Section 2.4
of this paper) in the base of the upper sedimentary wedge between edge of the shelf (water
depth ~100 m) and sharp bend of the slope (~400-550 m) (Figure 4) correspond to the
erosional unconformity formed during the great Turkanian regression of around 700-800 ka,
when the sea level dropped by ~180 m. Another strong rough KT reflector (see Section 2.4
of this paper) expresses the dramatic Khvalinian transgression of around 20-30 ka, which
was largest during the Quaternary of the Caspian Sea when the sea level rose by ~50 m.
The upper non-smoothed strong MR reflector corresponds to the erosional unconformity
formed during follow-up the Mangychlak regression about 7-10 ka, when the sea level
dropped again by ~60 m [9,32]. Therefore, the sedimentary wedge of its upper part between
edge of the shelf (water depth ~100 m) and sharp bend of the slope (~550 m) is composed
of sediments from the Middle Pleistocene-Holocene.

The expressive seafloor and subsurface undulating features, which are observed in the
high-resolution seismic reflection profiles (Figures 4 and 5), were interpreted as sediment
waves [43]. We call them SW Type 1; they are 300-1600 m (on average 1 km) in wavelength
across the continental slope and 540 m high (on average 2025 m). The highest amplitudes
are observed in the upper slope just behind the shelf edge, and they decrease in a gradual
downslope seaward. The angles of the limbs range from some minutes to 3—4°, with the
maximum angles being in the upper slope and decreasing downslope. These regularly
spaced wave-like accumulative features have steep western coastward limbs and gentle
eastern seaward ones. It seems that the top of the accumulative features moves sequentially
toward the coastline, with superposed individual layers representing a migrating up
slope wave configuration. The detailed bathymetry survey showed that the N-5 trending
sediment waves are not elongated features, but rather ellipsoid-shaped ones with an axis
ratio of 1:3 (like brachyanticlines), which strike along the continental slope [40,42]. These
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sediment waves appear to form a vast field covering an area of ~7500 km?2. The ultra-high
resolution SES profiles collected show erosion seabed forms (Figure 4B).

At the base of the western slope, at water depths from 450 to 750 m, there is a large
accumulative sedimentary body (interpreted as separated drift, see Section 5.2 of this paper)
~70 m thick with uneven internal reflectors (Figure 6A). The upper thin-layered sequence
with numerous parallel curved up reflectors conformal to the seabed has a thickness of
~15 m (Figure 6B). On the contrary, the deeper internal reflectors are curved down following
the geometry of the main unconformity KT (Figure 6A). This sedimentary accumulative
body that extends along the regional contours for about 80 km is subdivided into three
depositional mounds (Figure 7), which have almost the same dimensions: 8-11 km in
width, 25-30 km in length, and their average length /width ratio is 3:1. All of them are
separated from the slope foot by the shallow moat around 1-2 km deep, with their depth
increasing southward from 4 to 12 m. Seismic data demonstrate the absence of modern
unconsolidated sediments in the moat (Figure 6B).

The profiles show a good range of downslope features. According to previous re-
search [10,11], uplifts in the upper part of the western slope of the Derbent Basin do not
represent individual slump bodies moving along the seafloor; nevertheless, the internal
structure of the Neopleistocene sequence in this area suggests the presence of numerous
intraformational slump duplexes. In the steepest part of the slope, clear indications of
the disintegration of bottom deposits and collapsing and slumping processes were re-
vealed. However, an extensive discussion of downslope features here does not fit into
the main context; therefore, it would be more appropriate to continue the discussion in
another publication.

4.2. Northern Slope (Mangyshlak Sill)

The upper part of the northern slope of the Derbent Basin is called the Mangyshlak
Sill. Its main geomorphologic feature is a vast channel system built by the Volga River and
some rivers from the Caucasus (Figure 1). The channels run across the slope (Figure 8).
The undulated, wave-like acoustic facies that climb toward the channel axes are usually
observed on the channel’s western flanks (Figure 9A). The dimensions of these wavy
features (height and wavelength) decrease laterally from the channel axes (Figure 9B); we
have labeled them SW—Type 2.

Relatively deep-water sediment waves are observed in the corner between the northern
and western slopes of the Derbent Basin (Figure 10). They are characterized by the absence
of migration and very slight and unpredictable downslope decreasing in height (from 10 to
4 m) and wavelength (from 1.7 to 0.5 km). The field of these migrating sediment waves
starts at the western slope and ends below the northern one, so it occupies several tens of
square kilometers (Figure 7). We have labeled them SW—Type 3.

A large lenticular accumulative sedimentary body (detached drift) is observed in
the Derbent Basin near the base of the northern slope at water depths from 670 to 720 m
(Figure 11). It is over 30 km long and 15 km wide (length/width ratio 2:1), rising 20 m
above the seafloor. The maximum thickness of the body down to the reflector KT is about
100 m. Its visual inner seismic reflection pattern is very complicated with different types
of reflections (except conformal horizontal/parallel ones). The thin-layered sequence of
parallel smooth reflectors directly below this unconformity KT differs dramatically from the
irregular architecture of the overlying deposits. In the bottom relief, the drift is complicated
by a channel-looking feature (Figure 11); however, this feature can be interpreted as a crater
because canyons are normally V-shaped and have new sedimentation at the bottom, but the
materials at the bottom of this structure seem to collapse down. Gerivani et al. [44] interpret
this structure as a crater formed by a mechanism such as that suggested and described
by [45,46] for “hill-hole pairs”. In this crater, it seems that the mixture of high-pressure
gas, sediments and water were first emitted from probably weak zones in both sides of the
crater, and then the upper beds collapsed down.
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4.3. Southern Slope (Apsheron Sill)

Two prominent large accumulative sedimentary bodies are observed on the southern
slope the Derbent Basin in the eastern part of the Apsheron Sill. The upward convex
lenticular gently sloped depositional body (plastered drift) extends for about 20 km at
depths from 250 to 300 m and is related to an erosional moat-like feature with a depth
of 10 m and width of around 2 km (Figure 12). The pinching-out upslope of the internal
reflectors and local unconformities within thin-layered strata evidence lateral migration of
the sedimentary feature.

The second body (interpreted as fault-controlled drift, see Section 5.2 of this paper)
observed at a depth range of 470-520 m is interrupted by a fault that significantly changes
its overall geometry. The northern part of the fault seismic record is characterized by
continuous, parallel, roughly horizontal reflectors, while in the southern part, reflectors
demonstrate distinct undulation (Figure 13). The fault influence is a syn-fault sedimentary
migration of a drift.

4.4. Eastern Slope

On the eastern slope of the Derbent Basin, there are no such clear contourite features
as are observed on its western and northern slopes and discussed above. At the base of
the eastern slope (water depths 550-600 m), seismic profiles cross a depositional body
(Figure 14) and extend across the slope for around 150 km. Their orientation is controlled
by a specific slope morphology that is likely affected by a deep fault. The thickness of
the body (down to the KT reflector) is about 50 m, while the upper part of the seismic
section is characterized by a distinct undulation of reflectors appearing in a hummocky
surface of the body. Reflector undulation is also slightly expressed below the KT. The
mounded depositional feature is separated from the slope by a moat-like asymmetrical
feature with a depth of 30 m and a width up to 2 km. In a big stretch, we can assume
that this is a separated drift (see Section 5.2 of this paper) with a corresponding erosion
moat; however, the orientation perpendicular to the contour along-slope flow is unusual for
contour structures. Below the top of this depositional body, the lower stratified sequence is
crumpled into small symmetrical wavy features (Figure 14).

Another atypical characteristic is box-shaped rootless fold features on the eastern
slope of the Derbent Basin (Figure 15). Previously, such features were interpreted here as
exogenic—gravitational folds or creep deformation produced by the plastic flow of poorly
consolidated sediments under the influence of gravitational forces [9].

5. Discussion

The processes controlling recent sedimentation in closed water basins are similar in
some cases, while differing significantly in others. For example, high-resolution seismic
studies in Lake Saint-Jean (Québec, Canada) revealed the presence of sedimentary struc-
tures controlled by currents, which owe their origin to the movement of air masses [47,48].
In particular, they refer to the formation of sedimentary drifts and intense erosion within the
shelf, which are caused by wind-related hydrodynamics. The peculiarity of these processes,
according to the authors, is that they manifest themselves in the central part of the lake at
depths below the wave base. The authors note that the change in the lake hydrodynamics
is associated with the post-glacial processes that took place 8.5 cal. ka BP. An analysis
of modern sedimentation in the tropical Lake Ossa and its relation to climatic changes,
morphology and hydrology of this large water reservoir in West Africa is the subject of the
article by Giresse et al. [49]. Of interest for us in this work is the fact that the hydrological
features of the lake are related to the Sanaga River. Another example of studying the
relationship between hydrodynamic processes and sedimentation is the Lake Superior
sediment study. The description of samples and their seismostratigraphic identification
served as the basis for the conclusion that the distribution of surface sediments was related
to the glacial and post-glacial evolution of the lake [50,51].
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Sedimentation processes in the Middle Caspian Sea are quite complicated. On the
one hand, there are the turbidity currents in the western part, where the high fluvial
input and deposition rate of unconsolidated sediments provide slope instability, while
seismic activity triggers gravity flows and structures caused by local earthquakes [52]. We
consider the results of the hyperpycnal flows as well. On the other hand, there are strong
bottom currents forming a giant counterclockwise gyre that embraces the central part of
the sea [33,53]. The activity of these processes has resulted in a wide range of erosional and
depositional features, as illustrated above.

All these accumulative features fall into two groups: sediment waves (types 1, 2, 3) and
large elongated sediment mounds (drifts). Erosional moats and channels are related to some
of these sedimentary accumulative features. In general, the collected high-resolution seismic
reflection data suggest the existence of contourite accumulative and erosive forms around the
Derbent Basin in the Middle Caspian Sea. Below, we consider the possibility of combining
them within the framework of regional physiography and oceanographic processes.

Possible accumulative and erosive sedimentary contourite features were first identified
on the northern and especially western slopes of the Derbent Basin [5,41]. Its southern and
eastern slopes are much less studied, but sedimentary features similar to the contourite ones
appear to be observed there as well [6]. Such features over all slopes are illustrated below
sequentially, in order to then consider their possible association with a single contourite
sedimentary complex, according to the contourite paradigm [2].

5.1. Genesis of Wavy Features

In the study area, three major types of sediment waves (SW) were distinguished: SW
Type 1, mixed waves [40,42] that come from an environment which favored both turbidite
and contourite processes; SW Type 2, formed by turbidity flows, including those on channel
meanders; and SW Type 3, sediment waves of contourite origin formed by bottom currents.

SW Type 1. The sparker seismic profiles on the western slope of the Derbent Basin
show strong undulating reflectors (Figures 4 and 5), which recall the complex history of
transgressions and regressions in the Caspian Sea. The most peculiar features are spectacu-
lar seafloor and subsurface undulations (Figures 4 and 5). They are interpreted as sediment
waves but no syn- or post-sedimentary gravity deformation within the Quaternary sedi-
ments or creep was possible [40,43]. Along the western slope, the numerous rivers from
the adjacent Caucasus represent the main regional sediment source. The sediment wave
field is only 3040 km from the coast, and the supply of terrigenous sediments is abundant
here. Such waves seem to comply with these conditions of migrating sediment waves
and are believed to have formed from sedimentary material transported and deposited by
cyclic high density turbidity currents [54-56]. In particular, the thickness of the sediment
wave sequences decreases naturally downstream, that is, downslope because the volume of
splayed sediment is reduced away from its source. However, oceanographic data indicate
that active bottom currents strongly influenced the seafloor, controlling the morphology
of the sediment waves (see erosion on Figure 5B). The erosion exists just nearby an active
branch of the bottom current [33]; the vertical profile of water is shown on Figure 16A1
(ellipsoids mark current maximum zones). The diagram in Figure 16C1 demonstrates
the relation between wavelength and water depth. The form of graph of this function
is sinusoidal. Its maximum extremes are for greater wavelength, and on seismic data
(Figure 16B1) they correlate to areas of modern erosion. Previous work interprets this ero-
sion places caused by bottom current activity [40]. Lithological data show coarse sediments
on both sides of the waves, which together with the oblique orientation of wave crests and
two-directional migration (upslope, i.e., upstream the turbidity flows, and along slope,
upstream the bottom currents) appear to suggest the mixed origin of these sediment waves.



18 of 25

J. Mar. Sci. Eng. 2022, 10, 990

2.5
g2
= :
i Z i - \\._/1:5-. T -
2 e
I = e—

0s

o

Q" 1 a.1s @z Water depth, km = - 0.3 0.35

Figure 16. Modern erosion and resuspension on upper part of the western slope (sediment waves
field, Figure 5A). Wavelength—Water depth relation, sinusoid, and linear trend (C1) correlated with
hydrophysical profile (A1) and sparker section (B1) (seismic from Figure 5A). Circles for current
branches. Details of modern erosion are shown on Chirp data (sweep seismoacoustic signal, inset).

SW Type 2. Several fields of wavy features exist on the Mangyshlak Sill (Figures 7 and 17).
These features are interpreted as channel levee sediment waves migrating toward the
channel. The sediment waves on levees are believed to have formed by classic outspill on

channel meanders [57].
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An atypical characteristic is the box-shaped rootless fold features on the eastern slope
of the Derbent Basin (Figure 15). They were interpreted as exogenic—gravitational folds or
creep deformation produced by the plastic flow of poorly consolidated sediments under
the influence of gravitational forces [9].

SW Type 3. The vast field of undulations is located between the western and northern
slopes, where the western slope turns eastward to the Mangyshlak Sill (Figure 8). Unlike
sediment waves on the western slope (Figures 4 and 5), there appears to be no pronounced
migration of crest and no symmetry in crest steep here (Figure 9). Such patterns together
with the absence of alluvial sediments supply suppose that the waves here seem to be
“contouritic” genesis. The “corner” looks like a natural “trap” for the bottom current. Its
flow is activated by material coming from the channel system and is hampered by a sharp
change of topography from the fairly gentle slope of the Mangyshlak Sill to the steep
Derbent slope. As a result, the current throws off the “excess weight” of sediments and
forms the sediment waves. After this, the current follows the topography, turns to the
south, and erodes the western slope.

5.2. Contourite Sedimentary Drifts

Classic contourite sedimentary drifts are found in the Derbent Basin near the base
of each of its slopes. At the base of the western slope, at water depths from 450 to 750 m,
there are three large accumulative sedimentary bodies ~70 m thick with inconsistent
internal reflectors (Figures 6 and 17). The overall geometry and visual seismic reflection
pattern (down-current elongation, extensive regional unconformities, broadly lenticular,
upward-convex seismic units, extensive sub-parallel moderate to low amplitude reflectors
typically with gradual changes between seismic facies [58]), allow us to attribute these three
depositional mounds to elongated mounded drift. It is believed that such drifts are formed
as a result of the migration and aggradation of sediments [59,60]. The sedimentation rate
of around 25 cm/kyr was calculated for these bodies [33]. According to seismic data, they
are typical separated drifts [3]. As three of these individual separated drifts partly overlap
each other, they build up a giant mounded elongate drift that extends along the western
slope of the Derbent Basin.

The large lenticular accumulative sedimentary body is observed at water depths from
670 to 720 m nearby the Mangyshlak Sill (Figure 11). The body looks like a large, detached
drift. Its complicated seismic reflection pattern appears to evidence the existence of several
internal small detached and plastered drifts. This large contourite drift is located opposite
the mouths of manifold channels that intersect the slope (Figure 10). Typical buried channel
levels are found inside this body (Figure 11A), while the spectacular channel-looking
feature is at its top. In general, this indicates that the formation of this body was strongly
affected by turbidity currents from the adjacent channel system. Lenticular seismic units
with distinct channels represent deposits of gravity flows. We suggest a contourite origin
of the under- and overlying deposits with slightly undulating, parallel reflectors. However,
in the bottom relief, the drift is complicated by a channel-looking structure, implying the
modern activity of gravity flows in this area and the interplay between down-slope and
along-slope processes. The studied depositional body is interpreted as a mixed turbidite-
contourite system.

Two contourite drifts seem to have formed in the southern slope of the Derbent
Basin off the Apsheron Sill. The southern one is an upward convex lenticular gently
sloped depositional body located in upper slope at a water depth of ~350 m (Figure 12). It is
characterized by the pinching-out upslope of the internal reflectors and local unconformities
within the thin-layered strata. We interpret the unconformities as a lateral migration of the
sedimentary features, which could be plastered drift. The northern contourite feature is
divided by the obvious fault into two segments which together form typical fault-controlled
drift (Figure 13). The acoustical transparent anomalies indicative of gas escape are widely
distributed in the Caspian Sea [44,61]. Similar weak acoustic anomalies are observed in this
area (Figure 13B).
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The high-resolution seismic reflection profiles intersect a coupled erosive moat and
depositional body at the base of the eastern slope of the Derbent Basin (Figure 14). The
across-slope orientation of the depositional body is interpreted to have been caused by the
interplay between regional bottom topography and specific circulation pattern. Seismic
and bathymetric data suggest a deep fault modifying the slope morphology. The rapid
change in slope trend makes the bottom current turn sharply to the east. This results
in a significant increase in current intensity. Bottom circulation here is also complicated
due to a thermo-cline upwelling gyre [33]. The Caspian Sea is filled with salty sea water.
This is due to the connection in the recent geological past (Pleistocene) of the Caspian Sea
with the Black Sea and the Mediterranean Sea through the Manich and Bosporus Straits,
respectively, whereas other large, enclosed lakes such as the Great Lakes and Baikal are
freshwater. It is the thermohaline structure of the waters that determines their density
with which the formation of bottom currents is connected. Lack of data concerning this
erosion-depositional system allows only preliminary interpretation, where the depositional
body is initially interpreted as a separated drift, while a local depression detaching the drift
likely represents an erosive moat.

5.3. Middle Caspian Contourite Depositional Complex

The association of various individual depositional drifts and related moats form part
of a contourite depositional system (CDS) [3,62]. In turn, distinct but connected CDS within
the same water mass are considered a contourite depositional complex (CDC). According
to this idea, the whole investigated area in the Middle Caspian Sea with various contourite
drifts and fields of sediment waves seems to contain several CDS.

One CDS is probably located in the western part of the Middle Caspian Sea, covering
the western continental slope and rise and extending deeper in the adjacent basin (Figure 17).
The most prominent feature in this CDS is elongated mounded and separated drift near
the base of the continental slope; other prominent features here are sediment waves on the
slope and in the basin. Another CDS located in the northern part near the Mangyshlak Sill
and the adjacent basin is related to a widespread channel system with which expressive
contourite drift and sediment waves are associated. In general, both these contourite
sedimentary systems (western and northern) are apparently parts of a more extensive
contourite sedimentary complex spanning the respective parts of the Middle Caspian
Sea. The contourite drifts revealed on the southern slope and adjacent basin near the
Apsheron Sill suggest that CDS exists here too. However, we currently do not have enough
high-resolution seismic reflection data to be certain. Regarding the eastern slope, available
high-resolution seismic reflection data show no CDS at this time.

The synthesis of contouritic deposits in the Middle Caspian Sea evidence that their
position coincides with the general route of the circumcaspian current (Figure 17). In this
case, a large single contourite depositional complex related to this circumcaspian current
would exist along the whole continental rise of central part of the Middle Caspian Sea at a
depth range from 250 to 720 m. This CDC should integrate both contourite depositional
systems revealed in its western and north-western parts, the proposed CDS in the southern
part and confidently expected CDS in the eastern part (Figure 17).

According to analysis and stratigraphic interpretation of seismic profile formation
of the Middle Caspian, the contourite depositional complex started at least 250 kyr ago
(since the Khvalinian transgression). To have a better idea of the existence of this circular
contourite depositional complex, purposeful seismic reflection surveys should be carried
out in the Middle Caspian Sea.

Contourite drifts can develop accumulations with important seal potential for trapping
hydrocarbons; however, the subject of academic studies based on traditional shallow
penetration high-resolution seismic 2D data and sea-floor piston coring are not contourites
associated with oil-bearing reservoirs [63]. The modern contourites and turbidites of
the Caspian Sea contain large amount of organic plant matter, which can subsequently
become a source of hydrocarbons under the appropriate temperature-pressure regime. Our
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high-resolution seismic reflection profiles do not penetrate deep enough to answer the
question: do these modern sedimentary systems act as possible analogues for any of the
subsurface hydrocarbon discoveries in the region? It is also necessary to have an idea of the
paleoenvironment and paleowater circulation in the Caspian Sea during the accumulation
of ancient sedimentary oil and gas-bearing sediments. Therefore, while any conclusions
about such an analogy are premature, perhaps a dedicated study in the future will answer
this question.

5.4. Geohazards

The Caspian Sea is a large hydrocarbon basin of great value, with its most remark-
able geohazards, along with shallow gas accumulation within sediments and regional
seismicity, being the bottom water circulation and its sediment transport. That is, both
downslope gravity mass transport and transport by turbidity and contour currents. Ev-
ery natural process is responsible for a geological seafloor feature, which can be seen on
seismic sections.

The hydrodynamic regime of the Middle Caspian Sea is a very complicated one;
velocities of near-bottom currents are high (15-100 cm/s) and have a different direction
here [33]. The most dangerous appear to be submarine pipelines, which stretch along all
sediment forms and pathways of various natural processes. Thus, it is very important to
know the slope stability and sediment transport pattern.

The downslope gravity and turbidity flow on the western slope, which causes erosion
of the seafloor and intensive sediment input, are treacherous for submarine pipelines and
could cause ruptures. The SES seismic profiling data indicate that the processes of such
turbidite sedimentation in the studied area of the western slope of the Derbent Basin are
probably accompanied by active underwater slumping. This fact should be considered in
the designation of engineering structures within the petroliferous Yalama-Samur structure
(Figure 18). This issue is especially important because of the substantial thickness (more
than 200 m) deposits west of the studied area [10,11].

Another danger, related to the canyon-channel system in Mangyshlak Sill, is turbidity
sediment waves on their levees, which are indicators of active hydrodynamics. One more
such danger relates to contourite sediment waves in the Derbent Basin near all its slopes.
Thus, any pipeline construction will face issues, making it necessary to obtain more data
regarding the current picture and the bottom relief. It should be noted that the gravitational
folding and faulting on the northern slope of the Derbent Basin were most intense precisely
in the Holocene [11].

The investigation of high-pressure fluids including shallow gas and gas hydrate is
important for the risk assessment of marine geohazards and for localizing conventional and
unconventional hydrocarbon reservoirs [64]. Gas-related processes may cause geohazards
or may be considered a natural source of energy in the near future. For example, pipelines
often have to wind their way through pockmarks fields, adding to the cost of construction.
Furthermore, for other structures, they may represent a significant hindrance and may
severely limit the freedom of the areal use of construction [65].

As a result of the analysis of our seismic profiles, a map of geohazards in the Middle
Caspian was compiled, and the most pertinent geo-hazard threats in each region were
diagnosed [40], to which we made additions and reworked (Figure 18). They should be
taken into consideration when designing, building, and operating submarine constructions
for the oil and gas industry in order to prevent potential natural hazards and reduce
their consequences.
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Figure 18. Map of sedimentary features and geohazards. Bathimetry in meters. Oil fields:
Hval—Khvalynskoe, Cen—Centralnaya, Yal—Yalama-Samur. For sediment features legend see
Figure 17.

6. Conclusions

The Caspian Sea is an important region for the investigation of lake contourites. This
was confirmed by a wide range of contourite erosional and depositional features revealed
in the Middle Caspian Sea for the first time. Contourite drifts, sediment waves and moats
build a large contourite depositional complex covering a major part of the Middle Caspian
Sea. This complex is formed by the strong counterclockwise gyre of bottom currents and
was developed during the last 250 kyr (at least). In the north, the complex is affected by
turbidity currents, while the interplay between along-slope and down-slope sedimentation
processes resulted in the formation of mixed depositional features, such as sediment waves
and sediment mounds.

The modern contourites and turbidites of the Caspian Sea contain a large amount
of organic plant matter, which could subsequently become a source of hydrocarbons
under the appropriate temperature—pressure regime. Our high-resolution seismic reflection
profiles do not penetrate deep enough to answer the following question: do these modern
sedimentary systems act as possible analogues for any of the subsurface hydrocarbon
discoveries in the region? It is also necessary to have an idea of the paleoenviroment and
paleowater circulation in the Caspian Sea during the accumulation of ancient sedimentary
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oil- and gas-bearing sediments. Therefore, while any conclusions about such an analogy
are premature; perhaps a dedicated study in the future will answer this question.

These results should be taken into consideration when designing, building, and
operating submarine constructions for the oil and gas industry to prevent potential natural
hazards and reduce their consequences.
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