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Abstract—Results are presented from research aimed at detecting natural seepage and oil seeps in the seas
of Russia using synthetic aperture radar (SAR) imaging. Real-time and archived data from such modern
SAR-equipped satellites as Envisat, Radarsat-1/2, Sentinel-1A/1B, are indispensable material in search-
ing, detecting, and studying natural oil seepage by observing oil slicks f loating on the sea surface. They are
used to detect oil seeps and natural petroleum hydrocarbon f lows in the Black Sea, the Sea of Azov, the
Barents Sea, the Caspian Sea and the Sea of Okhotsk. Using SAR imagery and the geoinformation (GIS)
approach as well as bathymetric data and additional geological and geophysical information, oil seeps can
be detected from space, their real position on the sea bottom determined, and additional information about
the activity, frequency and volume of oil emissions obtained. As a result, regional oil and gas potential can
be confirmed. This methodical approach can be used to search and detect similar phenomena in the seas
worldwide, and the detection of new hydrocarbon sources using satellite images once again confirms its
efficiency.
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INTRODUCTION
The history of the development of the offshore oil

and gas industry in Russia dates back to the end of the
19th century, when attempts were made to extract oil
in the shallow part of the Caspian Sea. It was the nat-
ural release of oil to the surface that in turn served as
the basis for drilling wells, which led to the discovery
of the well-known Oil Rocks field in Azerbaijan and
gave a strong impetus to the development of the off-
shore oil industry (Serikova, 2015).

A number of oil and gas fields have been discovered
as a result of detecting natural oil seeps in the Caspian
Sea, the Gulf of Mexico, and other regions of the
World Ocean. They are now important sources of oil
and gas hydrocarbons.

Depending on the geological structure of the sea
floor, underwater sources can become active, tempo-
rarily cease their activity, or completely disappear and
then reappear. At the same time, such phenomena can
result from either natural factors associated with, e.g.,
the seismicity of the subsoil (Aliev, 2010; Ivanov et al.,
2007), or such antropogenic activity as gas and oil pro-

duction from offshore wells, as was observed in the
Black Sea in 2018 (Ivanov and Matrosova, 2019). One
way or another, natural oil seepage indicates underwa-
ter accumulations of gas, gas condensate or oil, located
at considerable geological depths and activated in an
appropriate geodynamic setting (Gubkin, 1975).

The importance of the surface as an indicator of the
oil and gas content of a particular area of   the sea f loor
cannot overestimated, since such signs only (some-
times even very bright ones) are not enough to judge
the oil and gas content of the field associated with
them (Gubkin, 1975). In addition to indicating oil
fields, detecting natural oil seeps and their outcrops on
the sea f loor is vital for ensuring the safety of engineer-
ing structures of the offshore oil and gas complex
(Bondur, 2005; Bondur, 2010; Bondur et al., 2014;
Bondur and Zamshin, 2012, 2018; Bukharitsin et al.,
2016) (e.g., oil platforms and subsea pipelines), that is
of extreme importance to the active development of
offshore mineral resourses.

These circumstances determine the prospects of
searching for and detecting natural oil seeps on the
1590
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Fig. 1. Schematic representation of a natural source of oil seepage (© Woods Hole Oceanographic Institution).
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vast shelves and continental slopes of the marginal and
inland seas of Russia. It is believed that petroleum
hydrocarbons form there in the sediments of the lower
complex of these seas, where conditions for the forma-
tion of oil and gas are favorable. It is obvious that oil
can be discharged into the water column of the sea
through permeable zones of various geological struc-
tures and their faults. Oil and gas formed in productive
sediments first enter the bottom area and then travel to
the sea surface. There are often eruptive structures at
the bottom in such places. These include mud volca-
noes and such secondary and single forms as seeps or
gryphons, from which oil is released with varying fre-
quency in the form of oil drops or gas bubbles coated
in oil (MacDonald et al., 2002). When it reaches the
sea surface, gas escapes into the atmosphere and oil is
left behind, accumulating and spreading on the sur-
face, forming many kilometers of slicks that are clearly
visible from space (Fig. 1). Oil films dampen small
gravity–capillary waves, resulting in oil slicks being
displayed on synthetic aperture radar (SAR) images in
the form of dark signatures.

Remote sensing methods is of great interest for
detecting natural oil seepage in seas and oceans. Mod-
ern SAR systems ensure regular all-weather data
acquisition over vast water areas, regardless of lighting
conditions and cloudiness, and with spatial resolu-
tions of 5–20 m. Satellite data are now actively used to
study processes and phenomena in the upper layers of
seas and oceans, including natural oil seepage (Bon-
dur, 2005, 2011a, 2011b; Bondur and Starchenkov,
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2005; Ivanov, 2007; Bondur and Zamshin, 2012; Bon-
dur and Kuznetsova, 2012, 2015; Bondur et al., 2014).

Methodics developed in the works of Williams and
Lawrence (2002) and Ivanov et al. (2007) is used to
analyze and study natural oil seeps detected at one
location on multi-temporal SAR images, along with
the geographic information (GIS) approach (Ivanov
and Zatyagalova, 2007; Ivanov et al., 2014) used in the
majority of similar projects under way in the Russian
Federation. Natural sources of oil have also been dis-
covered and studied using spaceborne SARs and the
GIS approach in the Gulf of Mexico (MacDonald et al.,
1993; De Miranda et al., 2004), in the Caspian Sea
(Williams and Huntley, 2002; Ivanov et al., 2007, 2015,
2020; Ivanov, 2019), in the Black Sea (Evtushenko and
Ivanov, 2012; Zatyagalova, 2012), in the Adriatic Sea
(Ivanov and Morović, 2020), in the Persian Gulf (Iva-
nov and Gerivani, 2020), on the shelves of Sakhalin
(Ivanov and Zatyagalova, 2008; Ivanov, 2010), Africa
(Jatiault et al., 2017) and Australia (Struckmeyer et al.,
2002), and in many other marine basins. Some aspects
of oil seepage in the Black and Caspian Seas were
described by Lavrova et al. (2016).

Aside from pure scientific research, the importance
of studying natural oil seepage is that along with indi-
cating oil and gas content, it is also a source of con-
stant natural pollution of the sea. This must be known
and considered in industrial and environmental
assessments (Kvenvolden and Cooper, 2003) in order
to distinguish natural pollution from anthropogenic.
Studies in the field of gas and oil releases and their
sources also allow us to obtain global estimates of
 Vol. 56  No. 12  2020
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methane and other hydrocarbon emissions into the
atmosphere and hydrosphere (Judd and Hovland, 2007;
Etiope, 2015; Bondur, Kuznetsova, 2015).

In this work, we summarize the results from detect-
ing and studying oil seepage in the seas of Russia (the
Black Sea, the Sea of Azov, the Barents Sea, the Cas-
pian Sea, and the Sea of Okhotsk) using SAR imagery.
The efficiency of this approach is demonstrated by
specific examples. The focus is on little-known
sources of liquid hydrocarbons or those discovered in
2018–2020.

UNDERWATER SOURCES 
OF PETROLEUM HYDROCARBONS

Underwater sources of petroleum hydrocarbons are
oil and gas effluent (eruptive) structures on the sea or
ocean bottom, through which oil enters or seeps into
water column (Shnyukov et al., 1986; Etiope, 2015;
Leifer, 2019).

Natural oil seeps usually occur over accumulations
of petroleum hydrocarbons. Their distribution in dif-
ferent seas and oceans is known, and they are of bio-
genic (microbial metabolic origin), thermogenic
(from deep-lying parent rocks or oil accumulations) or
mixed origin. Oil and gas content is generally consid-
ered the main reason for this phenomenon. Hydrocar-
bons can seep along or across oil- and gas-bearing lay-
ers through faults and cracks in sedimentary rocks,
directly from oil-bearing layers, and be released from
different bottom morphological formations due to
increased reservoir pressure (e.g., during sedimenta-
tion or expansion of the f luid-bearing environment)
and similar reasons. Note also that oil seepage is a
complex and not fully understood phenomenon, and
the literature on this topic is vast.

There is still no unified terminology for bottom
morphological formations that result in oil seepage
(Shnyukov et al., 1986). One of the main reasons for
this is the problem of geologically interpreting under-
water sources of hydrocarbons. The most common
sources include cold seeps, which are often under-
stood to be a variety of bottom formations (Leifer,
2019) or even small areas of the discharge of liquid and
gaseous hydrocarbons on the sea f loor. Seeps can
therefore be considered all possible forms of underwa-
ter sources of hydrocarbons that are of an eruptive
nature: mud volcanoes, salses, gryphons, pockmarks,
and a number of others.

According to Etiope (2015), mud volcanoes are
geological formations in the form of cone-shaped for-
mations (mud salses), from which mud masses and
hydrocarbon gases (usually methane) erupt constantly
or on occasion, often accompanied by water and oil.
Salses are underdeveloped mud volcanoes that also
emit gas, water and sometimes oil (their craters can be
0.5 to 30 m or more in diameter). Gryphons are
responsible for separate gas, water, and oil discharges.
IZVESTIYA, ATMOSPHER
Their outlets are from 1 cm to 0.5 m in diameter, and
their cones can be as high as 1–3 m. Pockmarks are
rounded cone-shaped depressions on the sea f loor
that usually form in loose fine-grained sediments due
to gas being released into the water column. They
range from meters to tens of meters in size at depths of
5–10 m. Sources at the bottom are sometimes posi-
tioned separately, but more often in groups with a
common eruptive focus.

DATA AND MATERIALS

Our research was based on results from the SAR
monitoring of Russian seas, many of which have been
published and presented in the literature. We used
high and medium-resolution SAR data from the Envi-
sat, Radarsat-1/2 and Sentinel-1A/1B satellites.

SAR data have a number of advantages over ones
obtained in other bands of the electromagnetic spec-
trum (e.g., optical). Most important, they do not
depend on natural light or cloud cover, which allows
all-weather monitoring and regular data collection.
Due to their sensitivity to the roughness of the sea sur-
face and the dielectric properties of the underlying
surface, SAR systems are able to detect natural oil
seepage in the sea. Under cloudless conditions and
with appropriate lighting, oil seeps are nevertheless
clearly displayed on optical images.

For example, data from the European and Cana-
dian satellites ERS-2, Envisat, Radarsat-1/2 have
been used to monitor the Russian seas since 2009, but
their data were difficult to access. The European satel-
lites Sentinel-1A/1B, the daily data of which are freely
available, were launched in 2014 and 2016. Since 2015,
it is mainly these that have been used for SAR moni-
toring of the Black Sea, the Sea of Azov, the Barents
Sea, the Caspian Sea, and the Sea of Okhotsk. Optical
survey data from the Landsat-8 and Sentinel-2A/2B
satellites, which are also in the public domain, have
also been used.

Other data and information resources should be
used in addition to satellite data to conduct a compre-
hensive analysis of natural oil seeps in Russian seas.
These include geological, geophysical and hydromete-
orological materials, geospatial databases, and bathy-
metric and navigation data from various sources (e.g.,
the GEBCO and GMRT databases, and the C-MAP
map service), along with available geological and geo-
physical data from oil companies whenever possible.
The position and activity of one underwater oil source
or another at the sea bottom can be characterized
more accurately using such data.

METHODICS

A procedure for recognizing seep activity via GIS
approach was used to detect natural oil seepage in the
seas of Russia from SAR images (Ivanov, Zatyagalova,
2007; Ivanov et al., 2014). It contains a sequence of
IC AND OCEANIC PHYSICS  Vol. 56  No. 12  2020
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actions performed in the GeoMixer web-based GIS
cartographic application (geomixer.ru):

● visually interpreting oil slicks, identifying possi-
ble natural oil seeps, and analyzing them interactively
with specialized computer programs;

● spatio-temporal analysis of all available SAR sur-
veys for the detected location(s);

● selecting and vectorizing individual and groups of
slicks at different times, and creating vector layers suit-
able for entering into the GIS software;

● comparison of slick detection results with the
available ground-based data and other materials;

● assessing the nature of a slick and determining
the position (coordinates) of its underwater source.

Visual interpretation (extracting useful information
about oil seeps using the human eye, with its great
ability to recognize images) requires expert selection
of areas in SAR images that correspond in their char-
acteristics to natural oil seepage. Such signs are due to
variations in the formation and dynamics of oil slicks
on the sea surface, and thus to features of their display
on SAR images (Ivanov, 2007). These include shape,
size, contrast, thickness (based on optical satellite
images), and lifetime. The main features in visual
interpretations of oil seep signatures are tone (bright-
ness), image texture, and contrast. An important fac-
tor in recognizing natural oil seepage is allowing for
hydrometeorological conditions, especially wind
direction and speed.

Interactive (automated) SAR data processing is
normally done as well, and in stages using intermedi-
ate or additional results/data to obtain more reliable
information and confirm the results from visual inter-
pretation (Garcia-Pineda et al. (2009)). However,
interactive analysis with visual interpretation remains
the main means of analysis (Jatiault et al., 2017).

The main characteristics of slicks that should be
noted when searching for signs of natural oil seepage in
optical and SAR images for anomalies of the sea sur-
face are:

● size, shape (simple or complex) and length;
aspect ratio;

● edge of the spot (e.g., sharp, feathery, blurred, or
gradient);

● radar contrast between a slick and clean water;

● color of the oil film on optical images (metallic,
rainbow, silver-gray);

● position relative to the expected location of a seep
on the bottom;

● direction of the drift from the oil seep origin
under the influence of wind and currents;

● period of repeatability in consecutive images;

● spatial grouping and its structure (groups of
slicks);

● orientation and connection with phenomena in
the ocean and atmosphere (e.g., manifestations of
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
internal waves, current shears, eddies, frontal zones,
river outflows, zones of upwelling, temperature and
chlorophyll anomalies, shallow topography, biogenic
films, calm zones, rain cells);

● contextual environment or spatial reference of oil
slicks to offshore oil and gas facilities (rigs, platforms,
terminals, etc.), anchorages, roadsteads, ports and
ships (bright spots and traces), shipping routes, and
places where sewage water is discharged.

Oil discharges from the seabed are often accompa-
nied by outflows of natural gas, gas condensate, and
light oils. The latter form slicks on the sea surface; in
SAR images they have negative contrast relative to the
surrounding surface, and oil seepage on the sea surface
forms dark spots (Ivanov, 2007). Thin oil slicks (film

thickness, ~10−6–10−8 m) that are round and small
form as a result of oil f loating on the sea surface. Drift-
ing on the sea surface, they trace the current field and
form a line over time. In a complex vortex field, they
sometimes take the shape of hooks, zigzags, loops, and
even ovals (Ivanov, 2007). Under the influence of
environmental factors natural oil films can be trans-
ported tens of kilometers from the source (Ivanov,
2007). The form of natural oil seepage can thus differ
in space-based SAR images, depending on the lifetime
of the slick. According to MacDonald et al., (1993)
they can exist on the surface from 4 to 24 hours (on
average, 6–12 hours) at wind speeds of 2–3 to 7 m/s.
It is worth noting that the thickness of the oil films is
important for recognizing of oil seepage in optical
images, since it correlates with their color.

Since oil slicks are confined to specific stationary
bottom sources (e.g., mud volcanoes and gryphons)
that can be activated in constant, quasi-periodic, or
episodic modes. Slicks in a sequence of SAR images
group near certain points (their places of surfacing).
They are distinguished by the pattern of their distribu-
tion and form clusters of characteristic, so-called fan-
shaped structures (Ivanov et al., 2007). As a result, the
surfacing point, periodicity and other characteristics
of seep slicks can be determined using the GIS
approach, especially when wind conditions and subsa-
tellite information are available.

Problems of interactive processing are now being
solved using the GeoMixer web-GIS application
developed by SCANEX Group. The use of this appli-
cation allows spatial analysis of current and archived
SAR images at different times, allowing the nature of
a slick to ultimately be established, and the coordi-
nates of one possible natural oil seep or another to be
identified as the geometric center of a group of
detected slicks. The search and detection of natural oil
seepage in the seas of the Russian Federation are done
exclusively on the basis of the use of this technique.

To determine the volume of emissed oil using SAR
data, we use a procedure in which the area of slick is
measured on SAR images and the film thickness is
estimated from general physical considerations by
 Vol. 56  No. 12  2020
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Fig. 2. (a) Oil seeps detected using SAR images on the Prikerchensky area of the Crimean shelf and continental slope; (b) Distri-
bution of mud volcanoes on the tectonic scheme (shown are volcanoes named after: (1) Mitin, (2) OMGOR, and (3) Naumenko.
Asterisks denote minor mud volcanoes identified by geophysical means (after Shnyukov et al. (2010)).
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associating the color of films with their thickness.
Based on the Bonn Agreement Oil Appearance Code
manual (BAOAC, 2016), estimates of the thickness of
natural oil seep films can be obtained using the color of
the films captured on high and medium resolution opti-
cal images. On the one hand, the color of oil films in the
sea generally varies over a wide range: from dark brown
to silvery gray in the thinnest examples. On the other
hand, the films formed by oil seeps are characterized by
light fractions of oil, the real colors of which change

from metallic gray (thickness, 5.0–50 × 10−3 mm) at

the oil seep origin, to rainbow (0.3–5.0 × 10−3 mm) and

silvery gray (0.04–0.3 × 10−3 mm) at their peripheries.
Note that this technique is constantly being improved.
More accurate estimates of oil emissions can be
obtained in particular if the lifetime of films on the sea
surface and the dynamics of their spreading are consid-
ered (Daneshgar Asl et al., 2017).

NATURAL OIL SEEPAGE IN SEAS 
OF THE RUSSIAN FEDERATION

Black Sea
Emissions of gas as a product of oil and gas content

are well known in the Black Sea. According to avail-
able data, they play an important role in this sea basin
(Shnyukov et al., 1986, 2010, 2013). The conditions for
the formation of gas sources are faults, favorable tec-
tonic environment, the development of diapirism, the
thicknesses of underlying plastic clay rocks, large
accumulations of gas, and abnormally high pressure in
them. Thousands of gas f lares have been identified so
far, and gas releases are observed in the sea everywhere
along the shelf, the boundaries of the shelf dump, and
the continental slope. They are now being system-
atized and mapped (Pasynkov, 2017). Less known,
IZVESTIYA, ATMOSPHER
however, are the natural oil seeps that have been
detected and studied in the Russian, Georgian, and
Turkish sectors of the Black Sea during monitoring
with SAR.

1. Russian Sector
In the Russian sector of the Black Sea, natural oil

seeps have been found on the Prikerchensky area of
the Crimean shelf, on the Sevastopol shelf, and on the
continental slope of the Crimean Peninsula, along
with the vast northwestern shelf (Ivanov et al., 2017a,
2017b; Ivanov and Matrosova, 2019).

On the Prikerchensky section of the Crimean
Shelf, natural oil seeps were discovered 13 km from
Cape Karangat and 16.5 km from Cape Opusk (Ivanov
et al., 2017a) (Fig. 2a). (Note that hereinafter Figs. 2–8
show slicks (their colored outlines) detected over
underwater sources on successive SAR images of dif-
ferent days.) Analysis of the results from monitoring in
2015–2017 and data from geology and geophysics
allowed us to establish a connection between these oil
seeps and local mud volcanism (Fig. 2b).

On the Sevastopol shelf and over the continental
slope of the Black Sea, including the waters of the
Kalamitsky Gulf, irregular oil emissions in the form of
single or groups of oil slicks were recorded sporadically
in 2015–2017, in both SAR and optical satellite images
(Ivanov et al., 2017b).

From time to time, natural oil slicks have been
observed virtually everywhere on the vast north-west-
ern shelf of the Black Sea (Ivanov et al., 2017a). In
mid-spring 2018, however, numerous oil slicks were
detected in the Sentinel-1A/1B SAR images over
depths of 40–50 m near production platforms at the
Golitsynskoye, Arkhangelskoye, and Shtormovoye gas
IC AND OCEANIC PHYSICS  Vol. 56  No. 12  2020
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Fig. 3. Pechori mount and the Kolkheti seep, the main
sources of oil seepage in the Georgian sector of the Black
Sea (original figure from MacDonald and Naehr (2011)).

PechoriPechoriPechori

10
06

10
06

10
06

10
71

10
71

10
71

11
71

11
71

11
71

12
71

13
71

 m

Kolkheti

41°59′
N

41°58′

41°06′ 41°08′ E41°07′

0 0.5 1 km

 
gas flare

acoustic 
anomalies
and gas condensate fields, and at some distance from
them (Ivanov and Matrosova, 2019). According to the
monitoring data, there was no such activity in this area
in earlier years (2011–2017). Therefore one of the
main reasons for the increase in seeping there could be
the technogenic impact on the bottom sediment layer
during the redevelopment of these fields (Ivanov and
Matrosova, 2019).

2. Georgian Sector
Oil seeps within the Georgian sector offshore of

Poti (about 48 km) have long been known (Judd and
Hovland (2007). We shall not dwell on them here, but
we do refer the reader to the works of MacDonald and
Naehr (2011), Evtushenko and Ivanov (2012) and
Zatyagalova (2012), in which they were given consid-
erable attention. Note that detailed bathymetric and
geophysical surveys performed by experts have con-
firmed the presence of two powerful underwater
sources of oil at the bottom of the sea (Pechori mount
and Kolkheti seep) and revealed a number of second-
ary seeps in this area that are periodically active and
emit slightly smaller volumes of oil onto the sea sur-
face (MacDonald and Naehr, 2011). Using SAR data,
the positions of two powerful sources on the seabed at
points with coordinates 41°59′ N and 41°07′30″ E,
41°58′ N and 41°06′15″ E, and depths of 1000–1050 m
were determined independently (Fig. 3), and even
estimates of the seep rates were obtained. The volumes
of oil emissions from regular activity were estimated at
1 to 8 tons of oil per day (or 400 to 3000 tons per year).
Analysis of the entire data set allowed a connection to
be established between oil slicks on the sea surface and
processes of hydrocarbons accumulation and migra-
tion in the sedimentary complex of this part of the sea.

3. Turkish Sector
In the Turkish sector, space-based SARs has also

detected natural oil seepage 19.6 km northeast of the
city of Rize and 43 km off the shores of the city of Ünye
(Ivanov et al., 2017b). Two places with a grouping of
slicks on the sea surface were identified by analyzing
SAR images obtained at different times as a result of a
SAR survey, and thus the locations of sources of oil on
the sea f loor.

Oil seepage off Rize has been long known. Its slicks
have been observed on SAR images of the Envisat,
Radarsat-1, Sentinel-1A/1B and Landsat-8 satellites.
Analysis reveals that the source of oil is located in the
deep-water part of the sea at a depth of about 1050 m
at the base of the continental slope and at 41°09′10″ N
and 40°41′06″ E (Fig. 4a). Considering its constant
flow, it is estimated that the oil discharged from this
source may provide an average supply of 0.3 to 2.5 tons
of oil per day, or 140 to 1000 tons per year.

The second source of natural oil, discovered off the
city of Ünye, is located in the deep-water part of the sea
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
at a depth of about 1020 m, in the middle part of the con-
tinental slope at 41°31′09″ N and 37°20′23″ E (Fig. 4b).
It was also discovered in 2016 as a result of radar moni-
toring.

As in other areas of the sea, natural oil seeps in the
southeastern part of the Black Sea are generally caused
by the accumulation and migration of liquid hydrocar-
bons in the sediments of the continental slope (Judd
and Hovland, 2007; Kruglyakova et al., 2009).

Sea of Azov
Even though single and episodic oil seep manifes-

tations have often been recorded in different parts of
the Sea of Azov, constant oil seepage has been detected
only in the southern part of the sea, 3.5 km from the
village of Kuchugury. It was discovered in 2019 by ana-
lyzing SAR images obtained by the Sentinel-1A/1B
satellites in 2017, 2018 and 2019 (Fig. 5a).

Analysis of the monitoring results showed this oil
seepage was recorded in 49 SAR images (11 in 2017,
18 in 2018, and 20 in 2019) and in eight optical images
of Sentinel-2 and Landsat-8, from which it was found
that the slicks on the sea surface were formed by thin
oil films (Figs. 5a, 5b).

The slicks found here were mostly linear and 0.5 to
17 km long. The area of the sea covered by oil films

ranged from 0.1 to 2.4 km2, depending on the wind
speed. The fan character of the grouping of slicks at
the same place in the sea was detected by spatio-tem-
poral analysis of SAR images for 2017–2019 using the
GeoMixer application (Fig. 5c). This indicated there
is an underwater source at the bottom, and allowed us
to determine its position at a depth of about 10 m and
at 45°25′45″ N and 36°59′13″ E.
 Vol. 56  No. 12  2020
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Fig. 4. (a) Spatio-temporal grouping of oil slicks in the area of the oil seepage (continental slope of the Black Sea; depth ~1050 m)
northeast of the Turkish city of Rize. (b) Spatio-temporal grouping of oil slicks in the area of oil seepage opposite the Turkish city of
Ünye (continental slope of the Black Sea; depth ~1020 m). They were detected on SAR images.
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Judging from the participation of geological and

geophysical material, there could be a connection

between the observed oil seepage and the processes of

mud volcanism, along with the release of small vol-

umes of hydrocarbons from the sedimentary complex
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
of the Sea of   Azov, as on the Taman Peninsula.

According to the Taman Mud Volcanoes database, the

Peklo Azovskoye mud volcanoes and their underwater

counterpart lie on the coast and in the coastal waters

of the Sea of   Azov, in the immediate vicinity of the
Fig. 5. (a) Oil seepage in the southern part of the Sea of Azov offshore the village of Kuchugury in sub-scenes of SAR images from
the Sentinel-1A/1B satellites. © ESA. (b) Oil seepage in the Sea of Azov on quasi-synchronous images on July 19, 2019: optical
Landsat-8 (08:19 UTC) and SAR Sentinel-1A (15:28 UTC). © USGS, ESA. (c) Spatio-temporal grouping of the largest slicks
at the place of detecting an underwater source of hydrocarbons in the sea. (d) Detected oil seep (shown by flag) in the system of
mud volcanoes of the Taman-Azov Region.
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identified source (5.5 and 4.5 km away, respectively).
They are joined by the Kuchugursky and Tizdar mud
volcanoes (on land and sea) (at 4.6 and 10.5 km away,
respectively) (Fig. 5d).

According to Shnyukov et al., (1986), there could
be a number of reasons for oil seepage in this area of
mud volcanoes, so the explanation of the activity of
underwater sources according to the area’s oil and gas
content is contradictory and should be an object of
further research.

Barents Sea

Radar monitoring of the Barents Sea has been under
way since 2015 (Ivanov, 2019). Thanks to the possibility
of using daily space data from the Sentinel-1A/1B sat-
ellites and the GIS approach, a group of natural oil
slicks was observed for the first time in the Norwegian
sector of the sea. They were visible on 29 SAR images
of Sentinel-1A/1B satellites (in 2016, 2017, and 2018),
and firstly in the SAR image of May 2, 2016.

The area of seep activity was established from the
spatio-temporal grouping of slicks in SAR images of
the sea surface (fan structures). This grouping was
located in the central part of the sea, 232 km southeast
of Hopen Island and 370 km northeast of Bear Island
(Fig. 6a). Based on an analysis of the aggregate of
slicks using the GeoMixer, it was concluded that a
group of three underwater sources lie at the bottom in
the deepwater part of the sea at a depth of about 345 m
at 75°13′ N and 31°45′ E. The detected oil slicks formed
IZVESTIYA, ATMOSPHER
lines up to 23 km long. The area of   individual slick

ranged from 0.1 to 20 km2, mainly depending on the
wind speed. Another oil seep is presumably located on
the slope of the seamount (at 79°15′ N and 46°04′ E)
to the south-southwest of the Franz Josef Land Archi-
pelago.

Based on an analysis of SAR images and ground-
based data on bathymetry and shipwrecks, we may
assume the cause of seepage in this region of the Bar-
ents Sea could be due to processes of oil migration in
the sedimentary complex of the central part of the sea,
as in other regions of the World Ocean.

Caspian Sea

One of the best known places of seep activity and
oil seepage is the southwestern part of the Caspian Sea
(Williams and Lawrence, 2002; Aliev, 2014). In the lit-
erature its oil seepage was analyzed in detail by Ivanov
et al. (2007, 2015).

SAR imagery allows a new approach to assessing
the f luid dynamics in the sediments of the Caspian
Sea. The widespread availability of SAR data has also
allowed us to detect and study the micro-seep activity
of the northern Caspian Sea for the first time (Fig. 7).
This activity takes the form of a great many small
repeating slicks on the sea surface (Golubov and Iva-
nov, 2014), which were first recorded on SAR images
in 2011. The spacial extent of the slicks indicates that
these slicks have been fed from below for some time,
and transport on the surface occurs under the influ-
Fig. 5. (Contd.)
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Fig. 6. (a) Oil slicks detected in the central part of the Barents Sea (Norwegian sector) in 2018 as a result of monitoring with SAR;
(b) Spatio-temporal grouping of slicks caused by the activity of the detected seeps (asterisks) in a sub-scene of the SAR image of
Sentinel-1A on August 4, 2017.
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ence of currents. Based on the area of   an individual
slick on the sea surface, it is possible to estimate the
volumes of oil coming from the sea f loor at weak

winds. Estimates of the areas of slicks in several km2

indicate that units of m3 are required for their forma-
tion (Ivanov et al., 2014b).

It is interesting that micro-seep activity has been
observed and recorded on SAR images annually, but
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
only in the spring–summer period (from late March to

early June). There are a number of hypotheses about

this. One of hypothesis is that such a short period of

activity is explained by the influence of the under-

ground hydrosphere, which raises the pressure of

underground water after snow melts on land, and the

effect it has on the oil and gas bearing strata of sedi-

ments. Note also that micro-seep activity with a sim-
 Vol. 56  No. 12  2020
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Fig. 7. Micro-seep activity in the northern Caspian Sea based on satellite monitoring with SAR in 2011–2018 (the boundaries of
the sectors of the sea and the license block are shown in light-brown and violet).
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ilar regime has started to be observed on the shelf of
the Black Sea and in the coastal zone of the Crimean
Peninsula.

The results from analyzing ground-based measure-
ments and SAR images obtained over the north and
middle of the Caspian Sea also show that a great many
small slicks have seepage nature. They are observed on
the surface annually, some in approximately the same
place, favoring the hypothesis of the periodic release
of gas- and oil-saturated f luids from the upper hori-
zons of sedimentary rocks. The results from combin-
ing the distribution of slicks observed on the surface
in the northern Caspian Sea in 2011–2019 and side-
scan sonar data obtained during expeditions by Insti-
tute of Oceanology are extremely interesting. In sev-
eral cases, there is coincidence between objects on
the bottom (pockmarks) found using the sonar data
and the positions of seep slicks on the sea surface
(Putans et al., 2019).

Sea of Okhotsk

Natural oil seepage in the Sea of Okhotsk was
detected for the first time in 2007 on SAR images from
the Envisat satellite. The seepage was detected on the
northeastern shelf of Sakhalin Island over the promis-
ing East Odoptinskaya structure (Ivanov and Zatyaga-
IZVESTIYA, ATMOSPHER
lova (2008) and Ivanov (2010)) and is now well known.
It was investigated in more detail by Sizov et al. (2020)
using archive SAR imagery.

Near the end of 2019, a spatial grouping of smaller
slicks was discovered 21.5 km from the coast and
28 km offshore the town of Okha, to the north of the
oil seepage detected earlier. Slicks were recorded on
11 SAR images acquired in 2017, 2018, and 2019 by the
Sentinel-1A/1B satellites. They were obviously of nat-
ural origin, since they were linear and created a char-
acteristic structure (Figs. 8a, 8b).

Based on the analysis of SAR images obtained at
different times in 2017–2019, it was established that
this oil seep is due to an underwater source on the sea
floor (presumably a cold seep) located at a depth of
67 m at 53°39′ N and 143°21′ E. Joint analysis using
available oil and gas maps showed that this seep is
located on one of the structures of the Kaigan field
(Sakhalin-5 project). Estimates of emission using the

BAOAC (2016) method yield average values of 0.16 m3

of oil per day and up to 58 m3 per year.

CONCLUSION

An analysis was performed of results from studies
aimed at searching and detecting natural oil seepage in
the seas washing Russia using spaceborne SAR imag-
IC AND OCEANIC PHYSICS  Vol. 56  No. 12  2020
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Fig. 8. (a) Examples of oil slicks on the northeastern shelf of Sakhalin Island in sub-scenes of SAR images of Sentinel-1A/1B sat-
ellites. © ESA. (b) Spatio-temporal grouping of slicks at the place of an oil seepage discovered on the shelf.
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ery. Specific examples were given of the possibilities
for detecting oil seepage using spaceborne SARs,
which is now one of the most effective ways of search-
ing and detecting such phenomena. The availability of
remote sensing data and the simplicity of their pro-
cessing and interpretation ensure the reliability and
high probability of identifying oil seep signatures. The
use of SAR images and the accompanying geological,
geophysical, and bathymetric information ultimately
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
provides a complete picture of the sources of hydro-

carbons in different seas.

It is obvious that satellite information on the state

of the sea surface complements the set of traditional

geological and geophysical observations and greatly

improves ways of searching and detecting underwater

sources of oil and gas on the shelves of Russian seas.

This became possible only after the launch of the Euro-
 Vol. 56  No. 12  2020
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pean satellites Sentinel-1A/1B (the Sentinel-1C/1D
are planned), which provide daily SAR surveys of a
number of important water basins, and the Arctic seas
as often as twice a day. In addition, in conditions when
surface manifestations are often inexpressive, only
GIS approach allows us to obtain positive results.

The procedure for recognizing areas of seep activity
in the sea was improved, allowing us to determine the
position of sources on the bottom. We can now obtain
information about their activity and volumes of oil
emissions, and in some cases to establish the causes of
natural oil seepage in the context of the regional oil and
gas potential. Accumulations of oil, gas, and gas con-
densate formed in different periods of the Earth’s geo-
logical history can be found in areas where oil seepage is
widespread and should be confirmed in detail.

The detection of new oil seeps using satellite imag-
ery once again confirms the effectiveness of such
approaches. This is illustrated by the discoveries of
new sources of oil in the Sea of Azov, the Barents Sea,
the Caspian Sea, the Sea of Okhotsk, the Adriatic Sea
(Ivanov and Morovič, 2020) and the Persian Gulf
(Ivanov and Gerivani, 2020).

Finally, satellite observations are an effective and
important source of information about different pro-
cesses and phenomena in the seas and oceans. The
growing constellation of remote sensing satellites and
improvement in ways of analyzing satellite informa-
tion allow us to steadily expand the practical applica-
tion of satellite data for detecting and studying natural
oil seepage in the ocean.
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