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Gas Hydrates in the Sedimentary Cover of Passive Oceanic
Margins: Possibilities of Prediction Based on Satellite
Altimetry Data in the Atlantic and Arctic

S. Yu. Sokolov and A. O. Mazarovich
Geological Institute, Russian Academy of Sciences, Pyzhevskii per. 7, Moscow, 119017 Russia
e-mail: sysokolov@yandex.ru, amazarovich@yandex.ru
Received December 24, 2008

Abstract—Analysis of factual data on acoustic indicators of fluid occurrences, negative gravity anomalies
based on satellite altimetry, tectonic deformations, and findings of ultramafic rocks and serpentinites was car-
ried out. Such data make up stable sublatitudinal groups across the Atlantic Ocean. The image obtained suggests
the following cause-and-effect series of processes: (1) tectonic deformations; (2) serpentinization of ultramafic
rocks and generation of methane; and (3) accumulation of gas hydrates in the sedimentary cover near the con-
tinental margin. The second process is accompanied by the formation of negative gravity anomalies; the third
process, by the specific reflection of fluids in the acoustic wave field. These facts provide a basis for forecasting
the presence of gas hydrates based on reductions of the satellite altimetry data and regional maps of the sedi-

mentary cover in the Atlantic and Arctic.
DOI: 10.1134/S0024490209050034

PREREQUISITES
OF THE PROGNOSTIC METHOD

At the beginning of the 1980s, two types of abio-
genic methane sources were investigated at the bottom
of the Atlantic Ocean. The first type was associated
with high-temperature (up to 400°C) hydrothermal sys-
tems confined to the axial segments of mid-oceanic
ridges (MOR) that are described in (Rona and Scott,
1993) and other publications. Tectonic settings of such
systems suggest their interrelation with regions of
intense fracturing of the crust in the MOR zone that fos-
ters the circulation of water (Mazarovich and Sokolov,
1998). This fact is evident, in particular, in zones of low
background seismicity with the Richter magnitude of
more than 3 (Mazarovich and Sokolov, 2002). Accord-
ing to several geochemical indicators (Charlou et al.,
1998), generation of methane of this type is mainly
related to the interaction of seawater with basalts.

Methane of the second type and hydrogen are gen-
erated during the serpentinization of mantle peridotites
(Charlou et al., 1991, 1998; Donval et al., 1997; Simo-
nov et al., 1999). This process is confined to exposures
of massive mantle ultramafic rocks near some trans-
form faults in the Mid-Atlantic Ridge (MAR). Accord-
ing to (Charlou et al., 1998), such phenomena are com-
mon for the MAR, where low spreading rate and low-
productive basaltic magmatism promote the develop-
ment of a crust with abundant residual mantle ultrama-
fic rocks defined as the Hess-type crust (Cannat et al.,
1995).
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Dmitriev et al. (1999) reported data on the geochem-
istry of serpentinization and the quantitative assess-
ment of potential volumes of methane generation: the
ultramafic rock volume of 1 km? involved in reaction
yielded 2.5 x 10° t of methane under the following con-
ditions: the water/rock ratio is 2 and the average carbon
dioxide content in seawater is 2.4 mmol/kg. The opti-
mal temperature range for the given process is 150-
350°C if permeability of rock is fostered by their tec-
tonic fracturing. The water/rock ratio can vary from
10n to 1000n depending on the geodynamic setting and
related fracturing. A gradual subsidence of the 400°C-
isotherm from the MOR to passive margins increases
the effective thickness of the layer of potential methane
generation. Thus, with increasing distance from the
MOR, the process is mainly governed by tectonic
deformations, which provoke the fracture system, and
accessibility of water with the required amount of dis-
solved carbon dioxide.

Dmitriev et al. (1999) also estimated the volume of
methane that can be generated during the accretion of
the Atlantic segment extending from the equator to
~35° N. Effective depth of the serpentinization-prone
layer bottom can increase to 10—15 km near the passive oce-
anic margin with an age of approximately 150-170 Ma.
Lithospheric peridotites not subjected to serpentiniza-
tion beneath the axial MOR zone, where peridotite
exposures account for approximately 10% of the area
based on dredging data (Dmitriev et al., 1999), cool
down beyond its domain to temperatures that are favor-
able for serpentinization. Given that width of the ocean
is approximately 4000 km and length of the ridge along
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the axis is 3000 km, the Hess-type crust has an area of
12 x 10% km?. Assuming that the average thickness of a
rock pile, where the additional serpentinization is possible,
is 5 km and the peridotite content therein is 10%, “the ser-
pentinization-prone layer with a volume of 6 x 10% km?
will release 3 x 102t H, and 1.5 x 10'? t CH,, which are
rather close to estimates made for an open rift zone.
Hence, the total output of hydrogen and methane during
the formation of lithosphere with passive margins can
be two times higher than the estimate for the open rift
zone” (Dmitriev et al., 1999, p. 515).

Accessibility of the oceanic water to unaltered peri-
dotites is problematic, because they are overlain by ser-
pentinites, metagabbro, metabasalts, and the sedimen-
tary cover. In this case, permeability of the crust
depends strongly on the availability of different-scale
fractures that are governed by the tectonic setting
within oceanic plates (Mazarovich and Sokolov, 1998).
Their formation is always accompanied by differently
oriented tectonic stresses with intricate relationships
owing to periodic manifestations of magmatism.

Sedimentary cover of the magmatic substrate ham-
pers the penetration of water into basement. However,
if the sedimentary cover is rapidly formed, the water is
buried together with sediments and can be injected into
the basement along a fracture system in the substrate.
The sedimentary cover commonly plays the role of an
impermeable bed (caprock) that hinders the escape of
gases (hydrogen and methane) and promotes their accu-
mulation, in particular, as gas hydrates.

“In general, such environment does not promote the
development of serpentinization because of a low per-
colation of water in the basement. However, precisely
the shortage of water suggests that serpentinization of
peridotites in such an environment should take place at
a low water/rock ratio and foster the maximal genera-
tion of hydrogen and methane” (Dmitriev et al., 1999,
p. 515).

Ultramafic rocks composed of minerals with a den-
sity of approximately 3.25 g/cm? are replaced by rocks
with a density of 2.55 g/cm? in the course of serpentini-
zation; i.e., the process is accompanied by reduction of
the density of rocks by 20% and their consequent
expansion (Fizicheskie..., 1984). This factor can serve
as a prospecting guide for methane pools in waters con-
fined to the sedimentary cover. Given that the density of
a serpentinite layer decreases by 0.7 g/cm’ and its
thickness reduces to 5 km, the maximal value of gravity
anomalies associated with serpentinization zones can
increase appreciably (relative to zones with unaltered
ultramafic rocks) and reach 140 mGal. Let us note that
the estimate is an upper limit pertaining to Bouguer
anomalies and their recalculation to residual anomalies
rather than anomalies in the free atmosphere, where the
gravitational effect of relief is still uncompensated. The
value mentioned above is an order of magnitude higher
than the accuracy of gravity anomalies (7-10 mGal)
recorded in the World Ocean based on satellite altime-
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try (Sandwell and Smith, 1997). Study of gravity field
at the ocean bottom based on satellite data will make it
possible to elucidate promising areas, where zones of
serpentinization and methane generation may be dis-
covered. The present investigation was carried out in
water areas of the well-studied Atlantic Ocean with the
confirmed presence of gas hydrates, dredged serpen-
tinites, and methane anomalies that correlate with grav-
ity anomalies. Therefore, data on analogous anomalies
will make it possible to predict the potential of the Arc-
tic Ocean.

METHOD OF THE PROCESSING
OF GRAVITATIONAL DATA

The altimetry data (Sandwell and Smith, 1997) rep-
resent ocean level altitudes recalculated to gravity
anomalies in the free atmosphere. The main contribu-
tion to variability of these anomalies is made by the bot-
tom relief, while the contribution of density heteroge-
neities is approximately 35%. The first step of data pro-
cessing is calculation of Bouguer anomalies, the
physical sense of which lies in remoteness of the grav-
itational influence of relief based on altimetry data.
Relief measured by the depth sounding is an indepen-
dent parameter (ETOPOS5, 1995), which is in no way
related to altimetry. Therefore, the calculation is unbi-
ased. Variability of Bouguer anomalies is primarily
related to density heterogeneities of the crust and man-
tle. Of interest for the majority of geological problems
are crustal heterogeneities that create anomalies with
the transverse dimension up to 30-35 km. Based on
approximate bur highly effective estimates, the trans-
verse dimension/depth ratio for the anomaly source is
3: 1. We obtain precisely this ratio for an average ocean
depth of 4 km and crust thickness of 5-7 km. Dimen-
sions of anomalies created by temperature heterogene-
ities in the mantle are considerably higher than the val-
ues given above. Gravitational effect of the crust in the
undifferentiated form is masked to a high extent by
influence of the mantle that can be eliminated by the
compensation for thermal effects. The remaining por-
tion of anomalies (residual Bouguer anomalies) repre-
sents the effect of crustal heterogeneities that are “puri-
fied” to the maximal extent from the influence of other
processes (Fig. 1).

The anomalies obtained reflect the influence of vari-
ables of the crustal thickness and density that are not
differentiated in the general form by reductions of the
gravity field applied in the calculations. We propose a
method for the calculation of anomalies, in which the
effect of density variations would be expressed to the
maximal extent. Essence of the method lies in the exe-
cution of a variational fitting of density that yields the
best compensation of relief at some neighborhood dur-
ing the calculation of Bouguer anomalies. In the case
under consideration, we accomplished calculation for
each point of water area overlapping over a radius of
35 km. Scanning was executed for density values rang-
Vol. 44
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Fig. 1. Residual Bouguer anomalies in the Atlantic Ocean.

-10 O 10

Fig. 2. Density anomalies in the Atlantic Ocean and the 200-m isopach based on (Divins, 2003) showing the applicability boundary

of the method for density anomaly calculation.

ing from 1 to 6 g/cm? with a step of 0.01 g/cm?. For a
fortiori low density values, the relief compensation is
lacking and the correlation coefficient of relief and
Bouguer anomalies is close to 1. For a fortiori high den-
sity values, we obtain relief overcompensation and the
anomaly relief gets inversed with the correlation coeffi-
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cient close to —1. This implies that we have a zero cross-
ing that allows the determination of optimal density at
the neighborhood of the target point. This method is
inapplicable if a large segment of the area is underlain
by sedimentary cover more than 200 km thick. In this
case, correlation between relief and the major gravitat-
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Fig. 3. Setting of gas hydrate occurrences. Modified after
(Downey et al., 2001).

ing surface (e.g., acoustic basement) is violated. Den-
sity anomalies obtained after such calculations are pre-
sented in Fig. 2.

The anomalies have a realistic average level of
2.62 g/cm?®. Positive and negative deviations from this
level demonstrate the qualitative density distribution in
the crust, the quantitative calibration of which is
beyond the scope of the present paper. With respect to
both residual (Fig. 1) and density (Fig. 2) anomalies,
one can clearly discriminate the central Atlantic seg-
ment with the Hess-type crust, which incorporates the
serpentinized peridotites that was responsible for the
negative density background at flanks of the MAR. Let
us note that zones of significant negative background
exist in the southern Atlantic, which is less investigated
by dredging than the northern segment.

COMPARISON OF DENSITY ANOMALIES
WITH PERIDOTITE AND GAS
HYDRATE OCCURRENCES

Analysis of the spatial distribution of gas hydrate
occurrences suggests the following conclusions
(Fig. 3). In the Atlantic water area, an ocean with pas-
sive margins, the main gas hydrate occurrences occur
near the western continental margins in a band extend-
ing from the equator to 35-40° N, where data on the
study of MAR rocks suggest the development of the
Hess-type crust. In addition, negative density anoma-
lies (Fig. 2), which are likely related to serpentinization
of rocks in depressions, trace the Hess-type crust from
the MAR to continents at the same latitudes. We believe
that this coincidence is not accidental.

Gas hydrate occurrences are also recorded in the
southern Atlantic, but they are significantly rare, prob-
ably, because of a considerably lesser study of the
region south of the equator by all methods (bottom
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Fig. 4. Settings of manifestations of (1) peridotites, (2) ser-
pentinites, and (3) methane plumes based on literature data.

dredging, acoustic sounding, hydrochemical survey,
and others). However, density and residual anomalies
of the gravity field suggest the existence of similar
manifestations in this region.

Degree of the region exploration by bottom dredg-
ing is reflected in Fig. 4 that shows findings of ultrama-
fic rocks, serpentinites, and methane plumes based on
literature data. The material was adopted from the data-
base of the Laboratory of Geomorphology and Ocean
Floor Tectonics, Geological Institute, Russian Acad-
emy of Sciences (347 records of rock types mentioned
above in the oceanic segment under consideration).

Analysis of the distribution of ultramafic rocks and
their transformation products (hereafter, specific com-
plex) and their comparison with gravity anomalies sug-
gest conclusions that are essential for the prediction of
gas hydrates in the Arctic, the water area of which is
virtually unsurveyed by bottom dredging, in contrast to
the Atlantic Ocean. Large-scale occurrences of the spe-
cific complex are confined to the ridge segment with the
maximal curvature radius and increased ratio of the
length of offset zones to separate segments of the MAR.
Tectonic deformations of the MAR and its flanks are
best expressed precisely in such zones. As was noted in
several works based on the geological dredging data,
for example (Raznitsyn, 2004), many exposures of the
specific complex could be formed due to horizontal tec-
tonic displacements of crustal blocks along a nearly
meridional direction and their partial overthrusting
along the transform fracture line. In addition, precisely
this segment is marked by the maximal density of mul-
titransform systems with duplex (Marathon and Mer-
cury), triplex (Arkhangel’sky, Doldrums, and Vernad-
sky), and even quadruplex (San Paulo) trough systems.
Hence, this region can be marked by much more exten-
sive crustal microfracturing (relative to other regions of
the water area) and, consequently, more intense serpen-
Vol. 44
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tinization along the fracture system, including flanks of
the ridge. Anomalous fields (Figs. 1, 2) in this zone
enclose large negative zones, the origin of which is log-
ically attributed to tectonic constraints of the region
with the specific complex. Thus, geodynamic setting of
the region reflects its fragmented pattern and fosters
intensification of serpentinization of the mantle sub-
strate. Prospecting guide for methane is represented by
large negative fields in the density and residual anoma-
lies based on the satellite altimetry data.

Spatial distribution of the specific complex makes it
possible to identify four separate groups located in the
following areas: from the equator to 6° N (the most
numerous group), from 10° N to 16° N (association of
15°20" Fracture Zone), from 24° N to 30° N, and from
35°N to 45° N near the Azores—Gibraltar Sill area.
Based on the cluster analysis of ten geophysical param-
eters, Sokolov et al. (2008) divided the Atlantic water
area into several nearly latitudinal zones with a stable
contrast combination of high Bouguer anomalies and
low isostatic anomalies. Such combinations are
encountered in pre-arc zones of the Pacific Ocean. The
sublatitudinal pattern of these zones and the presence of
thrusts therein suggested by the meridional seismic
profiles (Sokolov, 2007), which encompass the entire
sedimentary complex, indicate the presence of recent
tectonic activation related to the nearly meridional
movement of blocks of the oceanic crust. These spatial
groups of the specific complex fall precisely into the sep-
arate zones outlined during an independent investigation
of the oceanic lithosphere. Hence, the new displacement
vector of lithospheric blocks is activated along older
fracture zones and new exposures of the specific com-
plex can be discovered along the old lineaments.

INDICATIONS OF THE PRESENCE OF FLUIDS
IN SEISMIC AND ACOUSTIC WAVE FIELDS

The sedimentary cover formed at remote flanks of
the MAR and its continental margin can accumulate
gaseous products serpentinization and retain them as
gas hydrates at certain PT conditions. If serpentiniza-
tion zones are exposed on the seafloor, methane is
released to the marine water, resulting in the formation
of methane plumes and accumulation of gas bubbles.
Such objects are recorded well in the acoustic field of
echosounders and high-frequency profilographs as typ-
ical images of wave diffraction.

Figure 5 presents some examples of the acoustic
record of fluid discharge into the water column. The
objects are located in a nearly latitudinal zone identified
by cluster analysis in the southern Atlantic. They are
also confined to the negative residual and density
anomalies (Figs. 1, 2). This is a sufficiently convincing
illustration of the fact that degassing can take place in
the depression located 1150 km east of the MAR. Since
water and gas samples were not taken during the cruise,
we cannot affirm that the emission observed during the
cruise comprises precisely products of serpentinization.
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Fig. 5. Acoustic images of fluid discharge into the water col-
umn. Recorded by an EdgeTech 3300 profilograph (fre-
quency 3.5 kHz). Cruise 23 of the R/V Akademik Nikolai
Strakhov (2006).

However, the process is evidently related to the spa-
tially correlated tectonic and fluid (and, possibly, mag-
matic) activity in depressions. A target-oriented study
of these data is also essential, because the modern tec-
tonic theory lacks a consistent explanation of such phe-
nomena at a great distance from the marginal parts of
plates. It should be noted that the cause-and-effect
series discussed in this paper is a special case in general
degassing of the Earth and acoustic records with signs
of the existence of gases in water can also be related
theoretically to another factor, which is beyond the
scope of the present paper.

Seismic record presents several possibilities for the
detection of anomalous fluid regime in the oceanic sed-
iments. According to (Panaev and Mitulov, 1993,
p- 85), the presence of fluids can be suggested by three
signs: (1) the appearance of acoustic transparency of
layers; (2) the “sagging” of cophased axes due to the
local attenuation of sound velocity in sediments; and
(3) the appearance of narrow vertical zones acoustic
brightening related to the injection of fluids. Let us also
note the acoustic brightening of sediments across vari-
ous seismoacoustic complexes of the sedimentary
cover near the basement. The first sign mentioned
above resembles a facies replacement along reflections
from the well-stratified and contrasting beds (up to the
clarified and chaotic ones). According to (Panaev and
Mitulov, 1993, p. 102), such signs can be attributed to
the saturation of sediments with free (“not crystal-con-
fined”) gases related to the decomposition of gas
hydrates under the influence of high thermal flux and
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Fig. 6. Submeridional seismoacoustic record with the vertical acoustic brightening in the sedimentary pile due to the discharge of
fluids and tectonic folding. Cruise 22 of the R/V Akademik Nikolai Strakhov (2000).

hydrothermal reworking of the sedimentary cover;
anomalous seismic records are also attributed to the
presence of sills, dikes, and basalt sheets. The latter for-
mations, however, lead to chaotization and “darkening”
of the record rather than its brightening. In addition,
plug structures usually push upward the margin of
cophased axes. Thus, complications of seismic record
can be divided into two different types: (i) complication
related to fluid regime in sediments; (ii) complication
related to the appearance of alien magmatic bodies. We
should discriminate these types. We should also note
that both types of complication can coexist in nature.
Based on the historical review of this phenomenon,
V.A. Panaev and S.N. Mitulov noted that the fluid-
mediated “brightening” of sedimentary rocks near the
acoustic basement is a reliably established fact
recorded over large areas in all oceans. We believe that
this phenomenon is primarily related to the serpentini-
zation of igneous rocks of the basement and their chem-
ical reaction with water. Let us emphasize that the
effect of methane generation during the reworking of
ultramafic rocks is only two times less prominent for
the basalts (Dmitriev et al., 1999).

Figure 6 demonstrates an example of the nearly
meridional seismoacoustic record of the Cabo Verde
Ridge area that reflects deformation of the sedimentary
cover and the vertical penetration of fluids expressed as
brightening of the record and formation of a flat acous-
tic contrasting profile at the penetration site approxi-
mately 40 m downward from the seafloor. It is interest-
ing that both deformation and vertical brightening of
the record are confined to negative density anomalies
(Fig. 2) that coincide with the nearly latitudinal anom-
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aly zone identified by the cluster analysis (Sokolov
et al., 2008).

Reason for the coincidence of such data—small-
scale anomalous zones in depressions and acoustic
records with fluid and deformation attributes—is
unknown so far. However, comparisons accomplished
in our work have revealed a clear series of cause-and-
effect relations: (1) tectonic deformations; (2) serpenti-
nization of ultramafic rocks (with the formation of neg-
ative anomalies in the gravity field) and generation of
methane; and (3) accumulation of methane as gas
hydrates in the sedimentary cover (with the formation
of specific forms of the acoustic wave field). Processes
of the second and third types are responsible for the
above-mentioned signs that can be used as guides for
the remote detection of target zones. Tectonic deforma-
tions are also expressed well in the acoustic image. This
is evident from data on the Cape Verde Basin (Fig. 6).
Matching of anomalous gravitational zones with the
results of geodynamic regionalization based on cluster
analysis (Sokolov et al., 2008) can provide insight into
causes of the origination of deformations that are
beyond the scope of this paper.

Figure 7 presents an example of the seismoacoustic
record with both deformations and associated brighten-
ing of the record owing to fluid regime in sediments.
The recorded region is located at the junction of the
Arkhangel’sky, Doldrums, and Vernadsky faults (Maz-
arovich and Sokolov, 1997) with a “lense” of negative
density anomalies in the adjacent area (Fig. 2).
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Fig. 7. Submeridional seismoacoustic records illustrating deformations of the sedimentary cover at eastern flanks of the Arkhan-
gel’sky, Doldrums, and Vernadsky faults. The records are related to fluid regime of the acoustic brightening (Cruise 9 of the R/V

Akademik Nikolai Strakhov, 1989).

PREDICTION OF THE PRESENCE
OF GAS HYDRATES IN SEDIMENTS
OF THE ARCTIC REGION

Figure 3 shows that gas hydrate occurrences in the
Arctic region are known in the Canada Basin near the
coasts of Alaska and west of the Spitsbergen Archipel-
ago. In the latter area, Cruise 24 of the R/V Akademik
Nikolai Strakhov was accomplished in 2006 by the
Geological Institute of the Russian Academy of Sci-
ences in cooperation with the Norwegian Petroleum
Directorate. Observations carried out during this cruise
also included the area with gas hydrate occurrences
reported in (Knies et al., 2004). The paper based on the
results of these works (Chamov et al., 2008) demon-
strated that tectonic dislocations leading to the destabi-
lization of gas hydrate pools and the discharge of fluids
are reflected as brightening of the seismic records of
various shapes, including the deformations confined to
faults. In addition, sonar images of seafloor segments at
the sites of fluid discharge include numerous pock-
marks, which are related to the sagging of ground, and
conical buildups related to degassing and evacuation of
the sedimentary material. In the Molloy Fracture Zone
located north of the segment mentioned above, we
detected a segment with intense tectonic fracturing,
brightening of the seismic record, and traces of gas
seepage in the water column (Fig. 8).
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Thus, the phenomenon of degassing of sediments
testifying to their saturation with gases is well known in
the Arctic, particularly in the tectonically deformed
areas adjacent to the shelf. Considering the cause-and-
effect series mentioned above into consideration and its
validity for forecasting manifestations of degassing, we
calculated analogous density anomalies for the Arctic
region. The results are presented in Fig. 9. Calculations
were carried out for the gravitational data (Forsberg and
Kenyon, 2005) and the relief data (/BCAO, 2005). Lack
of the detailed information about the sedimentary
cover, similar to that for the Atlantic Ocean, does not
allow us to draw the 200-m isopach. We used the posi-
tion of the shelf edge as an intermediate boundary of
applicability of the method for density anomaly calcu-
lation. In this process, we remembered that the Arctic
water region includes large (up to 20 km thick) sedi-
mentary bodies, where this method is inapplicable.
Like in Fig. 2, density values given in this case demon-
strate the qualitative pattern of their variation rather
than their quantitative calibration.

The degassing sector shown in Fig. 8 is located in a
negative density anomaly field near the Molloy Frac-
ture Zone. The anomaly field also comprises a degas-
sing site (16°20" E, 80°46” N) at the northern edge of
the Spitsbergen Archipelago. Relative to the Atlantic
Ocean, data on the Arctic region placed at our disposal
are less abundant. However, the recent growth of inter-
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Fig. 8. Acoustic image of fluid discharge into water column in the Molloy Fracture Zone. Recorded by an EdgeTech 3300 profilo-
graph (frequency 3.5 kHz). Cruise 24 of the R/V Akademik Nikolai Strakhov accomplished in 2006 by the Geological Institute of
the Russian Academy of Sciences in cooperation with the Norwegian Petroleum Directorate.
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Fig. 9. Density anomalies in the Arctic region and shelf edge. The gray field shows zones where the method of density anomaly

calculation in the present form is inapplicable.

est and increase in the number of cruises to this region
should put things right and enhance the reliability of
prognostic estimates of gas hydrates and other mineral
resources in this region.

Highly promising in this respect is an approximately
200-km-wide band extending from the Laptev Sea to
the Chukchi Plateau at the continental foothill of Eur-
asia. This band is confined to the Khatanga—
Lomonosov transform zone, implying the presence of
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deformations and microfracturing in the crust. In addi-
tion, this area is crosscut by a series of NE-striking frac-
ture zones (Sokolov, 2009). Given that the Chukchi Pla-
teau and the southern Mendeleev Ridge represent con-
tinental outliers, the southern area of these structures
should comprise tensile Ones. The northern part of the
Laptev Sea and the De Longa Rise are complicated by
grabens extending parallel to the Gakkel Ridge near its
leaning to the continental slope. Thus, the depression
Vol. 44
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part located near the continental slope is characterized
by a set of tectonic deformations that lead to increase in
fracturing of the crust. This circumstance should facili-
tate the percolation of water in ultramafic rocks of the
mantle and initiate serpentinization with the subsequent
generation of methane and its introduction into the sed-
iments.

CONCLUSIONS

1. The set of factual data on acoustic signs of fluid
manifestations, negative gravity anomalies, tectonic
deformations, and findings of ultramafic rocks and ser-
pentinites suggest their confinement to nearly latitudi-
nal zones (in the Atlantic Ocean). According to the sat-
ellite altimetry data, these zones extend from the conti-
nental margins across the ocean.

2. The results obtained revealed the following
cause-and-effect series of processes: (1) tectonic defor-
mations; (2) serpentinization of ultramafic rocks and
generation of methane; and (3) accumulation of meth-
ane as gas hydrates in the sedimentary cover near the
continental margin. The second process is accompanied
by the formation of negative gravity anomalies. The
third process is accompanied by signs of fluid genera-
tion reflected in the acoustic wave field. This fact pro-
vides a basis for forecasting the presence of gas
hydrates in sediments based on the satellite altimetry
data and regional maps of the sedimentary cover.

3. In order to predict the development of gas
hydrates in deep-water sediments of the Arctic region,
we have compiled the map of density anomalies that
can allow us to identify the most promising zone
extending along the continental slope from the Laptev
Sea to the Chukchi Plateau.
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