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The purpose of this study is to forecast the scale and distribution character of gas hydrate stability zone in
the Chukchi Sea under simulated natural conditions and basing on these results to estimate resource potential of
gas hydrates within this area. Three types of stability zone have been identified. A forecast map of gas hydrate en-
vironment and potentially gas hydrate-bearing water areas in the Chukchi Sea has been plotted to a scale of
1:5 000 000. Mapping of gas hydrate stability zone allowed to give a justified forecast based on currently avail-
able data on geologic, fluid dynamic, cryogenic, geothermal and pressure-temperature conditions of gas hydrate
formation in the Chukchi Sea. It is the first forecast of such kind that focuses on formation conditions for hydrates
of various types and compositions in the Arctic seas offshore Russia. Potential amount of gas, stored beneath the
Chukchi Sea in the form of hydrates, is estimated based on mapping of their stability zone and falls into the inter-
val of 7-10"-11.8-10" m’.
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Introduction. In the recent years many studies have been dedicated to gas hydrates of the Arc-
tic seas [13]. Gas hydrates are solid crystalline compounds composed of water and gas under rela-
tively high pressure and low temperature; under such conditions water molecules form hydrogen
bounded lattice structures with gas molecules inside, trapped by van der Waals forces. Naturally
hydrates usually form cubic crystallographic structures of types I and II, differing by their ratio of
large and small cages of the water lattice. Those cages that better fit the size of gas molecules get
filled first. Hydrocarbon gas hydrates are a solid phase of conventional natural gas (usually pure
methane or a mixture of methane, ethane and carbon dioxide) bounded by water molecules. Gas hy-
drates form under specific thermodynamic, geologic and fluid dynamic conditions. Inside they con-
tain a highly concentrated gas, which means that even decomposition of the smallest hydrate vol-
ume will release substantial quantities of hydrocarbons. This explains why hydrates are regarded as
a promising source of energy. Submarine hydrates are distinguished by their occurrence in the form
of certain geologic bodies (accumulations) similar to ore deposits. Other than that hydrate accumu-
lations should be regarded from the positions of petroleum geology, taking into account specific
pressure and temperature conditions of their formation.

Submarine gas hydrates can form during sedimentation, diagenesis, cooling of existing depos-
its of natural gas and gas-saturated groundwater and their upward infiltration. In most cases, forma-
tion of gas hydrates in submarine environments takes place through gas transportation to the hydrate
formation zone in the filtration flow (filtrogenic hydrates). Apart from that, Arctic shelf basins with
a thick sedimentary cover are expected to have cryogenic hydrate accumulations associated with
relict submarine permafrost [3].

Up until now there have been no reports of gas hydrate recovery in the marine sediments of the
Russian Arctic. On the one hand, insufficient knowledge of the Arctic Ocean due to its geographic loca-
tion in high latitudes (negative temperatures, seasonal and permanent ice cover, lack of developed infra-
structure etc.) poses certain difficulties in gas hydrate research. On the other hand, it is exactly low tem-
peratures and the presence of relict submarine permafrost that create opportunities for hydrate forma-
tion, not only in deep-sea areas but also in shallow shelf seas [4, 5, 12, 14, 16]. Up to date, the scale of
gas hydrate formation in the shallow seas of the Arctic shelf remains an open question.
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Problem statement. Gas hydrate formation can only occur in certain areas or intervals of the
sedimentary or water column, known as gas hydrate stability zone (GHSZ). Above or below this
zone gas either dissolves in the water or remains in a free state. GHSZ is primarily characterized by
thickness and distribution. Basins with favourable pressure, temperature and geologic conditions for
hydrate formation (and/or conservation) are regarded as potentially gas hydrate-bearing water areas,
all the remaining areas are classified as hydrate-free [5].

The Chukchi Sea is situated in the Arctic shelf with an average depth of 40-60 m; however it
has some sea banks with water depth of up to 13 m. An isobath of 1500 m bounds the maximal
depth of the sea, but this deep-water zone only occupies a small sector in the northern part of the
sea. According to forecasts, stability zone for filtrogenic hydrates had to occur in this limited
deep-sea area in the northern part of the sea [8]. An analysis of depths distribution shows that dur-
ing climatic cooling and associated regressions, reaching up to 100 m, the shelf was subaerially
exposed, and ice-bonded permafrost zone (later reflooded) must have formed in the sediments [7].
It is essentially this zone that has been associated with favourable conditions for methane hydrate
formation. Hence, up to the time of this study the hydrate-bearing potential of the Chukchi Sea
has been considered negligible. However, improved methods of GHSZ mapping, analysis of fac-
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tors that control submarine
hydrate formation, and study
on hydrocarbon gases in the
near-bottom  sediments [18]
suggest that gas hydrates could
form even in the shallow water-
areas of the Chukchi Sea.

The aim of this study is to
forecast the scale and distribu-
tion character of GHSZ in the
sedimentary cover of the Chuk-
chi Sea under simulated physi-
cal and geologic conditions and
basing on these results to esti-
mate resource potential of gas
hydrates within this area.

Materials and methods.
The study area is limited by
geographical boundaries of
the Chukchi Sea and occupies
the area of approximately
600 000 km’. In order to define
conditions of gas hydrate sta-
bility, the entire area was cov-
ered with a regular grid of 150
points with longitudinal dis-
tance 2° and latitudinal dis-
tance 0.5° (Fig.1). For each
point of the grid water depth
was calculated using data from
[20]; average annual bottom
temperature and salinity were
taken from [1], geothermal
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gradient values — from [3]. The calculations were car- Temperature, °C

ried out for the water depth interval of 1 500 m. 0 —u A T T O e
The calculation of stability zone thickness has been 1

performed in proprietary VNIIO GHSZ program, 500

which allows to match temperature (and/or geother-

mal gradient) and pressure values in a particular point 1000

of the grid with a selected P-T equilibrium curve.
Equilibrium curves of gas hydrate formation (Fig.2)
have been calculated using [17]. Correlation has been
assessed for every meter of sub-bottom depth. GHSZ
mapping and its differentiation in terms of thickness
in 100 m increments have been carried out in
ArcGIS v.10.4 using geostatistical IDW (Inverse Dis-
tance to a Power) interpolation, which was selected as
a method of constructing the grid function.

Apart from regular grid points, data from ]
143 stations recovering near-bottom sediments (typi- 4000 -
cally no more than 1 m of subbottom depths), which . -
had been used in the analysis of hydrocarbon gas Fig:2. Eq“gfgl‘;nslyc;x::Calculated
composition, were used in this study (see Fig.l). 1-«iydrate—water+methane (100 %)+NaCl solution (3.5 %)»;
This provided an opportunity for significant exten- <0 e e ion 350
sion of the regular grid. The dataset included results 3 - «wdrate—water + methane (60.6 %), ethane (9.1 %), propane

.. . . . (30.3 %) (according to data from station 25, R/V «Maksimowv»
of gas compositional analysis, obtained in VNII- 1981 Y+ salinity(%o);
Okeangeologia expeditions in 1976-1988 and Rus- 4~ temperature profile with the gradient of 3 °C/100 m
sian-American Long Term Census of the Arctic
(RUSALCA) expeditions in 2004, 2009 and 2012 [15, 18]. These data have been used to plot
equilibrium curves and to forecast potential composition of hydrate-forming gas.

Results and discussions. Assessment of pressure and temperature conditions from the
viewpoint of hydrate formation includes GHSZ mapping and evaluation of its thickness, where-
as consideration of geologic criteria allows to estimate possibilities of generation and transpor-
tation of the potential hydrate-forming gas, as well as to forecast formation of hydrates with dif-
ferent compositions.

One of the critical formal geologic criteria, which defines the possibility of submarine hy-
drate formation, is the thickness of sedimentary cover. Hydrate-bearing zones (similar to oil- and
gas-bearing zones for the conventional hydrocarbons) are always associated with thick sedimentary
covers, because essential conditions of gas accumulation include significant amounts of organic
matter and high sedimentation rate, which in its own turn leads to generation of biochemical meth-
ane and prevents it from dissipation. Moreover, thick sedimentary cover facilitates formation of
natural gas through catagenesis. With this in mind, areas that do not possess sufficient amounts of
gas are considered hydrate-free (even if they are located within stability zone), as they do not meet
conditions for gas generation and accumulation [5]. Previously in publications [3, 9] basing on
deep-sea drilling logs it was established that minimal sediment thickness should not be lower than
500 m — in the opposite case sedimentary cover is likely to be located above sulfate reduction zone
and does not support accumulation of biochemical methane, whereas maximal amount of juvenile
methane is much lower than its solubility limit in interstitial water. Optimal thickness that provides
for generation of both biochemical and thermogenic gas, is believed to be 2 km.

From the viewpoint of geology, the study area is located in the continental margin of Lap-
tev, East Siberian and Chukchi seas. It contains two major basins — South Chukchi Basin (pri-
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marily Cretaceous-Cenozoic) and North Chukchi Basin (primarily Paleo-Mesozoic), divided by
the structural Wrangel-Herald Uplift. South Chukchi Basin has sediment thickness of 2-4 km
and is composed of multitudinal echelon deeps, separated by linear swells. The latter can be re-
garded as potential structural traps associated with Cretaceous and Paleogene gas-source rocks
[6, 19]. Maximal thickness of the North Chukchi Basin sediment fill reaches 22 km. The sedi-
mentary cover of the dividing swells is less than 1 km [21].

In order to rule out regions with low hydrocarbon potential, the Chukchi Sea was subdi-
vided into regions according to sedimentary cover thickness using data from [2]. The resulting
map contains hydrate-free areas (with sediment thickness below 0.5 km) and the most promis-
ing regions with sediment thickness of 2 km and more (Fig.1). Most area of the Chukchi Sea
(70 % of the area is characterized by sediment thickness over 2 km, 95 % — over 0.5 km) is cha-
racterized by sufficient thickness of the sedimentary cover to provide favourable conditions for
gas generation and consequently for gas hydrate formation. Significant thickness of the sedi-
mentary cover and high hydrocarbon potential of the Chukchi Sea allow to predict generation of
thermogenic gases (including methane homologues) and their consequent migration toward the
seafloor through the weak zones and faults.

Stability zone of filtrogenic gas hydrates P-T conditions of gas hydrate stability are defined
by the pressure (P) of the hydrate-forming gas and temperature (7). The former parameter is usually
replaced with external pressure (hydrostatic or water depth).

Hydrostatic pressure has been calculated using the water depth data from IBCAO (The Interna-
tional Bathymetric Chart of the Arctic Ocean) [20].

In order to identify GHSZ parameters, time variations and annual mean of temperature and sa-
linity values of near-bottom waters in the Chukchi Sea from hydrological records by Arctic and
Antarctic Research Institute (AARI) [1] have been used. Maps of water temperature and salinity [1]
demonstrate the distribution of long-time average annual values, estimated in AARI using the data-
base of thermohaline characteristics (DBTC) for the Arctic Ocean. DBTC contains data collected
during expeditions from the period of 1900 to 2014. To calculate the average values, these data
have been interpolated into the nodes of the regular 50x50 km grid for summer (August — Septem-
ber) and winter (February — May) periods. According to findings, the temperature of near-bottom
waters in the Chukchi Sea (near the coast of Alaska) varies from —1,8 to 0 °C in winter and from —
1,4 to 6 °C in summer.

Temperature distribution of near-bottom water is closely related to its mineralization. As a rule,
the water mineralization corresponds to the salinity of interstitial water of the bottom sediments
and, therefore, in the calculations of equilibrium conditions for gas hydrate formation they are con-
sidered equal. In GHSZ estimations respective nodes of the grid were assigned values of tempera-
ture and salinity, averaged across the summer and winter hydrological seasons. The interval of ac-
cepted near-bottom temperatures was from —1.5 to 1.0 °C, salinity — from 32.5 to 35 %o. Salinity
across the entire northern part of the basin was close to 35 %eo.

The procedure described above applies to 2D GHSZ mapping. 3D mapping proves to be a
more challenging task, as it requires data on subsoil thermal conditions. Information about the
temperature field of the Arctic submarine sediments is very scarce and unevenly distributed. For
the western part of the Arctic Ocean (shelf of the Barents and Kara seas) there are available es-
timations of the heat flow — either from temperature variations in oil and gas prospecting wells,
or from subbottom thermographs. By contrast, thermal conditions in the eastern part of the Arc-
tic shelf are practically unexplored. In this case the forecasting of heat flow distribution and ge-
othermal gradient is carried out using long span extrapolations, shallow-depth temperature
measurements, as well as indirect data on thermal conditions and known correlations between
the heat flow and the age of geologic structures. The fullest picture of geothermal fields in the
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Arctic Ocean is given by Soloviev et al. [3], who specify variations of the heat flow in the east-
ern part of the Arctic shelf (from 40 mW/m? in the north to 60 mW/m? in the south). According
to [3], geothermal gradient calculations for the Beaufort Sea from the same work (results of
temperature measurements and estimates of geothermal gradient based on observations of the
Bottom Simulated Reflector - seismic horizon, which corresponds to lower limit of the GHSZ)
and the most frequent gradient values for Arctic oil and gas provinces, the most reasonable val-
ue of geothermal gradient for this study appears to equal 3 °C/100 m.

Basing on analysis of the abovementioned materials, we estimated resource potential of gas
hydrates in the Chukchi Sea by means of calculating GHSZ thickness and mapping of the stabil-
ity zone. The first step was to identify formation conditions for pure methane hydrates. For this
purpose an equilibrium curve for the system «hydrate — water + methane (100 %) + NaCl solu-
tion (3.5 %)» has been calculated for the entire mapped area on the assumption of 35 %o salinity
(Fig.2). For each point of the regular grid (see Fig.1) with particular values of temperature and geo-
thermal gradient of 3 °C/100 m GHSZ thickness has been calculated and its distribution has been
mapped (Fig.3, A). It has been established that under given parameters stability zone of methane
hydrates is bounded coastwardly by a 290-m isobaths, so that with minor exceptions almost the en-
tire area of the Chukchi Sea should be classified as hydrate-free due to unfavourable pressure and
temperature conditions.

One more geologic criterion, which must be taken into account when assessing submarine
hydrate-forming conditions, is the composition of hydrate-forming gas — with the temperatures
being equal, «heavier» composition of hydrocarbon gas (in terms of molar mass) requires lower
equilibrium pressure for hydrate formation. Hence, when hydrate forms from a gas mixture, the
first component to transform into hydrate phase is the one with the greatest molar mass. For hy-
drocarbon gases, hydrate transformation ascends in the following order: methane — ethane — pro-
pane [17]. Based on this fact, an assumption has been made that P-T conditions of the Chukchi
Sea, being unfavourable for pure methane hydrates, may turn out favourable for the mixture of
methane and its homologues. In order to test this hypothesis, information on the composition of
potential hydrate-forming gas, as well as data on its distribution patterns in the sediments of the
study area was required.

Works [10, 18] contain some data on gases in the near-bottom sediments of the Chukchi
Sea, but they were not considered in respect to hydrate formation. This paper offers an analysis
of all available data on the molecular composition of sediment gases, obtained by coring in the
Chukchi Sea (see Fig.1). In total, 240 gas samples have been examined, 185 of them contained
methane homologues in the gas mixture. Statistically it has been identified that geochemical
background of the study area is characterized by methane concentrations up to 0.05 cm’/kg and
homologue concentrations up to 0.001 cm’/kg. Around one third of the samples have anoma-
lously high gas content as compared to the background level. Maximal concentrations reached
34.6 cm’/kg for methane and 0.02 cm’/kg for its homologues. The proportion of hydrocarbon
gases in the samples is highly volatile: methane 60.6-99.9 %, ethane 0-16.7 %, propane
0-30.3 %, butane 0-0.96 %. Evidently, the content of methane homologues in the Chukchi Sea
sediments varies in a wide range and reaches significant values. Obtained information reflects
both background levels of hydrocarbon gases, generated in shallow sediments during biochemi-
cal decomposition of the organic matter, and anomalous values, caused by ascending gas migra-
tion from the deep sediment strata (even without isotope data on C/(C,+ Cj;) ratio, an assump-
tion can be made that a gas with such composition has a migration origin). Thus, a 2D analysis
of hydrocarbon gas distribution in the Chukchi Sea sediments allowed to identify approximate
location of gas seepage sites. All of them occur at depths 40-80 m and are situated in the central
part of the study area (triangles in Fig.1).
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It should be mentioned that the composition of hydrate-forming gas is the key factor responsi-
ble for the resulting hydrate structure and its formation conditions. It has been identified that the
ratio between the sizes of «guest» gas and «host» water molecules defines equilibrium P-7 condi-
tions: lower 7 means higher equilibrium P. Methane forms hydrates at higher pressure than other
gases, and adding only 1 % of propane to the mixture reduces equilibrium pressure by 42 %. In gen-
eral, the same is true for ethane. Natural gases with propane and isobutene content higher than
0.3 % form hydrates with a cubic structure II.

Due to high volatility of molecular composition, the average proportion of hydrocarbon gases
in the gas mixture has been determined statistically: methane 95.997 %, propane 2.115 % and bu-
tane 0.009 %. Later this proportion has been used as a composition of potential hydrate-forming
gas in subsequent assessment of GHSZ parameters (Fig.3, B). Temperature, pressure, salinity and
geothermal gradient were the same as described earlier, the equilibrium curve has been calculated
for the system «hydrate — water + methane (95.997 %), ethane (1.879 %), propane (2.115 %),
butane (0.009 %)+ NaCl solution (3.5 %)» (see Fig.2). GHSZ calculations were performed for
the regular grid. It turned out that stability zone for mixed-gas filtrogenic hydrates is bounded
coastwardly by an 80-m isobaths. As seen from Fig.3, B, a 5 % change in molecular composition
of the hydrate-forming gas significantly broadens the stability zone and increases its volume.
However, extrapolation of this hypothetical hydrated gas composition across the entire study area
would not be justified.

In order to get the closest approximation to hydrate-forming conditions of the Chukchi Sea, at
the next stage of research the grid was modified by adding sampling points to the regular grid. For
each new point of the extended grid individual equilibrium curve for the system «hydrate —
water + methane + homologues + salinity ( %o0)» has been calculated basing on measured composi-
tion of the gas mixture and taking into account regional variations of seawater salinity and near-
bottom temperatures. An example of such curve is presented in Fig.2 (curve 3). In the nodes of grid
with unknown actual composition of hydrate-forming gas, assessment of GHSZ parameters has
been performed for the regular grid using equilibrium curve «hydrate —water + methane
(100 %) + NaCl solution (3.5 %)». These calculations allow to state that under given parameters the
shelf of the Chukchi Sea has favourable conditions for mixed-type hydrate formation starting from a
40-m depth. It should be noted that the stability zone was especially thick (100-750 m) in the prox-
imity of 22 out of 143 sampling stations. Thus, by adding points of actual measurements to the reg-
ular grid and modifying the calculation procedure, reliability of the GHSZ forecast was significantly
improved.

Stability zone of cryogenic gas hydrates The study of hydrate-forming conditions in the Arctic
shelf would be incomplete without cryogenic hydrates. GHSZ distribution should correspond to the area
of relict permafrost, and the top of the stability zone can be associated with the upper limit (intra-
permafrost hydrates) or lower limit (sub-permafrost hydrates) of the cryolithozone [7].The upper and
lower limits of the stability zone itself, i.e. its thickness, can only be determined through direct or indi-
rect observations during permafrost drilling. The data presented above indicates that thermal pattern and
mineralization of bottom waters in the Chukchi Sea enable conservation of bottom sediments in sea-
sonal or permanent frozen state. However, only a small coastal area, associated with a relict permafrost
zone, predicted in [7] and characterized by maximal thickness of 50-100 m, has the potential of gas hy-
drate presence (see Fig.1). Taking into account conditions of gas generation, a part of this zone (Fig.1)
should be considered as hydrate-free due to insufficient thickness (below 0.5 km) of the sedimentary
cover. This being said, the area of cryogenic gas hydrates stability zone distribution reaches approxi-
mately 5 700 km® (Fig.3, C). According to [8], its thickness amounts to 200-400 m.
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Thus, an integrated approach to forecasting hydrate-forming conditions in the Chukchi Sea based
on geologic, permafrost, pressure and temperature criteria and composition of the hydrate-forming gas
allowed to identify three types of stability zone (Fig.3, B): GHSZ-1 — filtrogenic hydrates, mostly pure
methane composition, cubic crystalline structure I; GHSZ-2 — filtrogenic hydrates of mixed composi-
tion, cubic crystalline structure II; GHSZ-3 — cryogenic hydrates, methane composition, cubic crystal-
line structure I. GHSZ mapping served as a base of subsequent resource estimations, discussed below.

Assessment of gas hydrate resources in the Chukchi Sea. One critical task of gas hydrate research
is to assess the scale of hydrate formation and amounts of gas stored in the subsoil in the form of hy-
drates. GHSZ mapping is one method to estimate gas hydrate resources, and in the absence of direct ob-
servations of gas hydrates in the Russian Arctic it proves to be the only feasible option.

Resource estimates of gas hydrates can be divided into local (Q;) — for separate accumulations, re-
gional (QOg) — for hydrate-bearing regions or provinces, and global (Qg) — for the entire World Ocean.
Overall regional estimate for the Chukchi Sea (Qr) must comprise regional estimates of gas amounts in
filtrogenic hydrates of methane (Qg;) and mixed composition (Or,) and cryogenic hydrates (Qg3)

According to [9], amount of gas captured by hydrates can be calculated using formula Q = g5,
where ¢ — gas content per unit area, m’/km? subdivided into local g;, regional gz and global gg;
S —potentially hydrate-bearing water area, km®.

If one knows g and respective hydrate-bearing area Sg, it is possible to estimate target values. As
for the areas, in our case they correspond to three types of stability zone, presented in Fig.3, C (see
Table). The gas content per unit area in each stability zone is much harder to asses due to the absence
of field data. Analysis of published estimates and their methodology for the World Ocean and Arctic
Ocean allowed to apply an individual approach to the selection of gz values.

Following the algorithm described in [9], in case there is no reliable data it is acceptable to use
the average value of gas content per unit area ¢; = 6.5-10° m*/km?, calculated across 16 thoroughly
studied hydrate accumulations. In order to adjust the value of g, to regional estimates, gz can be calcu-
lated as 6.5°10%:40 = 1.6:10" m*/km” basing on the assumption that average density of gas resources in
hydrate accumulations g; exceeds the same value in potentially hydrate-bearing areas gz by factor of
40, because resource density of hydrate accumulations has the same distribution as that of conven-
tional gas fields [9]. Multiplying 1.6:10” m*/km? by the area of potentially hydrate-bearing areas pro-
duces the target estimate. Values of Qg and QOzs, calculated for methane hydrates with this method,
are presented in the Table under Scenario 1.

Another possible approach to resource estimation is based on the assessments of the U.S. Geo-
logical Survey [11]. Using geological statistics (with no regard for actual data on hydrate observations
and extrapolating calculated parameters across the entire potentially hydrate-bearing area), gas re-
sources have been estimated for nine submarine areas located in the U.S. exclusive economic zone,
including the Gulf of Alaska, Beaufort and Bering seas. Methane content per unit area gy for the
abovementioned regions has been calculated by V.A. Soloviev [9] using data from [11]. Thus, for the
Gulf of Alaska, whose P-T conditions are the closest to those of the study area, gz equals
2.7-10° m’/km’. The value for Beaufort and Bering seas is of the same order of magnitude (3.8 and
2-10° m*/km?), which basically means that data from the Gulf of Alaska can be used in the calcula-
tions of Qg and QOgs for methane hydrates with the proviso that the results are likely to be overesti-
mated due to the use of statistical method (see Table, Scenario 2).

Described procedure applies to methane hydrates. It is harder to estimate g value for the hydrates
of mixed composition. The calculation of GHSZ-2 (Fig.3, C) has been carried out for the hydrates
of cubic structure II. Hence, all gz values were divided by 2.95, the least value of gas expansion fac-
tor for such structure (5.75:17-164), where 5.75 and 17 — hydrate numbers for structures I and II
respectively, 164 — methane expansion factor (see Table).
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Gasresour cesin hydrates of the Chukchi Sea

Scenario 1 Scenario 2
Potentially hydrate-bearing
GHSZ /0x area S, km? o, ki In-place gas hydrate ga, m/knn’ In-place gas hydrate
k> resources O, m’ R resources O, m
GHSZ-1/0g, 20000 1.6°10 (from [9]) 3.20-10" 2.7-10° (from [11]) 5.40-10"
GHSZ-2/0g, 54000 5.4-10° 2.93.10" 0.9-10° 4.86-10"
GHSZ-3/Qxs 5700 1.6°107 (from [9]) 0.91-10" 2.7-10° (from [117]) 1.54-10"
Total 79700 - 7.0-10" - 11.8-10"

As seen in the Table, Qg results based on gz value for the Gulf of Alaska is by three orders of
magnitude higher than those obtained with the measured gas content. These evaluations can be re-
garded as maximal and minimal estimations of the study area.

Conclusions. In this study using integrated approach the potential of gas hydrate presence in
the Chukchi Sea was estimated by means of assessing parameters of the stability zone and its map-
ping in ArcGIS software. A forecast map of potential hydrate-bearing areas of the Chukchi Sea has
been plotted to a scale of 1:5000 000. Our results demonstrated that even shallow areas of the
Chukchi Sea shelf (from 40 m and deeper) are characterized by the presence of stability zones of
structure II gas hydrates.

2D analysis of hydrocarbon gas distribution in the Chukchi Sea sediments allowed to identify
approximate location of thermogenic gas seepage sites at 40-80 m depth in the central part of the
study area.

Three types of gas hydrate stability zone have been specified: filtrogenic GHSZ of pure meth-
ane (1) and mixed composition (2), characterized by cubic structures I and II respectively, and
cryogenic methane hydrate stability zone (3), characterized by cubic structure I.

Mapping of gas hydrate stability zone allowed to obtain a justified forecast of its distribution,
based on available data on pressure, temperature, geologic, fluid dynamic, permafrost and geother-
mal conditions in the Chukchi Sea. Total area of hydrate stability zone (regardless of origin and
composition) amounts to 80 000 km?*, which is more than 13 % of the overall area of the Sea.

Potential in-place gas resources, captured by hydrates in the Chukchi Sea, have been estimated
to lie between 7-10"" and 11.8-10"* m® depending on the calculation method.
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