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Abstract The drilling areas in Shenhu and Dongsha,
South China Sea, studied from 2007 to 2015, reveal great
heterogeneity in the spatial distribution of the gas hydrate
reservoir. Various types of mass-transport complexes
(MTCs) were developed in the study areas, which served
as ideal reservoirs. To conduct exploration in these areas, it
is necessary to study the different types of MTCs and the
corresponding gashydrate accumulations. By integrating
seismic reflection and log coring data, we classified three
types of MTCs according to their stress distribution: the
tension, extrusion, and shear types, and their correspond-
ing gashydrate accumulation patterns. The results show
that the accumulation of the gas-hydrate varies with the
type of MTC and stress distribution depending on the
MTC’s position (e.g., in the headwall, translational, or toe
areas). Owing to this variance of the MTC’s position, the
corresponding kinemics situation in the MTCs also varies.
Accordingly, we determined the corresponding location in
which the gashydrate develops for various types of MTCs.
Based on the bottom simulating reflectors (BSRs) and the
hydrate core and image logging data, the gashydrate
reservoir shows an obvious heterogeneity in various types
of MTCs. The gashydrate in the tension-type MTCs are
mostly borne in the toe and the headwall parts. In
extrusion-type MTCs, the translational and toe parts
constitute an ideal hydrate reservoir. In shear-type MTCs,
the headwall and toe parts’ coarse-grained sediments show
an obviously hydrate response. After comparing the gas-
hydrate saturation and MTCs morphology statics data, we
were able to quantitatively prove that the main factors
determining gashydrate accumulation in the different types
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of MTC:s are the fault displacement, sedimentary rate, and
flow erosion rate.

Keywords gas hydrate, accumulation pattern, mass-
transport complexes (MTCs), stress distribution, South
China Sea

1 Introduction

Natural gas hydrates are quasi-ice crystalline compounds that
are formed in a low-temperature and high-pressure environ-
ment and are comprised of water and natural gas (Guan et al.,
2009; Matsumoto et al., 2011; Sha et al., 2015). The drilling
results produced since 2015 in the northern slope of the
South China Sea (SCS) have shown that mass-transport
complexes (MTCs) are favorable reservoirs for gashydrate
accumulation (Wang et al., 2014; Yu et al, 2014; Su
et al.,2015; Zhong et al., 2017). Since the Miocene, the
complex hydrodynamic settings in slope regions and canyon
activity migration, introduced in Su et al. (2015 and 2017),
have led to the development of many types of MTCs; this
has made the investigation into the preservation of MTCs
and their corresponding gashydrate-accumulation patterns
challenging (Maslin et al., 1998; Rothwell et al., 1998;
Mienert and Posewang, 1999; Milkov et al., 2000; Milkov et
al., 2001 and 2012).

Previous studies have determined several parameters
that affect the accumulation pattern of the different types of
MTC:s. In the study of Ulleung Basin in South Korea, the
gas hydrate accumulation pattern in the reservoir was
determined by grain-size, porosity, and lithological vertical
sequence; thus, the reservoir heterogeneity played a
significant role in the gas hydrate bearing (Horozal et al.
2009; Lee et al., 2012; Lee et al., 2013a). Mikov (2001)
specified that the heat flow or geothermal fluctuation in the
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Gulf of Mexico can further lead to the release of gas
hydrate in heterogeneous reservoirs. Additionally, studies
on the gas hydrate content in MTCs have been conducted,
particularly with respect to the free-gas release rate
(Nguyen et al., 2016), the deposition rate (Riestenberg
et al., 2003; Plaza-Faverola et al., 2012), and the effect of
sea-level fluctuations (Maslin et al., 1998). Many pub-
lished papers have noted that the complex sedimentary
setting in the slope of the Pearl Mouth Basin in the SCS
(Fig. 1) leads to multiple types of MTCs having developed
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in the study area (Zhu et al., 2010; Chen et al., 2014; Su et
al., 2015; Zhou et al., 2015; Sun et al., 2018). Further,
earlier studies classified the MTCs from a sedimentogen-
esis position (He et al., 2013; Sun et al., 2016), such as the
fact that MTCs are rebuilt by contourites and triggered by
gas hydrate releases. These studies focused on the micro-
faults and their impact on the heterogeneity of MTCs
reservoirs. In this study, we select the Shenhu and Dongsha
areas along the continental slope with various morpholo-
gies and different types of MTCs (Qikun et al., 2017).
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Fig. 1 Locations of the study areas. (a) The base map is the submarine geomorphologic map of the continental slope of the SCS. The two
areas indicated in the map are the hydrate prospective areas: the Shenhu and Dongsha areas. The orange block in the map represents the
hydrate-enriched area. The profile section (b) shows the relative locations of the Shenhu and Dongsha areas, and (c) and (d) are the multi-
beam geomorphology maps of Shenhu and Dongsha, respectively.
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Referring to the retrogressive slide model employed by
Kvalstad et al. (2005) and Alves et al. (2015), during the
sediment unloading and shear band formation, we
speculate on the gas hydrate accumulation pattern and its
relationship with the MTCs distribution at various
locations on the slope. In this study, we review previous
literature and explain the differences in the gas hydrate
distribution and content of various MTCs. By combining
our results with those derived from the previous studies on
MTC:s stress distribution (Kvalstad et al., 2005; Bull et al.,
2009; Alves, 2015), we divided the MTCs according to
their kinematic setting. In the initial stage of the MTCs
formation, they can be divided into three blocks: the over-
steepened hand block, the translation block in the middle
slope, and the folding and thrusting block in the lower
slope (Bryn et al., 2005; Gee et al., 2005; Alves et al.,
2010). Then, owing to the latter sedimentary process
rebuilding, some blocks are eroded (Chen et al., 2014). We
distinguish between the tension and extrusion-type MTCs
according to the foliated strata or bookshelf sliding.
Considering the influence of the bottom flow, the shear-
type MTCs are identified by the obvious erosion boundary.

Previous studies mainly focused on the gas hydrate
content of the MTCs, particularly the parameters affecting
the accumulation system (Biinz et al., 2003; Shankar and
Riedel, 2010; Sha et al., 2015): temperature, pressure, free
gas, and targeted ideal reservoirs. However, studying the
accumulation system and the hydrate-bearing pattern is
difficult owing to the low seismic-data resolution and
limited number of core samples with gas hydrate available

in deep water (Lee and Collett, 2012; Lee et al., 2013a and
2013b). According to the hydrate-bearing pattern, the gas
hydrates are categorized as fracture-filling and pore-filling
(Cook et al., 2008; Riedelet al., 2008; Daigle and Dugan,
2010; Lee and Collett, 2012; Wang et al., 2013; Su, 2015;
Su, 2017). However, the aforementioned patterns of
hydrate accumulation developed areas remains confusing.

2 Geological setting and oceanographic
frameworks

The Pacific, Eurasian, and Indo-Australian Plates directly
control the formation and evolution of the SCS (Tang et al.,
2017). The SCS was formed in the late Mesozoic, and it is
based on the original SCS platform. The present tectonic
framework of the northeastern continental slope is the
result of unilateral extension, crustal fault depression,
thinning, magmatic intrusion, and the formation of oceanic
crust twice (Fig. 2).

The northern continental slope of the SCS has a
geological environment and temperature and pressure
conditions that are suitable for the development of
hydrates; it is anticipated to have a good gas hydrate
resource potential (Sha et al., 2015). Currently, many
geological, geophysical, and geochemical abnormal char-
acteristics related to gas hydrate have been described; four
areas that are prospective sources of gas hydrates have
been identified from the west to the east of the SCS (Fig. 1)
as follows: two areas in Shenhu (GMGS-1 and GMGS-3),
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Fig. 2 Composite lithostratigraphic column of the Qiongdongnan, Shenhu, and Dongsha areas. The columns from right to left are as
follows: formation, thickness, lithology, corresponding facies, and relative sea level. Fm = Formation, Tk = Thickness, Holoc = Holocene,
Pleistoc = Pleistocene, Plioc = Pliocene, Mioc = Miocene, Oligoc = Oligocene, Eoc = Eocene.
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one field in Dongsha (GMGS-2), and the Xisha Sea area
(GMGS-4). This study mainly compares the development
characteristics of the MTCs in the Shenhu and Dongsha
areas.

The Shenhu Sea area, belonging to the Pearl River
Mouth Basin, is located in the middle of the slope break
belt and north of the SCS. It is the first area from which the
gas hydrate samples were obtained. In this study area, the
submarine topography fluctuates greatly and the con-
tinental slope topography is complex and changeable and
declines in a ladder form on the whole. Sea troughs,
valleys, hills, steep slopes, scarps, submarine plateaus,
submarine slumps, and fans are all present in the study
area; these favor the formation of hydrates. At water depths
of 300-3400 m, hydrates occur at a small depth below the
sea floor, and bottom simulating reflectors (BSRs) are
found around the slumping blocks that develop widely and
occur often in submarine MTCs.

The Dongsha area, belonging to the South-west Taiwan
Basin, is located east of the slope break belt and in the
northern part of the SCS. It covers an area of approxi-
mately 400 km?® The drilling survey GMGS-2 revealed
that the Dongsha drilling area has a great hydrate
accumulation potential. The submarine topography is
complex with large changes in the slopes, and the water
depth is in the range of approximately 1,000-2,000 m.
BSRs often occur around the MTC accumulation blocks.

3 Data and method

Cores, wire-line logs, and 3D seismic data were obtained in
2007 and 2015 from the Guangzhou Marine Geological
Survey (GMGS). The core samples were collected along
the slope, including GMGS-3-Well 11 (G3W11), GMGS-
3-Well 17 (G3W17), GMGS-3-Well 18 (G3W18), and
GMGS-3-Well 19 (G3W19). Image well-log data was
collected in 27 wells (the well sites are shown in Fig. 1) as
was their corresponding grain sizes. The size data were
measured using the Mastersizer 2000, which is a laser
particle-size analyzer (SYE209).

The pseudo three-dimensional (3D) survey data used in
this study were taken from the GMGS from 2008 to 2009,
with an average frequency of 65 Hz and 1-ms sampling
interval for an approximately 15 x 25 km? area. The
present study was principally based on the classical two-
dimensional seismic facies analysis (section-view-based
interpretation) and 3D seismic geomorphology approach
(plan-view-based interpretation). The MTCs were recog-
nized as lenticular-boundary shape seismic packages with
a chaotic inner event by the corresponding seismic profile
morphology (Fig. 3).

The log data used in this study were acquired by Fugro®
and processed by Schlumberger® in 2015 and included the
following parameters: natural gamma rays, gamma density,
resistivity, and sonic velocity. The salt extraction effect of

the gas hydrates, value of the resistivity log, and P-wave
velocity were abnormally high in the shallow layers of the
deep sea of the northeastern continental slope; thus, the GR
curve was selected to represent the grain-size character-
istics. The morphology of the GR curve was also selected
as the reference of lithic-facies association.

To study the MTCs kinetics development, we recon-
structed the paleo-morphology during the Wanshan
Formation period (Fig. 2). We identified the fault
(Figs. 4-6) and the geomorphology map (Figs. 7-9)
using the Geoframe® software and released the erosion
and compaction using the software Move®.

The original lithic-facies association may be altered or
destroyed by later deposits; this should be taken into
account in the lithic-facies association classification. We
described the gas hydrate-bearing MTCs in the SCS
following the classification criteria of Bouma et al. (1962)
and Postma et al. (2015). Furthermore, we identified the
relationship between the MTCs and seismic reflection data
in reference to Bull (2009), and we integrated the core
sample with the seismic data following the methodology of
Zhong et al. (2017).

We distinguished the gas hydrate-bearing formation in
the aforementioned nine wells; based on the pressure
release in the core, we determined hydrate saturation in
each well through in situ observation of the four core wells
in Dongsha and Shenhu area. However, owing to the low
number of wells in the GMGS-1, GMGS-2, and GMGS-3
areas (Fig. 1) and other restricting parameters, it was
necessary to study and evaluate the seismic reflection
characteristics of the gas hydrate-bearing layers to
determine the hydrate distribution in the absence of data
for the drilling area. By comparing the original sections
with the synthetic seismograms of the high-resistivity
regions, an amplitude anomaly was detected at the bottom
of the gas hydrate-bearing layer (BGHSZ); this anomaly
was attributed to free gas, which decreased the P-wave
velocity. Nevertheless, BGHSZ appeared as a blank
reflection band in the seismic profiles. The gas hydrate
response in the BSR exhibited skewed reflection char-
acteristics and an amplitude anomaly.

To study the stress distribution in various types of
MTCs, we applied the geo-stress ellipsoid and ellipse
method. According to the dip angle, grain size, and overlap
compaction, we obtained broken angles. Furthermore, by
incorporating the instantaneous frequency (IF) seismic
attribute and its variance body attribute, the bearing pattern
of the gas hydrate was revealed.

4 Mass-transport deposit classification and
their sedimentary characteristics

We classified the MTCs based on Bull (2009) into tension,
extrusion, and shear types (Fig. 3), which can be
distinguished by the normal-fault development, location
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Fig. 3 The various types of MTCs are recognized from the seismic profile. In the tension-type MTCs, we can identify many normal
faults in the headwall area. With the aid of the high seismic reflection, particularly for those parallel to the slope, we can recognize them as
BSRs, which can reflect hydrate enrichment. Accordingly, we speculate that gas hydrate reservoirs in the tension-type MTCs, with low
hydrate abundance, are mostly located at the toe and headwall parts. Regarding the extrusion-type MTCs, the translational and toe parts
serve as desirable reservoirs for the gas hydrate accumulation. The shear-type MTCs’ headwall and toe parts’ coarse-grained sediment can

contribute to the gas hydrate accumulation.

area, dip-angle difference, cover area, and other such
characteristics. The criterion for the MTCs classification is
as follows: tension type MTCs can be identified by some
thrusting and internal folding (Dongsha in-line 320 in Fig.
3). The tension MTCs developed an obvious erosion
boundary and the seismic event truncated in the middle
translation parts (Shenhu in-line 152 in Fig. 3). The
extrusion MTCs have characteristics such as the headwall
scarp, extensional ridges, and developed blocks (Shenhu
in-line 300 in Fig. 3).

4.1 Tension-type MTCs

As the profile and cross-section shown in Fig. 4(a), the
headwall area in tension MTCs develops many normal
faults owing to the high dip slope in the Dongsha area. This
kind of MTC shows a clear-mound seismic package
boundary (Figs. 4(b) and 4(c)). By combining this with

the core sample observations, as in Zhong et al. (2017)’s
study, the sediment can be divided into three layers (Fig. 4
(f)): the foraminifera-bearing hemipelagic deposits in the top
layer, mass deposits with deformation structures in the
middle layer, and fine-grain slump in the bottom layer. The
fault in the middle area develops with a long break distance
and it breaks the mound seismic package boundary
(Fig. 4(d)). Impacted by the fault, the translational part of
the MTC shows slumping and coarse-gained sediment
developed. Based on the core observations, many fractures
break the fine-grained slump owing to differing compaction
in the toe.

4.2 Shear-type MTCs
As identified in the profile and cross-sections presented in

Fig. 5(a), the thickness of the MTCs remains constant
along the slope in the Dongsha area for shear type MTCs. It
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Fig. 4 The in-line seismic profile of the tension-type MTCs (a) and cross-line sections (b), (¢), (d), and (e). (a’) through(e’) display the
interpretation results, which reflect the different MTCs morphology along the slope. (f) and (g) show the identified lithofacies associations
at different locations within the slope according to the studies of Bull (2009) and Zhong et al. (2017). According to the coring data of

G2W09, the lithofacies in the toe area develop more fine-grained sump sediment than in the headwall area.
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Fig. 5 The in-line seismic profile of tension MTCs (a) and cross sections (b), (c), (d), and (e). (a') through (e") display the interpretation
results which reflect the different MTCs morphology along the slope. (f) and (g) show the identified lithofacies associations at different
locations within the slope. Owing to the lack of core data, the lithofacies associations are shown using the resistivity image RAB.

displays an unclear wedge seismic package boundary
(Figs. 5(b) and 5(c)). Combined with the image logging
data, the sediment can further be divided into three layers
(Figs. 5(f) and 5(g)): the foraminifera-bearing hemipelagic
deposits in the top layer, mass deposits with deformation
structures development in the middle layer, and the base
layer. As identified from the low-continuity seismic
reflection in the cross-sections (Figs. 5(b) and 5(c)), the
reworked MTCs have low connectivity. Furthermore, we
recognize several high-reflection blocks along the slope in
the toe part. Thus, we presume this block has slid from the

upper slope owing to bottom-flow reworking (similar to
the sediment pattern observed by Sun et al. (2017)), and its
lithofacies are the same as that of the upper-layer sediment.

4.3 Extrusion-type MTCs

As observed from the profile shown in Fig. 6, several thrust
faults impact the morphology of the MTCs, particularly in
the toe area. Without many normal faults in this area, the
continual seismic package reflects the homogeneous
reservoirs distribution in the headwall area. Moreover,
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Fig. 6 The in-line seismic profile of the tension-type MTCs (a) and cross-line sections (b), (c), (d), and (e). (a') through (e') display the
interpretation results which reflect the different MTCs morphology along the slope. (f) and (g) show the identified lithofacies associations

at different locations within the slope.

the logging data display the mass sediment in this part.
We identify many thrust faults that developed in the
translational and toe areas, and the thickness of the
MTCs increases sharply. In the core log, fractures are
developed at the bottom and large pores are found in the
top layer.

5 Mass-transport deposit kinematics and
corresponding gas hydrate-bearing capacity

5.1 Mass-transport deposit Kinematics

Tension MTCs: The morphology (Fig. 7(a)) with a sharp
dip angle suggests that several normal faults are developed
in these MTCs along the slope (Figs. 7(b) and 7(c)).
Accordingly, based on the aforementioned sediment
characteristics and results of the failure envelope analyses,
fractures are more conveniently developed in the
coarse-grained upper slope deposits, whereas the fine-
grained slumped toe part mainly develops intergranular
pores.

Shear MTCs: The bottom flow (Fig. 8(a)) and tectonic
setting in this area result in the formation of many faults
with different directions that indica)te a shear setting
(Figs. 8(b) and 8(c)). The failure envelope analyses
indicate that fractures are more easily developed in the
upper slope (Fig. 8(e)).

Extrusion MTCs: We identify a small uplift in the slope
break area (Fig. 9(a)). Many thrust faults are developed in
this block (Figs. 9(b) and 9(c)). The failure envelope
analyses determine that fractures are developed in the
headwall, transitional, and toe parts (Fig. 9(e)).

5.2 The relationship between MTCs and gas-hydrate
distribution

Previous studies observed that hydrate melting leads to
shear-strain generation and a decrease in the pore pressure,
which make the former MTCs easier to rebuild (Maslin
et al., 1998; Kvalstad et al., 2005). In the drilling area, the
water depth ranges from 820 m to 1445 m and its values of
heat flow range from 6 to 191 mW/m? with an average
value of 76 mW/m?. Thus, the development of the MTCs
provided relatively appropriate temperature and pressure
environment for the occurrence of the gas hydrate (Shi
et al., 2003). A slip block might be an induction factor of
the slump structure, or slumping might be the consequence
of the resolution of gas hydrates (Brown et al., 2006).
Submarine landslides are closely related to the develop-
ment of gas hydrates. The factors that influence the
formation of landslides mainly include the gradient ratio,
provenance delivery volume, and sediment formation.

1) Tension MTCs. As stated above, we can classify the
gas hydrates based on the patterns as fracture- and pore-
filling gas hydrates. To the tension MTCs, in the headwall
part, owing to the thickness of the mass deposits and high
tensional stress, the coarse-grain sediment can form both
pore- and fracture-filling reservoirs. In the translational and
toe areas, normal faulting can provide a migration path for
free gas. Covered by fine-grained sediment, these faults
and their fractures can preserve gas hydrates when the
temperature and pressure are suitable for gas hydrate
bearing (Figs. 10(a) and 10(b)). In addition, if an amount of
free gas is distributed through the fault or a gas chimney,
this type of MTCs reservoir can bear both pore- and
fracture-filling hydrates.
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Fig. 7 Kinematics in the tension-type MTCs. The map shows the paleomorphology during the MTC’s formation. (b)—(c) are the seismic
profile cross-sections of the MTC, which show the fault structure and its dip angle, and (e) is the broken circle showing different points

along the slope.
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Fig. 8 Kinematics in the shear-type MTCs. The map displays the paleomorphology during the MTC’s formation. (b)—(c) show the
seismic profile cross-sections of the MTCs, which show the fault structure and its dip angle, and (e) is the broken circle showing different

points along the slope.
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Fig. 9 Kinematics in extrusion-type MTCs. The map shows the paleomorphology during the MTC’s formation. Owing to the small
uplift at the MTCs’ toe part, this type of MTCs develops thrust faults, as seen in (b)—(c), which show the fault structure and its dip angle.

(e) is the broken circle showing different points along the slope.
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Fig. 10 The gas hydrate-bearing model of tension-type MTCs (a). The gas hydrate can be identified by the bottom simulation reflection
(@'). The hydrate-bearing model of the shear-type MTCs (b). The gas hydrate can be identified by the bottom simulation reflection (b'). Gas
hydrate-bearing model of the extrusion-type MTCs (c). The gas hydrate can be identified by the bottom simulation reflection (c').

2) Shear MTCs. There are several normal faults
developed in this area despite the low stress experienced
by it. With low external interference and ideal pressure-
temperature conditions, the headwall in the shear-type
MTCs can favor gas hydrate accumulation. In the
translational and toe areas regarding the shear force stated
above, the erosion caused by the bottom flow dissolves the
free gas and leads to gas hydrate release. Therefore, several
small coarse-grained blocks are expected along this type of

MTCs; the translational and toe areas do not favor gas
hydrate accumulation (Figs. 10(c) and 10(d)).

3) Extrusion MTCs. Similar to the aforementioned types
of MTCs, small normal faults can be developed in the
extrusion MTCs. Thus, the coarse-grain sediment can form
both pore- and fracture-filling reservoirs. In the transla-
tional and toe areas, owing to the gravity along the slope
and extrusion force caused by uplift, the thickness of the
reservoir along the slope can favor thick pore-filling
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reservoir formation (Figs. 10(e) and 10(f)). Meanwhile, the
thrust faults and developed small fractures can provide free
gas pathways. Accordingly, these parts of the MTCs can
form thick gas hydrate reservoirs with both pore- and
fracture-filling layers.

6 Impact factors of Gas Hydrate Accumula-
tion and Corresponding Pattern

6.1 Temperature-Pressure fluctuations

The hydrate accumulation pressure is comprised of both
hydrostatic and lithostatic pressure. The water depth ranges
from 820 to 1445 m in the drilling area. In the northeastern
continental slope of the SCS, the heat-flow value ranges
from 6 to 191 mW/m?, (average value= 76 mW/m?).
However, the difference in the MTCs preserved setting
may lead to great head flow heterogeneity. As shown in
Vadakkepuliyambatta et al. (2017)’s study in the Barents
Sea, canyon migrations not only break the original MTC
structure but also impact the local heat distribution, which
may increase the heat-flow value on the sides of the canyon
wall. Thus, owing to the lower impact of the later canyon
activity, the pressure and temperature conditions of well-
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preserved MTCs are unaffected by the heat-flow fluctua-
tion and its impact on the gas hydrate decomposition.
However, owing to the later canyon activity leading to the
MTC structure breakdown, which may change the original
lithostatic pressure and its corresponding heat-flow
distribution (He et al., 2013), the decomposition and
release of the gas hydrate become easier.

6.2 MTCs Kinematic indicators and ideal reservoir dis-
tribution

Sedimentation rate: In previous studies, sedimentation rate
is a key factor determining hydrate accumulation because
of the reservoir space provided by mass deposition (Su et
al., 2015 and 2017). The mass sediment provides the ideal
pore and reservoir space for gas hydrate accumulation.
Furthermore, the foraminifera in the reservoir can provide
free gas, which accelerates the gas hydrate formation.
Regarding the different types of MTCs, the coarse-grained
mass sediment in the base layer of both the tension and
shear MTCs can provide large porosity for gas hydrate
bearing. With the fine-grained layer above the MTCs and
ideal pressure-temperature conditions, these types of
reservoirs favor the formation of the thickness pore-filling
gas hydrates (Fig. 11).
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Fig. 11 The proposed model displays various types of gas hydrate accumulation patterns in the MTCs along the slope. At the high dip-
angle area in the slope, the MTCs are broken by the normal fault, which forms fractures and a fracture-filling gas hydrate reservoir. In the
middle of the slope, owing to the local uplift, the extrusion MTC develops many thrust faults at the toe part. This type of MTC develops a
thick pore-filling gas hydrate at the headwall and fracture-filling gas hydrate at its toe. The shear-type MTCs, controlled by bottom flow
and gravity, develop a thin-layer pore-filling gas hydrate. The chart given below, modified from Yu et al. (2013), shows the pressure-

temperature range in the different parts of the MTCs.
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Flow rate: Gas hydrate cannot be formed under the high
flow-rate condition because the flow can dissolve free gas
and lead to the release of the gas hydrate. According to
Wang et al. (2017), if the flow rate of the bottom flow
exceeds 10 cm/a, the geothermal value fluctuates.
Vadakkepuliyambatta et al. (2015) conducted a study on
the Barronian sea hydrate-rich zone and indicated that the
dissolved free gas accelerates the release of the gas hydrate
because the chemical reaction balance is reversible. Thus,
the fierce hydrodynamic environment leads to the release
of the gas hydrate and can only form thin-layer pore-filling
gas hydrates.

7 Conclusions

1) Integrating the seismic-data interpretation and core log
analysis, we classified MTCs into different types according
to their stress distribution: tension, extrusion, and shear.

2) The study determines that gas hydrate accumulation
varies between the different types of MTCs owing to their
kinemics difference within various parts of the MTCs, such
as the headwall, translational, and toe areas. Accordingly,
we determined the area(s) of gas hydrate accumulation for
various types of MTCs. The gas hydrate-bearing reservoir
in the tension MTCs, with low hydrate abundance, is
mostly located at the toe and headwall. Regarding the
extrusion MTCs, the translational and toe arcas are
favorable reservoir locations for the gas hydrate accumula-
tion. The shear MTCs’ headwall and toe parts have coarse-
grained sediments, which further favor the gas-hydrate
accumulation.

3) From the presented data, the sedimentary and flow
erosion rates are the main factors for determining the gas
hydrate accumulation in different types of MTCs.
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