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Abstract: Accurately identifying the Bottom Simulating Reflector (BSR) is a crucial and fundamental
task in seismic exploration and the interpretation of gas hydrates in marine areas. During our
seismic interpretation and inference work on a gas hydrate survey in the Qiongdongnan Sea area,
we encountered a phenomenon that closely resembled the seismic reflection characteristics of BSR.
By comparing and identifying various geological phenomena, we have determined that this unique
seismic reflection phenomenon is, in fact, the reflection of the depositional bottom interface known as
“mass transport deposits (MTDs)” as described by previous researchers. The physical properties of the
MTDs developed on the shallow surface of the seafloor are similar to those of gas hydrate reservoirs in
the seismic exploration of marine areas, particularly in the northern South China Sea’s Qiongdongnan
Sea area. Due to the lack of active neotectonic movement in the area, most identified BSR reflection
occurrences are parallel to the seafloor. Consequently, during the process of seismic interpretation of
BSR in the Qiongdongnan Sea area, it may be confused with the bottom boundary reflection interface
of MTDs. Accurately identifying MTDs’ sedimentary bodies in gas hydrate exploration activities in
this area would greatly enhance the accurate identification of BSR and support the refined evaluation
of gas hydrate resources. In this paper, the structural characteristics of MTDs are compared with the
reflection characteristics of seismic profiles, the reflectors are identified as MTDs rather than BSR
through analysis and interpretation, and the possible mechanism of hydrate accumulation in this
region is discussed.

Keywords: gas hydrate; mass transport deposits; accumulation mechanism

1. Introduction

The accurate identification of BSR in the seismic exploration of gas hydrates in marine
areas is critical for the precise evaluation of gas hydrate resources. Generally, the reflection
interface can only be interpreted as BSR if the following fundamental conditions are satisfied
in the seismic profile. First, the water depth must meet the conditions for gas hydrate
occurrence. Second, there should be strong abnormal reflection waves observed in the
seismic profile. Third, a blanking zone above the abnormal reflection wave should be
present, with a relatively high interval velocity. Fourth, the interval velocity below the
abnormal reflection wave should be low. Fifth, the polarity of the abnormal reflection wave
should be opposite to that of the seabed reflected wave [1]. However, during gas hydrate
exploration in the Qiongdongnan area of the South China Sea, a geological phenomenon
resembling BSR characteristics has been discovered. Through comparison and identification
of the characteristics, it has been determined that this special sedimentary phenomenon
highly resembles the reflection of the depositional bottom interface known as mass transport
deposits (MTDs). The recognition and formation mechanism of MTDs have been discussed
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in previous studies [2]. Weimer (1990) initially introduced the term “mass transport
complexes” to describe sedimentary stratigraphic units that erode at the base of sedimentary
sequences and are overlain by channels and natural levees [3]. This sediment transport
mechanism predominates on the outer shelf/upper continental slope and involves gravity
flow processes such as sliding, slumping, and debris flows. Its seismic reflection features
typically exhibit a hummocky shape, wavy reflection structure, weak amplitude (with local
medium-strength amplitude), and poor continuity, with a chaotic interior. As it involves
clastic flow plasticization, flow, dehydration, and remodeling, it exhibits characteristics such
as low permeability, high resistivity, and high density [4–7]. The physical characteristics of
gas hydrate reservoirs above the BSR are similar to the characteristics that are of interest
in gas hydrate seismic exploration. However, the practice of gas hydrate exploration in
the Qiongdongnan Sea area has shown that the neotectonic movement in this region is
not active [8]. Most BSRs identified in seismic interpretation are parallel to the seafloor,
and the key evidence of BSR identification, which is oblique to the strata, is largely absent.
Consequently, there is a high risk of confusion with the reflection bottom interface of MTDs
developed in the shallow surface of the seabed during BSR interpretation and identification
research. The accurate identification of MTDs holds significant potential for accurately
identifying BSR in the Qiongdongnan Sea area, thereby providing robust support for the
precise assessment of gas hydrate resources in this area. Previous studies have addressed
MTDs in the Qiongdongnan Basin to varying degrees, shedding light on their formation
mechanisms from diverse perspectives. Wang et al. (2009) identified and investigated the
MTDs occurring in the deepwater area of the Qiongdongnan Basin [9]. They highlighted
that the genetic mechanism of MTDs is influenced by multiple factors, with seismic activity
being a primary trigger and the gradual decomposition of gas hydrates representing a
long-term influencing factor. However, the research conducted thus far has been limited to
the Huaguang Sag, located in the southwest of the Qiongdongnan Basin. The relationship
between MTD development and gas hydrate accumulation remains unclear. Li et al. (2013)
investigated the formation of MTDs in the deepwater area of the Qiongdongnan Basin and
pointed out that the Central Canyon area of the Qiongdongnan Basin developed multiple
stages of MTDs [5], which constituted an important sedimentary unit in the strata since
the Neogene period, and proposed that the high sediment supply rate and the activity of
the Red River strike-slip fault are likely key factors contributing to the development of
MTDs in the Central Canyon area. However, the study did not discuss the relationship
between the MTDs observed in the Central Canyon area of the Qiongdongnan Basin and
the accumulation of gas hydrates in the area.

In short, the identification of MTDs in the Qiongdongnan Basin and their relationship
with gas hydrate accumulation have not been thoroughly investigated, possibly due to data
limitations or divergent research focuses across disciplines. Therefore, based on previous
studies, this study used the latest high-resolution 2D and 3D seismic data collected in
the gas hydrate exploration in the Qiongdongnan Sea area to focus on the gas hydrate
accumulation source conditions, focusing on the Lingnan low uplift and its adjacent areas
in the Qiongdongnan Basin and identifying the MTDs that are prone to BSR confusion in
the gas hydrate stability zone in the area. The origin mechanism of MTDs in the study area
and its significance in gas hydrate accumulation are discussed.

2. Geological Background and Data
2.1. Geological Background

The Qiongdongnan Basin in the study area is a passive continental margin stretching
basin. The basin is connected to the Yinggehai Basin in the northwest, the Hainan Island
Uplift in the north, the Yongle Uplift in the south, and the Shenhu Ansha Uplift in the
northeast, the Pearl River Mouth Basin. It is a Cenozoic sedimentary basin spreading in a
NE direction, with a water depth of 150–2500 m and an area of about 4.5 × 104 km2. The
basin is distributed in the NE direction, showing a NS zoning and EW partitioning structure.
From north to south, the basin can be divided into four parts, the northern depression belt,
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the northern uplift, the central depression belt, and the Yongle Uplift. Previous studies
have shown that the stability region of gas hydrate spans several tertiary structural units
from northeast to southwest, such as the Baodao Depression, Songnan Depression, Beijiao
low bulge, Beijiao Depression, Lingshui Depression, and Ledong Depression.

2.2. Data and Collection Methods

The three-dimensional (3D) seismic acquisition system utilized an air gun with a
capacity of 620 cu.in. as the source and covered an area of 411 km2. The source pressure
was 2000 PSI, and both the air gun and cable were at depths of 4 m and 5 m, respectively.
The number of receiving channels was 768, the coverage times were 48, the spacing was
3.125 m, and the sampling rate was 1.0 ms [10,11]. Moreover, the total length of the two-
dimensional (2D) seismic data survey line was 7000 km. An air gun boasting a capacity
of 570 cu.in. serves as the source of the seismic acquisition system. The source pressure
was 2000 PSI, the depth of the air gun was 5 m, and the depth of the cable was 6 m. The
number of receiving channels was 240, the coverage times were 60, the spacing was 12.5 m,
and the sampling rate was 1.0 ms. The collected 3D and 2D seismic data were processed
and loaded into Geofram 4.5 software for geological interpretation. The seismic reflection
phenomena indicating fluid migration and gas hydrate enrichment, such as BSR, gully
source fault, gas chimney, and MTDs, were mainly identified.

3. BSR Characteristics in the Qiongdongnan Sea Area

To date, over 200 gas hydrate target areas have been identified globally, with the
majority of discoveries attributed to the seismic anomaly marker for gas hydrates known as
“BSR”. BSR is one of the earliest, most widely used, most reliable, and most intuitive seismic
markers for predicting the occurrence of gas hydrate. So far, the identification of marine
gas hydrate in the world is mostly achieved through the identification of BSR on seismic
profiles [12]. In addition, when the gas supply is sufficient and the reservoir is good, the
distribution of the gas hydrate stability zone is solely determined by the temperature and
pressure of the formation. BSR represents the lower boundary of the gas hydrate stability
zone, which is an isothermal surface that resembles the seafloor in parallel and is unrelated
to the occurrence of the formation. When the formation occurrence is not aligned with the
seafloor, the BSR is often oblique to the formation. This is one of the main features to identify
BSR [13–15]. In the field of gas hydrate exploration, previous studies have extensively
investigated the BSRs that exist in the Qiongdongnan Sea region, confirming the significant
distribution of BSRs within the Qiongdongnan Basin [16]. The sedimentary and structural
characteristics of the Qiongdongnan Basin pose significant challenges to identifying BSR
markers. Specifically, most identified BSR markers lack a fundamental criterion for BSR
judgment, namely, the obliqueness of the BSR relative to the strata, which greatly increases
the uncertainty of BSR identified in the Qiongdongnan Basin, and whether the horizon
indicated by the blue and green arrows is really BSR needs further study (Figure 1). From a
physical point of view of the formation, BSR is essentially the wave impedance difference
interface on the seismic profile. Theoretically, any depositional interface with high-to-low
impedance contrast has the potential to generate a reflection interface through which
seismic waves can propagate and create seismic reflection characteristics similar to those
of BSR. Because of this, identifying BSR on seismic profiles has multiple solutions. The
difficulty of BSR identification lies in the extensive development of MTDs in the shallow
surface of the Qiongdongnan Sea area.
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4. Lingnan Low Uplift and Adjacent MTDs in Qiongdongnan Basin
4.1. Classification of Mass Transport Deposits

Moscardelli and Wood (2008) classified deep-water MTDs into two distinctive cate-
gories based on their external morphology, triggering mechanism, sedimentary–provenance
relationship, and provenance location (Figure 3) [19]. The first category is the adjunct type
MTDs, primarily induced by regional geological events and typically producing large-scale
MTDs. Adjunct-type MTDs can be further divided into two subcategories: adjunct conti-
nental shelf-type MTDs (fed by the marginal continental delta systems and triggered by
sea level changes and high sedimentation rates) and adjunct continental slope-type MTDs
(caused by upper continental slope collapse in response to earthquakes, coastal currents, or
storms). The second category is non-adjunct MTDs, inducing relatively small MTDs due to
local geological events. They can be divided into mud volcano or unilateral salt rock uplift,
micro basin margin formed by salt rock, and channel-natural dike margin [20].
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Currently, it is the most crucial approach for identifying deep-water MTDs based on
seismic data [22,23]. It is based on the seismic wave response to MTD boundary and internal
kinematic direction or anisotropy characteristics to identify the overall morphology of deep-
water MTDs or the formation distribution characteristics in the process of transport [20].
Previous research has identified and studied the MTD sedimentary bodies developed in
the Qiongdongnan Basin. Wang et al. (2009) pointed out that deep-water MTDs have
been widely developed in the continental slope of the Qiongdongnan Basin since the
Quaternary period [9]. According to Wang et al. (2011), MTDs are widely distributed in
the gas hydrate exploration areas of the Qiongdongnan Basin, and the high deposition
rate and over-pressure environment unique to this basin contribute to their formation [24].
Furthermore, MTDs observed in Quaternary sediments are located within the hydrate
stability zone. Numerous previous studies have confirmed the existence of a significant
number of MTDs within the Qiongdongnan Basin. Based on recently acquired high-
resolution 2D and 3D seismic data in the Qiongdongnan Basin, this study focuses on the
Lingnan low uplift area and adjacent regions. We present an identification study of BSR in
this area, delimiting MTDs that developed during the Late Quaternary across the study
area (see Figure 2). Finally, we provide a detailed explanation of the inferred formation
mechanism of these MTDs.

4.2. MTDs Identification of Lingnan Low Uplift and Adjacent Areas in Qiongdongnan Basin

Previous studies have shown that MTDs can generally be divided into three structural
units, namely head extension area, slip area of the main sediment body, and toe extrusion
area [24]. Each segment exhibits unique seismic reflection characteristics that assist in dis-
tinguishing between them. Figure 4 displays a slice of the 3D seismic reflection amplitude
at a depth of 2100 ms in our study area (as indicated by the red box in Figure 2). Since the
head extension area occurs within MTDs and lies in a stretching environment, its seismic
reflection is characterized by inconsistent amplitudes and sudden changes in intensity (as
depicted in the lower part of Figure 4). The slip area of the main sediment body repre-
sents the long-distance transport of sliding blocks, where sediments experience mixtures,
compaction, and dehydration by the overlying sedimentary layer during later-stage trans-
port. These factors result in a relatively single lithology, with seismic reflection frequently
appearing as a blank zone on the plane (refer to the middle section of Figure 4). The toe
compression zone belongs to a compression stress environment, and the seismic reflection
also presents as a fuzzy zone. However, its physical properties should be stratified relative
to the body slip zone deposits because its force is weaker than that of the body slip zone,
the degree of sediment mixing is weak, and the seismic plane properties are enhanced
compared to the amplitude of the body slip zone deposits (see the upper part of Figure 4).

4.2.1. Head Extension Area

The head extension area of MTDs is readily identifiable during its current stage of
development. This region generally develops a back wall characterized by one or more cliffs,
which serves as a clear indicator of the extension range for the MTDs’ head. In the area of
the development of the back wall, the seabed topography will generally change, the up-dip
strata of the cliff usually will not be deformed, and the thickness of the strata in the downdip
direction of the cliff will change, or even miss. Due to the tensile stress environment, a
series of plow normal faults and small tensile faults commonly develop within the head
tension area, which has been described in detail in prior research literature [25]. However,
MTDs developed during certain geological periods are often buried beneath newer strata
with a certain depth, leading to compaction or erosion of plow-type normal faults and
small tensile faults within the head stretching area. The identification of these features can
be challenging without high-resolution 3D seismic data. Nevertheless, the tension stress
environment leaves distinctive characteristics that remain visible (Figure 5, with section
location depicted in Figure 2), and the existence of vertical tensioning small faults is evident
from Figure 5.
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4.2.2. Slip Area of the Main Sediment Body

MTDs are multi-phase sedimentary bodies that originate from unstable geological
features situated near continental slopes, canyons, channels, flanks of uplift structures,
and channel sidewalls. These features move down the slope via overall “freezing” under
gravitational influence for varied reasons [26]. It can be seen that the transport process of
MTDs has a certain gravitational potential energy and can form a certain scale effect, which
is mainly reflected in the slip area of the main sediment body. Due to the strong transport
capacity of MTDs, they are often able to form a certain scale. The plane development area
of MTDs identified in the study area in Figure 2 (the range of thick black solid lines) is
preliminarily estimated to cover an area of 1240 km2 and the slip area of the main sediment
body accounts for more than 75% of the total area (Figure 4). During the long-distance
transport of MTDs, due to the uneven strength of sediments overturning and mixing, there
are often some unmodified undisturbed strata and residual blocks in MTDs, which become
one of the important features to identify the slip area of the main sediment body on seismic
profiles (Figure 6, seismic profile location given in Figure 2). In seismic profiles, the physical
properties between the residual block and the stirred sediment are different. The strata
inside the residual block are continuous, with good stratification and strong amplitude,
which is very easy to identify. Moreover, MTDs are severely deformed during transport and
may also be subjected to modification by channels and underflows, resulting in an often
irregular upper interface that is then filled and altered by various types of sediment fed
into the basin, such as channel systems and underflows. The overlying sediments generally
appear as channels, floodplains, and possibly matted sand. As shown in Figure 6, the upper
interface of the block transport body has been identified in the study area as eroded into
irregular grooves with non-uniform erosion degrees across different parts. The closer to
the toe area, the stronger the erosion effect is, which may be related to the relatively fine
toe area sediment and which is more susceptible to external forces.
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In addition, during the transportation of MTDs, rapid migration, uneven sediment
particle sizes, and energetic migration processes often cause varying degrees of erosion on
the bottom shear plane, leading to obviously stepped outlines in local areas with severe
erosion. The bottom shear plane is characterized by multiple types of erosion grooves
(Figure 7, the seismic profile location is shown in Figure 2).

J. Mar. Sci. Eng. 2024, 12, x FOR PEER REVIEW 9 of 16 
 

 

may be related to the relatively fine toe area sediment and which is more susceptible to 
external forces. 

 
Figure 6. The seismic profile of slip area of the main sediment body. Residual block and top erosion 
channel of MTD (the location of the 2D seismic profile is shown in Figure 2). 

In addition, during the transportation of MTDs, rapid migration, uneven sediment 
particle sizes, and energetic migration processes often cause varying degrees of erosion 
on the bottom shear plane, leading to obviously stepped outlines in local areas with severe 
erosion. The bottom shear plane is characterized by multiple types of erosion grooves 
(Figure 7, the seismic profile location is shown in Figure 2). 

 
Figure 7. The seismic profile of slip area of the main sediment body. Characteristics of erosion 
grooves in the lower part of MTD (the location of the 2D seismic profile is shown in Figure 2). Figure 7. The seismic profile of slip area of the main sediment body. Characteristics of erosion grooves

in the lower part of MTD (the location of the 2D seismic profile is shown in Figure 2).

4.2.3. Toe Extrusion Area

Following the occurrence of MTDs, the sediment therein undergoes long-distance
transport resulting in weakened gravitational potential energy. If the transport path encoun-
ters obstacles such as topographic protrusions, or if the movement’s energy is depleted,
MTDs will cease migration and form a strong extrusion effect on the topographic protru-
sions. A variety of extrusion structures are developed along the MTD’s toe, characterized
by parallel and continuous reflections. As shown in Figure 8 (the seismic profile location
is shown in Figure 2), at the end of the marked MTDs (part of which is located inside
the lateral wall of the MTDs), imbricated reflection features appear on the seismic profile,
showing a typical thrust fault structure.
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Therefore, from the above analysis of the three structural regions, it can be confirmed
that this region is definitely developed as MTDs. Although the characteristics are similar
to BSR, from the multi-angle analysis on the seismic profile it can be found that the
development of MTDs is caused by local structures. Figure 9 points out the velocity
response with the sediments. Singular velocity information is not enough to identify MTDs,
and seismic profiles are needed to assist in the identification.
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5. Discussion
5.1. MTDs Trigger Mechanism

At present, the trigger mechanisms of deep-water MTDs are mainly qualitatively
characterized [17,26,27]. According to the genetic classification method of deep-water
MTDs mentioned above, adjunct MTDs can be further divided into shelf adjuncts and
slope adjuncts, which are based on different trigger mechanisms. Shelf adjunct MTDs are
mainly affected by three factors, namely deltaic sediment supply shelf margin, fluctuations
in sea level, and high sedimentation rates. The study area located in the deep-water
continental slope region of the Qiongdongnan Basin does not align with this type. The
upper slope collapse type (continental slope dependent type) MTDs are mainly triggered
by earthquakes, coastal currents, storms, and other mechanisms. Due to its location in
the lower slope environment, it is unlikely for the study area to be associated with this
MTD type. Non-adjunct MTDs are triggered by local geological events and can be divided
into subcategories such as mud volcanoes, unilateral salt uplifts, and micro-basin margins
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formed by salt rocks and channel-natural dike margins [26]. According to Xia et al. (2008),
the Cenozoic tectonic activities in the Qiongdongnan Basin migrated from north to south
as a whole [28], with intense subsidence occurring during the Oligocene (E3) and Pliocene–
Quaternary (N2-Q) periods. The latest research also shows that the neotectonic activity
in the Qiongdongnan Basin also conforms to this rule, that is, the tectonic activity is early
in the north and late in the south [29]. Seismic interpretations of numerous cross-cutting
basins indicate that from the Pliocene to the Quaternary period, tectonic activities were
particularly pronounced in the southern region of the Qiongdongnan Basin. This caused the
uplift and formation of the Yongle uplift block while also leading to the absence of Pliocene
and Quaternary strata in several magmatic active zones. Some magma even penetrated
the seabed directly, resulting in the creation of volcanoes [30]. Comparisons between
Figures 2 and 7 reveal that the Qiongdongnan Basin’s Yongle uplift tectonic belt lies at the
southeastern end of the study area. The area has active magmatic activity and was still in
the tectonically active stage until the late Quaternary period (Figures 2 and 7). Therefore,
we infer that the study area was affected by the late basement uplift (Pliocene–Early
Quaternary) in the southeastern Qiongdongnan Basin, which caused the pre-deposited
strata to slip and extrude to the northwest direction, finally forming large-scale MTDs in
the study area.

5.2. Contribution of MTDs to Gas Hydrate Accumulation Mechanism in the Study Area

Studies on the gas hydrate accumulation mechanism have shown that low temperature
and high-pressure environments, adequate gas supply, favorable migration pathways, and
good spatiotemporal matching of suitable reservoirs are sufficient and necessary conditions
for marine gas hydrate accumulation mechanism. Given the distinctive geological back-
grounds of different regions, each of the four reservoir-forming elements has its specific key
requisites. With respect to the Qiongdongnan Sea area, recent studies on the temperature
and pressure conditions of the gas hydrate accumulation mechanism in the Qiongdongnan
Sea area have shown that most areas in the deep-water area of the southeast Qiongdongnan
Sea area satisfy the temperature and pressure conditions of gas hydrate formation [30–33].
In addition, the deep-water oil and gas survey in the Qiongdongnan Basin has shown that
the Qiongdongnan Sea area is located in the northwest atmospheric area of the South China
Sea. In recent years, oil and gas exploration companies such as China National Offshore
Oil Corporation (CNOOC) have successively discovered the LS17-2, LS25-1, and LS18-1
gas fields, as well as the BD21 high-production gas well in the deep-water and ultra-deep-
water areas of the Qiongdongnan Basin, which have confirmed the ample gas sources in
this area [34–36]. The potential gas source foundation of the gas hydrate accumulation
mechanism is sufficient. However, the research results of gas hydrate reservoirs, especially
a large number of gas hydrate drill-coring studies in the northern South China Sea in recent
years, show that gas hydrates may occur in both muddy silty sand and sandy deposits,
and the quality of gas hydrate reservoirs is not the key control factor for the gas hydrate
accumulation mechanism in this region. Therefore, a good gas migration channel is the key
factor for the gas hydrate accumulation mechanism in the Qiongdongnan Sea area.

The fluid transport system of the gas hydrate accumulation mechanism has been the
subject of extensive discussion among experts from various fields in the Qiongdongnan
Sea area. Wang et al. (2011) first pointed out that polygonal faults, tubular structures, and
diapir structures destroyed the sealing property of the huge thick mudstone strata in the
thermal settlement stage of the post-fracture in the Qiongdongnan Basin [24], causing a
large number of fluids to migrate vertically or nearly vertically upward, providing a good
gas migration channel for gas hydrate formation in this area. However, polygonal faults are
not universally developed in the Qiongdongnan Basin. Moreover, it is only a small-scale
fluid migration channel. Li et al. (2005) showed that the Paleogene fault activity in the
Qiongdongnan Basin was strong and controlled sedimentary development [37]. In the early
Neogene period, the basin underwent a peak in hydrocarbon generation and expulsion
with clear evidence of fault-related fluid migration and hydrocarbon accumulation. How-
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ever, during the late Miocene and Quaternary rapid subsidence, fault activities exhibited
relatively weak vertical fluid transport capacity. The latest high-resolution seismic analysis
of gas hydrate also shows that there have been few faults developed in the Qiongdongnan
Basin, especially in large depressions, since the late Miocene and most unconformities
were developed during the Paleogene era. Therefore, the gas channels of faults and un-
conformities should not be the dominant fluid migration modes of gas hydrate sources
in this area. However, in recent years, there have been recent reports on the discovery of
gas hydrates in the Qiongdongnan Sea area, among which a large number of leaking gas
hydrates have been found [38]. Moreover, the existence of diffused gas hydrate has also
been found [39]. Different scholars have discussed the fluid transport system in the gas
hydrate discovery area to different degrees. On the whole, it is widely recognized that gas
chimney is the dominant fluid transport mode in the area. However, studies have shown
that the gas chimney development area is not completely consistent with the gas hydrate
discovery areas. Furthermore, the gas migrating to the gas hydrate stability area relying on
the gas chimney also needs a certain mechanism to aggregate to form the possibility of gas
hydrate deposits.

Based on previous studies and MTD analysis in this paper, it is proven that MTDs are
a widely developed sedimentary mode in the Qiongdongnan Sea area. Moreover, studies
have shown that MTDs are a kind of plasticization and clastic flow, during which dehydra-
tion and remodeling occur, and differential compaction results in a higher impedance value
relative to the surrounding rock, giving it characteristics of low permeability, high resistivity,
and high density. The formation with “low permeability and high density characteristics”
is a good cap layer for shallow deep-sea fluids. It has a good blocking effect on the upward
migration of free gas in the lower stratum, which is conducive to the gas accumulation
of hydrate accumulation in the lower stratum. When the fluid pressure blocked under
MTDs is high enough, the MTDs’ sedimentary layer will be impaled and broken by the
high-pressure hot fluid. At this time, the gas hydrate may be formed in the fracture zone
of MTDs, forming a near-vertical fracture along the gas escape channel, enlarging the gas
hydrate accumulation space and forming high-quality leaking gas hydrate. Even the fluid
continues to move upward to the seafloor surface, forming a “cold seeps” phenomenon
(Figure 10).
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6. Conclusions

(1) The MTDs of the study area are identified and delineated, and it is believed that the
MTDs of the study area were caused by the late uplift of the southern Qiongdongnan Basin
and the early platform uplift, which caused the large-scale collapse and slip of sediments
in the central depression of the basin, plasticized and flowed in the long-distance transport
process, and finally formed MTDs.

(2) The physical properties of MTDs generally depend on the original sediment type
before their formation, which is determined by the deep-water environment in which they
are formed, and most of them are mainly muddy. As they are formed by plasticization
and clastic flow, dehydration and remodeling will occur in the flow, which determines its
characteristics of low permeability and high density. It can form a good blocking effect on
the upward migration of free gas in the lower layer and is favorable for gas accumulation
of gas hydrate under it.

(3) When the fluid pressure under the MTDs is high enough, the MTDs’ sedimentary
layer will be pierced by the high-pressure hot fluid. In this case, the gas hydrate may form
in the MTDs’ layer or the entire fluid escape channel, forming high-saturation leakage gas
hydrate, or the fluid will even continue to migrate upward to the seabed surface, forming
“cold seeps”.

(4) In the process of BSR interpretation and inferential analysis, if the sedimentary
background study suggests that MTDs may be formed in the gas hydrate stable zone in the
study area, the MTDs’ sedimentary bodies must be accurately identified. Otherwise, they
are easy to be confused with the bottom interface of MTDs. The accurate identification of
MTD deposits is of great significance to the accurate evaluation of gas hydrate resources in
the Qiongdongnan Sea area.
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