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Abstract

Before the implementation of offshore oil and gas exploitation, it is essential to understand the various factors that
influence the stability of submarine sediments surrounding the project. Considering the factors such as cost and
operability, it is not feasible to assess the physical-mechanical properties of sediments covering the entire region
by borehole sampling. In this study, the correlation between near seafloor seismic amplitude and the mean shear
strength of shallow sediments was explored using seismic and core testing data from the northern continental
slope area of the South China Sea. Results showed that the mean water content of sediments in the layer up to 12 m
below the seafloor (mbsf) gradually increased with increasing water depth, and the mean shear strength tended to
decrease rapidly near the 1 000 m depth contour. The near seafloor seismic amplitude could reflect the mean
shear strength of sediments in the 12 mbsf layer under seismic frequency of 65 Hz and wave velocity of 1 600 m/s.
When the mean shear strength was greater than 10 kPa or the water depth was less than 1 000 m, there was a
significant  linear  positive  correlation  between  mean  shear  strength  and  near  seafloor  seismic  amplitude.
Otherwise, there was a significant linear negative correlation between mean shear strength and near seafloor
seismic amplitude. On the basis of these correlations, the pattern of shear strength was estimated from near
seafloor  seismic  amplitude  and  mapped.  The  mean  shear  strength  of  sediments  above  12  mbsf  gradually
decreased with increasing water depth in the continental  slope area,  whereas little change occurred in the
continental shelf and the end of the canyon. Within the canyon area, the mean shear strength of sediments was
characterized by larger values in both sides of the canyon walls and smaller values in the canyon bottom, which
was consistent with the infinite slope stability theory. The study provides a method for using near seafloor seismic
amplitude data to guide sediment sampling design, and presents a continuous dataset of sediment strength for
the simulation of regional sediment stability.
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1  Introduction
Advances in exploration and development technology are

making it possible to exploit oil and gas fields in deep-sea areas.
Along with the experimental exploration and development of
natural gas hydrates, deep-water oil and gas resources are be-
coming a major part of the growth of global oil and gas reserves.
Compared with terrestrial or shallow-water oil and gas exploita-
tion, deep-water oil and gas development faces more risks and
challenges, including the instability of seafloor sediments
(Seyyedattar et al., 2020). This instability may lead to hazards in-
cluding submarine landslides, turbidity currents, and even
tsunamis, which may destroy infrastructure facilities such as off-

shore platforms and submarine cables (Randolph et al., 2010; Ya-
mada et al., 2012; Yuan et al., 2015; Li et al., 2019b). Prior to mar-
ine engineering construction, it is essential to understand the
seafloor conditions, and this requires large-scale surveys includ-
ing bathymetric measurements, geophysical surveys, and sedi-
ment sampling (Zhang et al., 2020). However, because of factors
such as water depth, technology, and cost, drilling in deep-water
areas is costly and difficult. It is, therefore, unrealistic to assess
the physical-mechanical properties of sediments over an entire
oil and gas field using geotechnical testing technology for core
samples. Sampling and assessment are usually carried out only in
potentially dangerous areas. Such incomplete and discontinu-  
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ous surveys may lead to biases in our understanding of sediment
properties and stability across the field and, thus, result in poten-
tial risks to safe oil and gas exploitation in deep-water areas.

The undrained shear strength of shallow strata is a critical
parameter for safety design in deep-water operations (Li et al.,
2019a). Laboratory and in situ test of undrained shear strength,
and the decrease of sample disturbance effects are emphasized
(Lunne and Andersen, 2007). Many empirical methods have
been proposed for the evaluation of undrained shear strength of
cohesive soils from Cone Penetration Test cone resistance data
(Zein, 2017). In order to obtain more undrained shear strength
data, a neural network computer program was used to estimate
undrained shear strength based on a learned relationship between
undrained shear strength measurements and the Multi-Sensor
Core Logger and downhole wireline log data available (Paulson
et al., 2006). With the increasing application of geophysical ex-
ploration, the relationship between undrained shear strength
and geophysical data, such as chirp data, seismic data and acous-
tic impedance data, were gradually studied (Brand et al., 2003;
Schock, 2004; Li et al., 2017; Zhou et al., 2020).

Existing geophysical data contain a wealth of information on
the physical-mechanical properties of sediments (Davis et al.,
2002; Kim et al., 2013; Wang et al., 2019). Currently, research in-
dicates that there are significant correlations between acoustic
parameters (such as acoustic frequency, acoustic impedance,
echo intensity, and P-wave velocity) and physical-mechanical
properties (such as sediment type, density, and shear strength),
although the specific relationship may vary across different sea
areas (Kim et al., 2001; Liu et al., 2004; Du and Chen, 2007; Hou
et al., 2018; Wang et al., 2022). In seismic data, the seafloor usu-
ally corresponds to the first strong positive polarity reflection of
each seismic trace (Evans et al., 2007). The intensity of near sea-
floor seismic amplitude is closely related to the acoustic imped-
ance and shear strength of shallow sediments below the seafloor
(Brand et al., 2003). On the basis of seismic and core testing data,
it is possible to reveal the relationship between relevant seismic
data parameters and sediment physical-mechanical properties
and, thereby, use seismic data for the estimation of sediment

physical-mechanical properties.
Our aim is to develop an economically feasible method for

large-scale, full-coverage assessment of physical-mechanical
sediment properties in deep-water areas and then use it in site
selection for follow-up geological drilling. This method will be of
scientific and economical significance for understanding the
physical-mechanical properties of sediments in deep-water areas
and ensuring the safe development of deep-water oil and gas
fields. In this study, we carried out a preliminary investigation of
the physical-mechanical properties of sediments, the distribu-
tion of near seafloor seismic amplitude, and their correlation, in
the Liwan canyon study area. We used core sediment data collec-
ted at seven stations near the canyon area on the northern con-
tinental slope of the South China Sea and near seafloor seismic
amplitude data from the study area. We propose a methodology
to estimate the shear strength of marine sediments based on seis-
mic data, to provide guidance for the selection of sampling sites
and the evaluation of sediment stability in future research.

2  Study area description
The South China Sea is located at the southern margin of the

East Asian continent. The northern part of this sea is a passive
continental margin with a series of submarine canyons (Fig. 1).
These form complex topographic and geomorphic units and
provide important channels for sediments from the Zhujiang
River to enter the South China Sea basin via the continental shelf
(Li et al., 2016; Lin et al., 2018; Su et al., 2020). The sedimentary
evolution of the canyons is influenced by a combination of tec-
tonic movements, monsoons, sea level change, and dynamic
marine environmental change (Zhuo et al., 2019). The northern
South China Sea is rich in oil and gas resources, and many petro-
liferous basins have developed in this region. The largest is the
Zhujiang River Mouth Basin with a total area of ~26×104 km2 (He
et al., 2017). The effect of sediment stability, gravity currents, and
contour currents in the canyon area off the Zhujiang River mouth
on the exploration and development of oil and gas resources has
been recognized (Zhou et al., 2015; Jiang et al., 2017; Wang et al.,
2018). Many submarine landslides of differing sizes have been
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Fig. 1.   Geographical locations of the study area and sediment sampling points. Red dots denote boreholes. White numbers denote
the value of the water depth contour line.
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identified in this region (He et al., 2014; Li et al., 2020), and these
are one of the main factors influencing the formation and evolu-
tion of the canyon area. It is likely that more submarine land-
slides will occur, which poses new challenges to oil and gas de-
velopment and marine engineering construction in this region
(Xiu et al., 2015; Liu et al., 2019). The Liwan gas field is China’s
first large-scale deep-water oil and gas field and it is also a demon-
stration project for deep-sea oil and gas development. Offshore
platforms and submarine gas pipelines from the Liwan gas field
are found near the submarine canyon area. Submarine slope sta-
bility and geological hazards such as submarine landslides are
key risk factors that should be considered during the develop-
ment of oil and gas resources in this region.

3  Materials and methods
We obtained seven core sediment samples in the study area.

The sampling locations are shown in Fig. 1, and the drilling
depths were all over 40 m. All sediment samples were subjected
to a set of standard laboratory tests for natural unit weight (dens-
ity), water content, P-wave velocity, and undrained shear strength.
The natural unit weight was measured using the ring sampler
method. The water content was measured using the gravimetric
method. The undrained shear strength was obtained using the
electric vane shear tester.

The undrained shear strength of shallow strata is a critical
parameter for safety design in deep-water operations (Li et al.,
2019a), which refers to the ultimate capacity of sediment to resist
shear failure. Water content refers to the ratio of the weight of wa-
ter in sediment to the weight of sediment particles, which is af-
fected by consolidation duration, burial depth, tidal current and
other factors. It can reflect the state of sediment accumulation
and the strength of interaction between sediment particles, and
is calculated by the following formula:

ω = (W −W)/W × %, (1)

where ω is the water content (%); W1 is the weight of natural
samples before drying (g); W2 is the weight of samples after dry-
ing (g).

We also collected a large amount of three-dimensional (3D)
seismic data covering the entire study area, from which we ex-
tracted near seafloor seismic amplitude data. In 3D seismic data,
the seafloor usually corresponds to the first strong positive polar-
ity reflection. Regardless of the influence of changes in water
properties, for each seismic trace, the intensity of near seafloor
seismic amplitude is closely related to the physical-mechanical
properties of the sediments within a certain thickness under
seabed. The thickness is confined by the dominant frequency of
seismic records, and is approximately half of the dominant
wavelength (the velocity divided by the dominant frequency)
(Neidell and Poggiagliolmi, 1977; Li et al., 2017).

The dominant frequency of seismic data we used is 65 Hz,
and the measured P-wave velocity of shallow sediments is
between 1 377 m/s and 1 670 m/s in the study area (Li et al.,
2017), so that half of dominant wavelength is ~12 m for a given P-
wave velocity of 1 600 m/s and dominant frequency of 65 Hz in
shallow sediments. Therefore, the near seafloor seismic amp-
litude used in this study can reflect the physical-mechanical
properties of sediments up to ~12 m below the seafloor (mbsf;
Fig. 2), and we focused on characterizing the physical-mechanic-
al properties of core sediment samples in this layer and their re-
lationship with near seafloor seismic amplitude.

4  Results

4.1  Vertical distribution of physical-mechanical properties
A good correlation was found between the water content and

bulk density and between the shear strength and the penetration
resistance of sediments, but the sediment water content was not
well correlated with shear strength in the boreholes in the study
area. To understand the variation in the physical-mechanical
sediment properties as a function of buried depth in different
parts of the study area, and considering the correlations between
various physical-mechanical parameters, we plotted the trend
lines for the sediment water content and shear strength in each
borehole as a function of buried depth (Fig. 3). Overall, the shear
strength of sediments increased linearly with increasing buried
depth. As the water depth of the boreholes increased, the growth
rate of shear strength with increasing buried depth gradually de-
creased. In contrast, the water content of sediments decreased
linearly with increasing buried depth. However, at Stations D01
and D03, the water content of sediments above 12 mbsf showed
little variation with increasing buried depth, and the growth rate
of sediment water content as a function of buried depth was not
influenced by the location and water depth of the boreholes.

4.2  Horizontal distribution of physical-mechanical properties
Figure 3 shows that the shear strength of sediments had dif-

ferent variations in the boreholes as a function of burial depth. To
further understand these variations in relation to the boreholes
drilled at different locations in the canyon area, we examined the
trend lines of sediment shear strength as a function of buried
depth in the seven boreholes in the study area (Fig. 4), which al-
lowed a better analysis of the separate characteristics of sedi-
ment mechanical properties. We found that Boreholes D01, D02,
D03, and D04 were of a similar type. All of them had a relatively
large rate of variation in sediment shear strength as a function of
buried depth, between 1.1 kPa/m and 1.5 kPa/m. Boreholes D06
and D07 belonged to a different type and both had a relatively
small rate of variation in sediment shear strength as a function of
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Fig. 2.   Waveform graph of near seafloor seismic amplitude.
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buried depth, between 0.5 kPa/m and 0.8 kPa/m. Borehole D05
was located in the transition zone between the above two groups
of boreholes; above 8 mbsf, there was little variation in the shear
strength of sediments as a function of buried depth, whereas be-

low 8 mbsf, the shear strength of sediments increased rapidly
with greater buried depth.

To illustrate the characteristics of sediment shear strength
and water content in the boreholes drilled at different water
depths more clearly, we plotted the undrained shear strength and
water content of different buried depth above 12 mbsf against
water depth of the boreholes (Fig. 5). These two parameters had
different correlations with the water depth of the boreholes. With
increasing water depth, the water content of different buried
depth showed a significant logarithmic growth trend, and they
were highly correlated. In contrast, the undrained shear strength
had no strong correlation with increasing water depth, although
there was an evident trend of variation. Compared with deeper
water, the values of undrained shear strength in the same buried
depth were greater when the water depth was less than 1 000 m.
Within water depths of 1 000–1 300 m, the undrained shear
strength of sediments decreased rapidly with increasing water
depth, especially when the buried depth was 10.3–10.7 m. These
results indicated that the shear strength of sediments above 12
mbsf showed completely different characteristics depending on
the water depth ranges.
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Fig. 3.   Variation trends of physical-mechanical parameters in the boreholes as a function of buried depth in the study area. Red dots
denote the test data of undrained shear strength, and the red dotted line denote the corresponding fitting line. Green dots denote the
test data of water content, and the green dotted line denote the corresponding fitting line. R denotes the correlation coefficient value.
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Fig. 4.   Trends of shear strength and water content in the bore-
holes as a function of buried depth.
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4.3  Correlation between shear strength and near seafloor seismic
amplitude
The intensity of near seafloor seismic amplitude has a close

relationship with the acoustic impedance and shear strength of
shallow sediments below the seafloor. To develop an estimation
method for the mean shear strength of sediments above 12 mbsf,
based on near seafloor seismic amplitude, first required us to es-
tablish a correlation between the mean shear strength of sedi-
ments above 12 mbsf and the corresponding near seafloor seis-
mic amplitude. Because the tests for sediment shear strength and
water content were not performed by sampling at equal intervals,
we could not simply average all the test data of shear strength
and water content from a borehole to calculate their mean val-
ues. Figure 3 shows that the shear strength and water content of
sediments varied linearly as a function of buried depth in the
boreholes. In particular, the correlation coefficients between the
shear strength and buried depth of sediments were all above 0.7.
Therefore, we calculated the mean shear strength and water con-
tent of sediments in the 12 mbsf layer of the boreholes based on
linear correlation equations for the shear strength, water content,
and buried depth of sediments in the respective boreholes
(Table 1). The seven boreholes were distributed in two canyons

at water depths of 600–1 700 m. Above 12 mbsf, there were mainly
fine-grained sediments in the study area, and the main sediment
type was silty clay. Boreholes D02 and D04 partially contained a
clay layer. With increasing water depth, the mean water content
gradually increased, whereas the mean shear strength decreased
rapidly at water depths below 1 000 m. However, the variation in
near seafloor seismic amplitude as a function of water depth
lacked a regular pattern.

To establish the correlation between the mean shear strength
of sediments above 12 mbsf and near seafloor seismic amplitude,
we created a scatter plot of these two variables in the boreholes in
the study area (Fig. 6). As the shear strength increased from 6 kPa
to 14 kPa, the near seafloor seismic amplitude first decreased and
then increased, with an inflection point observed at the mean
shear strength of 10 kPa. When the mean shear strength was
greater than 10 kPa, this parameter had a significant positive cor-
relation with the near seafloor seismic amplitude; when the
mean shear strength was less than 10 kPa, this parameter had a
significant negative correlation with the near seafloor seismic
amplitude. The results indicated that above 12 mbsf, the bound-
ary of mean shear strength greater than and less than 10 kPa was
located at a water depth of ~1 000 m in the study area. Therefore,
we obtained a preliminarily correlation between the mean shear
strength of sediments above 12 mbsf and near seafloor seismic
amplitude in the study area as follows:

τf = × −A + . 

(applicable for sediments with water depth⩽  m), (2)

τf = −× −A + .

(applicable for sediments with water depth>  m), (3)

τf
A

where  is the mean shear strength of sediments above 12 mbsf,
and  is the near seafloor seismic amplitude at the correspond-
ing sampling point.

4.4  Shear strength estimation based on near seafloor seismic amp-
litude
Based on the near seafloor seismic amplitude data from the

study area, we draw a superposed graph of near seafloor seismic
amplitude and bathymetric contour (Fig. 7). In the study area,
the near seafloor seismic amplitude basically varied in the range
5 000–25 000, with relatively large values in the lower part of the
canyon area as a whole. Larger seismic amplitude appeared
along the extension direction of the canyons outside their en-
trances, whereas slightly smaller values were evenly distributed
in the shelf area of the upper canyon. The near seafloor seismic
amplitude showed large variation across the canyon area. For a
single canyon, the near seafloor seismic amplitude was consider-
ably smaller on both sides of the canyon walls with a larger sub-
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Fig. 5.   Statistical relationship between water content and water
depth (a) and the relationship between undrained shear strength
and water depth (b). SBD denotes sediment burial depth.

Table 1.   Mean physical-mechanical data from the upper 12 m below the seafloor of boreholes and near seafloor seismic amplitude
data from the corresponding stations
Boreholes Main sediment type Water depth/m Gradient angle/(°) Mean water content/% Mean shear strength/kPa Seismic amplitude

D01 silty clay 588 0.96 52.73 12.69 114 828

D02 silty clay-clay 682 1.99 71.97 11.27 92 948

D03 silty clay 763 9.43 73.42 13.35 149 033

D04 silty clay-clay 965 5.71 87.33 13.05 123 957

D05 silty clay 1 046 7.73 95.64 10.24 58 980

D06 silty clay 1 208 2.89 113.76 7.24 115 207

D07 silty clay 1 722 1.15 123.29 6.93 137 348
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marine slope gradient, whereas the amplitude values at the bot-
tom of the canyon with a small slope gradient were significantly
larger than on the canyon walls.

By comparing the mean shear strength of sediments above 12
mbsf of each core with the corresponding value of near seafloor
seismic amplitude, we established the correlation between the
two parameters. With increasing values of mean shear strength,
the near seafloor seismic amplitude first decreased and then in-
creased, with an inflection point observed at the mean shear
strength of 10 kPa. Combined with the correlation between the
mean shear strength of sediments above 12 mbsf and water
depth of the boreholes (Fig. 5), we found that when the water
depth was less than 1 000 m, the areas with lower near seafloor
seismic amplitude corresponded to shallow sediments with
smaller shear strength values, whereas the areas with high near
seafloor seismic amplitude corresponded to greater shear strength
values. When the water depth was greater than 1 000 m, the cor-
relation between the two parameters was completely reversed.
Near seafloor seismic amplitude spectra were calibrated using
the measured shear strength data from the cores in the study area
to obtain a distribution map of shear strength based on estima-
tion from the near seafloor seismic amplitude. For the sake of
caution, we only show the spectra of shear strength in the two
canyons where the seven boreholes were located (Fig. 8). In the
study area, the mean shear strength of shallow sediments gradu-
ally decreased with increasing water depth. At the head of the

canyons, the shear strength of sediments was considerably larger
than lower down, whereas on the flat seafloor at the bottom of
the canyons, the shear strength of sediments was generally low.
Inside the canyons, the shear strength of sediments was charac-
terized by larger values in the canyon walls on both sides and
smaller values at the bottom of the canyons. This result is consist-
ent with the theory of infinite slope stability, whereby in areas
with a larger submarine slope gradient, sediments have a higher
strength to maintain a comparatively stable state.

5  Discussion

5.1  Factors that influence near seafloor seismic amplitude
In 3D seismic data, the seafloor usually corresponds to the

first strong positive polarity reflection. This strong reflection is
produced because of the large density and velocity differences of
the media above and below the interface between seawater and
seafloor sediments (Painter et al., 1995; Nibbelink and Martinez,
1998). The amplitude of the reflected wave relative to the incid-
ent wave is dependent on the acoustic impedance of the two ma-
terials (Sheriff, 1975; Brand et al., 2003), expressed by the reflec-
tion coefficient as follows:

R =
AR

AI
=

I − I
I + I

=
ρV − ρV

ρV + ρV
, (4)

where R is the reflection coefficient (−1 to +1); I is the acoustic
impedance, which equals the product of velocity (V) and density
(ρ); ρ1 and ρ2 are the densities of the media above and below the
interface, respectively; and V1 and V2 are the velocities of the me-
dia above and below the interface, respectively.

Based on the equations for the amplitude of the reflected
wave relative to the incident wave, the near seafloor seismic
amplitude mainly depends on the differences in the density and
wave velocity of the two media in the case of constant incident
wave amplitude because the density and wave velocity of water
change very little. Therefore, regardless of the influence of water,
for each seismic trace, the intensity of near seafloor seismic amp-
litude is closely related to the physical-mechanical properties of
seafloor shallow sediments and is less influenced by water depth
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Fig. 6.   Correlation between mean shear strength above 12 m be-
low the seafloor and near seafloor seismic amplitude in the study
area.
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Fig. 7.   Distribution characteristics of the intensity of near sea-
floor seismic amplitude in the study area.
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Fig. 8.   Distribution of mean shear strength of sediments above
12 m below the seafloor in the study area based on estimation
from near seafloor seismic amplitude.
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and submarine slope gradient. When establishing the correla-
tion between near seafloor seismic amplitude and the mean
shear strength of shallow sediments, we can ignore the influ-
ences of water depth and topography on their relationship. To
verify this, we analyzed the data of near seafloor seismic amp-
litude, water depth, and submarine slope gradient at the loca-
tions of the seven boreholes and drew scatter plots of their correl-
ations (Fig. 9). No significant correlation was found between near
seafloor seismic amplitude and water depth or submarine slope
gradient. Among the seven characteristic point locations ana-
lyzed in this study, both the maximum and minimum values of
near seafloor seismic amplitude appeared at the two points with
the largest slope gradient. The scatter plot of near seafloor seis-
mic amplitude against water depth was even more disorderly. All
these results indicate that in the case of constant incident wave,
the inherent properties of shallow sediments are the main factors
influencing the near seafloor seismic amplitude in a specific area.

5.2  Representativeness of boreholes and reliability of conclusions
In this study, we first conducted tests of the indices of physic-

al-mechanical properties of borehole sediments obtained from
the study area and then selected two characteristic indices—wa-
ter content and shear strength—to explore their vertical and hori-
zontal distribution. We found that the mean shear strength of
sediments above 12 mbsf tended to decrease rapidly at a water
depth of 1 000 m. Moreover, according to the analysis of near sea-
floor seismic amplitude and the mean shear strength in the bore-
holes, with the 1 000-m depth contour as the boundary, the near
seafloor seismic amplitude on each side of the boundary showed
a completely opposite correlation with the mean sediment shear
strength of corresponding sediments. Therefore, linear correla-
tion Eqs (2) and (3) were derived. Using these two equations, we
performed an estimation of the horizontal distribution character-
istics of mean shear strength of shallow sediments in areas near
the boreholes based on the near seafloor seismic amplitude data
from the study area. The methods and results reported in this
study are innovative to some extent.

Owing to limitations from factors such as sampling cost, this
study analyzed the correlation between near seafloodr seismic
amplitude and mean shear strength using the data from only sev-
en boreholes. Although the obtained correlations were very
strong, with correlation coefficients close to 1, the representative-
ness of the equations needs to be further verified. Previous re-

search has indicated that near seafloor seismic amplitude has a
linear positive correlation with the mean wave impedance of sed-
iments, whereas the mean shear strength of sediments is expo-
nentially positively correlated with their mean wave impedance
(Brand et al., 2003; Li et al., 2017). However, the scatter plots
provided by the previous research showed that the mean wave
impedance of sediments had two distinct inflection points at the
mean shear strength values of 11 kPa and 700 pounds per square
foot (psf), respectively. In other words, the mean wave imped-
ance of sediments, the near seafloor seismic amplitude, and the
mean shear strength had different correlations on each side of
the mean shear strength values of 11 kPa and 700 psf. This find-
ing indirectly corroborates the conclusion in our present study.
The results of our study can be used as a quantitative approach to
determine the initial distribution of physical-mechanical sedi-
ment properties in the study area. The proposed estimation
method can also be verified during future research. Moreover,
the correlation between the two parameters can be further veri-
fied during depth prediction for future gravity core sediment
sampling and the acquisition of new geological samples and data
in the study area.

5.3  Scientific significance and application of the research
A large amount of high-resolution, full-coverage 3D seismic

data can be obtained during submarine oil and gas resource ex-
ploration and marine engineering construction. Using geological
data and seismic data from existing boreholes in the study area,
this study revealed the correlation between near seafloor seismic
amplitude and the mean shear strength of shallow sediments in
this area, and developed an estimation method to estimate the
mean shear strength of shallow sediments based on near sea-
floor seismic amplitude. The distribution of the shear strength of
shallow sediments across the entire area was obtained by calib-
rating the near seafloor seismic amplitude spectra in a specific
area with part of the borehole data. The results directly provide
full-coverage input parameters for regional sediment stability as-
sessment and numerical simulation. This can be used to accur-
ately predict the location, area, critical thickness, and landslide
volume of possible shallow slope instability failure in the study
area. This could enable oilfield and marine engineering con-
struction personnel to identify the location and potential risk of
shallow slope failure, thereby reducing the impact of such haz-
ards.

When applying the present results to another sea area, the
correlation between 3D near seafloor seismic amplitude and the
shear strength of shallow sediments may vary because different
seismic data will be used. Therefore, using the present estima-
tion method for the mean shear strength of shallow sediments
based on near seafloor seismic amplitude to formulate sediment
borehole sampling schemes in the study area may result in bi-
ases. Nonetheless, after calibrating the correlation between near
seafloor seismic amplitude and shallow sediment shear strength
with the field survey data from several cores obtained at the ini-
tial stage, it is possible to quickly obtain a shear strength dataset
of shallow sediments in the study area based on estimation from
seismic data. Then, the horizontal distribution characteristics of
shear strength in the study area can be used to guide the design
of sediment sampling stations and predict the sample size, pen-
etration depth, and sediment core recovery required for sampling
at specific stations with relative accuracy.

6  Conclusions
(1) The strength values of sediments increased linearly with
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Fig. 9.   Scatter plots showing the correlation between near sea-
floor  seismic amplitude and water  depth or  submarine slope
gradient. Triangles denote the statistical relationship between
water depth and near seafloor peak amplitude. Crosses denote
the statistical relationship between gradient angle and near sea-
floor peak amplitude.
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increasing buried depth, and the water content showed an in-
verse trend in the seven boreholes in the study area. The mean
shear strength of sediments in the upper 12 mbsf of the bore-
holes decreased rapidly at a water depth of 1 000 m, whereas the
mean water content tended to increase gradually with increasing
water depth.

(2) The near seafloor seismic amplitude data used in the
study were able to reflect the characteristics of mean shear
strength of sediments above 12 mbsf. When the mean shear
strength was greater than 10 kPa or the water depth was less than
1 000 m, a significant linear positive correlation was found
between mean shear strength and near seafloor seismic amp-
litude. Otherwise, a significant linear negative correlation was
observed between mean shear strength and near seafloor seis-
mic amplitude.

(3) On the basis of the near seafloor seismic amplitude data,
an estimation for the distribution characteristics of sediment
shear strength in the study area was implemented. Generally, the
mean shear strength of sediments above 12 mbsf decreased with
increasing water depth in the study area. Inside the canyons, the
mean shear strength of sediments was characterized by larger
values in the canyon walls on both sides and smaller values at the
bottom of the canyon.
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