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As the interface between seawater and the seabed, superficial sediments on the seabed are an important part of the marine acoustic field environment and are indispensable for marine resource investigations. Studying sediments several meters to hundreds of meters below the seafloor is highly valuable and important. This study processes and analyses the water depth, topography and bottom data and obtains the shallow bottom profile and topographic map of the northern continental slope of the South China Sea (SCS). The study analyzes the influence of physical parameter (including density, porosity, and grain size) on the acoustic velocity in sediments. Single-parameter and dual-parameter models are established to further examine this influence. The results show that porosity and density have greater influences on the acoustic velocity of sediments than does grain size. Finally, the acoustic properties of several typical stations with water depths are tested to analyze the variations in the acoustic properties of the shallow sediments in the northern SCS. The results show that the influence of each parameter on the prediction of the acoustic velocity of the sediment is in the following order: porosity>density>grain size. This study analyses and reveals the reason why the seafloor sediments in the local area cause the acoustic properties to change greatly. It may be caused by changes in the sediment type, lithology along with the depth. And the other reason is the development of interlayer in the land slope of the northern SCS.
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1 Introduction

The seafloor is an important boundary of the underwater acoustic field and is also an object of common concern for the disciplines of ocean acoustics, marine geology and marine geophysics (Jackson and Richardson, 2007). The acoustic properties of seafloor sediments are important factors affecting the propagation of acoustic waves in the ocean, and related research has important application value in the fields of military marine environment safeguarding, seafloor target detection, and seafloor resource exploration (Liu et al., 2019; Zhao et al., 2023). Research on acoustic properties based on sediments in different sea areas has involved the following steps: research on acoustic property testing methods (Wang et al., 2018; Xing et al., 2022a); research on acoustic propagation theory (Gassmann, 1951; Wood, 1964; Stoll, 1977); and research on the correlation between acoustic properties and physical parameters (Endler et al., 2016). Additionally, the acoustic properties of different sea areas (Xing et al., 2022b) and their empirical prediction equations for acoustic velocity have contributed to the progress of sedimentary acoustics.

Since seafloor sediments combine the acoustic properties of both the granular skeleton and pore fluid, their acoustic properties are more complex than those of media, such as seawater and rocks (Wood, 1941; Wang et al., 2018). Biot has created Biot's theory, which can be applied to porous elastic media, and can be used to study the transmission properties of acoustic waves in surface sediments on the seafloor (Biot, 1956a; Biot, 1956b). The Biot–Stoll model was established by Stoll based on the porous elasticity theory (Stoll, 1977); the elasticity theory based on Buckingham’s Viscous Grain Shearing (VGS) model was established by Stoll based on the porous elasticity theory (Stoll, 1977); and the VGS model was established by Buckingham based on the elasticity theory (Buckingham and Richardson, 2002; Buckingham, 2005). These authors also attempted to model the acoustic properties of sediments from different perspectives.

The empirical equations for seafloor sediment acoustics are based on carrying out many actual measurements of the acoustic and physical properties of sediments. And equation determine the interrelationships between the sediments and the relevant parameters, such as physical properties. These relationships are among the main elements of current sediment acoustics research (Lu et al., 2010; Bae et al., 2014). Compared to acoustic propagation theories with many constraints, empirical equations for sediment acoustics have more obvious and outstanding advantages. And empirical equations have the advantages of being more convenient and less expensive to use. Moreover, this approach can be used to invert the values of certain sediment physical property parameters under certain difficult-to-measure conditions or under no conditions to measure sea conditions, which can provide an important basis for marine development and exploration, and national defense science and technology engineering construction. Orsi and Dunn (Orsi and Dunn, 1990, Orsi and Dunn, 1991) also used statistical methods to fit measured values and constructed equations for the prediction of ocean acoustic velocity with respect to porosity. Richardson (Richardson and Briggs, 1996), Fu (Fu et al., 2004) and others have investigated in situ measurement techniques to carry out observational experiments in many foreign waters in the United States and to study the relationship between the acoustic velocity and the physical properties of the seafloor sediments (Richardson et al., 2002; Richardson and Briggs, 2004).

Research and analyses of the relevant elements of China’s coastal waters and many results from empirical equations for acoustics are available (Xing et al., 2021). Lu et al. (Lu and Liang, 1993) applied the Hamilton model (Hamilton, 1985) to study the coastal region of southeastern China and derived an acoustic velocity model for marine sediments on the shallow continental shelf off the coast of southeastern China. It can provide a better understanding of the acoustic properties of seafloor sediments in this region (Liu et al., 2013).

In this study, a combination of measured data and theoretical modeling is used to investigate the acoustic properties of sea floor sediments on the land slope of the northern SCS and the mechanisms influencing the acoustic velocity of the sediments. The acoustic and physical parameters of the samples retrieved from the sampling laboratory from the sea floor sediments are measured, and one-parameter and two-parameter equations applicable to the acoustic velocity-physical parameters are established based on the measured data. The study area is also divided into upper, middle and lower land slopes to fit equations suitable for different regions. Then this study analyzes the characteristics of the lateral distribution of sediment acoustic velocity. Finally, the discussion of the influence mechanism of sediment acoustic properties is carried out by integrating physical parameters and shallow bottom profile.




2 Regional overview and data analysis



2.1 Regional overview

The study area is in the northern part of the SCS within the range of 115°E~115.5°E, 19.2°N~20.1°N (as shown in Figure 1). The shelf of the northern SCS is basically a continuation of the shelf, and the topographic line is approximately parallel to the coastline, roughly spreading in the NNE–WNW direction. There is a gentle inclination from the shore to the sea, with a total area of approximately 2.13×105 km2. Additionally, the total land slope is approximately 1,300 km in length, with widths varying within 126~265 km. Generally, the land slope is in the form of a striped area, which is a shape that is wider in the east than in the west and spreads in the NE direction. It is with a length of 900 km and a width of approximately 143~342 km. In addition, the average slopes are approximately 1.3°~ 2.3°, which are more than ten to dozens of times larger than the slopes of the continental shelf.




Figure 1 | Location of the study area. The red box shows the study area, and the red dashed line is the range of the land slope of the northern SCS. The red dots are the sampling location. The black solid lines are the survey lines of shallow stratigraphic profile. The black dashed lines are the boundary of upper, middle, and lower land slope.



Sediment samples for this study were taken from the land slope of the northern SCS, and a gravity column sampler was used to obtain sediment samples from a total of 17 stations with water depths ranging from 400 to 2500 m. The samples contain two 100 m drill holes, five 40 m drill cores, and 10 gravity column samples. The locations of the sampling sites are shown in Figure 1. The stations are widely distributed in various areas of the land slope.

Based on the slope and typical topographic features of the land slopes of the northern SCS, we can categorize the land slope into three zones: the upper land slope, the middle land slope, and the lower land slope (as shown in Figure 1). The slopes of the upper and middle land slopes range from 1° to 3°, while the lower land slope is in the range of 2° to 4°. Eleven typical shallow stratigraphic profiles are also selected. Specifically, LW10_1, LW10_8, LW12_9, and LW15A_25 are on the upper land slope of the study area. Changes in the topographic relief can be roughly observed in the profiles. The topographic changes in the upper land slope are gradual due to the proximity to the shelf. LW18_37, LW21A_4, 2line_07, and 06lineA01 are on the middle slope of the study area. Similarly, 06lineA05, 10lineA04 and 1213line03 are on the lower slope of the study area, and the middle and lower slope are close to the sea basin. Additionally, the various effects occurring in the area have made the topography of the area more undulating, and the topography and geomorphology are complicated.




2.2 Acoustic velocity measurements

For the indoor acoustic characterization of the sediment samples taken to the laboratory, the WSD-3 digital sonic instrument was used for the acoustic velocity measurements. During the measurement, the axial transmittance method is used. The acoustic waves are propagated through the transmitting and receiving transducers at the two ends of the sediment, and the propagation medium is the sediment between the transducers. The method uses a set of axial measurement devices, including a signal generator, a digital acoustic wave monitor, a test platform, and a transducer. Longitudinal transducers used to excite a single-frequency 3-5 period sinusoidal signal with a sampling rate of 5 MHz or 10 MHz. The acquired acoustic velocity is the average value of the sample in the length direction, and the accuracy of the measurement is ±5 m/s. The platform is measured accurately to 0.1 mm with calipers.

The acoustic velocity V and the acoustic attenuation coefficient α are calculated as Equation (1) and Equation (2):

 



where   is the length of the column sample from the land slope of the northern SCS, in mm.   is the travel time of the acoustic signal through the sea floor sediment, in μs.   is the transducer zero-time correction, in μs.   and   are the lengths of the two sediment sections, respectively, in mm.  ,  ,   and   are the amplitudes of the acoustic signals that pass through shallow sediments and water of different lengths. The travel time of the acoustic signal in the sediment is read by the zero-crossing method, and the difference between the travel times of the signals in the two sections of sediment is calculated by the signal correlation method.





3 Data analysis and results for predicting the acoustic velocity sea floor sediments



3.1 Experimental data analysis

After the acoustic velocity of the sediment samples was measured and the sediment column sample was collected, the obtained experimental data were analyzed. A total of 80 sets of data were analyzed from 17 stations located in the study area: DZ01~DZ17. In the experimental process, in addition to unavoidable errors, there may also be manual errors. Some obvious measurement errors in the data are deleted and sorted and the study area is divided again. The following parameters can be obtained in the research area: the physical mechanics of the sediment samples and acoustic parameters. Table 1 shows that the sediment acoustic velocity measured at 100 kHz in the land slope of the northern SCS ranges from 1387 m/s to 1622 m/s. Lu et al (2006) measured the sediment acoustic velocity in the northern SCS to be 1420 m/s to 1880 m/s in 2006. Cheng et al (2011) measured the sediment acoustic velocity in the central part of the South Yellow Sea (SYS) to be 1427.7 m/s to 1594.8 m/s. Kan et al (2020) measured and analysed the sediment acoustic velocity in the sediment area of the middle SYS using an in-situ testing method (Kan et al., 2018) to be approximately 1433.7 m/s ~ 1607.6 m/s. The results of the acoustic velocity measurements in this paper are relatively accurate and reliable. The sediment acoustic impedance is an important parameter for determining the reflection from the seabed and is equal to the value of the acoustic velocity of the sediment multiplied by the sediment density. The values of the sediment acoustic impedance in the study area of this paper range from 1.906×105 g•cm-2•s-1 ~ 3.099×105 g•cm-2•s-1.


Table 1 | Statistical table of the acoustic velocity and physical parameters.






3.2 Correlation between the acoustic velocity and physical parameters

The parameter equations are designed to describe the correlation between the acoustic velocity and a single physical parameter of the sea floor sediments. They can reflect the effect of the physical parameter on the acoustic velocity. Although the different physical parameters of sedimentation can be converted using the corresponding methods, seafloor sediment is a complex mixture. There is no way to accurately describe complex sediment with any one of these parameters. The single-parameter equations have limitations. In addition, there is no single correlation between the physical-mechanical properties of sediments and the longitudinal wave velocity. Therefore, it is necessary to analyze the multiparameter correlation of the sea floor sediments on the land slope of the northern SCS. 



3.2.1 Porosity, density and acoustic velocity

The porosity, density, and acoustic velocity measured by sediment samples from 17 stations are used to establish a two-parameter model for the land slope with the porosity and density of the sediment as the independent variables and the acoustic velocity as the dependent variable, as shown in Figure 2. Figure 2 shows that the acoustic velocity of the sediment reaches a larger value when the porosity is lower and the density is greater, and the two-parameter equations are constructed according to the model in Figure 2 with the Equation (3):




Figure 2 | Porosity–density two-parameter acoustic velocity model. The solid line is the result of the two-parameter equation.



 

where Vp is the acoustic velocity, ρ is the density, and n is the porosity. The correlation coefficient   equation is used to calculate the effect of fitting the variables of the prediction equation by using Equation (4):



where X is the predicted data of the fitting equation, Y is the actual data,   represents the covariance of X and Y, and σ is the variance. The larger the correlation coefficient is, the smaller the gap between the predicted results and the actual data. The correlation coefficient   of this two-parameter equation is 0.9042, and the correlation coefficient is very high. In Figure 2, the black line shows the results of the two-parameter equations of the porosity and density.




3.2.2 Porosity, grain size and acoustic velocity

Using the measured porosity, grain size and acoustic velocity of the samples taken from the sea floor sediments, a two-parameter model is established. It is with the porosity and grain size of the sediments as the independent variables and the acoustic velocity as the dependent variable. The model is shown in Figure 3, and the model shows that when the measured porosity and grain size of the study area are lower, the sediment acoustic velocity reaches larger values. When the sediment acoustic velocity reaches a larger value, the two-parameter equation is constructed according to the model in Figure 3, and its relation is as Equation (5):




Figure 3 | Porosity–grain size two-parameter acoustic velocity model. The solid line is the result of the two-parameter equation.



 

where Mz is the grain size. The correlation coefficient   of this two-parameter equation is 0.9102. In Figure 3, the black line shows the results of the two-parameter equations of the porosity and grain size.




3.2.3 Density, grain size and acoustic velocity

Similarly, a two-parameter model of sediments in this study area is established, with density and grain size as the independent variables and acoustic velocity as the dependent variable. The model diagram is shown in Figure 4. The sediment acoustic velocity increases with decreasing porosity and grain size. The two-parameter equations are constructed according to the model in Figure 4, and its relation is as Equation (6):




Figure 4 | Density–grain-size two-parameter acoustic velocity model. The solid line is the result of the two-parameter equation.





The correlation coefficient   of this two-parameter equation is 0.9046, and the correlation coefficient is very high. In Figure 4, the black line shows the results of the two-parameter equations of the density and grain size.





3.3 Prediction equation of the acoustic velocity

Due to the complex topographic conditions on the slope of the northern SCS, this area experiences the greatest changes in water depth, topography, sediment type, and so on. It leads to large differences in the acoustic properties of the sediments in the upper and lower land slopes. The analysis of the study clarifies that the region shows a pattern of changes in the acoustic velocity according to the topography of the landscape. In the area of the upper slope where the water depth is less than 1000 m, the sediments in this area are influenced by the type of sediments on the continental shelf because of their proximity to the shelf, and the type of sediments is similar to that on the shelf. The sediments within the upper land slope are mainly silt and sand, gravels are even present in the sediments in individual areas, and shell fragments and coral fragments may also be present. Sediments on the upper land slope have higher density and acoustic velocity, but there are some areas on the upper land slope that have sediments with low density and velocity.

The middle and lower land slopes with water depths greater than 1000 m are closer to the sea basin and are influenced by the sea basin. Thus, the types and properties of the sediments are similar to those in the sea basin area. The sediment types are mainly clayey silt, and the sediments in the middle and lower land slopes have higher water content, greater porosity, and lower density and acoustic velocity. Within the middle and lower land slopes, the topographic relief is highly variable, and most of the sediment transport occurs mainly in this region. Therefore, there are variations in the acoustic properties of the sediments within this wide area.

To analyze the regional distributions of the acoustic velocity, grain size, density, and water content of sea floor sediments based on the acoustic parameters measured from laboratory sediments and the grain size, porosity, density, and water content of the sediment samples measured by geotechnical tests (as shown in Figure 5). There is a certain pattern of change in the variation in the acoustic velocity and each physical parameter in the whole study area from the northern continental shelf to the southern sea. From north to south, the acoustic velocity varies from 1447~1622 m/s in the upper land slope to 1387~1516 m/s in the middle land slope and then to 1435~1492 m/s in the lower land slope. The variation is caused by the different types of sediment at different water depths. The sediments on the upper land slope in shallow water are generally coarser, less porous, and denser and possess higher acoustic velocities. The sediments on the middle and lower land slopes in deeper water are the opposite of those on the upper land slope. Thus, there is an overall trend toward gradual decreases. The average acoustic velocity on the upper land slope is generally greater than 1447 m/s, which is the high-velocity area in the region. The average acoustic velocities on the lower and middle land slopes are lower than 1447 m/s, and they are the lowest in the whole region. Sediment is composed of solid particles and porous seawater, and acoustic waves propagate between them. In addition, the bulk modulus and shear resistance of solid particles are generally greater than those of porous seawater, so the factor that has a stronger impact on the acoustic velocity is the grain size. It is generally believed that the larger the grain size is, the larger the solid particles in the skeleton of the sediment are and the greater the proportion of the sediment is. Thus, the porous seawater content of the sediments is lower, and the acoustic velocity is higher.




Figure 5 | Distribution of parameters of sea floor sediments. (A) grain size, (B) density, (C) water content, and (D) porosity. The red dots are the samples where velocity is more than 1530 m/s. The blue boxes are the samples where velocity is between 1450 m/s and 1530 m/s. The black triangles are the samples where velocity is below 1450 m/s.



There are some differences in the topography and sedimentary layers between divided land slopes. To study the differences in the sediment acoustic velocity in different regions, prediction equations for the sediment acoustic velocity in different regions are constructed. Prediction equations of the acoustic velocity for the land slope of the northern SCS in the study area are established. Similarly, different regional acoustic velocity prediction models for the upper, middle and lower land slopes are established to study the regional acoustic properties of the sediments. In establishing the subregional prediction equations for the sediment acoustic velocity, one-parameter and two-parameter equations are established for the upper, middle and lower land slopes, and the equations and models are as follows.



3.3.1 Upper land slope

The sediments on the upper land slope are generally coarse, less porous, denser and possess higher acoustic velocities. Additionally, the acoustic velocity Vp of the sediments on the upper land slope has the following fitting relationships with porosity n, grain size Mz, and density ρ:

	

	

	

The correlation coefficients of the above single-parameter equations established for each subregion of the land slope are greater than those established for the whole region, which means that the fitting effect is better. Therefore, the subregional single-parameter equations can better reflect the relationship between the acoustic velocity of the sediment in the upper land slope and the physical parameters.

The two physical parameter acoustic velocity equations for the sediments in the upper land slope are established as follows:

	

	

	

Therefore, the two-parameter model of the sediment acoustic velocity established in different zones also has high correlation coefficients and can be more accurately used to forecast the acoustic velocity of seafloor sediments, and the two-parameter equations fitted to different zones are more accurate than the two-parameter equations established for the whole area for practical applications.




3.3.2 Middle land slope

The sediments on the middle land slope are generally finer, more porous, less dense and possess lower acoustic velocities than the sediments on the upper land slope, and the following fitting relationship exists between the acoustic velocity Vp and physical parameters for the sediments on the middle land slope:

	

	

	

The correlation coefficients of the fitted single-parameter prediction equations for the sediment acoustic velocity in the middle land slope are small and may be attributed to the large differences in the samples from the sampling sites on the middle land slope within the study area. Additionally, there are large differences in the porosity, grain size and density of the sediment. Additionally, slightly larger differences in the measurements of the sediment parameters from the same station on the middle land slope are found during the fitting process, which may be caused by measurement errors. The study area has a wide range of middle land slope, so it is possible that these differences are caused by the samples.

A two-parameter equation for the acoustic velocity and physics of the middle land slope sediments is constructed, and each expression is given below:

	

	

	

The correlation coefficients of the two-parameter model of the sediment acoustic velocity in the land slope divided into different areas are greatly improved compared with those of the single-parameter equations. Thus, the two-parameter model can be more accurately used for the prediction of the acoustic velocity of seafloor sediment.




3.3.3 Lower land slope

The sediments on the lower land slope are generally fine, porous, or less dense and possess a lower acoustic velocity than those on the upper land slope. Since there are fewer sampling points on the lower land slope, only DZ12, and DZ15 are considered, and since the sample data are limited, the establishment of single-parameter equations has little reference significance. The two-parameter equations of acoustic velocity Vp and physical parameters of the lower land slope sediment are established for the land slope of the northern SCS, and the expressions of these equations are as follows:

	

	

	

The correlation coefficient of the two-parameter model of the sediment acoustic velocity established for the lower land slope is small and has little reference value for accurately predicting the sediment acoustic velocity. Therefore, importantly, enough sampling points are necessary for comprehensive coverage when establishing equations for predicting the acoustic velocity.






4 Discussion

The sediments on the land slope of the northern SCS become consolidated and compacted as the depth of the sediments increases in the longitudinal direction due to geological movements and a series of changes. Therefore, sediments are characterized by changes in porosity and water content, with a tendency to increase in density, acoustic velocity, and acoustic impedance. However, for actual complex seabed sediments on the land slope, due to the changes in the burial depth, there are large differences in lithology. Thus, the acoustic velocities of the sea floor sediments on the land slope also change, and the distributions of the acoustic velocities in some places greatly differ from the overall distribution. This study examines and analyses the acoustic properties of the shallow sediments in the northern SCS. There are the differences that exist between the geological units of the different sediments through the acoustic properties by analyzing the acoustic properties of a few representative stations and bathymetric data.



4.1 Upper land slope

The upper land slope, where water depths are less than 778 m, is in the upper part of the study area and the land slope, closer to the shelf. The types of seafloor sediments are mainly silt and clayey silt. The seafloor sediments are generally characterized as follows: physical parameters, such as acoustic velocity and density, have a clear tendency caused by water depth, and there is also a clear change in acoustic properties in the vertical direction.

DZ03 is a station on the LW12_9 survey line and on the upper land slope. The seafloor sediments near the station are dominated by silty and clayey silt. As shown in the plot of the variation in each parameter with depth at station DZ03 in Figure 6, the seafloor sediments generally have a high acoustic velocity, a clear trend in density caused by water depth, and a clear change in acoustic properties in the vertical direction. The apparent variation reflects the complex sedimentary changes in the region and the development of coral reefs and coarse-grained detritus on the upper land slope. The presence of it also influences the gradients of the acoustic velocity and other parameters. It is not difficult to determine that the trend in acoustic impedance is similar to that in density from the graph of the trend in each parameter with water depth, and the trend in wave impedance can reflect reflective properties. Therefore, density has a greater influence on the sediment deposit layer in the upper land slope, which is reflected in the graph in which they have similar trends.




Figure 6 | Variation in each parameter with depth at station DZ08. (A) porosity, (B) density, (C) grain size, (D) acoustic velocity, and (E) acoustic impendence.






4.2 Middle land slope

The middle land slope, with water depths less than 1772 m, is in the middle of the study area and is in an intermediate region between the shelf and the basin. The area is more variable and more affected. The type of seafloor sediments in the middle land slope of the northern SCS is mainly silty clay, and the seafloor sediments are generally characterized as follows: parameters such as acoustic velocity and density exhibit small changes caused by water depth. There is a small change in the acoustic properties evident in the vertical direction, and the differences in the acoustic properties of the sediments between the stations are also relatively small.

DZ05 is a station on the LW10_8 survey line and is on the middle land slope. Figure 7 shows the variation in each parameter with depth at station DZ05. The seafloor sediments near this station are predominantly clayey silt. At the inflection point where the trend in the acoustic velocity changes significantly, the corresponding shallow stratigraphic profile is analyzed. Possibly, because of the variation in sediment type and lithology with burial depth, sea floor sediments cause the acoustic properties of the middle land slope to vary clearly with depth, where strata develop.




Figure 7 | Variation in each parameter with depth at station DZ05. (A) porosity, (B) density, (C) grain size, (D) acoustic velocity, and (E) acoustic impendence.



The trend in acoustic impedance is similar to that in density from the graph of the trend in each parameter with water depth, and the trend in wave impedance can reflect reflective properties. Therefore, density has a greater influence on the sediment deposit layer in the middle land slope, which is reflected in the graph in which they have similar trends.




4.3 Lower land slope

The lower land slope with water depths greater than 1842 m is in the lower part of the study area, closer to the sea basin, and is connected to the upper and middle land slopes. Thus, the variation in each parameter in this area is also more affected. The type of seafloor sediment in the lower land slope of the northern SCS is mainly silty clay, and the seafloor sediments generally have the following characteristics. Parameters such as acoustic velocity and density do not show significant trends caused by water depth. Moreover, there are small variations in the acoustic properties in the vertical direction, and the differences in the acoustic properties of the sediments between stations are also relatively small.

DZ12 is a station on the 06lineA05 survey line and is on the lower land slope. The complex sediment changes in the area are shown in the plot of each parameter with depth at station DZ12 in Figure 8.




Figure 8 | Variation in each parameter with depth at station DZ12. (A) porosity, (B) density, (C) grain size, (D) acoustic velocity, and (E) acoustic impendence.



At the inflection point, the trend of the acoustic velocity changes significantly. Based on the analysis of the depth of the corresponding profile, it is possible that the seafloor sediments still have large water depth variations in acoustic properties of the lower land slope due to local variations in sediment type, and lithology. The trend in acoustic impedance is similar to that in density based on the graph of the trend in each parameter with water depth, and the trend in wave impedance can reflect reflective properties. Therefore, density has a greater influence on the sediment deposit layer in the upper land slope, which is reflected in the graph in which they have similar trends.





5 Conclusion

The sediments of the land slope of the northern SCS are studied by testing and analyzing the acoustic velocity and physical parameters, and the main conclusions are as follows:

(1) The sediments in the study area are complex and include silt and silty clay, and the sediments in the area are generally characterized by a high-water content and high porosity. Overall, the highest acoustic velocity values are found in silt, and the lowest are found in silty clays, with a clear correlation between the sediment acoustic velocity and type.

(2) Correlation analysis of the physical parameters of the land slope sediment samples from the northern SCS with the acoustic properties of the samples from the laboratory tests revealed that the acoustic velocity of the samples from the laboratory tests correlated well with the density and porosity and, to a certain extent, with the grain size. The acoustic velocities at 100 kHz are 1387 m/s ~ 1622 m/s, which is in general agreement with the velocities reported in studies in other Chinese seas but lower than those predicted by the Hamilton model.

(3) To better study the relationships between each parameter (including density, porosity, and grain size) and the acoustic velocity in each subregion, this study also establishes single-parameter correlations and two-parameter equations suitable for the upper, middle and lower land slopes in each subregion. The analysis shows that the two-parameter correlation coefficients are greater than the single-parameter correlation coefficients. The control method is used to study the influence of each parameter on the acoustic velocity, and the results of the analysis show that porosity and density had greater influences on the acoustic velocity of the sediment. The influence of each parameter on the prediction of the acoustic velocity of the sediment is in the following order: porosity>density>grain size.

(4) Finally, several typical stations are selected to test and analyze the data of acoustic properties with water depth, and the changes in the acoustic properties of shallow sediment topography in the northern SCS seabed and the differences between different sedimentary geomorphological units are investigated. The variation in each parameter with depth at the study station to the corresponding position in the corresponding shallow stratigraphic profile shows the complex sediment changes in the region. And it is shown at the inflection points where the trend in the acoustic velocity changes significantly. In local area, acoustic properties changing greatly may be caused by changes in the sediment type, lithology along with the depth. And the interlayer developed the land slope of the northern SCS also may cause this change.
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