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The South China Block is located on the eastern margin of the Eurasian Plate

and the western margin of the Pacific Plate. The South China Block is currently

in a tectonically compressed environment, while the Tibetan Plateau is moving

eastward and the Philippine Sea Plate is moving westward from geodetic

observations. The South China Block is an ideal place to revisit tectonic

history from the Archean to Cenozoic, where its information could be well

preserved in the crust. In this study, we aim to build the crustal and uppermost

mantle component of the Seismological Reference Earth Model in South China

(SREM-SC) to provide a background velocity model for geological

interpretations and fine-scale velocity inversion. The S-wave velocity model

comes from combining models inverted by ambient noise tomography and

surface wave tomography. The P-wave velocity model is obtained from

converted S-wave velocity and joint inversion tomography. The density

model is inferred from an empirical relationship with P-wave velocity. The

Moho depth is obtained by a weighted averaging scheme of previously

published receiver function results. The P-wave and S-wave velocity models

have a grid interval of 0.5° in both latitude and longitude, and with a vertical

sampling interval of 5 km down to the 60 km depth. This work provides the 3-D

crust and uppermost mantle structures and a representative reference model

beneath South China.
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1 Introduction

The South China Block (SCB), located on the Eurasian Plate’s southeast margin and

the Pacific Plate’s western margin, is an important tectonic unit in the east of the Chinese

mainland. It is adjacent to the North China Craton (NCC), bounded by the Qinling-Dabie

orogen (QDO) and Tanlu Fault (TLF) in the north, the Songpan-Gantze Block (SGB) and

the Tibetan Plateau (TP) in the west (Figure 1). South China Block is composed of two
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major blocks, the Yangtze Craton and the Cathaysia Block. The

Yangtze Craton is mainly composed of the Paleoproterozoic

crystalline basement, and the Cathaysia Block is mainly

composed of Neoproterozoic basement rocks (Cawood et al.,

2013; Zheng et al., 2013). The long period of intense tectonic

movements and multistage superposition shaped the present

tectonic features of the South China Block. In Neoproterozoic,

the Yangtze Craton collided with the Cathaysia Block along the

Jiangnan orogenic belt to form the South China block (Zhang

et al., 2013; Mao et al., 2014; Yan. et al., 2018a). The North China

Craton and the South China block are thought to have collided

after the closure of the paleo-Tethys Ocean during the Triassic,

resulting in the formation of the Qinling-Dabie orogenic belt

(Shu, 2012; He et al., 2013; Wang et al., 2013; Yan et al., 2018b).

The South China Block transitioned from Tethysian to Pacific

tectonic regimes during the Early-Middle Jurassic, and thus the

tectonic environment changed from convergence to extension,

which led to large-scale lithosphere thinning, widespread

magmatism, and extensive mineralization (Li and Li, 2007;

Shu, 2012; Wang et al., 2013; Lü et al., 2014; Qiu et al., 2016;

Qiu et al., 2017; Qiu et al., 2022).

Understanding the crustal deformation and dynamic

mechanism in South China requires detailed information about

crustal structure and composition. In recent years, many geophysical

studies have been conducted to image the crustal and uppermost

mantle structure using various techniques, such as body wave

tomography (He and Santosh, 2016; Sun and Kennett, 2016b; a;

Qu et al., 2020), surface wave tomography (Zhou et al., 2012; Bao

et al., 2015; Shan et al., 2016), receiver functions (He et al., 2013; He

et al., 2014; Song et al., 2017; Zhang et al., 2018), joint inversion

tomography (Guo et al., 2018; Guo et al., 2019; Gao et al., 2022), deep

seismic reflection profiling (Deng et al., 2011; Lϋ et al., 2013), gravity
analysis (Deng et al., 2014). Zhou et al. (2012) obtained the 3D

S-wave velocity structure in South China through ambient noise and

earthquake surface wave tomography and they found that the

lithosphere is thick in the western Yangtze Craton but thin in

the eastern Cathaysia Block. They hypothesized that the lithosphere

of the Yangtze Craton and Cathaysia Block was eroded and thinned

due to the flat slab subduction of the Pacific plate. He et al. (2013)

obtained the distribution of crustal thickness and Vp/Vs in South

China through the receiver function study, and inferred that the

Jiujiang-Shitai fault defines a suture zone between the Yangtze

Craton and Cathaysia Block. Guo et al. (2018) observed the

lateral crustal structure variations beneath South China Block

through the joint inversion of the surface wave and receiver

functions, which supported the flat slab subduction model

proposed by Li and Li (2007). Through joint inversion of body

wave and surface wave, Gao et al. (2022) analyzed the thinning

mechanismof the lithosphere in SouthChina, and they preferred the

flat slab subduction and its rollback model. In addition, a high-

velocity belt was found in the middle crust, and they speculated that

this high-velocity belt indicated the location of the Neoproterozoic

Yangtze Craton and Cathaysia Block. There have been

comprehensive geophysical studies in South China, but there are

still some unresolved issues due to the complex tectonic events. For

example, the location of the suture zone between the Yangtze Craton

and the Cathaysia Block is still debated (Wang et al., 2010; He et al.,

2013). Several competitive geological models such as the flat-slab

subduction model (Li and Li, 2007), the underplating and

delamination model (He et al., 2013), and the lateral

asthenospheric flow model (Gong and John Chen, 2014) have

been proposed for the formation of the Yangtze Craton and

Cathaysia Block. Furthermore, different Mesozoic magmatic

province formation mechanisms were also controversial (Zhou X.

et al., 2006; Li and Li, 2007; Wang et al., 2013).

Kennett et al. (2013) and Salmon et al. (2013) proposed an

Australian Seismological Reference Model (AuSREM) using a

large amount of seismological information in the Australian

region. This 3D seismological reference model not only shows

the main structural features of the area but also provides a

detailed basic reference model for the future study of the area.

The AuSREM plays an important role in Australian research and

has been cited more than 100 times so far. Some velocity models

in South China have been obtained by different research

methods, but there may be significant inconsistencies between

various models. We propose a basic reference model for South

China like the AuSREM. It is very helpful to solve the above-

mentioned controversial issues. The purpose of establishing the

crustal and uppermost mantle component of the SREM-SC is to

summarize the extensive seismological information and methods

in South China over the past decades and to provide 3D

FIGURE 1
Tectonic background of South China Block. Thick red and
blue lines indicate the boundaries of the major tectonic units and
basins, after Zhang et al. (2003) and Su et al. (2018). Dash black
lines indicate the major faults in the Chinese mainland (Deng
et al., 2003). TP: Tibetan Plateau; SGB: Songpan-Gantze Block;
QDO: Qinling-Dabie Orogen; NCC: North China Craton; TLF:
Tanlu Fault; SB: Sichuan Basin; JB: Jianghan Basin; YB: Youjiang
Basin; YC: Yangtze Craton; CB: Cathaysia Block; JNO: Jiangnan
Orogen; RRF: Red River Fault; LMSF: LongMenShan Fault.
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seismological reference models in South China and its

surrounding areas.

The crustal and uppermost mantle component of the SREM-

SC is grid-based, with 0.5-degree latitude and longitude

sampling. The model grid ranges from 100°E to 121°E in

longitude and from 18°N to 35°N in latitude. The properties

of each grid point are defined by the sedimentary thickness of the

basin, the Moho depth, P-wave velocity (Vp), S-wave velocity

(Vs), and density. Using various types of seismic data, we created

a database of well-constrained results. The Vsmainly comes from

surface wave tomography. The Vp comes from converted Vs and

body wave tomography. The density is obtained from the

empirical relationship between the Vp and density.

The crustal structure has an important influence on the

tomography of the lithospheric mantle and asthenosphere, so

the establishment of this model is of great value to improve

knowledge of the crustal structure and the seismic tomography

work (Salmon et al., 2013). The crustal and uppermost mantle

component of SREM-SC provides a reference model for other

studies in this area, such as improving earthquake locations, seismic

wave propagation modeling, and calculation of crustal corrections.

2 Data resources

We gathered various types of data and then combined them

to construct the 3D seismological reference model for crustal and

uppermost mantle structures in South China. The data resources

for constructing the velocity model mainly come from various

joint tomographic inversion results, while the data resources for

constructing the Moho depth map are mainly from the receiver

function studies.

We have collected five previously published S-wave velocity

models for the lithosphere of the South China Block (Table 1).

Previous studies have obtained 3D S-wave velocity models of the

crust and upper mantle across the South China block by ambient

noise and earthquake surface wave tomography (Zhou et al.,

2012; Bao et al., 2015; Shen et al., 2016). The empirical Green’s

functions (EGFs) estimated from the long-time cross-correlation

of ambient noise provided shorter periods of dispersions

(Shapiro et al., 2005). Therefore, combining both ambient

noise and traditional surface wave tomography can get a more

detailed lithospheric structure from the shallow crust to the

upper mantle (Yao et al., 2006; Yao et al., 2010). Based on the

algorithm of Zhang et al. (2014), some studies in South China

combined body-wave arrival times and surface wave data to

determine a high-resolution 3D S-wave velocity model of the

lithosphere (Han et al., 2021; Gao et al., 2022).

We collected some estimations of crustal thickness, Poisson’s

ratio, and Vp/Vs ratio in the South China Block from previously

four published receiver function results (Table 1). The receiver

function technique (Zhu and Kanamori, 2000) has become a

general seismological method to investigate crustal thickness. It

can extract P-to-S converted phases generated at seismic

TABLE 1 Nine seismic models were used in this study. (A) Data resources of tomography inversion for the S-wave velocity model used in this study. (B) Data
resources of receiver function for crustal thickness model used in this study.

A. Five seismic tomography models

Author Grid Depth grid spacing Model Methods

Zhou et al.
(2012)

0.5
× 0.5

0.2 km (from 0 to 150 km) Vs Ambient noise and earthquake surface wave
tomography

Bao et al. (2015) 0.1
× 0.1

2 km (from 1 to 9 km); 5 km (from 12.5 to 77.5 km); 10 km (from 85 to
155 km)

Vs Ambient noise and earthquake surface wave
tomography

Shen et al. (2016) 0.5
× 0.5

0.5 km (from 0 to 199 km) Vs Ambient noise and earthquake surface wave
tomography

Han et al. (2021) 0.5
× 0.5

0, 5, 10, 15, 20, 30, 40, 60, 80, 100, 120, 150, 180 km Vs & Vp Joint inversion of the body wave and surface wave

Gao et al. (2022) 0.5
× 0.5

2 km (from 0 to 30 km); 5 km (from 30 to 120 km) Vs Joint inversion of the body wave and surface wave

B. Four crustal thickness models

Author Model Methods

Li et al. (2014) Moho depth H—κ stacking of receiver functions (collecting and integrating)

He et al. (2014) Moho depth & Vp/Vs H—κ stacking of receiver functions

Wei et al. (2016) Moho depth & Poisson’s ratio H—κ stacking of receiver functions

Guo et al. (2019) Moho depth & Vp/Vs Joint inversion of receiver function and gravity
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discontinuities effectively in the crust and upper mantle beneath

seismic stations. Compared to the absolute velocities,

receiver function methods provide better limits on the

discontinuities. Li et al. (2014) summarized the crustal

thickness of the Chinese mainland based on previous studies.

He et al. (2014) integrated the three phases (converted Ps

and multiple PpPs and PpSs + PsPs phases) of the Moho to

estimate the crustal thickness and average Vp/Vs ratio of

continental China using the H-k stacking method of receiver

functions (Zhu and Kanamori, 2000). Wei et al. (2016) used

the same method but more data to calculate the Moho

depth and Poisson’s ratios beneath eastern China. Guo et al.

(2019) enhanced the method for the joint inversion of gravity

and receiver function and apply it to improve the estimates of

crustal thickness and Vp/Vs ratio in South China.

3 Sediments thickness

Sediment thickness, seismic properties, and geometrical

features of basins can be used to better understand the basin’s

geological evolution (Zhou J. et al., 2006; Li et al., 2012).

CRUST1.0 is the latest and widely used global model of the

crust. Based on the existing seismic detection results of active and

passive sources, combined with gravity inversion research, the

model gives information on sediment thickness, crustal

thickness, and velocity structure with 1.0-degree latitude and

longitude sampling (Laske et al., 2013). Xiao et al. (2021)

provided the thickness of sediments model beneath

continental China by using the Rayleigh wave ellipticity, P

polarization, and receiver function method.

Based on the model of CRUST1.0 and the study of Xiao et al.

(2021), we establish a sedimentary thickness model in South

China. We provide a comparison of the different weighting

values for the sediment thickness model in the supplementary

material (Supplementary Figure S6), evidencing that the

weighting values have little effect on the final model.

CRUST1.0 is a global model with less data coverage over

South China than Xiao et al. (2021), so we think the

weighting value 6:4 is an appropriate choice. The final

weighting model for the sediment thickness HRef at any grid

point is

HRef i( ) � 0.6HX i( ) + 0.4HC i( ) (1)

where HX comes from the study of Xiao et al. (2021), HC is the

CRUST1.0 model (Laske et al., 2013).

Figure 2 displays the thicknesses of sediment in the South

China Block. The thickest deposits are concentrated in the

Sichuan Basin and the thickness of sedimentary cover reaches

5–10 km. The deposits are mainly composed of the Palaeozoic

and middle Mesozoic strata (Wang et al., 2016; Liu et al., 2021).

It has the thickest shales (up to 300 m) and has become China’s

primary region for shale gas exploration (Zou et al., 2019). The

Jianghan and Youjiang basins have no obvious deposits, but

they have rich mineral resources and play an important role in

the tectonic evolution of the South China block. The Jianghan

basin is a typical continental petroliferous basin with salt layers.

It is a rifted basin of Cretaceous-Paleogene formed on the

Yangtze platform, covering 28, 000km2 smaller than the

Sichuan basin (Lu et al., 2008). These sediments not only

contain the uplift information of the surrounding orogenic

belt but also preserve the geological information of the

evolution of the Yangtze River (Zhang et al., 2008; Lin and

Liu, 2019). In the southwestern part of the South China Block, a

fabulous amount of gold deposits gathered in the Youjiang

basin. The formation of the gold deposits is related to two

tectonic evolution events, the collision between the Indosinian

Block and the South China Block and the westward subduction

of the paleo-Pacific Plate (Su et al., 2018; Jin et al., 2021; Yang

et al., 2021). There are few studies on the sediments’ seismic

velocity distributions presently and so we hope that the

sediments thickness of the crustal and uppermost mantle

component of the SREM-SC can stimulate the development

of more detailed representations of the sediments.

4 Moho depth

The Moho provides an immediate connection between the

crustal and mantle component of SREM-SC. We have collected

many studies on the crustal thickness in South China using the

receiver function method or joint inversion method (Table 1).

The left column of Figure 3 shows that the distribution of stations

FIGURE 2
The thickness of sediments in the South China Block is based
on the study of Laske et al. (2013) and Xiao et al. (2021).
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in South China is relatively uniform, and some temporary arrays

are added in the study of Li et al. (2014) andWei et al. (2016). The

Moho depth of these studies showed great consistency, except in

some areas, which may be caused by the different data sets or the

details of the method (filters, selection of events, and the

parameters).

FIGURE 3
Distribution of stations and the Moho depth maps from different studies. (A,B) The He et al. (2014) model, (C,D) the Li et al. (2014) model, (E,F)
the Wei et al. (2016) model, (G,H) the Guo et al. (2019) model.
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For the same station, there may be some differences in

longitude and latitude given by different studies. To ensure

that the information of the same station can be compared in

the statistical process, we regard the station spacing less than

7 km as the same station (If this criterion is smaller, it will

lead to the actual same station but be counted many times; If

this criterion becomes larger, then closely spaced linear

arrays will be miscounted). Based on the above criteria, in

our database 397 stations had more than one estimate

(2 stations were estimated 6 times, 21 stations were

estimated 5 times, 169 stations were estimated 4 times,

121 stations were estimated 3 times, and 84 stations were

estimated 2 times) and 499 stations with only one estimation.

The dataset used in our study has some redundancy because

many stations had multiple estimates of crust thickness. We

calculate the difference or standard deviation of stations for

stations with multiple estimates to evaluate its uncertainty.

Figure 4A shows the differences in crustal thickness for

84 stations with two different measurements. We also

calculated the standard deviations for 313 stations with at

least three different estimates of the crustal thickness

(Figure 4B). The standard deviation/difference of most

measurements is within 3 km, but a few of them reach

16 km. We list the specific estimates in Table 2 for each

model with a standard deviation/difference greater than

6 km. There is no significant difference in crustal

thickness in most study areas, but some areas with

complex topography have huge differences, such as the

southeastern Tibetan Plateau (Figure 4C). We do not

consider the estimates of the crustal thickness with a

standard deviation/difference greater than 6 km in the

final model.

We have collected more than 800 estimates of crustal

thickness from receiver function studies (Figure 5A) in

South China after removing poor thickness estimations and

redundant data. With denser station distribution, we propose

a crustal thickness map in South China. The large-scale

features of the result (Figures 5B,C) are similar to those of

FIGURE 4
Uncertainties of crustal thicknesses determined from receiver function analysis. (A) Differences in crustal thickness for stations with two
different estimates. (B) Standard deviations of crustal thickness for stations with three or more different estimates. (C) Distribution of estimates for
those stations with large differences.

TABLE 2 Information about stations with standard deviation/difference
estimates greater than 6 km.

Lon
(°)

Lat
(°)

Li et al.
(2014)
(km)

He et al.
(2014)
(km)

Wei et al.
(2016)
(km)

Guo et
al.
(2019)
(km)

100.8 26.7 55 33.11

109.0 32.7 52 61.2, 32.32 49.1

101.51 28.99 61.2 39.35 57.88

111.5 28.9 44 28

103 30.1 43.3 58.73

101.7 27.5 58.7 38.17 54.5

102.2 30.1 58.8 44.7

101.3 27.9 52 38.35

104.3 26.91 30.61 44

106.8 33.23 35.57 48.25

103.1 28.3 45.5, 49 34

103.2 26.1 46.4 56.17

103.5 29.6 49.6 40.53

110 27.1 37.8 26.1 39.58 30.5

104.4 29.6 46 53.49 43.96 38.5

Frontiers in Earth Science frontiersin.org06

Hu et al. 10.3389/feart.2022.1080307

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.1080307


previous results (Li et al., 2014; Wei et al., 2016). However, in

some detail, we integrate the results of all models so that it can

represent the general features of the region. The crustal

thickness shows a large variation from east to west. The

crustal thickness along the coastal region of the Cathaysia

Block is about 25–35 km. The western Yangtze Craton is

thicker, about 37–48 km. The Songpan-Gantze block has a

crustal thickness of up to 60 km.

FIGURE 6
Five published S-wave velocitymodels at a depth of 30 kmwith the same color bar from (A) Zhou et al. (2012), (B) Bao et al. (2015), (C) Shen et al.
(2016), (D) Han et al. (2021), (E) Gao et al. (2022). The velocity structure on Taiwan island is not reliable due to lacking data in (A).

FIGURE 5
(A)Distribution of receiver function data used in this study. Blue circles: Multiple measurements of crustal thickness; red triangles: one
measurement from Li et al. (2014); green triangles: onemeasurement fromWei et al. (2016); yellow triangles: onemeasurement fromHe et al. (2014);
black triangles: one measurement from Guo et al. (2019). (B) Scatters of crustal thicknesses; (C) Interpolated results to crustal thicknesses.
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5 Velocity model

5.1 Velocity model construction

With the development of China’s earthquake observation

system, South China has good data coverage and these studies

used the three-component seismogram records from permanent

and temporary stations of the China National Seismic Network

deployed in South China. The crustal and uppermost mantle

component of the SREM-SC is controlled by the S-wave velocity

(Vs). S-wave velocity is then used to construct the P-wave

velocity (Vp) and density (ρ) fields, as discussed below.

5.1.1 Averaged model of Vs
Since the horizontal grids and vertical sampling intervals of

the published velocity models are different, we re-interpolated

each model in uniform grids at the same horizontal coordinates

(0.5° step) and depth (5 km step), using an inverse distance

weighted method (exponent in the inverse distance weighting

function is 2). Figure 6 illustrates the selected models with

absolute velocities at depth of 30 km. We also show the

velocity structure comparison at different depths in the

supplementary material (5 km, Supplementary Figure S1;

10 km, Supplementary Figure S2; 20 km, Supplementary

Figure S3; 40 km, Supplementary Figure S4; 60 km,

Supplementary Figure S5). The velocity anomalies of these

models in most areas are consistent. The Sichuan Basin shows

low-velocity anomalies in the shallow crust due to the thick

sediments. In the middle-lower crust, the low-velocity anomalies

are mainly distributed in the Songpan-Gantze Block and the

southeastern Tibetan Plateau. And the coast of the Cathaysia

Block shows high velocities. The general consistency between the

various models from different methods means that the key

features of the structure are comparable, which provides a

basis for constructing the crustal and uppermost mantle

component of SREM-SC. Nevertheless, we must recognize

that there are some discrepancies between the models due to

the different techniques and data sets, such as the distribution of

the low-velocity anomalies in the Sichuan Basin at 5 and 10 km,

the value of the velocity anomalies in the Songpan-Gantze Block

and the Cathaysia Block at 20–60 km depth.

In order to obtain the average reference model of the study

region, we test the models with different weights according to

data coverage, resolution, inversion method, and other factors

(shown in Supplementary Figure S7 and Supplementary Table

S1). By comparing the results of different weights, we find that

FIGURE 7
Comparison of the estimated values obtained from the conversion of Vs using the two different approaches. (A) 2D Vp/Vs ratio obtained by
receiver function study (He et al., 2014) and (B) the resulting 2D converted Vp. (C) 3DVp/Vs ratio obtained by tomographic study (Han et al., 2021) and
(D) the resulting 3D converted Vp.
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there is little difference in velocity structure characteristics. It

indicates that the velocity structure characteristics of the five

models used in our study are very similar at various depths, and it

is feasible for us to average the five models. We calculate the

original five models (Table 1) with equal weight and obtain an

average model that can represent the common characteristics of

the study region. To evaluate the results of our average model, we

also calculated the difference between each model and the

average model at each grid point, as follows:

Dif ference � Model − AverageModel

AverageModel
× 100% (2)

5.1.2 Conversion from Vs to Vp
At present, there are few publicly available 3D P-wave

velocity models for the crust and uppermost mantle in South

China Block, and the majority of P-wave velocity models come

from body wave tomography or the full waveform seismic

tomography in the mantle (Zhao et al., 2012; Tao et al.,

2018). Therefore, we would like to obtain some other

information to help construct the 3D P-wave velocity models.

We can estimate the Vp by conversion of Vs using the Vp/Vs

ratio. There are two different approaches to getting the Vp/Vs

ratio. In the first method, the receiver function studies provide

not only an estimate of Moho depth but also the average Vp/Vs

ratio of the crust. The ratio obtained by this method is a 2D

model, which is the same value at every depth (Figure 7A). In the

second method, the USTClitho2.0 provided both the Vp and Vs,

we can get the Vp/Vs ratio by dividing these two. The ratio

obtained by this method is a 3Dmodel, which is different at every

depth (Figure 7C). By comparing the models estimated by the

conversion of Vs using the two different approaches, we found

that the Vp got from 3D Vp/Vs ratio (Figure 7D) was more

consistent with the velocity characteristics than the 2D Vp/Vs

ratio (Figure 7B).

Figure 8 shows the construction process of the P-wave

velocity of the crustal and uppermost mantle component of

SREM-SC. The average Vs model (Figure 8A) combined with

the 3D Vp/Vs ratio (Figure 8B) yields a converted Vp

field (Figure 8C), and then its combination with the Vp

estimates from the joint tomography inversion (Han et al.,

2021) (Figure 8D) to produce a final Vp distribution

(Figure 8E). Combining these two sets of results, we

construct a smooth estimate of the Vp model, which

provides a good representation of the velocity structure of

the study region.

FIGURE 8
The construction process of P-wave velocity for the crustal and uppermost mantle component of SREM-SC keyed at a map view of 30 km
depth. (C) The converted P-wave velocity model is obtained by combing (A) the averaged S-wave velocity model with (B) the Vp/Vs ratio obtained
from the USTClitho2.0, and then averaged with (D) The P-wave velocity from USTClitho2.0 (Han et al., 2021) to build (E) the final averaged P-wave
velocity for the crustal and uppermost mantle component of SREM-SC.
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5.1.3 Relation of Vp and density
Velocity and density are two kinds of parameters with good

correlation to rock’s physical properties. Feng et al. (1986)

proposed a linear relationship between velocity and density

suitable for local conditions by referring to the Nafe-Drake

empirical relationship and combining it with plenty of seismic

FIGURE 9
P-wave velocity distribution for the crustal and uppermost mantle component of SREM-SC at depths of (A) 5 km, (B) 10 km, (C) 20 km,
(D) 30 km, (E) 40 km, and (F) 60 km. S-wave velocity distribution for the crustal and uppermost mantle component of SREM-SC at depths of
(G) 5 km, (H) 10 km, (I) 20 km, (J) 30 km, (K) 40 km, and (L) 60 km.
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data in North China when inversing the 3D potential field of

gravity and magnetic. We use the empirical relationship

proposed by Feng et al. (1986):

ρ � 2.78 + 0.56* vp − 6.0( ); vp ≤ 6.0 (3)
ρ � 3.07 + 0.29* vp − 7.0( ); 6.0< vp ≤ 7.5 (4)

ρ � 3.22 + 0.20* vp − 7.5( ); vp > 7.5 (5)

5.2 Velocity structure

5.2.1 Horizontal slices
Ambient noise tomography, which is highly sensitive to the

existence of sediments, is primarily responsible for determining

the upper crust structure (Salmon et al., 2013). Figures 9A,B,G,H

display the P-wave velocity and S-wave velocity in the crustal and

uppermost mantle component of the SREM-SC at 5 and 10 km

depth. At the depth of 5 km, both P-wave and S-wave velocities

show low-velocity anomalies in sedimentary basins such as

Sichuan Basin and Jianghan Basin, the southeastern North

China Craton, and the eastern Tanlu Fault. The low-velocity

anomalies of the S-wave correspond well to the Sichuan Basin,

while the low-velocity anomalies of the P-wave are scattered,

which can also be observed in the Songpan-Gantze Block and

Red River Fault. The P-wave and S-wave velocities at 10 km are

homogeneous in most regions, except for the Sichuan Basin,

where there is still a bit of low velocity due to the thicker

sediments. In comparison, the Qinling-Dabie Orogen and the

coastal of the Cathaysia Block show high velocities, which could

be caused by crystallized basement rocks (Li and Li, 2007).

Figures 9C,D,I,J display the P-wave velocity and S-wave

velocity in the crustal and uppermost mantle components of

the SREM-SC at 20 and 30 km depth. At depth of 20 km, the

velocity distribution characteristics of the P-wave and S-wave are

roughly the same. The P-wave velocity in the Jiangnan Orogenic

shows high-velocity anomalies. Up to 30 km depth, the velocity

structure shows a significant change from west to east and does

not correspond to the geological structure like the upper crust

structure. The low-velocity anomalies are concentrated in the

Songpan-Gantze Block and the southeastern margin of the

Tibetan Plateau. These low-velocity anomalies possibly relate

FIGURE 10
Vertical S-wave velocity sections of the crustal and uppermost mantle component of SREM-SC along profiles (A) latitude at 25°N, (B) latitude at
30°N, (C) a diagonal profile CC′, (D) longitude at 110°E; (E) longitude at 115°E. The profile locations are shown in the map view (F) at 30 km. Moho
depth of this study (solid black line) is also shown in the map.
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FIGURE 11
Velocity difference of the averaged S-wave velocitymodel at 30 kmdepth relative to themodels of (A) Zhou et al. (2012), (B) Bao et al. (2015), (C)
Shen et al. (2016), (D) Han et al. (2021), (E) Gao et al. (2022).

FIGURE 12
Percentage histograms of velocity difference distribution from the average model, calculated at each node, at 30 km depth for (A) Zhou et al.
(2012), (B) Bao et al. (2015), (C) Shen et al. (2016), (D) Han et al. (2021), (E) Gao et al. (2022). The dashed gray lines indicate the velocity difference of
0%, ± 2%, and ± 5%.
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to the channel flow in the middle-lower crust beneath Tibet

(Clark and Royden, 2000; Royden et al., 2008). We also can see a

generally good correlation between the distribution patterns of

S-wave velocity, P-wave velocity, and Moho depth discussed in

section 4 (Figure 5C), for instance, regions with a thicker crust

usually have lower velocity values than regions with a thinner

crust.

The P-wave velocity and S-wave velocity in the crustal and

uppermost mantle components of the SREM-SC at 40 and 60 km

depth are shown in Figures 9E,F,K,L. At the depth of 40 km, the

velocity characteristics remain in the same distribution pattern as

at 30 km depth. At the depth of 60 km, the whole study area

displayed as high velocities, while the southeastern Tibetan

Plateau retains some low-velocity characteristics.

5.2.2 Vertical cross sections
Figure 10 shows five representative vertical cross sections

through the crustal and uppermost mantle component of the

SREM-SC. The sections at latitude 25°N, latitude 30°N,

longitude 110°E, longitude 115°E, and an oblique section

extending from the southeast to northwest of the study

region are presented in depth slices of S-wave velocity at

30 km depth (Figure 10F).

Section AA’ (Figure 10A) crosses the southeastern Tibetan

Plateau (TP), southern Yangtze Craton (YC), and Cathaysia

Block (CB). A low-velocity zone exists beneath the Tibetan

Plateau in this section. Section BB’ (Figure 10B) crosses the

Tibetan Plateau, Sichuan Basin (SB), and Jianghan basin (JB),

and reaches the eastern Yangtze Craton. There is a low-velocity

zone in the middle and lower crust of the Tibetan Plateau, which

has a clear boundary with the Sichuan Basin, possibly due to the

obstruction of the rigid Sichuan Basin (Clark and Royden, 2000;

Royden et al., 2008). At the same time, we can observe a clear

Moho depth variation between longitude 102°E and 104°E. In

addition, there are low-velocity anomalies below the Sichuan

Basin and Jianghan Basin, which are related to their thick

sediments, but for these sedimentary basins, there is no fully

defined lower boundary. Section CC’ (Figure 10C) crosses the

Songpan-Gantze block (SGB), Sichuan Basin, Yangtze Craton,

and Cathaysia Block. There is a low-velocity zone beneath the

Songpan-Gantze Block in the middle-lower crust, and the Moho

depth of the whole section increases from southeast to northwest.

We can still observe the low velocities below the Sichuan Basin in

the shallow crust. Section DD′ and EE’ (Figures 10D,E) both

cross the North China craton (NCC), Qinling-Dabie Orogen

(QDO), Yangtze Craton, and Cathaysia Block along longitude. In

these two sections, the crustal thickness fluctuates slightly, about

35 km.

By comparing our new Moho depth (Figure 5C) discussed in

section 4 with the vertical sections of the S-wave velocity, we

found a good correspondence between the Moho depth and the

Vs of 4.0 km/s. We can see from these sections that the Moho

depth increases from southeast to northwest and crustal

thickness is positively correlated with topography.

5.3 Comparison with previous models

We compare our average model with those by Zhou et al.

(2012), Bao et al. (2015), Shen et al. (2016), Han et al. (2021), and

Gao et al. (2022) at 30 km depth in Figure 11 and the other depths

in the supplementary material (Supplementary Figures S8–S12).

We also show the histograms of velocity difference distribution

for all five models at 30 km depth in Figure 12, and the other

depths are shown in the supplementary material (Supplementary

Figures S13–S17).

The result shows that the difference in most areas was less

than 6%. At the depth of 30 km, the S-wave velocity results

obtained by surface wave tomography (Figures 11A–C) are

smaller than the average model in the Yangtze Craton and

Cathaysia Block, except for the Sichuan Basin of the model of

Shen et al. (2016). In the whole study area, except for the

Songpan-Gantze block and the parts of the Sichuan Basin, the

results obtained from the joint inversion of body wave and

surface wave (Figures 11D,E) are higher than the average

model. In the vicinity of the Songpan-Gantze block, except for

Zhou et al. (2012) (Figure 11A), other all models show lower

velocity than the average model. Figure 12 shows the histogram

statistics of the velocity difference distribution at 30 km depth,

the models of Figures 12B,C are closest to the average model. The

velocity obtained by surface wave inversion is generally lower

than the average model, while that obtained by joint inversion is

generally higher than the average model.

These published five models are obtained by different data sets

and inversion methods, so it is difficult to estimate their systematic

biases quantitatively. Zhou et al. (2012) and Shen et al. (2016) think

the velocity uncertainties are caused by the trade-off between shear

velocity perturbations near a boundary and topography. At shallow

depths, uncertainties are highest beneath sedimentary basins. At the

depths away from crustal interfaces, the uncertainties are much

smaller. At deeper depths, the uncertainties maps are controlled by

the Moho depth. The highest uncertainty varies from the eastern of

the study region to Tibet. The resolution of the model is about 1–2°

in eastern China and has no significant difference in South China

(Bao et al., 2015). Han et al. (2021) and Gao et al. (2022) conduct the

checkerboard test to evaluate the model and the resolution in South

China is relatively uniform. Reasons for these differences may

include different types of original data, the method of dispersion

measurement, inversion initial models, methods and parameters,

etc. We do not determine which model is better or worse, we just

attempt to analyze the differences and similarities between the

previous models and the newly established average model.
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6 Conclusion

We propose the crustal and uppermost mantle component of

the Seismological Reference EarthModel in South China (SREM-

SC) from many published seismic models, which can serve as a

new reference model for the velocity structure of the South China

lithosphere. The crustal and uppermost mantle component of

SREM-SC is grid-based with a 0.5° sampling in both latitude and

longitude, and with vertical sampling points at 5 km intervals to

the depth of 60 km. Each grid point is defined by the thickness of

the sediments, the Moho depth, the P-wave velocity, the S-wave

velocity, and density as a function of depth. The S-wave velocity

comes from the ambient noise and earthquake surface wave

tomography and the information for the P-wave velocity is a

combination of estimates by conversion of Vs using the Vp/Vs

ratio and the joint inversion. The density is inferred from

empirical relationships between P-wave velocity and density.

The Moho depth is obtained by weighted averaging of

previously published receiver function results.

The crustal and uppermost mantle component of SREM-SC

describes the major lithosphere features in South China. However,

we must recognize the limitations of this model. There is no dense

P-wave velocity information in the crust of South China, and we

limit it by conversing from S-wave velocity. The model can be

improved by adding more information constraints. The crustal

structure has a significant impact on the tomography of the

lithospheric mantle and asthenosphere. The establishment of the

crustal and uppermostmantle component of SREM-SC is critical for

understanding the crustal structure and improving seismic

tomography work. And it can also be used as the initial model

for seismic wave propagation simulation, crustal correction for

tomography inversion, gravity modeling, etc.
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