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A B S T R A C T   

The eastern South China Block is characterized by multi-stage intra-continental collisions and orogeny from the 
Paleozoic to early Mesozoic, and strong magmatism and metallogenesis since the late Mesozoic. In order to 
further study the tectonics, magmatism and metallogenesis, we constructed a new model of crustal thickness and 
Vp/Vs ratio for the crust beneath the eastern South China Block using H-κ stacking of teleseismic P-wave radial 
receiver functions from 845 broadband seismic stations. New knowledge of the crustal structure and properties 
pertinent to the tectonics and metallogenesis is as follows: (1) the average crustal thickness beneath the eastern 
South China Block is 33 km. It is thinner and varies smoothly in the Cathaysia Block and Jiangnan Orogen, and 
gradually thickens to the northwest and reaches ~40 km in the Yangtze Block; (2) the average crustal Vp/Vs 
ratio of the eastern South China Block is ~1.72, lower than the global average value ~1.78. This implies an 
absence of a mafic lowermost crustal layer; (3) the Jiangnan Orogen is characterized by a conspicuous belt of 
lower Vp/Vs ratios, different from the Yangtze and Cathaysia Blocks on either side. This is interpreted as caused 
by synorogenic crustal thickening and the subsequent lower crustal delamination; (4) the crustal thickness and 
the Vp/Vs ratios in the eastern South China Block are negatively correlated, also indicating tectonic thickening of 
a felsic upper and middle crust. This is consistent with folding and thrusting during orogenesis and the later 
delamination of the mafic lower crust; (5) the Anhua-Luocheng fault is considered to be the southwestern 
segment of the boundary between the Yangtze Block and Jiangnan Orogen; (6) lithospheric extension caused by 
subduction of the Pacific Plate and the corresponding slab rollback during the late Mesozoic can explain the 
crustal thickness, the Vp/Vs ratio distribution patterns and the metallogenesis in the eastern South China Block.   

1. Introduction 

The South China Block (SCB) is located at the southeast margin of the 
Eura-Asian Plate and formed from the collision between the Yangtze 
Block and the Cathaysia Block in the early Neoproterozoic. The area is 
well known for its complex geological history and its extensive late 
Mesozoic granite province (Cawood et al., 2013; Li et al., 2012; Shu 
et al., 2009; Sun et al., 2012; Wang et al., 2003, 2013; Zhang et al., 
2013a, 2013b). The Late Mesozoic igneous rocks are predominantly 
granite and rhyolite. They make up 95% of a 600-km-wide belt that lies 

along the southeastern coastline of China (Wang et al., 2003). These 
rocksfall into three main age groups, formed at 180–160 Ma, 160–140 
Ma and 140–97 Ma (Li et al., 2014a; Wang et al., 2003). 

In the past decades, various seismic studies, focusing on the deep 
crustal and upper mantle structure, have been carried out in the eastern 
SCB. These include both passive seismic (e.g. Ai et al., 2007; Chen et al., 
2010; He et al., 2013; Huang et al., 2010a,b; Li et al., 2014b; Shi et al., 
2013; Song et al., 2017; Huang, 2013) and active seismic studies (e.g. 
Cai et al., 2016; Deng et al., 2011; Teng et al., 2013; Xiong et al., 2009; 
Zhang et al., 2013b). The results from these studies have greatly 
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increased knowledge of the deep crustal structure, the geodynamic 
evolution and the metallogenic history of the eastern SCB. An important 
outcome from these surveys is that both the crust and the lithosphere in 
the eastern SCB are thin and become thicker towards the west. However, 
the previous studies, although covering most of the eastern SCB, were 
mostly based on the permanent seismic stations of CDSN (Chinese Dig-
ital Seismic Network, operated by the Chinese Earthquake Administra-
tion). The stations are distributed unevenly and their separation is about 
100 km on average, which limited the lateral resolution of the survey 
results. There were also some passive and active seismic studies based on 
dense deployments of portable seismic stations. However, their aim was 
studying the detailed structure of particular geological features, rather 
than the regional variations of crustal thickness and compositions in the 
eastern SCB. 

In this study, we have collected the data from both permanent and 
portable broadband seismic stations in the mainland of the eastern SCB 
and constructed a new model of crustal thickness and average Vp/Vs 
ratio. The data used in our study is from the permanent stations of CDSN 
and the portable stations available to us. We have also incorporated 
published results from portable stations for which the raw seismic data 
are not available to us. The resulting dataset of 845 broadband seismic 
stations provides more detailed information on the crustal thickness and 
the Vp/Vs ratio variations in the eastern SCB than was previously 
available. The implications of these data for the local tectonics and 
metallogenesis are discussed. 

2. Tectonic and metallogenic settings in the eastern South China 
Block 

The SCB is tectonically composed of three units: the Yangtze Block, 
the Cathaysia Block and the intervening Jiangnan Orogen. There is 
general agreement that in the northeast these units are separated by the 
Jiujiang-Shitai buried fault (JSBF, F7 in Fig. 1) and Jiangshan-Shaoxing 
fault (JSF, F4 in Fig. 1), respectively. However, the location of the 
boundaries further southwest remains controversial. The three tectonic 
units have different structure, igneous rocks, geological histories, and 
geochemical and geophysical properties (Cawood et al., 2013; Li et al., 
2012; Shu et al., 2009; Sun et al., 2012; Wang et al., 2003, 2013; Zhang 
et al., 2013a, 2013b; Zhou et al., 2006). The Yangtze Block is a craton 
composed of Archean-Paleoproterozoic crystalline basement. The 
Cathaysia Block is mainly composed of several micro-blocks of Pre-
cambrian basement. The intervening Jiangnan Orogen is composed of 
arc-trench-basin assemblages recording the eventual accretion of the 
bounding Yangtze and Cathaysian Blocks to form SCB (Li et al., 2012, 
2014a; Shu et al., 2009; Yao et al., 2019; Zhang et al., 2012). Previous 
geochemical and petrological studies have shown that the Mesozoic 
granites and other igneous rocks widely exposed in the eastern SCB vary 
both spatially and temporally. They record a decrease in age, but an 
increase in intensity, of the magmatism southeastwards towards the 
coast (Zhou and Li, 2000; Zhou et al., 2006; Shu et al., 2009; Li et al., 
2012). There are also differences in the distribution, scale, time and 
duration of the Cretaceous magmatism between the Yangtze and 
Cathaysia Blocks. (Li et al., 2012; Mao et al., 2011; Xu et al., 1999; Wang 

Fig. 1. Simplified geological map of South China showing the distribution of Cretaceous structures and igneous rocks, modified after Li et al. (2014). The red, blue, 
green, and purple areas represent the Cretaceous granite, volcanic rocks, red beds, and the basement of the Precambrian period. The unfilled areas represent other 
Phanerozoic strata that are not part of the Cretaceous period. The numbers of faults are as follows: F1- Changle-Nanao fault, F2- Zhenghe-Dapu fault, F3- Ganjiang 
fault, F4- Jiangshan-Shaoxing fault, F4b- Linchuan-Chenzhou fault, F5- Chenzhou-Linwu fault, F6- Qidong-Yongzhou-Guilin fault, F7- Jiujiang-Shitai buried fault, 
F7b- Changsha-Nanning buried fault, F8- Anhua-Luocheng fault, F9- Tancheng-Lujiang fault, F10- Xiaotian-Mozitan fault, F11- Xiangfan-Guangji fault. 
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et al., 2003, 2013). These differences imply that the three main crustal 
blocks in the SCB experienced significantly different geodynamic and 
magmatic histories during the Mesozoic period. 

The intense magmatism in the eastern SCB contributed to the for-
mation of significant poly-metallic mineralization (e.g. Deng and Wu, 
2001; Mao et al., 2004, 2008; Hu et al., 2008; Yang and Zhang, 2012). 
The area contains globally significant W, Sb and Sn deposits, and 
abundant Cu-Mo-Pb-Zn-Au-Ag, Ta, Nb, HREE and uranium deposits (Li 
et al., 2014a; Sun et al., 2012; Ishihara, 1984). The vast majority of the 
deposits in south China were formed during the Yanshanian period from 
the Middle to Late Jurassic to the Cretaceous (Yang and Mei, 1997; Xu 
et al., 2012; Lü et al., 2017). Based on the types of mineral deposits, 4 
large metallogenic belts are defined: the Middle and Lower Reaches of 
Yangtze Metallogenic belt (MLYMB), rich in Fe-Cu polymetallic miner-
alization; the Wuyishan Metallogenic belt (WYMB), rich in Au-Cu pol-
ymetallic mineralization; the Nanling Metallogenic belt (NLMB), rich in 
W-Sn polymetallic mineralization; and the Qinhang Metallogenic belt 
(QHMB), rich in Cu-Au polymetallic mineralization (Lü et al., 2019; Mao 
et al., 2011). 

There are several regional-scale faults in the eastern SCB (Fig. 1). 
These include, from west to east, the Jiujiang-Shitai buried fault (JSBF; 
F7), Jiangshan-Shaoxing fault (JSF, F4), Ganjiang fault (GJF, F3), 
Zhenghe-Dapu fault (ZDF, F2) and Changle-Nanao fault (CNF, F1). The 

JSF is widely accepted as the boundary between the Jiangnan Orogen 
and the Cathaysia Block since their amalgamation in the early Neo-
proterozoic, but the southwestward extension of this fault is still 
debated. One view point considers that the JSF extends along the 
Qidong-Yongzhou-Guilin fault (QYGF; F6) (Shu et al., 2009), whilst the 
other opinion is that the Chenzhou-Linwu fault (CLF, F5) is the south-
west continuation of the JSF (Wang et al., 2005; Deng et al., 2014). The 
ZDF separates the Cathaysia Block into the western and eastern part. The 
eastern Cathaysia Block includes the NE-trending southeast China 
coastal Late Mesozoic volcanic-sedimentary belt (Chen and Jahn, 1998; 
Xu et al., 2007). The CNF lies along the coast and is an Early Cretaceous 
sinistral ductile shear zone (Wang and Lu, 2000). The boundary between 
the Yangtze Block and the Jiangnan Orogen is also poorly defined and is 
usually taken as the Jiujiang-Shitai buried fault (F7 in Fig. 1) on its north 
section, based on the distribution of exposed early to middle Neo-
proterozoic successions (Yao et al., 2019) and some potential field 
research (Guo et al., 2019). For the south section of the boundary be-
tween Yangtze Block and Jiangnan Orogen, Wang et al. (2013) suggest it 
should be along the Anhua-Luocheng fault (F8 in Fig. 1). 

The broadband seismic stations used in our study covered the main 
tectonic elements mentioned above, including the Yangtze Block, the 
Jiangnan Orogen and the Cathaysia Block, the metallogenic belts of 
MLYMB, NLMB, WYMB and QHMB, and the major fault system of the 

Fig. 2. Geographic locations of the broadband seismic stations used in this study. - permanent stations of CDSN (Chinese Digital Seismic Network), - portable stations 
deployed by IGCAGS (Institute of Geology, Chinese Academy of Geological Sciences) (Han et al., 2019; Ye et al., 2013), - portable stations deployed by CEA (China 
Earthquake Administration) (Liu et al., 2005; Zhao, 2015; Zhao et al., 2015), - portable stations deployed by IGGCAS (Institute of Geology and Geophysics, Chinese 
Academy of Sciences) (Wei et al., 2016; Zheng et al., 2014), - portable stations deployed by NJU (Nanjing University) (Huang et al., 2010a; Yu et al., 2016; Huang, 
2013), - portable stations deployed by IMRCAGS (Institute of Mineral Resources, Chinese Academy of Geological Sciences) (Shi et al., 2013 and this work). The white 
stars with red frame are the locations of the four stations presented in Figs. 3 and 4. MLYMB- Middle and Lower Reaches of Yangtze Metallogenic Belt, WYMB- 
Wuyishan Metallogenic Belt, NLMB- Nanling Metallogenic Belt, QHMB_E- the eastern section of Qinhang Metallogenic Belt, QHMB_S- the Southern section of the 
Qinhang Metallogenic Belt. Information about all the faults and tectonics are the same as Fig. 1, and two additional faults (in cyan color) F4b and F7b are faults 
defined in this study. 
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eastern SCB. The profiles of portable stations, which lie nearly perpen-
dicular to the strike of tectonic boundaries and faults, provide important 
new constraints on the structure and composition of the deep crust in the 
eastern SCB. 

3. Moho depth and crustal Vp/Vs ratio derived from the P-wave 
teleseismic receiver functions 

3.1. Seismic data used in this study 

As mentioned above, we have made use of not only the teleseismic 
data of the permanent stations of CDSN (Chinese Digital Seismic 
Network, operated by Chinese Earthquake Administration) and the 
portable stations available to us, but also the previously published re-
sults of the portable stations for which we do not have access to the raw 
seismic data. Fig. 2 is a location map showing all stations used in the 
study. Details of the data are as follows: (1) For the permanent broad-
band seismic stations from CDSN (Zheng et al., 2009, red diamonds in 
Fig. 2). The teleseismic data from events with magnitude larger than Ms 
5.0 and epicentral distance ranging from 30◦ to 90◦ between 2010 and 
2011 were collected; (2) We have the raw data from two dense profiles 
of seismic stations: one of which goes across the MLYMB (white triangles 
with purple margin in Fig. 2), and the other one goes across the WYMB 
and QHMB (red triangles in Fig. 2). The data of the profile crossing the 
MLYMB were collected between 2009 and 2011. Average inter-station 
interval is about 5 km. The data from the profile crossing the WYMB 
and QHMB were collected between 2017 and 2019. Average inter- 
station interval is about 10 km. For these two dense seismic profiles, 
the teleseismic data from events with the same magnitude and epicentral 
distance as for the CDSN stations were selected to extract the P-wave 
receiver functions; (3) The rest of our data are previously published 
results of H-κ stacking of P-wave radial receiver functions in the eastern 
SCB. Details of the data used in this study and the corresponding 
bibliographical references are listed in Table 1. 

3.2. Extraction of P-wave radial receiver functions 

P-wave radial receiver functions are the radial waveforms created by 
deconvolving the vertical component from the radial component to 
isolate the receiver site effects from other information contained in the 
teleseismic P- waveforms (Langston, 1979). This technique has been 
proved to be useful in estimating the crustal thickness and Vp/Vs ratios 
beneath the seismic stations (Zhu and Kanamori, 2000). 

We adopted the following procedures for data processing and quality 

control: (1) Select earthquake events with the appropriate epicentral 
distances and magnitudes from the catalogs provided by USGS; (2) 
Calculate the arrival time of the first arrival P-wave from the event to the 
station, based on the IASP91 model, and extract waveforms within − 20 
to + 80 s of the first arrival P wave; (3) Perform pre-processing on the 
waveform (remove mean value, remove linear trend, remove taper, etc.) 
and band-pass filtering with a bandwidth range of 0.03–5 Hz. All the 
waveforms of the three components were visually inspected to ensure 
good signal-to-noise ratios. Noisy events were discarded; (4) Rotate the 
coordinate system of the original recording components, shifting the 
waveform record from the original Z, N, E coordinate system to the Z, R 
(radial direction), T (transverse direction) coordinate system; (5) Extract 
the receiver functions using the time domain deconvolution method 
(Ammon, 1991). In this step the Gaussian coefficient used was 2.5, 
which corresponds to a low-pass filter with cut-off frequency of 
approximately 1 Hz; (6) Moveout correct all the receiver functions (with 
a reference slowness of 0.057 s/km) for each station and eliminate the 
effects of different epicentral distances and azimuths. Receiver functions 
with waveforms that were obviously distorted were rejected. In this 
study, for the seismic data from the stations deployed by CDSN and 
IMRCAGS (Nos. 1, 11 and 12 in Fig. 2 and Table 1), we extracted the P- 
wave radial receiver functions from the teleseismic records using the 
processing steps mentioned above. The receiver functions from four 
typical stations, A024, located in the WYMB; A060, located in the 
QHMB; AH.JIX, located in the MLYMB; and GX.HZS, located in the 
NLMB were presented in Fig. 3. 

3.3. H-κ stacking estimates of crustal thickness and Vp/Vs ratio from 
receiver functions 

Zhu and Kanamori, 2000 showed that crustal thickness estimated 
based on the arrival time of the P-to-S (Ps) converted wave is more 
sensitive to the Vp/Vs ratio than to the average crustal velocity. 
Therefore, Zhu and Kanamori, 2000 proposed a method of searching and 
stacking through the H-κ (here H means the crustal thickness and κ 
means the Vp/Vs ratio) domain, as shown in Eq. (1): 

s(H, κ) = ω1r(tPs)+ω2r
(
tPpPs

)
− ω3r

(
tPpPs+PsPs

)
(1) 

In the equation, ωi is the weighting factors for Ps, PpPs, and PsPs +
PpSs, and 

∑
ωi = 1, and r(t) is the radial receiver function. The main idea 

behind H-κ stacking is to seek the point of optimal H and κ which 
correspond to the maximum stacking amplitude of s(H, κ). 

A velocity of 6.3 km/s was chosen for the average Vp according to 
the active deep seismic sounding research in the eastern SCB (Deng 

Table 1 
Information for all the seismic stations used in this study.  

No. Symbol in  
Fig. 2 

Permanent/portable 
station 

Data collection 
year 

Institutes which deploy 
the stations 

References Remarks 

1 permanent Long term CDSN He et al., 2013; Li et al., 2014; Song et al., 2017; Wei et al., 
2016; Zhang et al., 2019  

2 portable 2014–2015 IGCAGS Han et al., 2019  
3 portable 2008–2012 IGCAGS Li et al., 2013; Ye et al., 2013  
4 portable 2012–2014 IGPCEA Zhao, 2015; Zhao et al., 2015  
5 portable 2001–2002 IGLCEA Liu et al., 2005 Only crustal 

thickness 
6 portable 2009–2010 IGGCAS Wei et al., 2016; Zhao et al., 2013; Zheng et al., 2014  
7 portable 2009–2013 IGGCAS Wei et al., 2016; Zhao et al., 2013; Zhang et al., 2018  
8 portable 2007–2008 NJU Huang et al., 2010a; Yu et al., 2016  
9 portable 2008–2011 NJU Huang, 2013; Yu et al., 2016  
10 portable 2008–2011 NJU Yu et al., 2016  
11 portable 2009–2011 IMRCAGS Shi et al., 2013; This work.  
12 portable 2017–2019 IMRCAGS This work.  

Abbreviations for the institutes listed in Table 1: CDSN- Chinese Digital Seismic Network, operated by the Chinese Earthquake Administration; IGCAGS- Institute of 
Geology, Chinese Academy of Geological Sciences; IGPCEA- Institute of Geophysics, Chinese Earthquake Administration; IGLCEA- Institute of Geology, Chinese 
Earthquake Administration; IGGCAS- Institute of Geology and Geophysics, Chinese Academy of Sciences; NJU- Nanjing University; IMRCAGS- Institute of Mineral 
Resources, Chinese Academy of Geological Sciences 
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Fig. 3. Radial receiver functions of 4 typical stations, which are located in different tectonic units. Fig. 3a and b are portable seismic stations A060 and A024 
deployed by IMRCAGS, and Fig. 3c and d are permanent stations AH.JIX and GX.HZS from CDSN. Locations of the four stations are marked in Fig. 2 as white stars 
with red frame. The lower left plot shows the original receiver functions, the lower right plot indicates the back-azimuth of each receiver function, and the upper left 
plot shows the stacked sum of all the receiver functions after move-out correction. The converted phase of Moho Ps is seen clearly on the stacked trace and almost all 
the original traces of the P-wave radial receiver functions. 
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et al., 2011; Teng et al., 2013), and the weighted coefficients for the 
three seismic phases of Ps, PpPs, and PsPs + PpSs were taken as 0.7, 0.2, 
and 0.1, respectively. The weighting factors were chosen to balance the 
contributions from the three phases. The Ps phase always has the best 
SNR, and the PpPs and PpSs/PsPs have similar slopes in the H-κ plane, so 
the Ps phase was given a higher weight than the PpPs and PpSs/PsPs (Ai 
et al., 2007; Zhu and Kanamori, 2000). The estimates of crustal thickness 
and Vp/Vs ratio beneath the four stations of Fig. 3 are shown in Fig. 4. 

Results derived from the H-κ method are shown in Fig. 5a for the 
crustal thickness and Fig. 6a for the Vp/Vs ratio. After the crustal 
thickness and Vp/Vs ratio of all the stations were obtained, we 
compared the crustal thickness and Vp/Vs ratio of each station with all 
its neighboring stations. If its misfit with the average value of the 
neighbours was larger than 10%, we re-estimated the H-κ values by 
narrowing down the search range of H-κ stacking, so as to reject the 

effects of local crust variations. To get a continuous map of crustal 
thickness and Vp/Vs ratio in the eastern SCB, we interpolated the results 
from individual stations to form a gridded dataset, using a moving 
average filter with window with horizon dimensions of 0.5◦. These are 
plotted in Figs. 5b and 6b, see also the supplementary materials. 

4. Crustal thickness, Vp/Vs ratio and their tectonic and 
metallogenic implications 

4.1. Large-scale variations in crustal thickness and Vp/Vs ratio in the 
eastern South China Block 

The first-order patterns of our new map of the crustal thickness and 
Vp/Vs ratio correspond well with the previous studies and also the main 
tectonic features in the eastern SCB (e.g. He et al., 2013; Huang et al., 

Fig. 4. Estimates of the crustal thickness and Vp/Vs ratio using H-κ stacking for stations of A060, A024, AH.JIX and GX.HZS, corresponding to the RFs in Fig. 3. 
Locations of the four stations are marked in Fig. 2 as white stars with red frame. In each panel, the subplots 1, 2, 3 and 4 are the H-κ search results for the wave phase 
Ps, PsSs + PsPs, PpPs and the stack of all three phases. The white star marks the estimate of H and κ. Station name is marked in the Ps subplot of each station. 
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Fig. 5. (a) Individual estimates of crustal thicknesses in South China derived from the H-κ stacking method; (b) interpolated data for all the South China region using 
the surface command in GMT (Wessel and Smith, 1998) and also filtered using moving average smoothing method with a window with dimensions of 0.5◦. The 
dashed gray line marks the Gravity Gradient Belt in eastern China. Information about the faults and tectonics are the same as those in Figs. 1 and 2. 
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Fig. 6. (a) Individual estimates of average Vp/Vs ratio in crust of South China derived from the H-κ stacking method; (b) interpolated data for all the South China 
region using the surface command in GMT(Wessel and Smith, 1998) and also filtered using moving average smoothing method with a window with dimensions of 
0.5◦. The dashed gray line marks the Gravity Gradient Belt in eastern China. Information about the faults and tectonics are the same as those in Figs. 1 and 2. 
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2015; Wei et al., 2016; Song et al., 2017), but provide more detailed 
information (Figs. 5 and 6). Overall, the crust of the eastern SCB is 
characterized by thin Cathaysia Block crust and thick Yangtze Block 
crust. The crustal average Vp/Vs ratio variation is generally consistent 
within the tectonic units. 

4.1.1. Crustal thickness variations in the eastern South China Block 
The crustal thickness in the study area increases gradually from 28 

km near the coastline of southeastern China (Cathaysia Block) to about 
40 km in the inland western part of the study area (Yangtze Block). The 
crust in the Cathaysia Block has fairly constant thickness, with an 
average thickness of about 31 km (Figs. 5 and 7). This is much thinner 
than the global average value of about 41 km for continental crust 
(Mooney, 2007). Crustal thickness in the Yangtze Block varies signifi-
cantly, ranging from ~28 km to ~40 km, and the most common value is 
about 35 km. The crust is thinner in the Middle and Lower Yangtze river 
belt and the Jianghan basin area. In the Jiangnan Orogen, the crustal 
thickness increases from ~30 km near the Cathaysia Block to ~34–36 
km near the Yangtze Block. The Jiangnan Orogen therefore corresponds 
with a crustal thickness gradient between the Yangtze and Cathaysia 
Blocks. 

4.1.2. Crustal average Vp/Vs ratio variations in the eastern South China 
Block 

Variation of the Vp/Vs ratios in the eastern SCB (Figs. 6 and 7) is 
characterized by a clear spatial correlation with surface geology. The 
Vp/Vs ratios in the Yangtze and Cathaysia Blocks are relatively higher, 
in contrast to the low values along the Jiangnan Orogen. In detail, the 
average Vp/Vs ratio of our study region is 1.72, which is lower than the 
global average value for continental crust (~1.76) (Christensen, 1996). 
The Vp/Vs ratio of the Yangtze Block lies generally in the range 
1.65–1.81, with an average value of 1.74. In the Cathaysia Block, the 

average Vp/Vs ratio is ~1.72, with a high Vp/Vs ratio belt along the 
southeastern coast area, and a low Vp/Vs zone in the Yunkai area 
(southernmost part of the Cathaysia Block). A belt of significantly lower 
Vp/Vs ratio, with an average Vp/Vs ratio of ~1.68, occurs along the 
central section of Jiangnan Orogen. However, in the Jiuling, Huaiyu and 
the Xuefengshan terrains, respectively in the northeast part and south-
west part of the Jiangnan Orogen, the Vp/Vs ratio is relatively higher, 
with an average value of ~1.76. 

4.2. Crustal properties and boundaries of the Jiangnan Orogen 

The variation in deep crustal structure and geochemical composition 
is possible to be evaluated with crustal thickness and Vp/Vs ratio dis-
tribution, which are considered as the seismic responses to the tectonic 
process in SCB (Shu et al., 2009; Wong et al., 2011). As an important 
physical parameter directly related to Poisson’s ratio, Vp/Vs ratio is 
strongly correlated the content of quartz and feldspar in crust. Gener-
ally, intrusion of mafic materials will lead an increase in the Vp/Vs ratio, 
and felsic rocks will decrease the Vp/Vs ratio in the crust (Christensen, 
1996; Ji et al., 2009). Hence, the Vp/Vs ratio is of great significance for 
understanding the crustal composition and recognizing changes that 
may be due to tectonic processes. The crust is composed of horizontal 
layers with distinct compositions and rheological properties, and tec-
tonic thickening or thinning occurs preferentially in weak layers rather 
than strong layers. If shortening and thickening occur preferentially in 
felsic upper crust (with low Vp/Vs ratio) rather than mafic lower crust, 
the tectonic process will result in a decrease in Vp/Vs ratio with 
increasing crustal thickness. If the lower crust is thickened by the 
addition of mafic materials through basaltic underplating, this process 
will result in an increase in Vp/Vs ratio with increasing crustal thick-
ness. Lower crustal extension or delamination can cause a decrease 
inVp/Vs ratio’s decreasing (Ji et al., 2009; Ma, 2017). 

Fig. 7. Histograms of the crustal thickness (upper panel) and Vp/Vs ratio (lower panel) in the entire study region (ESCB, the eastern South China Block), the Yangtze 
Block, the Jiangnan Orogen and the Cathaysia Block. In the right panel, the gray bars are for the entire Cathaysia Block, and the red and blue bars are for the Western- 
and Eastern- Cathaysia Blocks, respectively, bounded by the Zhenghe-Dapu fault. Numbers indicate the average value of crustal thickness or Vp/Vs ratio in 
each block. 
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The Jiangnan Orogen is associated with a belt of lower Vp/Vs ratio 
and a crustal thickness gradient, as described in the previous section. We 
suggest the lower Vp/Vs ratio in, and along, the Jiangnan Orogen, is 
caused by the collisional orogenesis between the Yangtze Block and the 
Cathaysia Block since the Neoproterozoic period. The cause of the 
decrease in Vp/Vs ratios is the shortening and thickening of the felsic 
upper crust. Subsequently, crustal reconstruction and delamination has 
reduced the mafic components in the lower crust and further decreased 
the Vp/Vs ratios in and along the Jiangnan Orogen. 

In the northeast, the JSF (F4 in Fig. 1) and JSBF (F7 in Fig. 1) are 
generally accepted as the boundaries between the Cathaysia Block, 
Jiangnan Orogen, and Yangtze Block, respectively. However, the 
southwest extensions of these boundaries are still debated (see Section 
2). The high-resolution crustal thickness and Vp/Vs ratio data obtained 
in this study place important constraints on the locations of the both 
boundaries. We use 6 profiles (Figs. 5 and 6), trending approximately 
SE-NW direction and crossing the main tectonic units in the eastern part 
of our study region, to study the differences of crustal thickness and 

properties between the three blocks. Fig. 8 shows the variations in 
crustal thickness and Vp/Vs ratio and some other relevant parameters. 
The Moho depth we estimated from the H-κ stacking of the teleseismic P- 
wave receiver functions correlates well with the Bouguer gravity 
anomaly extracted from the satellite gravity model (EGM 2008) (Niko-
laos et al., 2012), which provides supports for the reliability of our re-
sults. The theoretical isostatic crustal thickness based on the Airy 
compensation model (Airy crust) was also computed to compare with 
the crustal thickness derived from receiver functions (RF crust) in the 
study region (Fig. 8). The results show that the variations in thickness of 
RF crust and Airy crust are qualitatively similar, but with some quan-
titative differences, consistent with the classic model of crustal thinning 
in an extensional environment (Buck, 1991; Zhang et al., 2011, 2013b, 
2017). 

The deep boundaries delineated by our data are presented in Figs. 2, 
5, 6 as blue lines, and in Fig. 8 also with annotations. The deep extent of 
the Jiangnan Orogen delineated in this study is generally similar to that 
delineated by geological investigations for the northeastern part, but 

Fig. 8. Comparison of the elevation (m), the Bouguer gravity (mgal), the crustal thickness (km) and the Vp/Vs ratio along 6 profiles in a roughly SE-NW direction in 
South China. Please refer to Figs. 5 and 6 for the locations of the 6 profiles. In the Moho depth plot of each line, the dashed blue line indicates the theoretical isostatic 
crustal thickness based on the Airy compensation model (Airy crust), and the solid black line indicates the crustal thickness derived from receiver functions (RF crust) 
in the study region. The light green belt denotes the position of the Jiangnan Orogen in each profile. The vertical colored lines are the locations of faults. For 
abbreviations of the faults, please refer to Fig. 1. 
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shifts a little east for the southwest part at deeper depths. Such results 
had also been revealed by active wide-angle seismic reflection studies 
(Zhang et al., 2013b). More specially, the deep boundary between the 
Yangtze Block and Jiangnan Orogen delineated by our data correlates 
well with the Jiujiang-Shitai buried fault (F7) for the northern segment, 
but to the south of 28.5◦N, its vertical projection on ground surface lies 
along the Changsha-Nanning buried fault (F7b in Fig. 1), to the east of 
the ALF. The displacement of the fault zone between the ground surface 
and in the deep crust provides the possibility for us to study the geom-
etry of boundary faults. The horizontal distances of F7b to F7 and F8 are 
50 km and 120 km, respectively. Taking the average crustal thickness of 
32 km in this region, the dip angle from F8 on surface to F7b at depth is 
about 33◦, and the dip angle from F7 on surface to F7b at depth is about 
15◦. Since the major thrust faults between tectonic blocks are expected 
to dip at 30◦- 60◦, the Anhua-Luocheng fault (F8) is probably the 
boundary fault between the Yangtze Block and Jiangnan Orogen. As for 
the boundary between the Jiangnan Orogen and the Cathaysia Block, 
our result correlates well with the Jiangshan-Shaoxing fault in the north 
section and the Chenzhou-Linwu fault in the south section, except in the 
middle section (between 26.0 ◦N and 28.0 ◦N), where it may be along 
the Linchuan-Chenzhou fault (F4b in Fig. 1). 

4.3. Geodynamic implications for the Cathaysia Block 

The Cathaysia Block can be divided into eastern and western blocks 
based on the geological histories and basement compositions, taking the 
Zhenghe-Dapu fault (F2 in Fig. 1) (Chen and Jahn, 1998; Xu et al., 2007) 
as the boundary. Generally, the crust beneath the eastern Cathaysia 
Block is thicker and with higher Vp/Vs ratios (Fig. 7) based on this 
research. 

Subduction of the Pacific Plate strongly affected the crustal proper-
ties of the Cathaysia Block. During the subduction process, various de-
grees of mantle wedge melting and basaltic underplating provided the 
necessary heat to cause partial melting of the lower and middle crust 
beneath the Cathaysia Block, promoting the generation of voluminous 
felsic magmas and forming the “southeast coastal volcanic rock belt” (Xu 
et al., 1999; Wang and Zhou, 1991; Zhou and Li, 2000). Underplating of 
mafic materials from the mantle will increase the Vp/Vs ratios of the 
lower crust, but in such a process, 90% of basaltic magma will stay at the 
boundary of crust and mantle and cause obvious thickening of the lower 
crust (O’Reilly and Griffin, 1996; Xu et al., 1999). If it is the under-
plating that causes this high Vp/Vs ratio, there must be strong extension 
at a later stage to offset the crust thickening caused by the underplating. 
This is generally supported by various studies (Li et al., 2012; Shu et al., 
2009; Zhang et al., 2013a, 2013b), although such magmatic under-
plating may be more localized than extensive in South China (Deng 
et al., 2019). 

In the western Cathaysia Block, the basement is considered to be 
composed of arc affinity and metasedimentary rocks with mostly felsic 
intrusions (Cawood et al., 2013; Lin et al., 2018; Wang et al., 2014; Yu 
et al., 2009). The crust may have been thickened due to the intense 
collision and compression with the Yangtze Block, resulting in the 
partial-melting of the deep crust and formation of the S-type granitoids, 
resulting in less mafic components in the crust. Possible post-orogenic 
delamination of the mafic lower crust further reduced the Vp/Vs ratio 
as well as the seismic P-wave velocity, as is observed by seismic wide- 
angle reflection and refraction studies (Deng et al., 2011; Lin et al., 
2020, 2021; Liao et al., 1988; Zhang et al., 2013b). In addition to the 
high Vp/Vs ratios, a higher P-wave velocity of the lower crust (Lin et al., 
2020, 2021; Zhang et al., 2013b) also indicates more mafic composition 
in the lower crust of the eastern Cathaysia Block than in the western 
Cathaysia Block. To summarize, the increasing of the crustal thickness 
and the average Vp/Vs ratio, and the high P-wave velocity observed 
beneath the eastern Cathaysia Block are probably the result of deep 
geodynamic process in this region. Such crustal properties are consistent 
with magmatic underplating in the lowermost crust and the existence of 

young volcanic activity, resulting from the lithospheric extension and 
subduction of the Pacific Plate. 

4.4. Implications for Mesozoic geodynamics and metallogenesis in the 
eastern South China Block 

The eastern SCB is well known for its large-scale Mesozoic poly-
metallic mineralization, the most endowed region in China (Mao et al., 
2004; Hu et al., 2008; Yang and Zhang, 2012; Wang et al., 2011). The 
mineral deposits in the MLYMB and northeastern segment of the 
QHMB_M are mainly associated with mantle-derived metallic elements 
(such as Fe and Cu polymetallic ore), and characterized by thin crust and 
high Vp/Vs ratio (Fig. 9). Studies of the deep crust (Lü et al., 2013, 2015; 
Shi et al., 2013; Xu et al., 2014; Zhang et al., 2014) usually associate 
crustal thinning and high Vp/Vs ratio with mantle upwelling and MASH 
metallogenic processes (Hildreth and Moorbath, 1988; Richards, 2003). 
Most of the intermediate-felsic intrusive rocks in the study area have 
geochemical characteristics of adakite rocks, which are thought of as 
reliable indicators of strong crust-mantle interactions (Wang et al., 
2001, 2002; Xu et al., 2002). The W-Sn deposits in the NLMB are 
generally characterized by lower Vp/Vs ratios and closely related to 
granites originating in the crust. As for the WYMB, the abnormally high 
Vp/Vs ratio could be attributed to the upwelling and underplating of the 
mafic magmas from depth. The deep-seated faults likely served as 
channels for the rising magmas, which allowed more mafic magmatic 
material to be intruded into the crust near the fault zone (Wan and Zhao, 
2012). 

The trend of the Vp/Vs ratio increasing from the inland to the coast is 
likely related to the crustal history, consistent with the younging trend 
of the magmatic activities from inland to the coast (Zhou and Li, 2000; 
Zhou et al., 2006; Ye et al., 2013). The large amount of peraluminous 
granite (high quartz content) formed in the early Yanshanian period 
(180–142 Ma) might be a contributor to the low Vp/Vs ratio, and the 
high-potassium calcium alkaline granite formed in the late Yanshanian 
period (142–67 Ma) might have caused the Vp/Vs ratio to increase 
(Zhou and Li, 2000; Zhou et al., 2006). The metallogenic periods are also 
coeval with the formation of the big granite province in the eastern SCB, 
corresponding to the presumed subduction of Pacific Plate and the 
corresponding slab rollback during the late Mesozoic (Mao et al., 2004; 
Huang et al., 2015). The negative correlation between the Vp/Vs ratios 
and crustal thickness (Fig. 9) indicates either tectonic thickening of the 
felsic upper and middle crust by folding and thrusting, or the removal of 
mafic layers from the lower crust into the upper mantle by delamination 
(Ji et al., 2009; Ma, 2017). 

5. Conclusions  

(1) The crustal thickness in the eastern SCB increases from about 
28–33 km in Cathaysia Block and Jiangnan Orogen to ~40 km in 
the inland of Yangtze Block, and correlates well with the Bouguer 
gravity anomalies and the topography. The crustal average Vp/Vs 
ratio in the eastern SCB is ~1.73, lower than the global average 
value (~1.78) for the continents, which implies the absence of 
the mafic lowermost crustal layer in the eastern SCB;  

(2) The variations of the crustal average Vp/Vs ratio in the study area 
are obviously related to the surface geology. There is a belt of low 
values along the Jiangnan Orogen, which is in contrast to the 
Yangtze and Cathaysia Blocks to the NW and SE. This is inter-
preted as indicating synorogenic crustal thickening and subse-
quent lower crustal delamination;  

(3) The crustal thickness and the average Vp/Vs ratios in the eastern 
SCB are negatively correlated. This is interpreted as indicating 
tectonic thickening of the felsic upper and middle crust by folding 
and thrusting during orogeny and the possible delamination of 
the mafic lower crust; 
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(4) The Anhua-Luocheng fault is the southwestern segment of the 
boundary between the Yangtze Block and Jiangnan Orogen, ac-
cording to the Vp/Vs ratio distribution obtained in this study.  

(5) Lithospheric extension caused by subduction of the Pacific Plate 
and the corresponding slab rollback during the late Mesozoic can 
explain the variations in crustal thickness and Vp/Vs ratio and the 
metallogenic history of the eastern SCB. 
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