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A B S T R A C T   

With the purpose of exploring the widely distributed Mesozoic granitoids in SE China and the related mineral-
ization, we carried out a new 530-km-long seismic wide-angle reflection and refraction (WARR) profile along the 
transect Wanzai- Hui’an. Based on a previous exploration in 2012 and the analysis of this WARR profile, we have 
deduced a detailed P-wave velocity model of the crust and uppermost mantle. The main results are: (1) The 
crustal thickness is about 30 to 32 km beneath the Yangtze Block and West Cathaysia, and 29 to 30 km below the 
East Cathaysia, which represents a significant thinning with respect to the worldwide average thickness of shields 
and platforms. (2) The variation in seismic velocity between the upper crust and middle-lower crust in the 
Yangtze Block and the Cathaysia Blocks indicates that the Shaoxing-Jiangshan-Pingxiang Fault (SJPF) is the 
tectonic boundary between the Yangtze and Cathaysia and the Zhenghe-Dapu Fault (ZDF) is the tectonic 
boundary between the west and east Cathaysia. (3) The middle crust exhibits a low P-wave velocity layer of 6.2 
km/s below the Wuyishan Metallogenic Belt (WMB). This low velocity layer can be attributed to the delami-
nation during the Caledonian orogeny and the Yanshanian extension. (4) The middle-lower crust shows a clear 
lateral velocity variation from west to east in Cathaysia. The subduction of the Paleo-Pacific plate is believed to 
be the main reason for the extensional tectonic environment and magmatism during the Yanshanian (Jurassic- 
Cretaceous) period, leading to significant crustal and lithospheric thinning. Relatively high velocity in the 
middle-lower crust and widely disseminated Cretaceous volcanic rocks in East Cathaysia may be related to the 
slab rollback of the Paleo-Pacific plate in the late Yanshanian (Cretaceous) period.   

1. Introduction 

Since the Neoproterozoic, the amalgamation of the Yangtze and the 
Cathaysia formed the South China mainland whose easternmost part 
(Fig. 1) is characterized by the widely distributed Mesozoic granitoids 
and abundant mineral resources (Zhou et al., 2006; Li and Li, 2007; Mao 
et al., 2011; Wang et al., 2013; Mao et al., 2014). Granitoids can be 
classified into belts according to their ages and distributions. For 

instance, Indosinian (251–205 Ma) granitoids are scattered throughout 
West Cathaysia, outcropping in small areas and showing structures 
related to collisional frame (Fig. 1). Granitoid-volcanic rocks of the Early 
Yanshanian (180–142 Ma) period are distributed throughout West 
Cathaysia in zones parallel to the coastline, associated with the origin of 
the rift and the partial melting of the crust. Granitoid-volcanic rocks of 
the Late Yanshanian (142–67 Ma) period are scattered throughout East 
Cathaysia, revealing a southeast migration towards the ocean, with 
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origin in deep mafic igneous protoliths in the middle-lower crust caused 
by underplating of basaltic magmas (Zhou et al., 2006). Therefore, the 
spatial and temporal distribution of Mesozoic granitoid-volcanic rocks 
in SE China occurred in changing tectonic environments in the course of 
different geodynamic processes. 

Many geodynamic models have been proposed to interpret the 
mechanism of the Mesozoic granitoids and the mineral resource deposits 
in South China (Li and Li, 2007; Lin et al., 2018). Generally, these 
models can be classified into two groups: flat-slab subduction (Li and Li, 
2007) and multi-terrane interaction (Lin et al., 2018). The crustal 
thickness, as well as the distribution of P wave velocity in the crust and 
uppermost mantle can provide tight constraints on the formation of 
granitoid rocks and evidence of deep geodynamic processes. In fact, 
several studies based on seismic tomography in SE China provide images 
of crustal and lithospheric structures at different scales. Receiver func-
tion results show that the crustal thickness from H-κ stacking method is 
about 38–46 km in the west of South China and about 26–34 km in the 
east of South China, with the Poisson’s ratio between 0.20 and 0.31 (Ai 
et al., 2007; Li et al., 2013; Ye et al., 2013, 2014; Guo et al., 2019; Shen 
et al., 2019). The lithospheric thickness is also much greater in the west 
of South China (about 190 km) and much smaller in the east of South 
China (less than 100 km), even 60–70 km in the southeast coast of South 
China (Li et al., 2013; Ye et al., 2014; Lü et al., 2021). Surface wave 
tomography (Wang et al., 2015; Shen et al., 2016; Li et al., 2018; Li et al., 
2020; Peng et al., 2020) results also reveal that the crustal and litho-
spheric structure present a significant difference in the west of South 
China and the east of South China. However, since the average resolu-
tion of the broad-band seismographs is greater than 10 km, the fine 
structure of the crust does not seem to be adequately resolved. 

In contrast, Wide Angle Reflection and Refraction (WARR) profile 
can provide a detailed P wave velocity image of the crust and uppermost 
mantle. Several WARR profiles have been conducted in recent years 
(Deng et al., 2011; Zhang et al., 2013b; Li et al., 2015; Cai et al., 2016; 

Kuo et al., 2016). The results prove that the crustal thickness ranges 
from 35 km in the eastern Yangtze Block to 28 km in the Taiwan Strait, 
the average crustal velocity is about 6.2 km/s in the Cathaysia Block. 
These WARR profiles emphasize different crustal P-wave velocities in 
the east and west Cathaysia Block, with relatively high velocity in the 
middle-lower crust below East Cathaysia (Li et al., 2015; Cai et al., 2016; 
Kuo et al., 2016). However, these profiles focus mainly on East 
Cathaysia and the edge of West Cathaysia. In addition, WARR data on 
the structure of the crust in the Qinhang Metallogenic Belt (QMB) and 
the Wuyishan Metallogenic Belt (WMB) (Fig., 1) are essential for un-
derstanding the regional dynamics. 

In order to investigate the area of Mesozoic granitoids and the 
mineral resources in SE China, we review previous WARR profile data 
from Ninghua to Hui’an that was later completed with a new WARR 
profile from Wanzai to Yongchun (Fig., 1). We use the 2D ray tracing 
method with RAYINVR inversion algorithm (Zelt and Smith, 1992) to 
model the crustal and uppermost mantle P-wave velocity structure of the 
QMB, WMB and East Cathaysia. Finally, we discuss the crustal and 
lithospheric thinning, crustal P-wave velocity characteristics, regional 
mineralization, and related tectonic evolution in SE China. 

2. Tectonic setting 

The Shaoxing-Jiangshan-Pingxiang fault (SJPF) divides the South 
China into the Yangtze Block to the northwest and the Cathaysia Block to 
the southeast. The Yangtze Block contains an Archean-Paleoproterozoic 
crystalline basement while the Cathaysia Block is divided into two 
zones, West Cathaysia and East Cathaysia (Xu et al., 2007; Lin et al., 
2018). The West Cathaysia has a Precambrian basement and is affected 
by a major magmatic and metamorphic event during the Early Paleo-
zoic, while the East Cathaysia consists of a series of metasedimentary 
and metaplutonic rocks (Xu et al., 2007). 

Southeast China experienced multi-stage intracontinental orogeny 
since the Neoproterozoic, resulting in the 1300 km wide South China 
fold belt and widely distributed Mesozoic granitoids (Zhou et al., 2006; 
Li and Li, 2007; Wang et al., 2013). Two periods of tectono-magmatism 
are recognized since the Mesozoic in South China, the Indosinian 
(Triassic) magmatism and the Yanshanian (Jurassic-Cretaceous) mag-
matism. The Early Indosinian period is syn-collisional, and was formed 
in a compressional setting, while the Late Indosinian period is late- 
collisional, and was formed in a locally extensional environment. The 
Early Yanshanian granitoid-volcanic rocks are characteristic of rift-type 
intraplate magmatism, whereas the Late Yanshanian magmatism is 
likely active continental margin magmatism (Zhou et al., 2006). 

The Qinhang Metallogenic Belt (QMB) and the Wuyishan Metal-
logenic Belt (WMB) are two important metallogenic belts in SE China 
(Fig., 1), which are rich in copper, tungsten, tin etc. These two metal-
logenic belts had experienced complex tectonism since the Neo-
proterozoic, but the primary mineral resources were formed during the 
Mesozoic period (Mao et al., 2011; Mao et al., 2014). 

3. Wide-angle seismic data and phase analysis 

3.1. Seismic data acquisition 

In December 2018, the Institute of Geology and Geophysics, Chinese 
Academy of Sciences, with the support of the China Key National R&D 
Program, completed a NW-SE-trending WARR profile from Wanzai to 
Yongchun up to a total length of 530 km (Fig. 1). Four shots (red stars in 
Fig. 1) were fired along the profile at an interval of about 80–90 km. The 
explosive charge of each shot varied from 2000 kg to 2520 kg. Along the 
profile, 435 portable seismographs (blue triangles in Fig. 1) were 
deployed with an average interval of about 1.2 km. Previously, to study 
the deep tectonic structure of the SE margin in mainland China, a 270 
km long WARR profile (Cai et al., 2016), from Ninghua to Hui’an, was 
conducted by the Earthquake Administration of Fujian Province, China 

Fig. 1. Map showing the location of the deep seismic sounding profile and 
geological structure. 
Red and yellow stars are artificial source points, while blue and green triangles 
show the deployment of short period seismic stations. Igneous rocks (after Zhou 
et al., 2006): light green areas represent Indosinian granites; pink areas show 
early Yanshanian granitoid-volcanic rocks; light blue areas covered by late 
Yanshanian granitoid-volcanic rocks. Faults: SJPF: Shaoxing-Jiangshan- 
Pingxiang fault; ZDF: Zhenghe-Dapu fault. Metallogenic Belt: QMB: Qinhang 
Metallogenic Belt; WMB: the Wuyishan Metallogenic Belt. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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Fig. 2. (a) P-wave record section (on a reduced time scale with a reduction velocity of 6.0 km/s) corresponding to the shot point Sp01 and identified seismic phases. 
Red crosses and blue circles indicate picked times and calculated times, respectively Top right inset: the star indicates the location of the shot and the triangles 
represent seismographs. (b) Ray tracing diagram. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 

Fig. 3. Same as in Fig. 2 for shot point Sp02.  
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from June to August 2012. On that occasion, five shots (yellow stars in 
Fig. 1) were fired and 160 portable seismographs (green triangles in 
Fig. 1) were deployed along the profile, with shot points and receivers 
spaced 50 to 98 km and 1.5 to 2.0 km, respectively. These two WARR 
profiles have the same NW-SE direction and an overlap distance of about 
195 km between Ninghua and Yongchun. In this paper, we combined 
these two profiles to obtain the crustal and uppermost mantle P wave 

velocity structure along the Wanzai-Hui’an transect, which covers 
approximately 620 km. 

3.2. Seismic phases on the record sections 

Travel times are picked on shot gathers using the interactive plotting 
and picking program ZPLOT. All record sections (Figs. 2–10; Fig. S1-S9) 

Fig. 4. Same as in Fig. 2 for shot point Sp03.  

Fig. 5. Same as in Fig. 2 for shot point Sp04.  
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are filtered by a 2–10 Hz band-pass filter and travel time is reduced by a 
velocity of 6.0 km/s, in order to emphasize the detail of the crust. 
Several crustal and uppermost mantle seismic phases were recorded, 
including refracted phase in the upper crust (Pg), reflected phases in the 

crystalline crust (P1, P2), reflected phases from the Moho (PmP) and 
refractions in uppermost mantle (Pn). 

The refracted phase (Pg) can be picked at offsets of about 0–130 km, 
and has an apparent velocity between 5.8 and 6.1 km/s. The reduced 

Fig. 6. Same as in Fig. 2 for shot point Sp21.  

Fig. 7. Same as in Fig. 2 for shot point Sp22.  
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time of Pg phase ranges from 0.1 to 0.4 s, indicating a relatively thin 
sedimentary cover in SE China. Intracrustal reflected phases (P1, P2) can 
be recognized at the offsets of 50–190 km, with two group of phases P1 
and P2 can be picked beneath Yangtze and West Cathaysia, while only 
one group of P1 can be recognized beneath East Cathaysia. The intra-
crustal reflected phases are distinctly weaker than PmP, implying a 

relatively low impedance contrast of P wave. The PmP phase is clearly 
recorded at the offset of 50–240 km and generally show great amplitude 
in all record sections. PmP arrivals on the record section of shot point 
Sp24 and Sp25 are earlier than other record sections, revealing that the 
Moho depth is shallower beneath East Cathaysia. The upper mantle 
refracted phase Pn appears at offset of 120–270 km, with an apparent 

Fig. 8. Same as in Fig. 2 for shot point Sp23.  

Fig. 9. Same as in Fig. 2 for shot point Sp24.  
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velocity of 8.0–8.1 km/s. 

3.3. Seismic data processing 

First arrivals of Pg in WARR record sections have the highest signal to 
noise ratio, which can be used to constrain an accurate upper crustal 
velocity model. In this paper, the 2D finite-difference inversion method 
(Vidale, 1988, 1990; Hole, 1992) was used to invert for the upper crustal 
structure. This method is much faster than two-point ray tracing method 
and more robust in highly heterogeneous media. A total of 869 Pg travel- 
time picks was used to invert for the upper crust velocity. The grid size in 
the upper crust model is 0.5 × 0.5 km, the back-projection method was 
applied to invert for the model, with a grid-spacing of 1.0 × 1.0 km. The 
final model was calculated after 30 iterations, with the root-mean- 
square (RMS) travel time residual reducing from 0.12 s to 0.02 s. 

Also, we use the RAYINVR 2D ray-tracing and inversion algorithm 
(Zelt and Smith, 1992) to model the structure of the crust and uppermost 
mantle. Firstly, we use the 1D travel time fitting method, which is a trial 
and error method, and the finite-difference inversion method to 

construct an initial laterally-varying 2D velocity model (Lin et al., 2020). 
Then, all recognized phases (Pg, P1, P2, PmP and Pn) were used to 
determine the final model in a layer-by-layer forward modeling tech-
nique and keeping the shallow nodes constant when modeling the deep 
layers. The velocity model is iteratively modified several times until the 
RMS (root-mean-square) travel time residual approaches the data un-
certainty, which is about 0.05 s for Pg phase and 0.1 s for other phases. 
Moreover, the normalized chi square value (χ2) is close to one and the 
highest possible number of picks has been used (Table 1). Travel time 
fitting of all these 9 shots (Fig. 11a) reveals that the fitting is relatively 
good and the ray coverage (Fig. 11b) is dense and evenly distributed 
along the whole profile. 

4. Seismic velocity structure of the crust and uppermost mantle 

The final 2D velocity model (Fig. 12a) presents laterally varying of P- 
wave velocity in the crust and a relatively slight smooth variation of the 
Moho depth and uppermost mantle. The crustal thickness is 30–32 km 
beneath the Yangtze and west Cathaysia, and slightly shallower (29–30 
km) beneath east Cathaysia. The Bouguer gravity anomaly (Fig. 12b) 
along our profile also shows a gradual increase in East Cathaysia, which 
is conforming to the Moho depth (Fig. 12a). The average crustal velocity 
is 6.14–6.18 km/s beneath the Yangtze and West Cathaysia and 
6.23–6.25 km/s beneath East Cathaysia. 

The upper crust reveals as a heterogeneous structure along the pro-
file. The thickness of the sedimentary cover is relatively thin (1.0–3.0 
km), taking the contour line of 5.8 km/s as the base of the sedimentary 
layer. Nevertheless, it is thicker at distance of 300–500 km than in other 
parts of the transects. The P-wave velocity of the upper crust is 4.5–6.2 
km/s, with 4.5–5.8 km/s in the sedimentary layer. The C1 interface 
occurs at a depth of about 17 km. The P-wave velocity shows an abrupt 

Fig. 10. Same as in Fig. 2 for shot point Sp25.  

Table 1 
Ray tracing details for individual seismic phases.  

Seismic 
phase 

Total 
number of 
picks 

Number of 
modelled 
picks 

The percentage 
of traced picks 

RMS 
(s) 

χ2 

Pg 869 854 98.3% 0.066 1.756 
P1 229 229 100.0% 0.084 0.713 
P2 200 200 100.0% 0.092 0.856 
PmP 767 755 98.4% 0.132 1.757 
Pn 240 225 93.7% 0.132 1.749  
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Fig. 11. Travel time fitting and ray coverage of all shots. (a) Red crosses and blue circles indicate the picked time and calculated time respectively. (b) Cyan, yellow, 
green, red and purple rays represent Pg, P1, P2, PmP and Pn respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to 
the web version of this article.) 

Fig. 12. (a) Two-dimensional crustal P-wave velocity model along the Wanzai-Hui’an profile. The top panel shows the tectonic units and faults which are crossed by 
the profile: SJPF, Shaoxing-Jiangshan-Pingxiang fault; ZDF: Zhenghe-Dapu fault. Metallogenic Belt: QMB: Qinhang Metallogenic Belt; WMB: the Wuyishan Metal-
logenic Belt. C1, C2 and M indicate C1, C2 interfaces and Moho discontinuity. The contour lines less than 6.1 km/s in the upper crust are derived from the 2D finite- 
difference result (Lin et al., 2020). (b) Bouguer gravity anomaly along the Wanzai-Hui’an profile. 
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change beneath the SJPF and ZDF fault, so it can be affected by these two 
faults. 

The middle-lower crust in East Cathaysia shows higher P-wave ve-
locity (6.4–6.8 km/s) than in the Yangtze and west Cathaysia (6.2–6.7 
km/s). The C2 interface that reaches a depth of 25 km separates the 
middle crust from the lower crust, although this limit remains undefined 
beneath East Cathaysia. The velocity at 19–23 km depth below the WMB 
is relatively lower (6.1 km/s) than in any other zone at the same depth. 
The velocity of the uppermost mantle is 8.0–8.1 km/s, without distinct 
difference throughout the entire profile (Fig. 12a). 

5. Resolution tests 

We use a single parameter test (Nielsen and Thybo, 2009; Zelt, 1999) 
to analyze the spatial resolution of the model. A single parameter (a 
single depth or velocity node) was tested at a time. Then, the maximum 
possible changes of the depth nodes or the velocity nodes can be 
measured without unacceptable ray coverage, RMS misfit and chi square 
values. According to our analysis, the upper crustal boundaries, middle- 
lower crustal boundaries and the Moho are well constrained with a 
maximum uncertainty of ±0.7 km, ±1.5 km and ± 1.6 km respectively 
(Fig. 13a). The uncertainty of the velocity nodes are between ±0.02 km/ 
s and ± 0.05 km/s in the upper crust, ±0.12 km/s and ± 0.17 km/s in the 
middle-lower crust (Fig. 13b), which are well defined and can be 
ascribed to the dense ray coverage of the model. 

6. Discussion 

6.1. Comparison with other results 

We compare our result with Cai et al.’s (2016) WARR profile, which 
runs from Ninghua to Hui’an (Fig. 1). The thick dashed line in Fig. 12a is 
the Moho depth of Cai et al.’s result. The Moho has the same pattern at 
the distance of 320–560 km with our Moho depth, except a little small- 
scale discrepancy at the distance of 320–360, due to the different ray 
coverage of the new Sp04 record section. Zhang et al. (2021) got a three- 
dimensional Moho depth model based on receiver function method, and 
the Moho depth (yellow circles in Fig. 12a) shows a good agreement 
with our result, which reveals the reliability of our model. 

We also compare our result with other seismic profiles or arrays, 
which are in the vicinity of our profile. Wei et al. (2016) and Han et al. 
(2019) got the average crustal thickness is about 30.43 km in Cathaysia 
Block and of 31.2 km in the central part of Cathaysia Block. The Moho 
depth from Li et al. (2015) also shows the same characteristic with our 
result, 30–33 km beneath Cathaysia Block and a relatively low velocity 
layer at the depth of 22 km beneath the east part of West Cathaysia. 
Another WARR profile (Zhang and Wang, 2007; Zhang et al., 2013b) in 
the SW direction of our profile shows that the Moho is about 30–34 km 
beneath the Yangtze and Cathaysia Block and a low velocity layer at the 
depth of 15–20 km. The middle and lower crust present relatively high 
velocity beneath East Cathaysia in Li et al.’s (2015), Cai et al.’s (2016) 
and our result, which is about 0.2 km/s higher than West Cathaysia. 
Both the WARR and Receiver function evidence reveal that the crustal 
thickness in east Yangtze and Cathaysia Block varies between 29 and 35 

Fig. 13. Resolution test on the final 2-D velocity model. (a) Uncertainties in the layer boundaries in km. (b) Uncertainties of the seismic velocities in km/s. The size of 
the symbols is relative to the absolute values. The dashed lines indicate the reflections within the crust, while the thick black line represents the Moho. 
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km and is gradually less from inland to shore. 

6.2. Lithospheric and crustal thinning 

Lithospheric and the crustal thinning may provide some information 
about the deep geodynamic processes. Previous geophysical results 
demonstrate that the lithospheric thickness in eastern China has evolved 
since the Mesozoic (Chen et al., 2008; Zhu et al., 2012; Deng and 
Levandowski, 2018). P and S wave receiver functions show that the 
lithospheric thickness beneath the Cathaysia Block is less than 100 km 
(Zhang et al., 2018), being only 60–70 km in East Cathaysia (Li et al., 
2013; Ye et al., 2014). However, the lithosphere is thicker (approxi-
mately 190 km) in the west of the Yangtze Craton (Zhang et al., 2018). 
Likewise, the Moho depth also varies from 45 to 50 km in the West 
Yangtze Craton to about 30 km in the Cathaysia Block (Li et al., 2013; Ye 
et al., 2014), showing the same variation features with the lithosphere 
thickness. In addition, Rayleigh wave tomography (Wang et al., 2015; 
Shan et al., 2017) and the joint inversion of receiver functions and 
surface wave dispersion (Li et al., 2018; Deng et al., 2019) also prove 
that the crust and lithosphere are significantly thinned in eastern China. 

Geochemical results constrained a thick lithosphere (110–230 km) 
below South China in the Paleozoic period (Zheng et al., 2015) and a 
thinner lithosphere (less than 80 km) during the late Mesozoic time (Liu 
et al., 2012). Similarly, North China came to had an ancient thick lith-
osphere (about 200 km) in the Archean period, characteristic of a craton, 
and then underwent extensive modification during the late Mesozoic 
period (Zhu et al., 2011, 2012). Thus, both the eastern part of south 
China and north China craton experienced significant destruction and 
thinning of the lithosphere. Meanwhile, crustal thickness in eastern 
China was also reduced to about 30 km (Li et al., 2013; Jia et al., 2014; 
Tian et al., 2014; Ye et al., 2014; Li et al., 2015; Cai et al., 2016), relative 
to the global average crustal thickness of shields and platforms, which is 
41.5 km (Christensen and Mooney, 1995). 

6.3. Main tectonic boundaries 

The Shaoxing-Jiangshan-Pingxiang Fault (SJPF) is considered as the 
boundary between the Yangtze and Cathaysia Block (Li, 1992; Zhang 
et al., 2005). Our results show distinct heterogeneity in the upper crust 
beneath the SJPF, but no significant changes in the middle and lower 
crust, which can be attributed to insufficient ray coverage of the Yangtze 
Block. 

The Zhenghe-Dapu Fault (ZDF) divides the Cathaysia into two parts: 
the western part and eastern part (Xu et al., 2007; Li et al., 2015; Cai 
et al., 2016). The discrepancy of middle and lower crust on the east and 
west side of ZDF fault provides evidence that the ZDF fault may probably 
extend into the deep crust. Recently, Lin et al.’s (2018) evidence from 
Zircon U-Pb ages, Hf data, and structural data proposed that the 
boundary between the west and east Cathaysia is not the ZDF, but the 
northwest Fujian fault that is located about 50 km northwest of ZDF. 
Considering the obvious difference of velocity in the middle and lower 
crust, we speculate the deep boundary between the west and east 
Cathaysia is the ZDF. 

6.4. Tectonic evolution in SE China 

The velocity model (Fig. 12a) is characterized in the middle-lower 
crust by the relatively low velocity zone (6.1 km/s) below the WMB 
and the high velocity zone (6.4–6.8 km/s) below the east Cathaysia. 
Based on the regional tectonic activity, we believe that the low velocity 
zone below the WMB may be ascribed to the ductile shear zones (Zhang 
and Wang, 2007), which are related to the delamination during the Late- 
Caledonian (Silurian) period and the lithospheric extension during 
Yanshanian (Jurassic-Cretaceous) period. The relatively high velocity 
zone in the middle-lower crust in East Cathaysia may be attributed to the 
slab rollback of the Paleo-Pacific plate (Zhao et al., 2013; Li et al., 2014; 

Li et al., 2017), which provides more mafic material to the middle-lower 
crust. Furthermore, the late Yanshanian (Cretaceous) underplating of 
East Cathaysia may increase the middle-lower crustal velocity and result 
in the widely distributed Cretaceous volcanic rocks in East Cathaysia (Xu 
et al., 2007; Shu et al., 2009; Zhang et al., 2009; Lin et al., 2018). 

According to previous geological, geophysical studies (Zhou et al., 

Fig. 14. Schematic cartoon illustrating the tectonic evolution of the Cathaysia 
in SE China. (a) During the early-middle Caledonian (Ordovician), the crust and 
lithospheric mantle were thickened due to the intracontinental orogeny of the 
south China block. (b) During the late Caledonian (Silurian), in response to the 
post-collisional extension, the lower crust and lithospheric mantle collapsed. (c) 
During the early Yanshanian (Jurassic), the paleo-Pacific plate started its sub-
duction and led to the asthenosphere upwelling, and then the back-arc exten-
sion resulted in the crustal material melting, which provided the source to the 
widely distributed early Yanshanian (Jurassic) granite in west Cathaysia. (d) 
During the late Yanshanian (Cretaceous), continuous extension resulted in the 
slab rollback of the paleo-Pacific plate, and the dip of the slab increased, and 
extensive melting and magma underplating caused the late Yanshanian 
(Cretaceous) granite and volcanic rocks in east Cathaysia. 
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2006; Shu, 2012; Wang et al., 2013; Zhang et al., 2013a; Shu et al., 
2015) and the crustal P-wave velocity structure shown in this paper, we 
can describe a larger picture in relation to the velocity structure and the 
tectonic evolution in SE China on a geological time scale (Fig. 14). Four 
stages can be distinguished, namely: Early-Middle Caledonian (Ordo-
vician) period (Fig. 14a), the Late Caledonian (Silurian) period 
(Fig. 14b), the early Yanshanian (Jurassic) period (Fig. 14c) and the late 
Yanshanian (Cretaceous) period (Fig. 14d). First, the Caledonian 
Orogeny between West Cathaysia and East Cathaysia resulted in the 
crustal thickening (Wang et al., 2013). Second, after post-orogenic 
extension, the lower crust and lithosphere collapsed (Wang et al., 
2013). Third, the Paleo-Pacific plate started to subduct underneath the 
Eurasian plate. Accompanying this subduction, the lithospheric mantle 
was heated up and the asthenospheric upwelling made the extensional 
tectonic framework continue (Zhou and Li, 2000; He and Xu, 2012; Liu 
et al., 2015). Under an extensional tectonic regime, the crust and lith-
osphere in SE China were thinned distinctly. Finally, due to the ongoing 
extension, the dip angle of the subduction increased as a result of slab 
rollback, and the subducted slab dehydration brought about more ada-
kitic and felsic melts, resulting in extensive underplating in the lower 
crust (Zhang et al., 2009; Zhao et al., 2013; Li et al., 2014; Li et al., 
2017). We believe that the subduction of the Paleo-Pacific plate and the 
slab rollback provide the environmental conditions for the emergence of 
the Mesozoic granitoids and the mineral resources in SE China. 

7. Conclusions 

Based on the interpretation of the 620 km long wide-angle seismic 
profile between Wanzai and Hui’an across the Yangtze Block and 
Cathaysia, we propose the following conclusions:  

(1) The crustal thickness in East Yangtze and Cathaysia is about 
29–32 km and shows a gradual thinning pattern from inland to 
shore.  

(2) Our crustal velocity model shows that the SJPF fault is the 
boundary between the Yangtze and West Cathaysia and the ZDF 
fault is the boundary between West and East Cathaysia.  

(3) There is a low velocity layer at a depth of about 20 km below the 
WMB. We speculate that it can be due to the existence of the 
ductile shear zones, as the consequence of a delamination process 
during the Caledonian (Ordovician- Silurian) orogeny and the 
lithospheric extension during the Yanshanian (Jurassic- Creta-
ceous) period.  

(4) The crust in East Yangtze and the Cathaysia has been thinned 
significantly, and the seismic velocity in the middle-lower crust is 
higher in East Cathaysia, which can be attributed to the under-
plating related to the slab rollback of the Paleo-Pacific plate 
during the late Yanshanian (Cretaceous) period. 
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