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The Cathaysia Block is located in South China, along the western margin of the Pacific plate, and well known for
its widespread granitoids and rich poly-metallic mineralization. Despite the numerous studies conducted in this
region, some key questions are still in debate, which revolve around the detailed crustal architecture, the
boundary between the western and eastern part of Cathaysia Block, and the geodynamic evolution and metal-
logenic settings in the Cathaysia Block. In this study, we have conducted a dense broad-band seismic observation
in the Cathaysia Block, and obtained the fine crustal structure of it by using P-wave receiver functions and
analyzing other geophysical and geological studies comprehensively. Our study has following findings: (1) the
crust of the Cathaysia Block is ~31.5 km thick, thinner than that of the global continent, and is interpreted to
have been thinned since the Late Mesozoic; (2) the Vp/Vs ratio of the Cathaysia Block is lower than that of the
global continent, which implies there is no extensive underplating beneath the Cathaysia Block, or that the
magma may be confined at bottom of the crust and formed a velocity gradient belt around Moho; (3) Zhenghe-
Dapu fault is marked as the structural boundary between the western and eastern Cathaysia Block; (4) the
western and eastern Cathaysia Block have different intra-crustal structures, petrochronology features and
mineralization settings; (5) the subduction of the paleo-Pacific plate and the following roll-back could be
responsible for the geodynamic evolution of the crustal deformation, as well as the widespread magmatism and
mineralization.

1. Introduction of different scales in continental crust, making it the archive of geo-

dynamic evolution (Hawkesworth et al., 2013; Blewett et al., 2010), the

Located along the western margin of the Pacific plate, the Cathaysia
Block (CB) is makes up the South China Block by accretion with the
Yangtze block along the Jiangshan-Shaoxing fault (JSF) (Fig. 1A).
Tectonically, the CB can be divided into two units: the western Cathaysia
block (WCB) and the eastern Cathaysia block (ECB), bounded by the
Zhenghe-Dapu fault (ZDF, Chen and Jahn, 1998; Xu et al., 2007) or the
North West Fujian Fault (NWFF, Lin et al., 2018). The CB is also well
known for its widely distributed granitoids and poly-metallic minerali-
zation formed in the Late Mesozoic (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). The Mesozoic granitoids and volcanic rocks in the CB are
distributed spatially in belt, and tend to become younger southeastward.
Since major geological events and deep processes could leave footprints

crustal architecture, the intra-crustal deformations and properties are
responsible for the related geodynamical evolution and mineralization
settings. Over the past decades, a good number of geophysical studies
have been conducted in different parts of the CB, including the tele-
seismic tomography (e.g. Zhao et al., 2012), the receiver functions (e.g.
He et al., 2013; Huang et al., 2015; Li et al., 2013, 2014b; Song et al.,
2017; Wei et al., 2016; Zhang et al., 2021), the surface wave and
ambient noise tomography (e.g. Li et al., 2018; Shen et al., 2016; Wang
etal., 2017; Zhou et al., 2012), the shear wave splitting (e.g. Yang et al.,
2019), the wide-angle reflection/ refraction (WARR) seismic soundings
(e.g. Zhang et al., 2005, 2013b; Deng et al., 2011; Lin et al., 2020, 2021;
Cai et al., 2016), the deep reflection seismics (DRS) (e.g. Dong et al.,
2020; Lii et al., 2015), and the gravity modeling (e.g. Deng et al., 2014).
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Fig. 1. (A) Location of our study area on an igneous rocks distribution map of
the Cathaysia Block, South China. The data of the igneous rocks are from Zhou
et al. (2006), the insert map denotes panel (A) in China mainland, and the
dashed red rectangle in panel (A) denotes the locations of panel (B). (B) Lo-
cations of the seismic survey profiles used in this study. The insert map denotes
the earthquake events used in this study with respect to the center of the GP-
line (blue triangles). The light blue bars denote the shear wave splitting mea-
surements (Yang et al., 2019). The red triangles and green crosses denote the
locations of the dense broad-band seismic stations and the piercing points for Ps
converted waves at 32-km depth. The light yellow triangles, the blue and the
green lines denote the locations of the seismic survey profile of Wei et al.
(2016), Cai et al. (2016) and Dong et al. (2020), respectively. The abbreviations
for tectonics and faults are as follows: JNO: Jiangnan Orogen, WCB: Western
Cathaysia Block, ECB: Eastern Cathaysia Block, JSBF: Jiujiang-Shitai Buried
Fault, JSF: Jiangshan-Shaoxing Fault, CLF: Chenzhou-Linwu Fault, HSF:
Heyuan-Shaowu Fault, NWFF: North West Fujian fault, ZDF: Zhenghe-Dapu
fault, CNF: Changle-Nanao fault. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of
this article.)

All these studies have suggested that the CB is characterized by a rela-
tively thin crust and a flat Moho, which could be attributed to different
geodynamic processes (e.g. Dong et al., 2020; Guo et al., 1983; Hsii
et al., 1988, 1990; Jiang et al., 2015; Li et al., 2012, 2014a, 2017a; ; Li
and Li, 2007; Mao et al., 2004, 2013; Shu et al., 2009, 2011, 2015; Sun
et al., 2007, 2012; Wang et al., 2003; Zhou and Li, 2000, Zhou et al.,
2006), like the Andean-type active continental margin (Guo et al.,
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1983), the Alpine-type collision belt (Hsii et al., 1988, 1990), and the
paleo-Pacific plate subduction (e.g. Dong et al., 2020; Jiang et al., 2015;
Li et al., 2012, 2014a, 2017a; Li and Li, 2007; Mao et al., 2004, 2013;
Shu et al., 2009, 2011, 2015; Sun et al., 2007, 2012; Wang et al., 2003;
Zhou and Li, 2000; Zhou et al., 2006).

Despite some controversy, the subduction the paleo-Pacific plate has
generally been taken as a model to explain the magmatic activities and
poly-metal mineralization in the CB (e.g. Li and Li, 2007; Sun et al.,
2007; Mao et al., 2013; Jiang et al., 2015; Wang et al., 2016; Zhou et al.,
2006). Nevertheless, much dispute still dwell on the detailed crustal
deformation, the contact relationship between the ECB and WCB, the
geodynamic evolution and the metallogenic settings for the W—Sn and
Au—Cu mineralization in the CB (Ni et al., 2021). For a better under-
standing of the crustal structure and geodynamic evolution of the CB, we
have conducted a 330-km-long broad-band seismic profile, which is
almost perpendicular to the major tectonic trends in the CB (Fig. 1B). In
this paper, we will first present the observations of the fine crustal
structure obtained from the P-wave receiver function imaging along this
profile, and then discuss their implications for the tectonic evolution and
metallic mineralization background in the CB.

2. Geological and mineralization settings

The CB is tectonically characterized by numerous Mesozoic basins of
relatively small size, variable accumulation environment and a complex
basin-granite relationship (Ren and Chen, 1989). From west to east, four
regional scale faults are distributed across the Mesozoic basin-granite
region of the CB (Shu et al., 2009): (1) the Jiangshan-Shaoxing fault
(JSF), the boundary fault between the CB and the neighbouring Jian-
gnan Orogen (JNO) (Zhang et al., 2013b; Cawood et al., 2013); (2) the
Ganjiang fault (GJF), a regional fault with different geophysical prop-
erties at depth and considered to be the south extension of the Tanlu
fault (Teng et al., 2000); (3) the Zhenghe-Dapu fault (ZDF), a possible
boundary fault between the western Cathaysia block and eastern
Cathaysia block (Chen and Jahn, 1998; Xu et al., 2007); (4) the
Changle-Nanao fault (CNF), a sinistral ductile shear zone along the coast
line of South China (Wang and Lu, 2000). Apart from these regional
faults, there are also some local-scale faults, including the Fuan-Nanjing
fault (FNF), the North West Fujian fault (NWFF, suggested to be the
boundary fault between WCB and ECB by Lin et al., 2018), and the
Heyuan-Shaowu fault (HSF), dominantly in trending of NE-SW.

The WCB is primarily characterized by the early Yanshannian
(190-140 Ma) magmatism and the basement composed of arc-like
metasedimentary rocks with felsic intrusions (Cawood et al., 2013; Lin
etal., 2018; Wang et al., 2013; Yu et al., 2009), whereas the basement of
ECB is mostly overlain by a NNE-trending volcanic belt composed of
rhyolite, andesite and some high-K calc-alkaline basalt (Xu et al., 2007).
The Late Yanshannian (140-90 Ma) magmatism is widespread in the
ECB, which contributes to the generation of large-scale volcanic-intru-
sive rocks. Likewise, the intense magma activities in the CB has resulted
in the formation of large amount of poly-metallic mineralization,
including giant W—Sn deposits and abundant large Cu-Au-Mo, Ta—Nb,
REE and U deposits (e.g. Deng and Wu, 2001; Mao et al., 2004; Hu et al.,
2008; Ishihara, 1984; Li et al., 2014a). Spatially, W—Sn mineralization
mainly occurred in the WCB, while the Au—Cu mineralization concen-
trated in the neighborhood of the ZDF (Ni et al., 2021; Xu and Xie, 2005;
Zhou and Li, 2000).

3. Data and methods

In order to obtain the fine crustal structure of the CB, we have con-
ducted a broad-band seismic profile between Guangchang in Jiangxi
Province and Putian in Fujian Province in China (hereafter referred to as
GP-line) (Fig. 1 and Table 1). From April 2017 to June 2019, we
deployed 35 portable broad-band seismic stations to form a 350-km long
profile, with an average station interval of 10 km. As for instruments, we
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Table 1
The average crustal thickness (H) and Vp/Vs ratio (k) beneath each station of the Guangchang-Putian line.

Tectonic unit Station Latitude (°N) Longitude (°E) Elevation (m) H (km) Vp/Vs dH dVp/Vs No. of RFs

ECB A006 25.42 119.11 14 30.0 1.780 1.6 0.028 61
A007 25.49 118.99 93 30.0 1.760 1.7 0.027 49
A907 25.49 118.98 149 29.5 1.790 1.7 0.052 26
A008 25.51 118.93 114 30.0 1.810 1.6 0.024 113
A009 25.55 118.85 192 31.5 1.720 1.7 0.025 108
A010 25.59 118.81 523 32.0 1.750 2.2 0.056 90
A011 25.61 118.65 889 31.5 1.820 1.8 0.029 94
A012 25.73 118.61 578 32.5 1.730 2.5 0.026 47
A013 25.74 118.50 216 33.0 1.705 1.7 0.026 93
A014 25.77 118.43 683 32.0 1.765 1.7 0.028 72
A015 25.83 118.35 658 31.5 1.755 1.8 0.046 93
A016 25.88 118.24 749 31.5 1.720 1.6 0.018 37
A017 25.94 118.17 530 30.5 1.795 1.9 0.036 119

WCB A018 25.97 118.08 200 32.5 1.690 1.7 0.022 110
A019 26.03 117.98 731 31.5 1.740 1.9 0.041 114
A020 26.05 117.87 464 32.0 1.700 1.9 0.028 113
A021 26.11 117.81 433 31.0 1.770 1.6 0.042 119
A022 26.16 117.72 773 30.5 1.795 1.5 0.033 106
A023 26.22 117.61 149 31.0 1.750 1.7 0.028 87
A024 26.27 117.53 234 31.5 1.725 1.7 0.030 80
A025 26.31 117.44 300 31.0 1.740 1.8 0.031 122
A026 26.34 117.38 217 31.5 1.745 1.6 0.102 111
A027 26.39 117.29 349 32.0 1.740 1.8 0.049 120
A028 26.45 117.17 429 33.5 1.705 1.8 0.030 120
A029 26.48 117.12 444 33.0 1.715 2.1 0.034 102
A030 26.52 117.02 353 29.5 1.815 1.7 0.031 117
A031 26.58 116.93 427 29.5 1.810 1.7 0.028 112
A032 26.62 116.86 593 32.0 1.760 1.6 0.021 121
A033 26.69 116.76 364 33.5 1.725 1.9 0.032 109
A034 26.72 116.67 427 32.5 1.730 1.6 0.031 72
A035 26.78 116.61 455 33.0 1.685 1.6 0.023 60
A036 26.80 116.51 360 32,5 1.695 1.7 0.031 87
A037 26.87 116.42 189 32.5 1.695 1.7 0.018 6
A837 26.89 116.44 197 31.5 1.720 2.0 0.038 47
A038 26.92 116.33 142 32.0 1.730 1.8 0.039 114

used the Guralp CMG-3ESPCD seismometers (with bandwidth of
0.02-60s) and the Guralp CMG-3TDE seismometers (with bandwidth of
0.02-120 s), with the original sample rate of record being 50 sample-
per-second at each station. During the 26-month observation, we
recorded 257 earthquakes with good signal-to-noise ratio, magnitude
(Ms) greater than 5.0 and epicentral distance between 30°- 90°, which
were later used to extract the P-wave radial receiver functions. Fig. 1B
shows the locations of the 257 earthquake hypocenters and the piercing
points of converted rays at the Moho assumed at the depth of 32 km.
P-wave radial receiver function (PRF), the radial waveforms created
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by deconvoluting the vertical component from the radial component,
can isolate the receiver site effects from other information contained in
the teleseismic P- waveforms (Langston, 1979). This technique has been
proved efficient in estimating the crustal thickness and Vp/Vs ratios
beneath the seismic stations (Zhu and Kanamor, 2000). In data pro-
cessing, we firstly filtered the P-wave waveforms in the frequency band
of 0.03-1.5 Hz. Having rotated the three-component seismic records
from Z, N, E to Z, R, T direction, we calculated the PRFs with the time-
domain iterative deconvolution method (Ammon, 1991). After that, we
inspected the waveforms of the PRFs artificially to eliminate the records
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Fig. 2. Stacked receiver function profile in time-domain obtained by stacking of move-out corrected traces in 5-km bins, based on the locations of the piercing point
at the depth of 32-km. The labeled dashed gray lines represent the seismic phases of Pp, Ps, PpPs, PpSs and PsPs. The upper panel denotes the topography and seismic
stations along the GP-line, and the surface locations of the main faults shown in Fig. 1 are marked with vertical bars.
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with low signal-to-noise ratio (SNR) for the Moho Ps conversions, and
retained 3151 PRFs with good SNR for the next processes. By binning
and stacking the move-out corrected PRF traces along the GP-line, in
bins of 5-km-width based on the location of the piercing point at 32 km
depth, we obtained the stacked PRFs, as shown in Fig. 2. In addition, the
stacked PRFs from 4 different quadrants of NE, SE, SW and NW, which
are shown in Fig. S1, enable us to get a general knowledge on the azi-
muth variations of the receiver functions.

In order to get the crustal thickness (H) and Vp/Vs ratio (k) for in-
dividual stations, we have processed the available PRFs with the H-k
stacking estimates method (Zhu and Kanamor, 2000). From the original
and stacked PRFs of stations A020, A010, A027 and A036, which are
shown in Fig. 3 and Figs. S2-S4, in which we can see the different trends
in the H-x plane for the Ps phase and its multiples. By localizing the peak
of the stacked function, we jointly determined the H and « values (Zhang
et al., 2014) by averaging velocities from the WARR seismic soundings
(Cai et al., 2016; Lin et al., 2020, 2021). Synthetic tests show that the
existence of azimuthal anisotropy and dipping Moho may influence the

Back Azimuth (deg.)
=
]
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arrival times of the seismic phases, to a larger extent on crustal multiples
than Ps (Li et al., 2017b). However, various regional seismic studies
have shown that the Moho of South China is very flat (e.g. He et al.,
2013; Huang et al., 2015; Li et al., 2014b; Song et al., 2017; Wei et al.,
2016; Zhang et al., 2021), and the anisotropy in South China is almost in
the same direction (Yang et al., 2019; Zhao et al., 2007). To further
reduce the bias from anisotropy and dipping Moho, we tested different
weight sets for Ps and its multiples (Fig. S5), and the results of which
show little differences between each other. This has demonstrated the
reliability of our results, suffered no first-order affection from either the
dipping Moho or seismic anisotropy. Accordingly, the same procedures
were applied to the rest stations, which procured the the 2-D variations
of H and « along the whole GP-line, as are shown in Table 1 and Fig. 4. In
general, the statistical uncertainties of the H-k stacking results along the
GP-line are around 1.8 km for H and 0.026 for k, respectively. The Vp/Vs
ratio changes more drastically in the ECB and relatively smoothly in the
WCB.

We have also deployed the Common Conversion Point (CCP)

-
©

Vp/Vs
B

LI L I I L

[e)]
1

1.9 1 1 Il

[T r T T T T T T

Vp/V's
&

-
~

PN N A A B A
[rrr T r T T T

=
[«

N
[6)]

35

H (km)

Fig. 3. H-x stacking method estimating the crustal thickness (H) and average Vp/Vs ratio (k) for station A020. Individual receiver functions ordered by back azimuth
are shown on the left, in which the vertical lines indicates the Ps converted phase and its multiples. The upper left panel is the stacked receiver functions after move-
out correction. The right panels show the amplitude plane of H vs. k for Ps, PpPs, PpSs+PsPs phases and the stacked one, with the result values of H and k marked by

white stars.



Y. Zhang et al.

Tectonophysics 815 (2021) 229007

&
& &
© o & o S < B
S AT N (o] N
ANESTHDS £ $ s,
SEIIYX AR S TT R 28 L8 o
S Aap AV ALY RS
. Ak Al
20 L " L 1 L " L " 1 " L " L L 1 L L I L N
| WCB avg. H=31. 8 km L
25
éE‘ 1 o [ T o ?‘
S 307 T [ = T 4o 106 | ° T AT + . 31. 5 km
g PR S l 'S + 3 o ) {‘& ® ‘ * + D-fo® -9 ¢ “yl .® 1 LIRS
1 RS B g o ¢ ¢ | ) |y !
354 ; ! . =
] ’ Weietal. (2016) @ This study
H4+—r—F— — T —

WCB avg. Vp/Vs =1.735

23
1
Q
o
o=

——
—ec
e
" o
o—i
R,
L S
N |
3
°
—e—

i L 1 L i L i 1 i L i L 1 i i L i L

5 L]
I . 1.745

‘ o Weietal. (2016)

4 This study

—7 —T—
117.0 117.5

—— T T
118.0 118.5 119.0 119.5

Longitude (deg.)

Fig. 4. The results of the H-x stacking along the GP-line. (A) Topography and the main tectonics along the profile. (B) The crustal thickness (red circles) and
estimated errors (gray bars) for all the 35 stations along the GP-line. (C) The Vp/Vs ratio (red circles) and estimated errors (gray bars) for all the 35 stations along the
GP-line. Additionally, the light gray circles and lines in panels (B) and (C) are the results of Wei et al. (2016). The light blue and pink shadows mark the variance
range of H and Vp/Vs ratio in the western and eastern Cathaysia Block. (For interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)

stacking technique (Zhu, 2000) to image the crustal structure along the
GP-line in depth-domain. The CCP stacking process contains two steps,
the back projection and stacking. It firstly migrates the converted signal
along the time series of PRFs to the spatial conversion locations based on
a background velocity model; secondly, the crustal volume was divided
into designated-size bins and all the amplitudes in the same bin were
averaged to generate a spatial energy image, which can reveal the
structural characteristics (Zhu, 2000; Zhang et al., 2018a, 2018b; Tian
et al., 2020). In this study, we have deployed three kinds of information
to constrain the background velocity model: (1) velocity model derived
from WARR seismic soundings (Cai et al., 2016; Lin et al., 2021) was
used to constrain the crustal velocity, (2) IASP91 velocity model (Ken-
nett and Engdahl, 1991) was used to constrain the mantle velocity, and
(3) the H and « obtained in this study was used to constrain the crustal
thickness and Vp/Vs ratio in the CCP imaging. Bins of 30-km wide
(perpendicular to the line), 3-km long and 0.5 km thick were constructed
along the GP-line in the CCP imaging of the crustal structure (Fig. 5c).
This fine-constrained CCP image was proved robust and reliable by tests
which use PRFs of earthquakes from different back-azimuths (Fig. S6).
Moreover, the variation of the Moho discontinuity in the CCP image
(Fig. 5¢) is well consistent with the crustal thickness estimated by H-x
stacking, which further proves the reliability of our results.

4. Crustal structure of the Cathaysia Block
4.1. Crustal thickness and Vp/Vs ratio variation

The crustal thickness along the GP-line in this study could be
determined by: the delay time between the P and Ps converted phases
(tps), the H value obtained from the H-k stacking, and the depth of the
maximum amplitude of the Ps phase. The tps; can reflect the Moho
topography and be taken as the first-order constraints on the crustal
thickness (Chen et al., 2015). In this study, the tps is around 4.0 s in
general (Fig. 2), which corresponds to a crust of about 32 km, and co-
incides well with that of the H-x stacking (Fig. 4B) and CCP imaging

(Fig. 5C). The good consistence of the results procured from the three
methods have further improved the reliability and stability of the crustal
thickness we got along the GP-line. Our results show that the average
crustal thickness of the CB is ~31.5 km, which is comparable with that
of the eastern North China Craton (NCC, ~32 km), but lower than those
of the central NCC (~37 km), western NCC and Yangtze block (~42 km)
(Wei et al., 2016), as well as that of the global continent (Christensen
and Mooney, 1995). The discrepancy between the average crustal
thickness of WCB (~ 31.3 km) and ECB (~31.8 km) is almost negligible,
showing a flat Moho beneath the CB. Accordingly, we speculate that the
flat and shallow Moho observed in the CB derives from the lithospheric
extension since the Late Mesozoic, which will be discussed in detail in
Section 5.

In addition, H-k stacking also provides a quantitative estimate of the
average crustal Vp/Vs ratio (k) under each seismic station (Fig. 3), and
we can thus get the Vp/Vs ratio variations along the GP-line by gath-
ering all the individual station results (Fig. 4C). To conclude, the Vp/Vs
ratio varies in a range of 1.68-1.82. The average value of Vp/Vs ratio
along the GP-line is 1.745, which is lower than that of the global
continent (~ 1.768, Christensen, 1996), indicating a more felsic
composition in crust. Moreover, in the segment of ECB, the variation of
Vp/Vs ratio shows a jitter characteristic and its average value is ~1.76,
comparable to that of the global continent. However, in the segment of
WCB, the average Vp/Vs ratio is 1.74, relatively lower than that of the
eastern CB and the global average value.

4.2. Intra-crustal architectures

Features of the intra-crustal architectures, which appear as a series of
positive amplitude phases with different dip directions and dip angles in
the crust (Fig. 5D), can also be traced to the CCP image along the GP-
line. For the convenience of discussion, we have labeled these intra-
crustal seismic phases with L1 — L4 to the northwest of ZDF, and F1 —
F4 to the southeast of ZDF. (1) The L1 — L4 phases vary smoothly in a
depth range of ~15 to ~20 km in WCB, which, as we speculate, are the
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2021). (B) Topography and locations of the broad-band seismic stations, also the

main tectonics along the GP-line. (C) Depth-domain Common Conversion Points (CCP) imaging of the Ps phase of receiver functions along the GP-line, with H values
(yellow dots) derived from H-k stacking. (D) Interpretation on crustal architectures based on CCP imaging, in which the yellow dots indicate the H derived from H-x
stacking, the dashed red line indicate the Moho derived from CCP imaging, and L1 — L4, F1 — F4 mark the positive amplitude of CCP imaging. (E) CCP imaging of the
PpPs phase of the seismic receiver functions. (F) Migrated seismic imaging of the nearby deep reflection seismic profile of Dong et al. (2020). (G) Velocity model of
the nearby WARR seismic profile of Cai et al. (2016). The interpretations in (E)-(G) are the same as those in (D). (For interpretation of the references to colour in this

figure legend, the reader is referred to the web version of this article.)

different segments of a high-velocity discontinuity. In order to confirm
this speculation, we conducted a CCP imaging of the multiple-seismic
phase PpPs along the GP-line, and identified well-developed multiples
of the L1 —L4 phases in the PpPs- CCP images (Fig. 5E). (2) The F1 phase
dips northwest with moderate-angle (~ 45°), and its location in the
shallow part coincides with the ZDF. Thus, it is possible that the F1
phase is the trace of ZDF, and this result also coincides with the seismic

migration imaging of a DRS profile (Dong et al., 2020) near the GP-line.
(3) The F2, F3 and F4 phases dip southeast from the ground surface with
low-angle (< 30°), but it is difficult to identify the multiples of the F2
—F4 phases in the PpPs- CCP image, because the dipping interfaces al-
ways make the delay time of the multiple phases more divergent and
hard to migrate their energy to the depth domain. Variations of such
intra-crustal architecture are also noticeable in the time-domain stacked
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PRFs (Fig. 2 and Fig. S1), which indicates different deformation styles in
the crust of the WCB and ECB. Further interpretations on the formation
of these intra-crustal seismic phases would be conducted in Section 5.

5. Discussions
5.1. Regional thinning of lithosphere and crust

It is feasible to evaluate the variation in deep crustal structure and
geochemical composition with crustal thickness and Poisson’s ratio, the
seismic responses to tectonic process (Shu et al., 2009; Wong et al.,
2011). As is mentioned in Section 4.1, the crust beneath the GP-line
obtained in this study is ~31.5 km thick, conspicuously thinner than
the average value of the global continent, which is considered to be 41
km (Christensen and Mooney, 1995; Mooney, 2007). This result also
corresponds well with the results of other geophysical survey (Cai et al.,
2016; Dong et al., 2020; Lin et al., 2021; Zhang et al., 2005, 2013b).
WARR seismic sounding in the CB reveals Moho depth variations of
28.4-31.8 km from the coastal area to the inland of CB (Cai et al., 2016;
Lin et al., 2021; Zhang et al., 2005, 2013b). DRS migration imaging
suggests a crustal thickness of ~31-33 km beneath the CB, and shows
that the Moho discontinuity performs as a narrow band of reflections
beneath the WCB but as a gradient belt with a thickness of 2-3 km
beneath the ECB (Dong et al., 2020). Regional teleseismic studies (He
et al., 2013; Huang et al., 2015; Li et al., 2013, 2014b; Wei et al., 2016;
Ye et al., 2013; Zhang et al., 2021) also suggest a thin crust beneath the
CB. In addition to the thin crust, the lithosphere beneath the CB is also
thinner (~ 60- 80 km from different studies), compared with the thick
lithosphere (>80 km) in the Yangtze block (Deng et al., 2019, 2021;
Wang et al., 2017; Zhang et al., 2018a, 2018b; Zheng et al., 2014; Zhou
et al., 2012). However, according to the geochemical and petrological
studies, South China used to have a thick crust (> 45 km) as well as a
thick lithosphere (110-230 km) before the Late Mesozoic (Zhang et al.,
2001; Zheng et al., 2015; Zhu et al., 2017). That is to say, the crust and
lithosphere had been thinned by ~15 km and at least ~40 km, respec-
tively, since the Late Mesozoic. Zhang et al. (2013b) computed the
extensional factor and seismic reflection strength, and the results
showed an eastward increase of extensional factors and strengthening of
seismic reflections, indicating stronger extension in the east than the
west of the CB. Lithospheric extension and/or other forms of mantle
extrusion that have accompanied the subduction of the paleo-Pacific
plate since the Late Mesozoic can account for the lithospheric and
crustal thinning beneath the CB.

5.2. Vp/Vs ratio distribution and its implications for magma activities

As documented in Section 4.1, the average crustal Vp/Vs ratio along
the GP-line is 1.745, while the values in WCB and ECB are 1.74 and 1.76,
respectively. Vp/Vs ratio is directly related to Poisson’s ratio (¢) through
a formula of 6 = 0.5-1(2*(x*k-1)), and Poisson’s ratio is highly corre-
lated with the composition of felsic materials of the crust. Hence, it is
possible to evaluate the crustal composition by analyzing its Vp/Vs ratio
distribution. Generally, the value of Vp/Vs ratio is negatively correlated
with the content of felsic materials (Christensen, 1996; Ji et al., 2009). Ji
et al. (2009) summarized the correlation of “crustal thickness (H) vs.
Poisson’s ratio (¢)”, which could clue to the tectonic evolution of the
continental crust. Considering the crust is composed of horizontal layers
with felsic upper crust and mafic lower crust, the shortening and
thickening in the felsic upper crust will lead to a decrease in Vp/Vs ratio
with increasing crustal thickness. By contrast, the thickening in the
mafic lower crust will lead to an increase in Vp/Vs ratio with increasing
crustal thickness. In this study, the Vp/Vs ratios decrease linearly with
increasing crustal thickness in the CB (Fig. 6), similar to that observed in
the Baoding-Datong and Guanting-Zhang regions in North China (Ji
et al., 2009), and Ji et al. (2009) argued that the “underplating of mafic
magmas compensated the crustal thinning” could interpret such
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correlation.

In this study, the average value of the Vp/Vs ratios in the ECB is 1.76,
which is slightly higher than that in the WCB, comparable with the
average value of the global continent, but lower than the value of 1.79
required by mafic underplating in the lower crust (Christensen, 1996).
In addition, the P-wave velocity model obtained from WARR (Cai et al.,
2016; Lin et al., 2021) shows that the lower crust of ECB is featured with
Vp Of ~ 6.5 km/s, which is not compatible with the mafic or even ul-
tramafic composition (with Vp > 7.0 km/s) required by lower crustal
underplating (Thybo and Artemieva, 2013). Therefore, extensively
strong underplating with large amount of mafic magma accumulated in
the lower crust may not exist beneath the CB. Otherwise, if there had
been large amount of underplated mafic magma in the lower crust of the
CB, there must have been a strong extension or delamination at a later
stage to offset the Vp and Vp/Vs ratio increase and crust thickening
caused by the strong underplating (Deng et al., 2019; Zhang et al.,
2021). Alternatively, the upwelling magma may only be confined to the
bottom of the crust, which can result in a velocity gradient zone around
Moho, and this style is also supported by the artificial seismic survey in
the CB (Cai et al., 2016; Dong et al., 2020; Lin et al., 2021; Zhang et al.,
2013b).

5.3. Intra-crustal deformation and the Zhenghe-Dapu fault

Sub-horizontal intra-crustal interfaces in WCB obtained in this study
correspond well with the results of DSR migration imaging (Dong et al.,
2020), in which the seismic reflectors are markedly stronger below the
L2 - L4 interfaces. By incorporating with geological and geochronology
studies, Dong et al. (2020) interpreted them as decollements, that reflect
the inhomogeneous crustal shortening between Ordovician and Silurian.
Such crustal shortening could also be responsible for the regional folds
and thrusts formed during the period of ~460-420 Ma (Charvet et al.,
2010; Shu et al., 2015; Li et al., 2017a). F2 —F4 obtained in this study
are interpreted as extensional normal faults in the upper crust of ECB,
which are consistent with the results obtained from WARR (Cai et al.,
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2016; Lin et al., 2021) and DSR (Dong et al., 2020) studies. In the DSR
migration profile (Fig. 5F), it looks more reflective beneath the F2 —F4
and more transparent above them, providing evidence for the existence
of these faults in the viewpoint of wave impedance. In the velocity model
derived from WARR experiments (Fig. 5G), it appears as higher velocity
below the F2- F4 with lower velocity above them, confirming the nature
of these faults as normal faults.

Whether the boundary between the WCB and the ECB is ZDF or
NWFF has long been controversial. In this study, we tend to interpret F1
as ZDF, which could also be traced in the migration profile of DSR and
velocity model of WARR. Although the nature of ZDF is still in debate
(Xu et al., 2007; Shu et al., 2015; Li et al., 2017a), it is now widely
accepted as a crustal-scale fault (Cai et al., 2016; Lin et al., 2021; Dong
et al., 2020; Zhang et al., 2021). The segment of the CB on the eastern
side of ZDF consists of widespread Yanshanian felsic igneous rocks, with
few occurrences of basement rocks. By contrast, the segment of the CB
on the western side of ZDF is featured by the presence of the Pre-
Devonian strata, the Late Paleozoic to Triassic cover strata and the
Yanshanian felsic igneous rocks (Shu et al., 2011). The crustal archi-
tecture and Vp/Vs ratio obtained in this study demonstrate contrasting
properties on the two sides of ZDF, indicating a sub-horizontal intra-
crustal deformation in WCB and extensional faults in ECB, respectively.
To sum up, the crustal structure is consistent with the magmatic activ-
ities in the CB (Xu et al., 2007), and supports the viewpoint that ZDF is
the boundary between the WCB and ECB.

5.4. Insights for the geodynamics and minerallization in South China

It is a consensus that the mineralization setting in the CB is featured
by the dominant distribution of W—Sn in the western part and the
concentricity of Au—Cu in the eastern part. Also, researchers generally
accept that the metallogenesis is related to the deep crustal and upper
mantle structure and geodynamic evolution in South China (Mao et al.,
2004; Hu et al., 2008; Lii et al., 2021; Yang and Zhang, 2012; Wang
et al., 2011). Nonetheless, the details of the ore-forming processes and
geological settings are still in debate. The crustal architecture and Vp/Vs
ratio properties obtained in this study can shed light on the possible
mechanisms of the large-scale mineralization in the CB.

Geochronology studies have revealed that the magmatism had lasted
for at least 100 Ma from the middle Jurassic to the early Cretaceous and
migrated from inland to the southeast of CB (Xu et al., 2007; Zhou and
Li, 2000). To be more specific, a two-stage process could be recognized
according to the magmatic episodes (Fig. 7) (Ni et al., 2021). (1) From
~165 Ma to ~150 Ma: the W—Sn mineralization related magmatic ac-
tivities in WCB mainly occurred in this period (Chen et al., 2013; Wang
et al., 2020; and references therein). The tightly spatio-temporal rela-
tionship between A-type granitoids and the numerous giant W—Sn de-
posits indicates an extension mineralization setting. Besides,
contemporaneous Au—Cu mineralization developed on the eastern side
of ZDF, accompanied by a few mafic rocks dominantly clustering in
Dehua. (2) From ~110 Ma to ~90 Ma: the widespread Au—Cu miner-
alization on the western side of ZDF mainly took place in this period (Ni
et al., 2021; and references therein). The related magmatism has
resulted in large-scale calc-alkaline felsic volcanic rocks, showing
geochemical affinities with continental arc rocks in Dehua.

The seismic imaging of the crustal features obtained in this study are
also consistent with the geochemical studies mentioned above. The flat
and shallow Moho observed in this study and some other geophysical
imaging (e.g. Zhang et al., 2013b; Zhang et al., 2018a, 2018b; Deng
et al., 2019) indicate that the lithosphere of CB had been deconstructed
by regional stretching and extending since the Late Jurassic, induced by
the initiating of the paleo-Pacific subduction. Combining this study with
previous geological and geochemical studies, we have created a cartoon
model to illustrate the magma upwelling and mineralization mechanism
in the CB (Fig. 8).

In the Early Yanshanian (Fig. 8A), the paleo-Pacific plate initiated to
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Fig. 7. Histogram of chronology data for the mineralization related rock-
forming and ore-forming events (modified from Ni et al., 2021). (A) W—Sn
related mineralization in the western Cathaysia Block, and (B) Au—Cu related
mineralization in the eastern Cathaysia Block.

subduct underneath the CB. The dehydration of the subducted oceanic
plate metasomatized mantle wedge, forming large-scaled arc-magma.
Some of the arc-magma erupted as the volcanic rocks along the ZDF
during ~165 Ma — ~150 Ma and formed the early stage Au—Cu de-
posits, while another portion underplated to form the juvenile lower
crust. Simultaneously, far-field effects of the paleo-Pacific subduction
caused the extension of the lithosphere and resulted in the thinning of
the original crust (Groves et al., 2021). During this process, large
amount of heat released from mantle led to the formation of A-type
granites as well as W—Sn mineralization in the WCB. Further, the lith-
ospheric and crustal thinning would decrease mafic/ultra-mafic com-
ponents from the lower crust, and result in the low Vp/Vs ratio
distribution observed in the CB. Higher Vp/Vs ratio in the ECB implies
that the crust has undergone stronger magma activities than the WCB, in
the form of magma upwelling. Although the Vp/Vs ratio and Vp in the
ECB are higher than those in the WCB, they are lower than the value of
mafic or even ultra-mafic crustal compositions (Christensen and
Mooney, 1995; Christensen, 1996). It implies that the strength of magma
activities is not strong enough to make large scaled underplating
beneath the ECB. Instead, the deep magmas may be confined to the
bottom of the lower crust and form a thin underplating layer near Moho.
Such procedure would generate a velocity gradient belt around Moho,
which had been observed by artificial seismic studies in ECB (Cai et al.,
2016; Dong et al., 2020; Lin et al., 2021).

In the Late Yanshanian (Fig. 8B), as the subduction continued, the
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Fig. 8. Interpretative cartoon illustrating the two-stage subduction model of the paleo-Pacific plate. This model could be used to explicate the geodynamic evolution
of the crustal structures observed in this study, as well as the widespread magmatism and poly-metallic mineralization in the Cathaysia Block. (A) In the Early
Yanshanian, the initial low-angle subduction of paleo-Pacific plate caused the formation of the W—Sn related mineralization in the western Cathaysia Block and the
Au—Cu related mineralization in the eastern Cathaysia Block; (B) In the Late Yanshanian, the colder and denser oceanic plate began to subduct at a steeper angle and
roll back under gravity, causing strong extension and the related Au—Cu mineralization and bimodal volcanics.

colder and denser oceanic lithosphere sank more rapidly than the plate
convergence, and the gravitationally unstable slab became steeper and
rolled back. The roll-back of the paleo-Pacific slab caused retreat of the
trench system as well as a strong extension environment. Such extension
further thinned the lithosphere and crust beneath the CB, and trans-
formed the circumstance from arc to back-arc settings (Ni et al., 2021).
The tectonic activation in this period also caused ZDF to alter from a
compressive reverse fault to an extensional normal fault. Besides, the
metasomatized mantle wedge formed in the former stage remelted, the
Au—Cu mineralization along ZDF (e.g. Zijinshan deposit) took place,
and the coeval bimodal volcanic rocks as in Dehua area was finally
formed.

6. Conclusions

Our study has provided new insights into the geodynamical and
mineralization processes that the CB has undergone. By conducting a
dense broad-band seismic observation along the GP-line, we have ob-
tained a high-resolution seismic image of the crust beneath the CB,
which reveals that the present crust of the CB is generally characterized
by a shallow and flat Moho, low Vp and Vp/Vs ratio, compared with the
average values of the global continent. Through comprehensive analyses
of the geophysical and geochemical studies in this region, we conclude
that the crustal architecture and properties in the CB have been strongly
transformed since Yanshanian by the initiation of the paleo-Pacific
subduction and the subsequent roll-back and retreat. The dehydration
of the subducted paleo-Pacific plate metasomatized the mantle wedge,
and formed large-scaled arc-magma and Au—Cu related mineralization
in two periods. Moreover, the upwelling of the asthenospheric material
and heat caused extensional environment for the overlying lithosphere
and crust. Lithospheric extension resulted in the lithospheric and crustal
thinning, as well as the decrease in the crustal Vp and Vp/Vs ratio
decreasing. Finally, the different extensional strength in the two stages
of the WCB and ECB led to the discrepancies in intra-crustal architec-
tures, the formation of the granitoids and related mineralization in the

WCB and ECB.
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