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SUMMARY

Southeast China is one of the most important polymetallic metallogenic provinces in the
world. However, distinct differences in the type and origin of the mineral deposits are present
between the major metallogenic belts in this province. To deepen our knowledge of this regional
metallogenic setting, investigate the factors controlling its metallogenic differences and explore
the feasibility of active and passive seismic imaging, we performed a multibatch seismic
experiment using active and passive sources with the help of 437 short-period seismographs
deployed across the Qin-Hang and Wuyishan metallogenic belts in Southeast China. We
resolved the S-wave velocity structure beneath the profile using ambient noise tomography
and derived a Vp/Vs model by combining with a published P-wave model. A good correlation
between the obtained seismic velocity models and geological observations is observed. The
Proterozoic volcanic-sedimentary rock series and the Fuzhou-Yongfeng sedimentary basin
are identified by low P- and S-wave velocities, high Vp/Vs ratios and low S-wave velocity
perturbations. Within the core of the Wuyishan Metallogenic Belt, several narrow, elongated
and low seismic velocity anomalies are considered to be signs of the nearby fault zones, and
these anomalies provide reference information on the extension and pattern of these faults
at depth. Combined with the geological and mineralogical evidence, we propose that theses
faults function as ore-guiding structures and facilitate the formation of regionally representative
mineral species and metal assemblages.
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tectonic setting of granitic magmatism and metallogeny in South

I INTRODUCTION China (Sun 2006; Mao et al. 2009; He & Santosh 2016; Xing et al.

Southeast China, tectonically referring to the Cathaysian Block and
the Jiangnan orogenic belt on the northwestern margin of the block,
is one of the most important metallogenic provinces of nonferrous,
rare, rare earth and precious metals and is globally famous for
its massive multiple-stage granites accompanied by large-scale and
unique Mesozoic metallogeny of W, Sn, Cu, Fe, Pb, Zn, U, Nb and Ta
(Mao et al. 2009; Li et al. 2013; Xing et al. 2017). Numerous studies
have been conducted on the area’s granites and related mineral de-
posits, and a general consensus has been reached on several issues,
such as the timing, genetic types, spatial variation regularities, and

2017 and references therein). However, studies have also shown
that the compositions of the granitoid intrusions and the types of
mineral deposits in the Qin-Hang and Wuyishan metallogenic belts,
the two most important metallogenic belts in the South China re-
gion, are distinctly different. For example, mineral deposits in the
former belt are dominated by Cu—Pb—Zn polymetallic deposits of
the porphyry-skarn types, which are likely mainly related to Early
Jurassic S-type granites with meta- to weakly peraluminous fea-
tures, whereas those in the latter belt are mainly Sn—Wn—-Nb-Ta—-U
deposits chiefly related to highly fractionated I- and A-type granites

190 © The Author(s) 2022. Published by Oxford University Press on behalf of The Royal Astronomical Society.

2202 Jaquieldas /| Uo Jasn seousIog Jo AWapedy 8sauly)‘yoieasay Se0inosay [ednjeN pue seousing olydelBboss) Jo symnsu| Aq §9//99/06 /L /2SZ/8191ue/1[6/woo dnosolwapeoe//:sdny woJj papeojumoq


https://orcid.org/0000-0001-8962-5442
https://orcid.org/0000-0003-0433-2611
mailto:xutao@mail.iggcas.ac.cn
mailto:lqt@cags.ac.cn

of a strongly para-aluminum series. The reasons and mechanisms
that control these differences remain unexplored.

The formation of ore deposits is widely regarded as a shallow
response to deep processes in the Earth’s interior. Thus, the explo-
ration and knowledge of the crustal and lithospheric architecture
beneath key metallogenic zones are important for comprehensively
understanding the regional tectonic evolution and formation of min-
eral deposits and can even guide the prospecting and mining of
mineral resources. For example, O’Donnell ez al. (2020) demon-
strated the feasibility of using seismic tomography in mineral ex-
ploration and summarized the available and potential techniques
and approaches. In South China, several geophysical studies have
been conducted, including a P-wave tomography model revealing a
remarkable correlation between the deposits and deep-seated, low-
velocity, P-wave anomalies (He & Santosh 2016), a receiver func-
tion analysis showing that the Wuyishan Metallogenic Belt and the
northern segment of the Qin-Hang Metallogenic Belt are character-
ized by a high Vp/Vsratio (Zhang et al. 2021a), and a dense seismic
array indicating a low velocity in the upper crust and a high velocity
and a relatively high Vp/Vs ratio in the middle-lower crust beneath
the Dahutang deposit (South China) (Zhang et al. 2021b). Although
previous geophysical studies are helpful for understanding the re-
gional metallogenic setting, few studies have focused on the shallow
fine structure of the crust, which is particularly important for un-
derstanding the structures associated with the metallogeny because
mineral deposits generally form in the shallow crust. In addition,
the causes and controlling factors of regional metallogenic differ-
ences are still poorly understood because there are relatively few
comprehensive studies across different metallogenic belts.

To better understand the structural features below the main metal-
logenic belts in Southeast China and explore the feasibility of active
and passive seismic imaging, we deployed a seismic array between
Wanzai and Yongchun across the Qin-Hang and Wuyishan metallo-
genic belts and conducted a joint active- and passive-source seismic
experiment (Fig. 1). This paper presents the upper crustal seismic
wave models obtained from the Wanzai-Yongchun profile including
an S-wave velocity model revealed by ambient noise tomography
and a derived Vp/Vs model combined with the previous P-wave
model (Lin et al. 2020, 2021) and discusses their implications for
metallogenic settings in Southeast China.

2 GEOLOGICAL SETTINGS

The South China Block, located at the southeastern edge of the
Eurasian continent and the western end of the Pacific Ocean, was
formed by the collision and amalgamation of the Cathaysian Block
to the southeast with the Yangtze Craton to the northwest along
the Jiangnan Orogenic Belt during the Neoproterozoic (e.g. Wang
et al. 2019 and references therein). Since the Mesozoic, the South
China Block has been bound by three convergent orogenic belts,
with the westward subduction zone of the Pacific Plate to the east,
the northward subduction and collisional belts of the Tethys to the
south, and the collision belt of the North China and South China
blocks along the Qinling-Dabie Orogenic Belt to the north (Li et al.
2012).

Southeast China includes the Cathaysian Block and the Jiangnan
Orogenic Belt (Li e al. 2013). The Cathaysian Block has been cor-
roborated to possess a Paleoproterozoic or even Archean basement
intruded by multiple-stage igneous intrusions, especially by Meso-
zoic granitoids (Sun 2006 and references therein). The Cathaysian
Block can be divided by the NE-trending Zhenghe-Dapu Fault
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into two parts, West Cathaysia and East Cathaysia (Fig. 1), which
show different geological features (Cawood et al. 2018; Lin et al.
2018). West Cathaysia mainly possesses a Neoproterozoic base-
ment that was influenced by metamorphic and magmatic events in
the Early Palaeozoic (460-420 Ma), whereas East Cathaysia com-
prises predominantly a Palaeoproterozoic basement overprinted by
high-grade metamorphism chiefly during the Mesozoic (250-230
Ma; Lin et al. 2018).

The Jiangnan Orogenic Belt has a reversed S-shape, and its suture
zone stretches southwestward from the Hangzhou Gulf'in the north-
east via Jiangshan in southwestern Zhejiang Province, Pingxiang in
western Jianxi Province, Hengyang in southern Hunan Province,
Yulin in the southeastern Guangxi Zhuang Autonomous Region,
and Qinzhou Gulf in the southwest. This orogenic belt, which is
considered part of the Grenville orogenic belt that rounded the
Yangtze Craton (Li ef al. 2010; Cawood et al. 2018; Wang et al.
2019), is dominated by early Neoproterozoic (ca. 1000800 Ma)
metavolcano-metasedimentary rocks that experienced greenschist-
facies metamorphism (Zhou et al. 2002; Yao et al. 2014). These
metamorphic sequences were intruded by Late Neoproterozoic,
Early Palaeozoic and Mesozoic granitoids (Sun 2006; Wang et al.
2019).

The regional structures of the Southeast China region are charac-
terized by a series of NE-NNE-trending faults. These faults (Fig. 1)
either constitute the terrane boundaries (e.g. the Jiangshan-Shaoxing
Fault and the Zhenghe-Dapu Fault) or form the Mesozoic—Cenozoic
basin boundaries (e.g. the Suichuan-Fuzhou Fault). These NE- to
NNE-trending faults dissect the region, generating a series of up-
lift and subsidence zones with the same strike as the faults, which
have controlled the sedimentation, magmatism and mineralization
in Southeast China since the Mesozoic (Thanh et al. 2014; Shao
et al. 2017; Wang et al. 2018).

The mineral deposits in Southeast China can be classified, accord-
ing to their spatial distribution, into four major metallogenic belts,
from north to south, including the Mid-lower Yangtze River, Qin-
Hang, Wuyishan, and Nanling metallogenic belts (Fig. 1). The Mid-
lower Yangtze River and the Nanling metallogenic belts, which are
located in the north and south of the Southeast China region, respec-
tively, are not considered in this paper. The Qin-Hang Metallogenic
Belt generally corresponds to the southeastern part of the Jiangnan
Orogenic Belt and is 2000 km long and ~100-150 km wide. The
mineralization in this belt is characterized mainly by porphyry-skarn
type Cu—Pb—Zn—Ag deposits (Mao et al. 2011). The Wuyishan Met-
allogenic Belt, located in the central-eastern Cathaysia Block, con-
tains mineralization dominated by Sn—-W-REE-U deposits (Mao
et al. 2010; Ding et al. 2016).

3 AMBIENT NOISE TOMOGRAPHY

3.1 Noise cross-correlation functions

In this paper, we used approximately one month of ambient noise
seismic data from the Wanzai-Yongchun seismic profile (Fig. 1),
with 437 EPS short-period, three-component seismographs de-
ployed at intervals of approximately 1 km to conduct artificial (Lin
etal 2020; Lin e al. 2021) and passive-source observations (Huang
et al. 2022) at the same time. Here, only the vertical component was
used for obtaining noise cross-correlation functions.

We adopted the ambient noise data processing scheme described
by Bensen et al. (2007) to obtain interstation noise cross-correlation
functions (NCFs). The continuous ambient noise records were first
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Figure 1. Area of study, tectonic and geological features, metallogenic zones and the Wanzai-Yongchun seismic profile. (a) Geological map of southeastern
China with a major fracture system (Li e al. 2017) including the Qin-Hang and Wuyishan metallogenic belts. The yellow triangles denote the seismic stations
along the Wanzai-Yongchun profile, the stations with a specific spacing are shown for esthetic reasons, as are the yellow triangles in (b). (b) Simplified
geological map with strata info (Ye et al. 2017) around the seismic survey profile. The black lines represent regional faults, as in (a).

cut into a series of hourly segments and resampled at 20 Hz. Then,
we removed the instrument response and the mean and linear trends
from the raw hourly seismograms. The hourly data were then filtered
at a period band of 0.3-10 s, and spectral whitening and temporal
normalization were performed (using the running-absolute-mean
method). Afterward, we calculated cross-correlations between all
possible station pairs to obtain hourly NCFs using the pre-processed
seismograms. Finally, we used the phase-weighted stacking tech-
nique (Li et al. 2018) to obtain the NCFs for individual station
pairs.

As an example, we present the NCFs between Station 1201 and
other stations in Fig. 2(a), which illustrates a strong asymmetry in
its positive and negative branches. In addition, the negative branch
of the normalized NCF of station pair 1201-1363 and its time—
frequency analysis image are shown in Figs 2(b) and (c), respec-
tively. Fig. 2(c) illustrates that the seismic ambient noise of the
seismic records used is dominated by the energy from the period
of 2.0 to 5.0 s. For all northwest—southeast source-receiver station
pairs, the Rayleigh wave signal occurs only on the negative time
lags. This indicates that almost all of the noise energy is from the
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Figure 2. (a) Noise cross-correlations of the vertical component signal recorded at Station 1201 with signals recorded at other stations against interstation
distances. (b) The negative branch of cross-correlations of station pair 1201-1363 separated by a distance of 99.10 km (red line in panels a) after symmetrical
flipping and normalizing. (¢) Time—frequency analysis of the above cross-correlation shown in panel (b) using continuous wavelet transform (Kristekova’ ez al.

2006).

Pacific Ocean caused by ocean—earth interactions (Hasselmann
1963; Nakata et al. 2019) and/or counterpropagating ocean wave
interactions (Longuet-Higgins 1950) near the southeastern China
coast. In this study, we used only the negative branches of the NCFs
of all northwest—southeast source—receiver station pairs and dis-
carded NCFs with an SNR (the ratio of the peak amplitude of the
Rayleigh wave signals to the root-mean-square of the noise window)
less than 15.

3.2 Rayleigh wave dispersion

We measured the Rayleigh wave phase-velocity dispersion curves
using the method of Yao er al. (2006). We selected the station pairs
with an interstation distance greater than two wavelengths to sat-
isfy the far-field approximation. Although there is no theoretical
limit to the greatest interstation distance, ignoring this issue will
introduce some practical issues in the dispersion measurements and
inversion. In the context of a linear, short-period, dense array, as the
inner distance increases, the 27 ambiguity of phase-velocity dis-
persion measurements within a limited period band becomes more
difficult to handle and thus introduces more measuring uncertain-
ties, especially when automatic processing is the preferred choice
for dealing with data at this scale (there are theoretically 95 266
raw paths for the 437 stations). Empirically, the long-path dispersion
measurements have a limited contribution to the resolution of the
final model. Therefore, we measured dispersion curves only for in-
terstation distances shorter than 120 km (approximately eight times
the wavelength of the longest period of 5 s).

After the automatic measurements, we performed a cluster anal-
ysis as described by Zheng et al. (2021) for quality control. In con-
trast to the previous study, we employed Tukey’s test as a specific

criterion to identify and reject deficient or poor measurements; that
is, for a given period, a measurement of less than Q; — 1.5/ QR
or larger than Q3 + 1.5/ QR is considered an anomaly, where O,
Q5 and / QR denote the first quartile, the third quartile and the in-
terquartile range, respectively. Compared to the previously used
three-sigma rule, this does not require the data to obey a nor-
mal distribution and is less affected by extreme anomalies, mak-
ing it more appropriate for actual measurements and resulting in
improved performance. Finally, we collected over 20 000 phase-
velocity dispersion curves in the range of periods from 1-5 s
(Figs 3a and b).

3.3 Inversion for shear wave velocity

We used the direct inversion method (Fang et al. 2015) to resolve
the S-wave velocity structure beneath the Wanzai-Yongchun profile.
Following the methods of Shearer (2019), we first generated the
initial 1-D shear wave velocity model from the dispersion measur-
ing data based on the empirical relationship between period/phase
velocity and depth/shear wave velocity. The maximum depth for
inversion was set at 14 km with an S-wave velocity of 3.60 km/s,
while the S-wave velocity on the surface (0 km) was set as 2.80 km
s~!. Then, we discretized the 1-D velocity—depth model by interpo-
lation, adopting varied grid sizes at different depths (Fig. 3¢), and
0.5, 1.0, and 2.0 km were used for the 0-5, 5-8, and 8—14 km depth
ranges, respectively.

The direct inversion algorithm we used regularly initializes model
spacing along a latitude/longitude and produces a large number of
grids without data perturbations for an NW-SE pseudo-linear ge-
ometry such as the one in this study (Fig. 4b), which may harm
the velocity structure beneath the surveyed profile to resolve. In-
spired from Wang et al. (2015) , we used irregular grid settings at
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Figure 3. (a) Phase velocity dispersion curves in the period range of 1-5 s. The grey solid lines are 3000 randomly selected dispersion curves. The red circles
depict the average dispersion curve, and the vertical segments are 2o -sigma error bars for each period. (b) Bar histogram of the number of measurements for
each period. (c¢) 1-D initial depth—velocity model. The grey circles indicate prior information deduced from the available dispersions to construct the 1-D initial

model (see the main text for more details).
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Figure 4. Model space with different grid setting. (a) Irregular grid setting using 5 km and 10 km grid spacing parallel and perpendicular to the survey line,
respectively. (b) Regular grid setting using 10 and 10 km grid spacing along the longitude and latitude. In all plots, the red line shows the geometry of the

seismic array.

the beginning, that is, performed the inversion under the transform-
ing coordinates, which established a rectangular coordinate system
plane in a parallel direction to the survey line (Fig. 4a). Under the
transforming coordinates, we adopted a grid size of 5 x 10 km (in
a direction parallel and perpendicular to the survey line) to per-
form the inversion and determined the velocity structure beneath
the profile. However, this strategy introduces a slight (usually ac-
ceptable) systematic bias to the inversion because the interstation
distance calculated under the original and transforming coordinates
are slightly different for the same station pair (Wang et al. 2015).
Meanwhile, we also performed direct inversion using regular grid
settings (Fig. 4b). When a grid size of 10 x 10 km was used, the

model (Fig. 5b) was comparable to the S-wave model using a grid
size of 5 x 10 km under the transforming coordinates (Fig. 5a) with
similar first-order velocity features.

Since this approach (Fang et al. 2015) was originally used to
resolve 3-D variations of the shear wave, analysing or testing the
lateral resolution of the model under the field data distribution and
inverse settings is required for this nearly linear, NW—SE geom-
etry. Therefore, we carried out a checkerboard test for inversion
using irregular grid settings (Fig. 6) and regular settings (Fig. 7).
For both settings, we designed a checkerboard input model consid-
ering only a lateral resolution, that is, consisting of alternate ve-
locity anomalies of approximately 10 per cent that were oriented
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Figure 5. 2-D distance—depth S-wave velocity cross-sections solved using first (a) an irregular grid setting (Fig. 4a), and then (b) a regular grid setting (Fig. 4b).
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Figure 6. Checkerboard test for inversion using an irregular grid setting. (a) Input model (in percentage of change in S-wave velocity). (b)-(f) Horizonal depth
slices of the recovered model at depths of 1-5 km (see colour scale on the right). In all plots, the grey line shows the geometry of the survey array.

perpendicular to the nearly linear geometry of the profile (Figs 6a
and 7a). Several horizontal depth slices of the recovered model at
various depths (Figs 6b—f and 7b—f) revealed a recognizable veloc-
ity pattern near the survey array where sufficient data constraints
were provided, confirming that the lateral variations of the model
can be well determined and providing a reliable and interpretable
anomaly size. The lateral resolution can reach 20 and 30 km for
irregular and regular grid settings, respectively. It should be noted
that every depth slice (Figs 7b—f) was clipped to highlight the ve-
locity variations along the survey array when using the regular grid
settings.

For a certain period, the fundamental-mode Rayleigh wave was
mostly sensitive to the S-wave velocity at approximately one-third

of the wavelength. To evaluate the robustness and resolution of
the S-wave velocity against depth, we computed the phase-velocity
sensitivity kernels with respect to the S-wave velocity. The S-wave
velocity 1-D depth model, shown in Fig. 8(a), was the same
as Fig. 3(c), which was utilized to calculate the phase-velocity
sensitivity kernel curves. The P-wave velocity model was con-
structed based on the empirical relationship with the S-wave ve-
locity (Vp/Vs = 1.73), and the density value was set to a constant
(2.60 kg/m®). Fig. 8(b) shows the peak values of the sensitivity
kernels at different sample periods for the given reference model.
Fig. 8(c) shows the Rayleigh wave phase-velocity sensitivity against
depth within the period ranging from 1.0 to 5.0 s. The most sen-
sitive depth of the maximum period of 5.0 s was approximately
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periods ranging from 1.0 to 5.0 s.

6 km, while the depth available for interpretation can be empiri-
cally greater. However, to compare the S-wave and P-wave velocity
models in the overlapping depth (0—6 km) and spatial ranges (red
triangles in Fig. 1), we focused only on the S-wave velocity structure
above the 6 km depth. The S-wave velocity at each depth beneath
every seismic station was determined by using 2-D cubic spline
interpolation, and then a 2-D distance—depth S-wave velocity cross-
section was constructed (Fig. 5), which was gridded using adjustable
tension continuous curvature spline interpolation (Fig. 9b).

4 DISCUSSION

4.1 Vp/Vs model construction and correlation with
geological observations

These active- and passive-source observations allow us to compare
different velocity models obtained from different seismic data sets
and related methods. Overall, the fact that consistent structural pat-
terns were exhibited in the S-wave (Fig. 9b) and P-wave (Fig. 9¢)
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Figure 9. (a) Elevation and strata info across the survey line, including the Qin-Hang (Qin-Hang M.B.) and Wuyishan (Qin-Hang M.B.) metallogenic belts and
regional faults. The strata colour map settings are the same as those in Fig. 1(b). Acronyms: JSF, Jiangshan-Shaoxing Fault; SFE, Suichuan-Fuzhou Fault; FYB,
Fuzhou-Yongfeng Basin; HBF, Hepu-Beiliu Fault; WSE, Wuchuan-Sihui Fault; SHF, Shaowu-Heyuan Fault; ZDF, Zhenghe-Dapu Fault. (b) S-wave velocity
model obtained from seismic ambient noise tomography. (c) P-wave velocity model revealed by first-arrival travel-time tomography (Lin et al. 2020). (d) The
ratio of seismic P-wave and S-wave velocities calculated from the previous S- and P-velocity models. (e) The S-wave velocity perturbation model derived

from (b).

velocity models, which were determined by ambient noise surface
wave tomography and first-arrival travel-time tomography (Lin ez al.
2020), respectively, implied that both velocity models were gener-
ally reliable. For example, in these two models, we observed a
shallow low-velocity zone on the SE side of the Suichuan-Fuzhou
Fault, as well as a similar seismic velocity structural pattern below
the Wuchuan-Sihui Fault and Zhenghe-Dapu Fault.

Nevertheless, using the obtained S-wave and P-wave velocity
models, we derived the Vp/Vs ratio model (Fig. 9d) by dividing the
Vp by Vs models. To mitigate for potentially extreme inaccuracies
and numerical artefacts due to simply dividing the Vp by Vs models
obtained from data with differing resolutions (Berg et al. 2021),
we resampled the Vp model based on the Vs model’s grid setting
before dividing the Vp by Vs models. In addition, we calculated
the S-wave velocity perturbation model (Fig. 9¢) to capture seismic
velocity anomalies better.

These seismic velocity models (Fig. 9) revealed a strong lateral
velocity variation in the shallow upper crust below the Wanzai-
Yongchun profile. At the shallow crust scale, seismic velocities
(anomalies) can be affected by rock composition and porosity, the
presence of fluids, fracture/fault structure, etc. In our seismic ve-
locity models, we observed a good correlation between the seismic
velocity anomalies and the spatial distribution of faults (zones) and
sedimentary basins.

On both sides of the Jiangshan-Shaoxing Fault, we found two
seismic velocity anomalies (low S-wave and P-wave velocities and
a low S-wave perturbation) at depths of 0~2 km (Figs 9b—e). The
anomaly on the SE side is located where the known Mesozoic
Fuzhou—Yongfeng Basin occurs at the surface (Fig. 9a). This basin
was formed by fault tilting and is filled by molasse-like continental
sediment, including purple-red glutenite, sandstone, and siltstone,
with basaltic interbeds inside (Zhang et al. 2015). The high Vp/Vs
(Fig. 9d) and reduced Vs values (Fig. 9b) are also in line with
typical seismic features of sedimentary basins. The neighboured
Suichuan-Fuzhou Fault, which formed during the Mesozoic, has
controlled the formation of the lithology, basin, and ore deposits in
the adjacent area (Zhang et al. 2015), and the fault lies on a high- and
low-resistivity gradient line, as revealed by a magnetotelluric (MT)
geophysical survey. Therefore, we deduced the deep extension and
shape of this fault based on the shape of its controlling sedimentary
basin and surface geological observations (Fig. 9).

The other anomaly is on the NW side of the Jiangshan-Shaoxing
Fault, that is, within the range of the Qin-Hang Metallogenic Belt
(i.e. the Jiangnan orogenic belt). Geological studies have shown that
in addition to Mesozoic strata, Proterozoic low-grade metamorphic
volcanic-sedimentary rock series also occur in the area, for exam-
ple the continental margin clastic deposition of the Shuangqiaoshan
Group, Fanjingshan Group, Sibao Group, Lengjiaxi Group and
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Shangxi Group (879-823 Ma, Ni & Wang 2017). We thus suggest
that this low seismic velocity anomaly could be partially ascribed
to the Proterozoic volcanic—sedimentary rock series, as well as the
overlying sedimentary strata.

Regarding the Jiangshan-Shaoxing Fault, it is a lithospheric-
scale fault (zone) that used to be considered the suture between
the Yangtze and Cathaysian blocks, although its tectonic attributes
are controversial (He er al. 2013; Guo & Gao 2018; Guo et al.
2019). Fig. 9 gives a possible extension shape of this fault (marked
by the light dashed line) deduced from the geological data (Li et al.
2017). However, our models seem to fail to capture the indications
of this fault zone. One possible reason for this failure is that the
fault zone has been re-constructed with more complicated archi-
tecture and composition by subsequent tectonic activities since it
formed. Additionally, the non-orthogonality between the seismic ar-
ray and the fault’s strike could contribute to the failure to capture the
fault.

Within the core region of the Wuyishan Metallogenic Belt, gen-
erally corresponding to the area of Wuyi Mountain, several narrow,
elongated and low seismic velocity anomalies show a good correla-
tion with the spatial location of regional faults (e.g. the Hepu-Beiliu,
Wauchuan-Sihui, Shaowu-Heyuan and Zhenghe-Dapu faults). These
seismic velocity anomalies exhibit the attributes of low S-wave (per-
turbation) anomalies and relatively high Vp/Vs ratios, which are
typical features of the fault zone because faulting usually generates
fragmentation and cataclysm, and even the circulation of fluids. In
addition, the average lateral width of these seismic velocity anoma-
lies is approximately 20 km (Figs 9b and e), which is equal or
slightly higher than the fault size estimate based on the geological
survey (Liu 1997; Shui & Shi 1997; Wang et al. 2009). Therefore,
we interpret these seismic velocity anomalies as indications of the
regional fault zones. Basically, we deduce the possible extensions
and patterns of these regional faults at depth based on the shapes of
these seismic velocity anomalies, the reasonability of which can be
validated by the consistency with the surface geological evidence.
For example, the Wuchuan-Sihui and Shaowu-Heyuan faults may
run through the upper crust with large dip angles based on the ob-
tained seismic models (Fig. 9), which is consistent with the strike-
slip properties obtained from surface geological observations (Liu
et al. 2009; Li et al. 2017).

4.2 Fault system in Wuyishan and its effect on regional
metallogeny

The Suichuan-Fuzhou Fault, located on the NW margin of the Wuy-
ishan Metallogenic Belt, is a typical tensional and/or transtensional
fault in this region and is considered to control the development
of the Fuzhou—Yongfeng Basin (Zhang ef al. 2015). A series of
studies suggest that the tensional and/or transtensional faults in this
region play a role in promoting the occurrence and development
of volcanic—sedimentary basins and U and Pb—Zn—Ag deposits.
For example, Xiangshan, a typical large-scale U deposit associated
with ultrashallow emplaced subvolcanic rocks, is located on a large
faulted volcanic basin (Zhang et al. 2015) and occurs in a composite
site of NE-trending structures and annular volcanic collapse struc-
tures inside the subvolcanic body and its outer contact zone (Chen et
al.2012) ; Lengshuikeng, a large-scale Pb—Zn—Ag deposit related to
an alkaline granite porphyry (ca. 163 Ma, Meng et al. 2009), occurs
along the edge of the Yuefengshan Mesozoic volcanic basin. The
ore-bearing porphyry is alkaline granite intruding into the Jurassic
volcanic rocks during the Middle Yanshanian Period, and a large

number of crypto explosion breccia developed around the edge of
the ore-bearing porphyry (Meng et al. 2009).

Within the core region of the Wuyishan Metallogenic Belt, a
series of large representative strike-slip faults, including the Hepu-
Beiliu, Wuchuan-Sihui and Shaowu-Heyuan faults, developed in
the Jurassic and were strongly reactivated during the Early Creta-
ceous (Xu et al. 1985), and these faults mainly manifested as dextral
strike-slip mode. These faults are considered to have formed during
the low-angle subduction of the Palaeo-Pacific Plate since the Cre-
taceous and governed the emergence and development of hundreds
of pull-apart volcano-sedimentary basins (Li ez al. 2017). A large
number of ore deposits occurred along these fault and basin zones
that are considered to control the uranium—gold—zinc mineralization
of the Wuyishan metallogenic belt (Yang & Yao 2008). Consider-
ing the association between metallogenic activities and magmatic
eruptions in this area and the general depth extension of these faults
mapped by the obtained models (Fig. 9), we suggest that these faults,
as the ore-guiding structures, promote the migration and diffusion
of ore-forming fluids during magmatic and metallogenic activities.
Additionally, based on surface geology evidence, Ding ef al. (2016)
suggested that the Wuyishan Metallogenic Belt can be dissected
into several subunits by several strike-dip faults and this partition
nature is also confirmed by the obtained seismic velocity structure
(Fig. 9).

Previous studies (Xu et al. 2014; Lin et al. 2021; Liu et al. 2021,
Zhang et al. 2021a,c; Hou et al. 2022) suggest that the crustal com-
positional structure (especially in lower crust) is likely the funda-
mental factor affecting the regional metallogenic differences. How-
ever, considering the close association between the deposit types and
the regional faults in Wuyishan and the impacted scope and pattern
of the fault zones constrained by the obtained models (Fig. 9), we
suggest that fault systems and their effect on the shallow crust could
also contribute to the regional metallogenic differences.

5 CONCLUSIONS

The obtained seismic velocity models show a good correlation with
geological observations. The Fuzhou—Yongfeng Basin and Protero-
zoic volcanic—sedimentary rock series are characterized by low P-
and S-wave velocities, high Vp/Vs ratios and low S-wave velocity
perturbations. Within the core region of the Wuyishan Metallo-
genic Belt, a series of narrow, elongated and low seismic velocity
anomalies are interpreted as indications of the regional fault zones
and provide reference information on the extension and pattern
of these faults at depth. In combination with the geological and
mineralogical evidence, we suggest that these faults play a role as
the ore-guiding structures and promote the formation of regionally
representative mineral species and metal assemblages.
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