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As a world-class W-Cu-Mo polymetallic deposit in South China, there are lots of studies focusing on the
geochemical characteristics and metallogeny in this region, however, geophysical observations with special
attention on the deep structure of the ore district are quite few. In order to better understand the metallogenic
mechanism at Dahutang region, we deployed a dense seismic array and then performed the seismic image to get
the deep structure, including the ambient noise tomography, receiver function calculation, H-k stacking and joint
inversion of receiver function and surface wave dispersion. The Moho depth deepens from the south to the north
along the array. The seismic image and gravity anomaly show a low velocity in the upper crust, high velocity in
the middle-lower crust, relatively high Vp/Vs ratio, and low gravity anomaly beneath the Dahutang deposit.
These features may indicate the process of mineralization: under the context of lithospheric extension and
thinning in the Late Mesozoic, there are some magma underplating and melting the lower crust. The hot melts
migrated upward and differentiated, the dense component cooled in the middle-lower crust to form the high
velocity zones. The light component intruded into the Neoproterozoic granite and formed the Mesozoic granite,

providing the heat and material source for the further enrichment of tungsten-copper polymetallic ore.

1. Introduction

The Dahutang deposit is a newly discovered giant W-Cu-Mo deposit,
which is located in the central part of the Jiangnan Orogen, South China
(Fig. 1a). As one of largest WO® deposits in the world, Dahutang is
recently reported to store an estimated resource of 1.1 million tons (Mt)
of WO? (Song et al., 2018a). Due to its economic and geological signif-
icance, the genesis mechanism of the deposit attracts great attention.

It is well accepted that this deposit is related with the magmatism in
Yanshanian movement (Jiang et al., 2015; Han et al., 2016; Ye et al.,
2016; Song et al., 2018a; Sun et al., 2012; Yang and Sun, 2018). During
this period, there are widely distributed granites in South China (Zhou
et al.,, 2006). Ye et al. (2016) believed that the rock and ore-forming
processes at Dahutang deposit are under a geodynamic setting of lith-
ospheric thinning and extension based on the U—Pb Geochronology.
The biotite granite porphyry of early Cretaceous is also reported from
lithospheric extension and mantle upwelling due to the subduction of
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Paleo-Pacific plate subduction into South China (Chu et al., 2019). This
process is consistent with the large-scale tungsten-tin polymetallic
mineralization in the Qinhang metallogenic belt (~2000 km length,
70-30 km in width), South China (Mao et al., 2011). Fluid intrusion and
oxygen fugacity are widely accepted as two important factors to affect
the final mineralization in Dahutang according to the geochemical
analysis (Han et al., 2016; Ye et al., 2016; Yao et al., 2016; Song et al.,
2018b; Cao et al., 2020). Combined with previous geochronological
studies on magmatism and mineralization (Feng et al., 2012; Xiang
et al., 2012; Huang and Jiang, 2012, 2013, 2014; Mao et al., 2013, 2015;
Xiang et al., 2013a, 2013b; Jiang et al., 2015; Ye et al., 2016; Zhang
et al., 2016; Zhang et al., 2018b), the recent study showed that the
multiphase magmatism and continuous accumulation of mineralization
for a long period of time (151-130 Ma) have contributed to the forma-
tion of the giant Dahutang deposit (Song et al., 2018a). However, the
deep structure of Dahutang deposit is still unknown, and the reason for
such a rare 20 m.y. long-lived multiphase magmatism and successive
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Fig. 1. (a) Location and regional geologic sketch of our study area (modified after Zhang et al., 2018b). The main geological regions in South China and the adjacent
areas are shown, including the North China Craton, Qinling-Dabie Orogen, Yangtze block, Jiangnan Orogen and Cathaysia block. The red box marks our study region
in a large area. (b) Geological background of our study region. The light-blue triangles with black line indicate the stations we deployed. The blue dots indicate the
recent mining sites in Dahutang deposit. The blue lines indicate faults (based on Deng et al., 2003; Han et al., 2016). The black dashed line (marked JSF) indicates the
geological boundary between Yangtze block and Jiangnan Orogen (Yao et al., 2013b). Station JX22 is marked for Fig. 3(b) while stations JX01 and JX15 are marked
for Fig. 2. Abbreviations: DHT, Dahutang deposit; JSF, Jiujiang-Shitai fault; TWF, Tonggu-Wuning fault; JJF, Jiujiang-Jinan fault; YJF, Yifeng-Jingdezhen fault. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

mineralization is puzzled.

There are several large scale geophysical investigations in South
China, including active seismic profile (Deng et al., 2011), ambient noise
tomography (Zhou et al., 2012), receiver function (He et al., 2013; Song
et al.,, 2017), density inversion from gravity and seismic constraints
(Deng et al., 2014), and joint inversion of receiver function and gravity
anomaly (Guo et al., 2019), but they have low resolution at Dahutang
district. Even Yao et al. (2013b) performed the gravity explosion on the
distribution of intrusive rocks at shallow depth; there are no geophysical
observations with special attention on the deep structure beneath
Dahutang deposit.

In order to reveal the deep structure and better understand the
mineralization in Dahutang region, we deployed a dense array cutting
across the deposit. We first performed ambient noise tomography to get
the shallow structure and then obtained the main interface and average
crustal Vp/Vs from receiver function. Lastly, we used the joint inversion
of receiver function and surface wave dispersion to get the whole crustal
structure. The possible mechanism for the formation of the Dahutang
deposit is proposed based on previous frameworks and our new result.

2. Geological background

The Dahutang deposit is located in the central part of Jiangnan
orogen, which is believed to result from the collision between the
Yangtze and Cathaysia blocks during the Neoproterozoic period (Li
et al., 2001; Li et al., 2003; Zhou et al., 2006; Shu, 2012). Later on, this

region reactivated at the Mesozoic due to the Paleo-pacific subduction
(Lietal., 2016). The granites outcrop in this region could be divided into
two main periods, the Neoproterozoic granite and Yanshanian granite.
The later one formed a large number of deposits in this area, including
tungsten, copper and tin (Hua et al., 2003). The sedimentary rocks at
Dahutang deposit include Neoproterozoic Shuangqiaoshan Group with
metamorphosed turbiditic sandstone interbeds (Song et al., 2018b). The
Neoproterozoic Jiuling biotite granodiorite is covered by Quaternary
sediment and outcrop only in South Dahutang deposit. The faults in this
region trend mainly in EW (or NEE) and NE-NNE directions, exhibiting
good channels for the fluid intrusion. In particular, the Jiujiang-Shitai
fault (JSF) divides the array into two principal geological units: the
Yangtze block, and the Jiangnan Orogen (Yao et al., 2013a).

3. Data

We deployed a linear dense seismic array in Oct 2018, with the trend
oriented in NW-SE direction that cut across the main geological units.
Dahutang deposit is located in the center of the array where also the high
topography (Fig. 1b) has. This array includes 50 three-component short-
period portable seismographs (QS-05A, with 120 Hz-10 s bandwidth;
marked by the light blue triangles in Fig. 1b), and the distance interval is
~2 km. We finally got the data from 47 stations, and the average
duration of the seismic stations is 14 days. The detailed data information
is shown in Table S1. The P wave receiver function and short period
group dispersion were measured based on this data.
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Fig. 2. An example of the analysis of Rayleigh wave group velocity dispersion curve. Horizontal axis is period (s). Vertical axis is the group velocity (km/s). Different
colour shows normalized surface wave envelope amplitude at different velocity and period. Red solid line illustrates the station distance equals to two times
wavelength while light blue dashed line represents that the station distance equals to one wavelength. The red dots are the final picked dispersions. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

The long period dispersion data comes from an ambient noise to-
mography of China (Shen et al., 2016), which involves more than 2000
stations and the resolution of group velocity in South China is 50 km. In
this study, according to an inverse-weighted-distance interpolation al-
gorithm proposed by Deng et al. (2015), we extracted group dispersion
curves from the dispersion maps of 8-50 s (Shen et al., 2016) at each
station. Bouguer gravity anomaly along the array was sourced from the
Earth Gravitational Model 2008 generated by Pavlis et al. (2012), which
provides a 2.5" x 2.5’ sized grid including synthetic gravity generated by
the terrestrial gravity anomaly and GRACE data.

4. Method

We follow the common data procedure developed by Bensen et al.
(2007) to calculate cross-correlations. The detailed process includes the
following steps, (1) Merge the data and decimate it to 0.02 s; (2)
generate hourly vertical component SAC format data at each station; (3)
remove the mean, trend, and instrument response, and filter the data
with 0.1-10 s bandpass; (4) whiten and normalize the data; (5) calculate
cross-correlation; (6) stack the noise cross-correlation functions (NCFs)
at each station pair to obtain the NCFs. Finally, we manually picked the
group velocity dispersion data in the period range of 0.1-10s using a
Time-Frequency analysis method (Yao et al., 2006). Fig. 2 shows an
example of extracting Rayleigh wave group velocity dispersion curve.
Two quality control measures are applied to choose the good dispersion:
we only keep the dispersion with interstation distance greater than 2
times of the surface-wave wavelength, to avoid unreliable measure-
ments from short-distance station pairs; Dispersions are removed if the
signal-to-noise ratio (SNR) is lower than 5. In addition, we visually
remove some dispersion curves with weird high velocity (>4.0 km/s in
the short period).

Fast Marching Surface Tomography (FMST) (Rawlinson et al., 2006)
is applied to invert the mixed path Rayleigh wave group velocity. This
program minimizes the differences between observed and calculated
travel-times by updating the propagation paths. Due to its high effi-
ciency and applicability, this method is widely used to do tomographic
imaging and track multiple phases (Rawlinson and Sambridge, 2005).
CPS330 program (Herrmann, 2013) gives a linear algorithm to do the S-
wave velocity inversion. This program is well-known for its efficiency
and stability, especially when dealing with the short period dispersions.
Hence we employed the CPS330 program to get the shallow S wave
velocity along our array based on the inverted group velocities.

P wave receiver-function image and H—x stacking technique (Zhu
and Kanamori, 2000) provide insightful tools to analyze discontinuities,

the latter one can further obtain crustal thickness (H) and Vp/Vs ratio
(x) simultaneously. To calculate the receiver functions, we selected
teleseismic P waveforms from 102 earthquakes with magnitudes Mw > 5
and epicentral distances ranging from 30° to 90° between 2018 and 10-
09 and 2018-11-09 (Fig. 7a). A time-domain iterative deconvolution
method (Ligorria and Ammon, 1999) with a Gaussian filter of 1.0 s (set
a=2.5) was applied to obtain the receiver functions, and then the
moveout correction (Yuan et al., 1997) was performed with reference
slowness of 6.4 s/deg. based on the IASP91 model (Kennett and Engdahl,
1991). In order to eliminate poor receiver functions, we visually
inspected all receiver functions and chose those with high signal-to-
noise ratio. We then carried out the H—x stacking (Zhu and Kanamori,
2000) to estimate the crustal thickness and Vp/Vs ratio at each station.
During this calculation, an average Vp of 6.3 km/s was utilized, and the
weight coefficients for the amplitudes of Ps, PpPs, and PsPs+PpSs were
set to 0.6, 0.3, and 0.1, respectively. In addition, we searched the crust
thickness from 20 to 60 km and Vp/Vs ratio from 1.5 to 2.0.

Joint inversion has been widely used to reduce the non-uniqueness
and improve the reliability of geophysical inversion. As the P-wave
receiver function is sensitive to impedance contrasts while the surface
wave dispersion is sensitive to vertical shear-velocity averages, joint
inversion of these two parameters can combine their advantages. We
apply a joint inversion method developed by Li et al. (2017) to get the
crustal S wave velocity, which employs the Neighborhood Algorithm
(NA) for parametric search, including the Moho depth and sediment. Li
et al. (2017) has made several synthetic tests to illustrate the robustness
of the method, including different sedimentary thickness, Moho depth,
crustal low-velocity zone, and crustal high-velocity zone. Ye et al.
(2017) and Deng et al. (2018, 2019a, 2019b) have applied this method
successfully in Northeast Tibet and South China to get reliable crustal Vs
and Vp/Vs models. In this study, we prepare the dispersion by
combining the short period dispersion from the deployed array with the
long period (8-50s) dispersion from Shen et al. (2016) and prepare the
receiver function by cutting the stacked P receiver functions within 15s.

5. Results
5.1. Resolution validation

We finally picked 932 Rayleigh wave group velocity dispersion
curves (Fig. 3a) based on the time-frequency analysis. Then we followed
Bem et al. (2020) to do the “outlier removal” by removing the disper-
sions greater than 2.5 times the standard deviation from the average
velocity (the black dashed line in Fig. 3a). The used dispersions (the
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Fig. 3. (a) The blue lines show picked
group velocity dispersion curves. The black
dashed line is the average group velocity.
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dispersion between the reds dashed lines in Fig. 3a) range mostly be-
tween 2.5 km/s to 3.5 km/s, increasing gradually from the short period
to the long period. Taking the station JX22 for example, the NCFs with
other stations by using three different bandpass filters (0.5-3 s, 3-5 s,
5-10s) are shown in Fig. 3b. The NCFs reveals good dispersion feature of
surface wave. Fig. 3c shows the number of ray paths at each period,
which increase from ~100 to more than 900 from long period to short
period. The total ray path number from 0.1 s to 10 s is 46,591, 45,252
after the “outlier removal”. Detailed distribution of ray paths for each
period is shown in Fig. S1.

In order to check the resolution along the depth, we calculate the
sensitivity kernel of the group velocity on the S wave velocity at 0.1-10s
period in Fig. 4. The reference S wave velocity was obtained by inverting
the average group velocity dispersion (black dashed line in Fig. 3b). The
sensitivity analysis shows the picked dispersion curves are sensitive to
the S-wave velocity above 6 km.

We then did the checkerboard tests to analyze the horizontal reso-
lution of group velocity maps with a banded model. Fig. 5 shows the

recovery of the checkerboard tests from 0.5 s to 4.5 s. When the
anomalies are banded with 0.04°, the velocity structure can be recov-
ered well near the areas covered by portable stations. As expected, the
track covered by the portable stations has better recovery than other
areas. More checkerboard tests at longer periods are shown in Fig. S2.
According to the sensitivity kernel (Fig. 4) and checkerboard tests
(Figs. 5, S2) for the observed dispersion data, the sensitivity coefficient is
too small to target the velocity structure when the period is longer than
6 s and the checkerboard tests also show a bad recovery near Dahutang
deposit after 6 s, therefore, we performed tomography by using
dispersion data in the period of 0.1 to 5 s to guarantee the reliability.

5.2. Group velocity tomography

In this study, we obtained the Rayleigh wave group velocities at
periods of 0.1-5 s by using a fast-marching algorithm (Rawlinson and
Sambridge, 2005). Fig. 6 shows the distribution of group velocities at the
period from 0.5 s to 4.5 s. The velocity variations are consistent with the
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Fig. 4. Sensitivity analysis along the depth. (a) S-wave velocities inverted from average group velocity dispersion shown in Fig. 3(a). (b) Depth sensitivity kernel of
the Rayleigh-wave group-velocities on the S-wave velocity for selected periods of 1, 2, 3, 4 and 5 s. (c) Depth sensitivity kernels at all periods (0.1-10 s). (d) The

summation of the sensitivity in all periods.

shallow geological units at short periods. A high-velocity anomaly can
be seen in the middle part of our array, corresponding to the shallow
crystalline basement, while a low-velocity anomaly on both sides. Most
of the faults (e.g. TWF, Tonggu-Wuning fault; JJF, Jiujiang-Jinan fault;
YJF, Yifeng-Jingdezhen fault) appear in the low group velocity zones,
especially when the period smaller than 3 s. It should be noted that we
didn’t interpret the high velocity in the south part at high frequency,
regarding to the low resolution.

5.3. Moho depth and Vp/Vs

The stacked P receiver functions along the array show a clear Ps
phase around 4 s, especially when summing them directly (SUM RF in
Fig. 7b). In order to validate the quality of individual stations of H-k
stacking, we present the raw receiver functions and their H-x stacking
beneath six stations in Fig. S3. Three types of stacking, including Good,
Not Bad, Bad, are marked. The quality of H—x stacking result along the
array are plotted with different colour, which is Not Bad in quality
beneath our target region. The result shows an average Moho depth of
33.58 km (red dashed line in Fig. 8a). The Moho depth along the array
deepens from south to north. Besides, the Vp/Vs values are generally
below 1.75 along the array. However, the Vp/Vs ratios beneath Dahu-
tang deposit (marked with circle) are slightly higher than that in the
south and in the north (see Fig. 8b).

5.4. Shallow S-wave velocity structure from group wave dispersion

The shallow S-wave velocity structure inverted from dispersion by
using CPS330 is shown in Fig. 9. In general, the velocity is low at both
sides of the array and high in the middle. Right below the Dahutang
deposit, there is a low velocity zone, which may be related to the
mineralization process. We will discuss it in the following section.

5.5. Crustal S-wave velocity from joint inversion

For each station, we get 200,200 fitting models from the joint
inversion. One example of the joint inversion at station JX02 (right blow
the Dahutang deposit) is shown in Fig. 10, where the gray lines in the left

panel represent the best 2000 models, the blue line is the best-fitting
model from dispersion inversion alone and the red line is the best-
fitting model from joint inversion. The other two examples are shown
in Fig. S4. The Vs model could recover well the observed Ps phase from
the stacked receiver function and group velocity dispersion (right panel
in Fig. 10). Due to the few teleseismic events during the deployed time
(Table S1), the stacked receiver function may have large uncertainty.
Hence we only invert Ps phase from receiver function to constrain the
Moho depth. The velocity model from dispersion inversion alone
(Fig. 11b) has a similar velocity pattern in the crust with that from joint
inversion (Fig. 11a), making the results be convincing. In this study, we
inverted the S-wave velocity structure down to 50 km (Fig. 11la),
providing the possible deep information for the genesis mechanism of
the deposit. Inside the region of Dahutang deposit, a high-velocity zone
can be tracked from the lower crust (~25 km) up to 10 km. This is
consistent with the results from ambient tomography at a large-scale
region (Luo et al., 2019). At the top of the high velocity zone, there is
a low-velocity zone with the depth shallower than 5 km that is consistent
with the ambient noise tomography with the short period dispersion
(Fig. 9). These low-velocity anomalies correspond to the large negative
gravity anomalies (red arrows in Fig. 11a). Yao et al. (2013b) suggested
that the negative gravity anomalies in Dahutang deposit resulted from
the intrusion of the late Mesozoic granite, whose density is 0.09 g/cm3
lower than that of the surrounding rocks (the Neoproterozoic Jiuling
granite). In order to analyze the possible origin of this gravity anomaly,
we perform gravity modeling tests by setting the low-density body (20
km wide and 10 km thick, density anomaly = —0.09 g/cm3) at different
depths (Fig. S5). The modeled gravity anomalies decrease if increasing
the depth of the low-density body (Case A, B, and C in Fig. S5). Even if
the low-density body at 30 km is set to 15 km thick (Case D), the
generated gravity anomaly is too weak to match the observation. These
tests indicate the negative anomalies origin from the shallow depth, and
the resulted low-density body and the low-velocity zone from inversion
are comparable. The Moho depth from H—«x stacking (red dots with white
line) is in good agreement with the 4.2 km/s contour, confirming the
reliability of our estimations.



Z. Zhang et al. Physics of the Earth and Planetary Interiors 310 (2021) 106617

29°00'

M 28°48'

1 28°36"

L] 29°12'

29°00'

[ 28°48'

28°36'

-0.1 0.0 0.1
CKBD Variation(km/s)
Fig. 5. Checkerboard tests for group velocity tomography with perturbation of +0.3 km/s. The true model banded with 0.04° in all periods is shown in the right

bottom of this panel. The blue triangles with black line show the deployed dense array. The black lines indicate the faults and geological boundary, the same as Fig. 1
(b). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

0.2 0.3



Z. Zhang et al. Physics of the Earth and Planetary Interiors 310 (2021) 106617

2912' 2012
29°00" M 29°00'
28'48' \ ¢ 28'48'
28'36' 28'36'
28°24' 2824

15 20 25 3.0 35
Group Velocity(km/s)

Fig. 6. Period-dependent group velocity maps at 0.5 s, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 and 4.5 s. The blue triangles with black line show the deployed dense array. The
black lines indicate the faults and geological boundary, the same as Fig. 1(b). Abbreviations: TWF, Tonggu-Wuning fault; JJF, Jiujiang-Jinan fault; YJF, Yifeng-
Jingdezhen fault. (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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6. Discussion

According to the results from H-x stacking (Fig. 8a) and joint
inversion (Fig. 11a), the crustal thickness along the array ranges from
30.1 to 36.5 km. In general, the Moho depth gradually deepens along our
array from south to north, where the south belongs to the Jiangnan
orogen and the north belongs to the Yangtze block. This result is
consistent with the large-scale Moho depth obtained by active seismic
profiles (Deng et al., 2011), ambient noise tomography (Zhou et al.,
2012; Shen et al., 2016) and joint inversion (Guo et al., 2019), as well as
the thinner lithospheric thickness from Yangtze block to the coast ob-
tained by S-wave receiver function (Li et al., 2013; Zhang et al., 2018a;
Shen et al., 2019), and joint inversion of gravity and topography (Deng
and Levandowski, 2018). Consequently, this result supports the Dahu-
tang deposit is under the geodynamic setting of lithospheric thinning
and extension due to the Paleo-Pacific plate subduction in the Late
Mesozoic, the largest Phanerozoic tectonic-thermal events in South

China (Wang et al., 2013).

The average Vp/Vs ratio of the crust ranges from 1.61 to 1.79, with
an average value of 1.69. The values are comparable with 1.57-1.70
below the whole Jiangnan Orogen and Cathaysia block (Song et al.,
2017) and 1.65-1.75 from Jiujiang to Nanning estimated by Zhao et al.
(2015), even the uncertainties of our results are higher than 0.1 in some
locations due to few receiver functions. It should be noted the Vp/Vs
ratios are slightly higher beneath the deposit area (marked by the circle
in Fig. 8) than that in the south and in the north. The higher Vp/Vs ratios
imply that there are some mantle materials intruding in this region and
engaging the mineralization. Nonetheless, the volume is not extensive as
the very high velocity is not identified in the lower crust, which is
consistent with our previous observation in the Cathaysia block (Deng
et al., 2019a). The characteristics of Re—Os and Rb—Sr isotopes, and
mineral paragenesis (Chen et al., 2018; Mao et al., 2011; Xiang et al.,
2013a, 2013b; Zhang et al., 2016) also support involving of some mantle
materials during the mineralization at Dahutang.
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Fig. 8. Estimated Moho depths (a) and
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Compared with other seismic images beneath ore deposits, the low
velocity in the upper crust seems a common feature, such as the low
velocity from the dense ambient noise tomography at Karatungk Cu—Ni
Mine in Xinjiang (Du et al., 2020), Baiyun Gold deposit in Liaoning (Li
et al., 2020), ambient noise tomography at porphyry Cu deposit in
southern Tibet (Huang et al., 2020), a dense active seismic image in
Middle-Lower Yangtze metallogenic belt (Xu et al., 2014). Furtherly,
combined with the result from joint inversion, we identify the high ve-
locity zone beneath the low velocity zone that may indicate the possible
differentiation of mineralization. We should note that this statement
needs more dense seismic investigations and deep structure images in
other ore deposits.

Based on the velocity feature, Moho depth and gravity anomaly, we
propose a possible geological process for the formation of the Dahutang
W—Cu deposit (Fig. 11b). Due to the extension and thinning of litho-
sphere during the Late Mesozoic in South China, the heat source from
the upper mantle caused the lower crust partially melted. The hot melts
then migrated from the lower crust to the middle and upper crust. After
the crystallization and differentiation process, the denser material un-
derwent a cooling process in the middle-lower crust to form the high S-
wave velocity zones as shown in Fig. 11a. The lighter Si-rich components
continue to migrate upward to form low-velocity granite which intruded
into the Neoproterozoic Jiuling granite along faults. As the Neo-
proterozoic Jiuling granite already contained polymetallic components

S velocity (km/s)

trate faults and black triangle marks the
geological boundary. The dots in the bottom
indicate the inversion points. Abbreviations:
LV, Low-velocity zone; JSF, Jiujiang-Shitai
fault; TWF, Tonggu-Wuning fault; JJF,
Jiujiang-Jinan fault; YJF, Yifeng-Jingdezhen
fault. (For interpretation of the references to
colour in this figure legend, the reader is
referred to the web version of this article.)

29°12'

29°00'

such as tungsten (Jiang et al., 2015; Xiang et al., 2013a, 2013b), the
intrusion of the late Mesozoic granite supplied the heat and material
source for the further enrichment of tungsten ore. The differentiation
process is consistent with the observation of highly differentiated
granite at Dahutang region (Chen et al., 2018). The faults and exten-
sional setting provide a necessary condition for the mineralization.

7. Conclusion

In order to image the deep structure beneath Dahutang Deposit, we
deployed a dense seismic array and then applied ambient noise to-
mography, receiver function analysis and a joint inversion method to
determine a high-resolution S-wave velocity structure. There are three
main features: 1) The gravity anomaly is low at Dahutang deposit, and
right below the deposit there is a low-velocity zone in the upper crust
and high-velocity zone in the middle-lower crust; 2) Moho depth
deepens from south to north along the array; 3) The Vp/Vs ratios are
slightly higher beneath Dahutang deposit than that in the south and in
the north.

Taking the advantage of the high resolution seismic image, our re-
sults support that this region is under the setting of lithosphere extension
and thinning in the last tectonic-thermal event. This process provided a
heat source for the melting of the lower crust, and the magma migrated
upward and differentiated. The denser component cooled in the middle-
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Fig. 10. Example of the joint inversion of receiver function and dispersion using observed data at station JX02 (the location is marked in Fig. 7(b)). The left panel:
the best-fitting model of the dispersion inversion alone (blue line), the best-fitting model of the joint inversion (red line) and the best 2000 models (gray lines). The
arrow marks the Moho depth from the joint inversion. The right top panel: the observed receiver function (ORF, black dashed line) and the predicated receiver
function (PRF, red solid line) from the best-fitting model of the joint inversion; the right bottom panel: the observed Rayleigh wave group dispersion curve (ODS,
black dashed line), the predicated Rayleigh wave group dispersion curve from surface wave dispersion (PDS, blue solid line), the predicated Rayleigh wave group
dispersion curve from joint inversion (PDJ, red solid line). (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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