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During the Mesozoic, the North China Craton experienced intense tectonic
movements that resulted in the formation of numerous gold deposits on the
Liaodong and Jiaodong Peninsulas in northeastern China. To investigate the
relationship between deep crustal structure and gold mineralization in the
Liaodong Peninsula, we deployed 334 dense seismic stations in the Wulong
goldfield (WLGF) with the idea of analysing numerous receiver functions at
different array stations. The purpose focused on knowing the potential for gold
mineralization in the area. The study revealed the following: (1) The WLGF is
characterized by a crustal thickness of approximately 32 km and an average
Vp/Vs ratio of 1.76. The high value of the Vp/Vs ratio near the Wulong gold
deposit suggests that mantle materials have penetrated into the crust and
contributed to the mineralization process. (2) A low-velocity layer located at
a depth of 10–18 km below the WLGF seems to support the existence of a
potentially brittle-ductile transition zone. Also, hydrothermal magma upwelling
channels are observed in the upper crust beneath the Wulong gold deposit. (3)
The presence of a discontinuous low-velocity layer in the middle crust beneath
the Liaodong Peninsula suggests promising prospects for gold ore exploration.
The receiver functions method based on a dense seismic array employed in this
study can offer valuable references and guidance for the fine exploration and
research of ore deposits in other regions globally.
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goldfield (Liaodong Peninsula)

Frontiers in Earth Science 01 frontiersin.org

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2024.1437605
https://crossmark.crossref.org/dialog/?doi=10.3389/feart.2024.1437605&domain=pdf&date_stamp=2024-08-09
mailto:zhengfan@aircas.ac.cn
mailto:zhengfan@aircas.ac.cn
https://doi.org/10.3389/feart.2024.1437605
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/feart.2024.1437605/full
https://www.frontiersin.org/articles/10.3389/feart.2024.1437605/full
https://www.frontiersin.org/articles/10.3389/feart.2024.1437605/full
https://www.frontiersin.org/articles/10.3389/feart.2024.1437605/full
https://www.frontiersin.org/articles/10.3389/feart.2024.1437605/full
https://www.frontiersin.org/articles/10.3389/feart.2024.1437605/full
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Zheng et al. 10.3389/feart.2024.1437605

1 Introduction

The word craton means a stable geological unit on the
continental crust (Santosh et al., 2007). However, intense
metamorphic tectonic movements occurred in the eastern part
of the North China Craton (NCC) during the Mesozoic period,
driven by the ongoing westward subduction of the Western
Pacific Plate, resulted in a thinning of the lithosphere thickness
that was accompanied by intense gold mineralization (Zhu et al.,
2015; Meng et al., 2021). Thus, the eastern NCC became home to
numerous and important gold deposits, including the Linglong gold
deposit in Shandong Province and theWulong goldfield (hereinafter
WLGF) in Liaoning Province (Wei et al., 2001Wei et al., 2004; Song,
2015). The Jiaodong Peninsula has confirmed ore reserves of more
than 5,000 tons, making it the world’s third-largest gold deposit
cluster (Deng et al., 2020). In contrast, the Liaodong Peninsula
currently only has reserves of about 500 tons, much less than
Jiaodong (Zeng et al., 2019). However, the same tectonic framework
and metallogenic epoch affect both peninsulas lead to speculation
that there may be additional gold reserves in deeper structures of
the Liaodong Peninsula (Di et al., 2021). The spatial distribution of
these confirmed gold reserves does not follow any particular pattern
and is extremely uneven.

In view of the aforementioned dissimilarity, numerous previous
studies have focused on comprehensive investigations into the
deep structure of the Liaodong Peninsula (Zheng et al., 2015;
Xie et al., 2021;Dong et al., 2022;Ma et al., 2022; Zheng et al., 2022).
Zheng et al. (2015) used receiver functions to obtain the seismic
velocity structure in northeast China and shed light on the crustal
evolution in this region caused by magmatic and metamorphic
tectonic processes in an extensional context. Dong et al. (2022)
used a dense seismic array and the same method to determine the
deep tectonic boundary between the NCC and the Central Asian
Orogenic Belt. Ma et al. (2022) obtained a clearer seismic velocity
structure of the lithosphere beneath the Liaodong Peninsula. The
results provided by these studies mainly focus on the large-
scale structure of the Liaodong Peninsula; but in recent years
the fine structure associated with each of the gold deposits in
this area has also been the subject of attention. For example,
Xie et al. (2021) revealed the influence of deep intrusive rocks on
gold mineralization in the Qingchengzi goldfield of the Liaodong
Peninsula and proposed a geologically reasonable model related to
deep potential deposits. Zheng et al. (2022) used high-resolution
ambient seismic noise tomography to discover a hidden NW-
trending fault in the shallow part of the WLGF in Liaodong, which
may be an important channel for fluid migration, and identified
three potential areas of mineralization. It has been speculated that
theremay be other areas of fluid activity in the northwest zone of the
gold deposit, with buried intrusive rocks that constitute the source
of mineralization (Zeng et al., 2019).

The extensive research conducted on the Liaodong Peninsula
and its adjacent areas has predominantly faced two key challenges:
(1) previous studies are generally based on wide-bandwidth data
with limited resolution and do not meet the requirements for a
precise mineral exploration; (2) studies carried out on gold deposits
reach relatively shallow depths (<3 km), which does not clarify
the dynamics of ore formation at greater depth. To address these
issues, in this paper we perform an in-depth analysis of receiver

functions based on an extensive seismic data set collected by the
Wulong dense short-period (WSP) array deployed on the Liaodong
Peninsula. Taking advantage of seismic evidence, we explore deep
mineralization processes in the Liaodong Peninsula as a guide for
prospecting tasks in the mining area.

In this study, we employed a receiver function method based on
a dense seismic array. By stacking teleseismic receiver functions
from adjacent stations, we enhanced both the accuracy and
continuity of the receiver functions while preserving the high
precision of the array, resulting in high-resolution crustal structure
in the goldfield. This method is applicable to fine exploration
of ore deposits in other regions (e.g., Liu et al., 2018; Wei et al.,
2018; Yu et al., 2020c; Jiang et al., 2020; Lythgoe et al., 2020;
Zhang et al., 2020; Zhang et al., 2021), with particular effectiveness
in identifying migration pathways of ore-bearing fluids. This aids
in understanding the structural characteristics at different depths
within mineralization zones and their impact on mineralization,
providing strong support for targeted gold exploration.

2 Geological setting

TheWLGF is located northeast of the NCC (Figure 1). There are
a large number of Mesozoic granitic intrusions spread throughout
the area that mainly make up the Wulongbei, Wulong and Sanguliu
plutons (Wu et al., 2005). The Wulong pluton is mainly composed
of hornblende granite and biotite granite intruded during the Late
Jurassic ∼160 Ma ago, which are widely distributed throughout the
area (Wu et al., 2005).The Sanguliu pluton contains two rock types: its
edge is composedof diorite (andminor quartz diorite),while its centre
is composed of granodiorite. Zircon dating demonstrates that the
intrusionof these two rock types occurred approximately 131–120 Ma
ago (Wang et al., 2020).TheWulongbei pluton is composed of diorite
with a spot structure and was formed during the Early Cretaceous,
with a U-Pb zircon age of ∼127 Ma (Yu et al., 2020a).

Two sets of faults with NE- andNW-trendings cross theWulong
pluton (Figure 1) (Zheng et al., 2022). The NE-trending Yalu River
fault (east of the study area), is a first-order fault that has influenced
the development of a series of NE-trending sinistral strike-slip
faults (Hanjiapu, Hongshi, Yangjia, Jixingou, 100#, Heigou and
Zhengjiapuzi) with strike of 25°–30°, NW dip direction and a dip
angle of 50°–80° (Yu et al., 2020b). In addition, there are also some
NW-trending hidden faults (NWF1 andNWF2) in theWulong area,
which partially outcrop to the east of this goldfield (Figure 1). These
NW-trending faults have a strike of about 320°, dip towards the SW
with angles between 50° and 70°, and traverse the entire goldfield.
Both NW- and NE-trending faults in theWLGF are conjugate faults
and constitute the main fault system governing the localization of
gold deposits (Zheng et al., 2022).

3 Data and methods

3.1 Seismic data

This study is based on seismic data recorded by the WSP array
deployed inDandong, Liaoning, inMay 2019.The size of this seismic
array covered an area of 27 km2 × 7 km2 (Figure 2). The average
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FIGURE 1
(A) Early Cretaceous gold deposits (yellow circles) and magmatic rocks (in red) in the North China Craton (Zhu et al., 2015). The small blue rectangle in
the upper left inset delimits the study area; the green line “Jiaodong Profile” marks the location of the profile in Figure 8 (Yu et al., 2020c). (B) The
geological structure map of Wulong in Liaodong (Gu et al., 2020). Yellow circles show locations of gold deposits. Dashed lines indicate local faults
trending approximately N-S; in particular, NWF1 and NWF2 are NW-trending faults.

distance between adjacent stations ranged from 0.5 to 1 km. The
array included 334 short-period seismometers and was in operation
for 1 month. In anticipation of data with low signal-to-noise ratio,
we only considered teleseismic events with magnitude above 5.5 as
data sources.

From the available information provided by the earthquake
catalogue edited by the United States Geological Survey (USGS),
we gathered 26 earthquakes that meet the requirements (teleseisms
with M > 5.5) of this study. All of these events are shown as red
circles on Figure 3.

All collected data were pre-processed according to the following
operations: (a) resampling of the raw data from 250 to 25 Hz
to improve computational efficiency; (b) rotation of the Z-N-
E components to the Z-R-T components; (c) bandpass filtering
(0.01–1 Hz) to preserve the information supplied by body waves;
(d) removing of instrument response to improve the signal-to-noise
ratio; (e) zero-line slope detrending and tapering to improve the
stability of subsequent data processing.

3.2 P-wave receiver function extraction

We used iterative deconvolution in the time domain (Ligorría
and Ammon, 1999) to extract P-wave receiver functions. With the

idea of more clearly identifying crustal seismic phases, we filtered
the receiver functionswith aGaussian filter of coefficient 5.0. Finally,
we obtained 1,513 high-quality receiver functions.

The lack of quality of single-station receiver functions prompted
us to adopt a linear stacking approach to combine the receiver
functions of adjacent stations within a distance range of 1.5 km.
This method is effective in suppressing interfering signals and thus
improving the signal-to-noise ratio. Figure 4 includes a comparison
of receiver functions obtained at stationsWL303 andWL924 before
and after stacking.

3.3 H-κ stacking

To determine the depth of the Moho discontinuity, we used
the H-κ stacking method (Zhu and Kanamori, 2000) to maximize
the stacking amplitude of the s(H,κ) function and find the optimal
values of H and κ:

s(H,κ) = ω1r(tPs) +ω2r(tPpPs) −ω3r(tPpPs+PsPs), (1)

where ω1, ω2 and ω3 are the weights given to the Ps, PpPs and
PpSs+PsPs phases, respectively. H represents the depth of the Moho
discontinuity and κ is the Vp/Vs ratio. For data processing we
assigned weights of 0.5 to the Ps phase, 0.3 to the PpPs phase, and
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FIGURE 2
Wulong goldfield short-period (WSP) seismic array in the Liaodong Peninsula, northeast China. The red triangles represent seismic stations deployed in
the study area. Yellow circles show locations of gold deposits. The green line A-A’ in the NW-SE direction marks the location of the vertical
cross-section discussed later (Zheng et al., 2022). Faults as in Figure 1. The dashed blue line is the boundary between the Wulongbei Pluton (northeast
quadrant) and the Sanguliu Pluton (outlined by a closed dashed blue line in the middle of the chart).

FIGURE 3
Geographical location of the teleseismic events: red circles drawn on
a world map represent earthquake epicenters. The yellow triangle in
the centre of the illustration marks the location of the WSP
array (see Figure 2).

0.2 to the PpSs+PsPs phase, and scanned the crustal depth range H
from 25 to 40 km and the variation range of κ from 1.5 to 1.9 for
each short-period recording station. As an example, Figure 5 shows
the H-κ scanning results for each of the aforementioned phases and
also the weighted stacking result for station WL105. Subsequently,
after applying the method to all stations of the two-dimensional
array, we gathered all the H-κ scanning results to obtain a map
of the Moho depth and Vp/Vs ratio in the WLGF, including their
associated uncertainties, as shown in Figure 6.

3.4 CCP stacking imaging

To image the seismic velocity structure of the crust beneath
the WLGF, we used a common conversion point (CCP) stacking
which involves projecting the amplitudes of all phases of the receiver
functions onto the P-to-S conversion point determined by the time
delay with respect to the direct P wave (Zhu and Kanamori, 2000).
To do this, we took the IASP91 global standard model as a reference
and used a grid with CCP stacking dimensions of 0.1 km (profile),
1 km (horizontal), and 0.5 km (depth).

The earthquakes selected for our analysis are distributed to
the east or southeast of the WSP array (Figure 3), so that the
incidence point of the seismic ray is roughly located beneath the
array. The implementation of the CCP stacking method allowed
us to successfully generate a comprehensive image of the crustal
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FIGURE 4
Comparison of receiver functions obtained at stations WL303 (A) and WL924 (B) before and after stacking. In this illustration, the panels on the left
show the individual receiver functions before stacking, while the top panels show the receiver function after stacking. The panels on the right display
the back-azimuth corresponding to each receiver function. The first example shows 129 receiver functions, while the second only 34 receiver
functions. In both cases the panels on the left show the individual receiver functions before stacking, while the top panels show the receiver function
after stacking. The panels on the right display the back-azimuth corresponding to each receiver function. As can be seen, the results clearly reveal a
Moho converted Ps wave at 4 s.

structure beneath theWLGF. Figure 7 shows a vertical cross-section
along the profile A-A' (see Figure 2).

4 Results

Figure 6 maps the Vp/Vs ratio and the Moho depth, including
their associated uncertainties, in the WLGF. The results indicate
that the Moho is wavy, with an average depth of approximately
32 km; its depth reaches 33 km in the northwest and its shallower
depth is around 31 km near the Sanguliu pluton in the southeast
of the mineralized area (Figure 6B). The WSP array is located
in close proximity to the NCISP-6 broadband array that was
deployed to northeast China in 2007–2008. Previous studies based
on this array estimated that the Moho depth in the explored area
fluctuates between 30 and 35 km (Zheng et al., 2015; Dong et al.,
2022), which is consistent with our results. Due to the small size
of the study area and the absence of significant sedimentary zones
within the mineralized zone, the Moho depth variation is gradual,
with a gradient of less than 2 km. The Moho undulations beneath
the WLGF show a depth decrease from northwest to southeast,
approximately delineated by the gold deposits and mineralization
points in Wulong.

The Vp/Vs ratio ranges from 1.74 to 1.82 in the WLGF
(Figure 6A), aligning with the average of 1.76 obtained from
previous research that also explored the region using receiver

functions (Li and Chen, 2019). There are significant differences
in the Vp/Vs ratio in the WLGF, but its variation pattern
correlates with the fault distribution in the goldfield, particularly
at the central location (near the Wulong gold deposit). Here, the
Vp/Vs ratio is higher, around 1.8, compared to its value at the
eastern and western ends. Figure 6 shows an inverse relationship
between the Vp/Vs ratio and crustal thickness, particularly near the
Wulong gold deposit, where a higher Vp/Vs ratio coincides with a
thinner crust.

Figure 7 shows the image of the crust obtained after stacking
CCP along the reference profile A-A' (see Figure 2), in which
some clear interfaces and also the Moho can be seen. The CCP
results indicate a well-defined low-velocity interface located 10 km
beneath the WLGF, and a high-velocity interface at 15–20 km
depth (Figure 7). The depth of the high-velocity interface on the
eastern side of the profile is greater than that on the western side,
with the presence of faults in the Sanguliu pluton. The findings
corroborate the existence of a persistent low-velocity layer (between
10 and 20 km deep) throughout theWLGF, consistent with previous
research. For example, Zheng et al. (2015) used receiver functions to
identify velocity inversions within the crust in the eastern Liaoning
region, and found a significant decrease in crustal velocity around a
depth of 10 km. Similarly, Zhan et al. (2020) used ambient seismic
noise tomography and identified a widespread low-velocity zone
within the crust in northeastern China at approximately 10–20 km
depth. The higher resolution achieved with our dense seismic array
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FIGURE 5
H-κ stacking results for station WL105. Panels (A, B) and (C) show the
scanning results for the Ps, PpPs and PpSs+PsPs phases, respectively.
Panel (D) on the right shows the variance obtained from the stacked
amplitudes derived from the preceding three phases and
utilizing Equation 1. The white star in the center of the diagram
indicates the solution adopted for H and the Vp/Vs ratio.

allowed us to obtain more detailed features of this low-velocity layer
based on CCP results.

5 Discussion

5.1 Crustal structure

The results obtained reveal an inverse relationship between the
variation in the crustal thickness and the Vp/Vs ratio that is valid for
the entire WLGF. The average Vp/Vs ratio for the crust is 1.76 and
the Moho depth is about 32 km (Figure 6).

A correlation can be observed between the distribution of
faults in the explored area and differences in the Vp/Vs ratio,
which in turn are associated with the ore-containing geological
structures, so that the highest values of Vp/Vs are found near the
Wulong gold deposit where faults are more developed. Previous
research has demonstrated that these faults are essential conduits
for magmatic-hydrothermal fluid flow and that rocks near these
faults (particularly near the Wulong gold deposit) have undergone
intense alteration involving changes in the physical properties
of the rock material in the WLGF (Zheng et al., 2022). These
changes in rock properties are responsible for the differences
in the crustal Vp/Vs ratio, so the high Vp/Vs ratio values
observed in the Wulong gold deposit (Figure 6B) indicate the

involvement of mantle-derived materials in the mineralization
process. On the whole, the sulfur isotope composition of the
WLGF, similar to that of the mantle (δ34 S: −0.9‰–3.3‰,
Δ33 S: −0.1‰–0.2‰), rules out the contribution of Precambrian
sediments and indicates the predominant contribution of mantle-
derived magmatic rocks (Wei et al., 2021). The involvement
of fluids from both the mantle and the Earth’s crust in the
mineralization process in the WLGF has also been supported by
the analysis of He-Ar isotopes in fluid inclusions in pyrite samples
(Liu et al., 2019). Mantle material most likely ascended to the
crust through the deep Yalu River fault (Figure 2), located east
of the WLGF (Zhang et al., 2018).

Given that the WLGF extends over a small area and having
used a uniform one-dimensional velocity model for the entire
mineralized region in the course of the H-κ scanning process, the
undulations of the Moho discontinuity at this scale are almost
negligible, as expected. Despite this, it can be seen that the Moho
depth exhibits slight variation that appears to correlate with the
spatial distribution of local faults. Based on prior geological and
geophysical data, we conclude that the internal faults in the WLGF
are not a sufficient cause to produce a segmentedMoho (Zhang et al.,
2019). Considering the correlation between the Vp/Vs ratio and
Moho depth (Figure 6), we infer that the main cause of the small
changes observed inMohodepth are the differences in the properties
of the crustal material in the WLGF. Such differences are associated
with the distribution of faults in the goldfield, which explains
the correlation between changes in Moho depth and the presence
of faults. The results also demonstrate the existence of relatively
thin crust in the Liaodong Peninsula (Figure 7), which fits into
the geodynamic framework of lithospheric thinning and tectonic
extension resulting from the Mesozoic subduction of the ancient
Pacific plate (Zhu et al., 2015).

5.2 Low- and high-velocity layers and
mineralization process

The image of the Earth’s crust in the WLGF obtained using
receiver functions provides two notable features: a low-velocity
interface at a depth of about 10 km and another high-velocity
intracrustal interface at about 18 km depth (Figure 7). This image
reveals a low-velocity layer located in the middle crust at a
depth range of 10–18 km. Zhan et al. (2020) already indicated the
widespread presence of this low-velocity layer in the northeastern
crust of China. Considering that the depth range of the brittle-
ductile transition zone in continental crust is approximately
13–18 km (England andMcKenzie, 1982; Marone and Scholz, 1988;
Kohlstedt et al., 1995; Mehl et al., 2005; Burov and Watts, 2006;
Zhao et al., 2019), we infer that the aforementioned low-velocity
layer represents a brittle-ductile transition zonewidely present in the
study goldfield. Based on the statistical analysis of 31,282 shallow-
focus earthquakes from 1970 to 2000, Zhang et al. (2002) found that
the average focal depth in Northeast China is 11 km, and the lower
bound of the focal depth (D90) is 19 km. This closely matches our
proposed brittle-ductile transition zone range of 10–18 km, strongly
supporting our conclusions. The observed pronounced amplitudes
on the top boundary of the low-velocity layer in the middle crust
suggest a sharp velocity discontinuity, likely representing a brittle
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FIGURE 6
Upper plots (A, C): Variations of the Vp/Vs ratio with associated uncertainties in the WLGF. Lower plots (B, D): Moho depth fluctuations with associated
uncertainties (respective scales on the right of each plot). Red circles indicate gold deposits or mines in Wulong.

FIGURE 7
The result obtained after stacking CCP images along the profile A-A' (see Figure 2). Acronyms: HJPF, Hanjiapu Fault; HSF, Hongshi Fault; YJF, Yangjia
Fault; JXGF, Jixingou Fault; ZJPF, Zhengjiapu Fault. SGL means Sanguliu Pluton. LVD means low-velocity discontinuity and HVD high-velocity
discontinuity.

interface between the upper and middle crusts. In change, the
bottom limit of this low-velocity layer shows weaker amplitudes
and a smooth velocity gradient, possibly formed by a series of
interfaces within the ductile transition zone between themiddle and
lower crust.

On the other hand, CCP stacking images reveal a notable
structural change related to mineralization in the WLGF and
associatedwith the Sanguliu pluton (Figure 7): the low-velocity layer

seems to be fragmented and extended towards the surface. Two
scenarios can explain these results: either there are major faults that
cross the detected crustal low-velocity layer, or there are channels
for the upwelling of magmatic-hydrothermal fluids. Previous results
indicate that the faults in the WLGF are relatively shallow and do
not extend to the middle crust (Zheng et al., 2022). Therefore, we
conclude that there may be pathways for mineral-forming fluids
to ascend in the upper crust beneath the Sanguliu pluton, causing
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FIGURE 8
Receiver function imaging results for the Jiaodong Peninsula (Yu et al., 2020c). Acronyms: NCC, North China Craton; SCB, South China Craton; JJF,
ZPF, F1, QXF, TCF, GCF, MPF, HYF, JNSF represent different faults in the Jiaodong Peninsula; LVD means low-velocity discontinuity and HVD
high-velocity discontinuity.

mineralization processes to contribute to the geological complexity
of this area.

We think that both crustal and mantle-derived materials
have contributed to the mineralization process in the WLGF.
The Yalu River fault east of the WLGF serves as a conduit
for the upward migration of deep-seated mantle-derived
hydrothermal fluids (Yu et al., 2018).These fluids, originating in the
deep mantle, move upwards through ore-controlling structures to
the middle crust. They subsequently migrate and accumulate in the
WLGF along brittle-ductile shear zones (low velocity zones), and
then continue to ascend along hydrothermal upwelling channels.
Ultimately, they accumulate and precipitate as ore along secondary
faults (NNE- and NW- trending faults) present in the goldfield.

5.3 Gold ore formation on the Liaodong
Peninsula

Previous studies have suggested that the Liaodong and Jiaodong
Peninsulas share similar tectonic backgrounds and metallogenic
conditions (Zhang et al., 2003; Zhu et al., 2015; Yu et al., 2020c;
Yu et al., 2020d; Wang et al., 2023). As we have already noted, the
crustal structure in theWLGF is consistent with that reported for the
Jiaodong Peninsula using receiver functions with a dense array and
ambient noise images (Figure 8), where the average crustal thickness
is 33 km and the average Vp/Vs ratio is 1.76 (Yu et al., 2020c).
The similarity in crustal features of the Jiaodong and Liaodong
Peninsulas indicates that our results may be valid for analyzing the
deep subsurface seismic structure of these two areas. Furthermore,
the most prominent feature of the results obtained here, the low-
velocity layer, is also observed on the Jiaodong Peninsula. The
low-velocity layer in the middle crust at Liaodong extends over a
thickness range of 10–18 km, while at Jiaodong the top interface
is about 12 km deep and the bottom interface is 16–20 km deep.
This low-velocity layer may be a broad brittle-ductile transition
zone, affected by mineralization-related hydrothermal alteration.
On both peninsulas this low-velocity layer is discontinuous beneath
the main mining areas, and faults crossing it may also be related
to mineralization. It means the presence of magma conduits or

faults for the upwardmigration of ore-forming fluids, thus providing
the necessary conditions for the concentration and precipitation of
minerals. Hence, the detection of such a low-velocity discontinuous
layer in the middle crust may be instructive for gold exploration in
the eastern NCC.

The similarity in the deep structure and mineralization history
of the two peninsulas encourages us to think that the Liaodong area
hasmineralization potential. Nevertheless, by comparing the control
structures, hidden plutons, ore-hosting rocks and other mineral-
forming factors on both peninsulas, it is evident that the Liaodong
goldfield is generally at a lower level of mineralization. Low-
temperature thermochronological studies indicate that the evolution
at Jiaodong and Liaodong was similar during the Cretaceous.
However, during this time significant differences in uplift patterns
emerged and Jiaodong experienced greater exhumation (Wang et al.,
2018; Wang et al., 2022). This supports the idea that the Liaodong
Peninsula is still at a lower level in terms of mineralization. The
difference in mineralization stage with respect to the Jiaodong
Peninsula can be attributed to the lateral heterogeneity resulting
from the subduction of the Mesozoic Pacific Plate, together with
regional extension and uplift (Meng et al., 2022).

In summary, the Jiaodong and Liaodong Peninsulas share a
similar overall geological background, including a characteristic
low-velocity layer located in the middle crust. Although Liaodong
has an upper crust that is at a not so advanced stage of
mineralization as Jiaodong, this does not reduce its promising
ore formation prospects, which should be an incentive for future
prospecting work.

6 Conclusion

In this paper, we have used receiver functions to obtain a detailed
image of the crust in the WLGF, thus facilitating the explanation
of the process associated with gold mineralization in the Liaodong
Peninsula. The most remarkable results regarding the explored
region are the following:

1) The crust in theWLGF is characterized by an average thickness
of approximately 32 km and a Vp/Vs ratio of 1.76, although
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it shows some lateral heterogeneity. In particular, the highest
values of the Vp/Vs ratio (∼1.8) are found near the Wulong
gold deposit and suggest a possible involvement of mantle
material in the mineralization process. Both the sulfur
isotopic composition of the WLGF, which is similar to
that of the mantle, and the analysis of He-Ar isotopes in
fluid inclusions support the contribution of mantle-derived
magmatic rocks.

2) Below the WLGF, a low-velocity layer is detected at a depth
of 10–18 km, which can be considered as a widespread brittle-
ductile transition zone in the continental crust. This low-
velocity layer seems to be fragmented below the Sanguliu
pluton and this gives us cause to think about pathways for
the ascent of ore-forming fluids in the upper crust causing
mineralization.

3) Considering that the Liaodong and Jiaodong Peninsulas share
similar tectonic environments and metallogenic conditions,
even a characteristic low-velocity layer located in the middle
crust, and even admitting that the Liaodong goldfield is
generally at a lower level ofmineralization, there are still a wide
scope for future prospecting work focused on ore-containing
formations.
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