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Abstract The Pearl River Estuary area, located in the middle part of the southern China coastal seismic belt, has long been con-
sidered a potential source of strong earthquakes above magnitude 7.0. To scientifically assess the potential strong earthquake risk in
this area, a three-dimensional artificial seismic sounding experiment, consisting of a receiving array and seabed seismograph, was
performed to reveal the deep crustal structure in this region. We used artificial ship-borne air-gun excitation shots as sources, and
fixed and mobile stations as receivers to record seismic data from May to August 2015. This paper presents results along a line from
the western side of the Pearl River Estuary to the western side of the Baijing-Gaoming-Jinwan profile. A two-dimensional velocity
structure was constructed using seismic travel-time tomography. The inversion results show that the Moho depth is 27km in the
coastal area and 30 km in the northwest of the Pearl River Estuary area, indicating that the crust thins from land to sea. Two structural
discontinuities and multiple low-velocity anomalies appear in the crustal section. Inside both discontinuity zones, a low-velocity
layer, with a minimum velocity of 6.05km s! exists at a depth of about 15km, and another, with a minimum velocity of 6.37kms’",
exists at a depth of about 21.5 km between the middle and lower crust. These low velocities suggest that the discontinuities may con-
sist of partly molten material. Earthquakes with magnitudes higher than 5.0 occurred in the low-velocity layer along the profile. The
deep Kaiping-Enping fault, rooted in the crust, may be one of the most important channels for deep material upwelling and is related

to tectonic movement since the Cretaceous in the Pearl River Delta tectonic rift basin.
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1 Introduction

Pearl River Delta, an important economically devel-
oped and densely populated region, plays a decisive role
in China’s economic and social development status. This
special area is located at the center of the active in-board
southern China coastal seismic belt. Throughout history
there have been many strong earthquakes of magnitude
7.0, such as the NanAo earthquake in 1600, the Qionghai
earthquake in 1605, and the NanPeng earthquake in 1918.
All caused great damage to economic and social devel-
opment in the coastal areas of southern China (Xu et al.,
2006; Zhong and Ren, 2003; Chen and Huang, 1979).
The Pearl River Estuary area is located in the middle of
the seismic belt, and the historical record shows that no
earthquakes greater than magnitude 6.0 have occurred. By
comparing the epicentral positions on the seismic belt of
magnitude 7.0 or above earthquakes, some investigators
found that the Pearl River Estuary area is located in a
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quiet zone of the seismic belt (Sun et al., 2012). There-
fore, it has been proposed that this is a potential strong
earthquake source area (Wei et al., 2000; China Earthquake
Parameters Zoning Map, 2015). Many scientists are in-
vestigating the geological structure of this area to under-
stand its earthquake potential.

Strong intraplate earthquakes show complex seismo-
genic mechanisms and source region structures (Talwani,
2016). It is generally believed that the occurrence of
strong earthquakes is related to stress concentration along
a fracture or petrophysically abrupt interface (Kenner,
2000; Talwani, 2014). According to previous studies, the
earthquakes in 1609 and 1918 in the eastern end of the
South China coastal seismic belt and the Qionghai earth-
quake in the western end of the South China Sea were
controlled by the intersection between NW, NE, and NEE
faults (Wei et al., 2000; Xu et al., 2006; Sun et al., 2012).
The coastal fault zone exhibits similar characteristics to
the crustal velocity structure in the eastern and western
parts of the Pearl River Estuary. Similarly, the NW-
trending faults in the area are intertwined with the coastal
fault zone and show the same structural styles as those
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from strong earthquake activity areas on both the east and
west sides, such as the Chaoshan coastal, Yangjiang, and
Leiqiong regions.

A comprehensive and systematic understanding of the
geological structure of this area has therefore become
important and urgent for scientific assessment of the po-
tential strong earthquake risk. Artificial seismic explora-
tion has been carried out by a number of researchers to
assess the two-dimensional crustal structure of the eastern
side of the Pearl River Estuary (Yin, 1999; Xia, 2008; Xia
etal., 2010, 2012; Sun et al., 2010; Cao et al., 2014). Pre-
liminary geological survey data show different geological
and velocity structures on either side of the Pearl River
Estuary (Fig.2). Therefore, to strengthen the understand-
ing of the regional structure, a large-scale active source
seismic observation experiment was conducted in 2015.
The research team was composed of the Seismological
Bureau of Guangdong Province, People’s Government of
Guangdong Province, South China Sea Institute of
Oceanology, and China Earthquake Administration Geo-
physical Exploration Center for the Pearl River Mouth
and Offshore. In this paper, we investigate the crustal
structure and tectonic implications revealed by deep
seismic sounding profiles of the Beijing-Gaoming-Jinwan
section in the Pearl River Delta.

2 The Regional Deep Seismic and
Tectonic Background

On the large-scale, the Pearl River Estuary area is lo-
cated in the middle of the South China coastal seismic
belt and in a central position on the northern margin of
the South China Sea. The eastern side of the area is the
fast convergence zone between the NW Philippine Sea
Plate and Eurasian Plate (Yu et al., 1999). The western
side is a shear zone (Simens et al., 2007), caused by lat-
eral stress along the Red River fault zone, which was in-
fluenced by the collision between the South China Block
and Indian-Eurasian Plate (Zhou, 2001). The northern
margin of the southern South China Sea, along the coastal
fault zone, occurs as a dextrally twist as it accommodates
the horizontal stress between the two sides (Sun et al.,
2012). The coastal fault zone is a deep fault in the north-
ern margin of the South China Sea (Liu ef al., 1981, Fig.1),
although there are many different views on its structural
properties (Li et al., 1992; Zeng, 1992; Yao, 1994; Wu,
1998; Xu et al., 2006). It has been concluded that the
fault zone is the boundary between the normal continental
crust in South China and the thinning continental margin
of the northern margin of the South China Sea (Qiu et al.,
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Fig.1 Geographic location and tectonic setting of the study area (Moho depth is based on Huang et al., 2014).

2003; Zhao et al., 2004) and that it controls the distribu-
tion of earthquakes above magnitude 6.0 in the seismic
belt of the southern China coast (Xu et al., 2006; Sun
etal.,2012).

On a smaller scale, the Pearl River Delta belongs to a
tectonic rift basin in the middle of the southeastern
coastal area of the South China Block. The rift basin was
developed in a Cretaceous fault block and experienced
neotectonic movement. About 40000 years ago, in the
Quaternary, the block evolved large-scale polygonal rup-
tures with multiple fault zones, as shown today (Wei et al.,
2002). There are many faults located in the basin and at
its edge (Wei et al., 1992; Liu, 1981, 1985, 1994; Ren
et al., 2016). These include: the NE-oriented Wuchuan-
Sihui, Xinfeng-Conghua-Guangzhou, Kaiping-Enping, and

Wuhua-Shenzhen faults; the NW-oriented Xijiang, Baini-
Shawan, and Shiziyang faults; and the near EW-oriented
coastal zone, Wuguishan, and Guangzhou-Sanshui faults,
(Fig.2). These faults cut each other, show multi-stage ac-
tivity, and control the development of basins in the Pearl
River Delta.

In recent years, a series of artificial seismic soundings
have been conducted in the Pearl River Estuary area. In
1999, an artificial seismic sounding exploration experi-
ment was conducted from Lianxian to Huidong port (Yin
et al., 1999). In 2004, two seismic profiles were acquired in
the sea offshore Hong Kong (Zhao ef al., 2004; Xia et al.,
2008, 2012). In 2010, a seismic survey was carried out in
the transition area between the South China and north-
eastern South China Seas in the Pearl River Estuary (Sun
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et al., 2010; Cao et al., 2014). Overall, little artificial seis-
mological exploration work has been carried out in the
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derstanding of the deep tectonic environment in this area.
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Fig.2 Main faults and historical earthquakes in the Pearl River Delta. F1, Wuchuan-Sihui fault; F2, Guangzhou-Sanshui fault;
F3, Xinfeng-Conghua-Guangzhou Fault; F4-1, West branch of Kaiping-Enping fault; F4-2, East branch of Kaiping-Enping
fault; F5-1, Wuguishan North foot fault; F5-2, Wuguishan South foot fault; F6, Lianhuashan fault; F7, Baini-Shawan fault;

F8, Shiziyang fault; F9, Heyuan fault.

3 Field Work and Data Collection

In 2015, we set up three wide-angle reflection and re-
fraction lines in the Pearl River Estuary, two along a
NNW direction (lines L1 and L2, Fig.2) and one along a
NEE direction (line L3, Fig.2). The data used in this pa-
per is taken from line L1. The original design of the line
was to cut the major NE and NEE faults, including the
Kaiping-Enping fault and the Wuchuan-Sihui and Wugui-
shan fault zones. The acquired seismic data was used to
investigate the deep extension in the crustal section of
these faults. The northwestern end of line L1 was located
at 23°28722.10°'N and 112°27°20.4"'E, and the southeast-
ern end at 22°3'29.93"'N and 113°15°56.17"'E. According
to the original design of the observation system, the coor-

dinates of the model starting-point were 24°1°29.37"'N and
112°322.23"'E (Fig.2).

The observation stations on line L1 were located at a
spacing of 2.0-2.5km. A total of 80 three-component digi-
tal seismometers were deployed over a total length of
about 178 km. Due to the large population and amount of
human activity in the Pearl River Delta, the background
noise is relatively strong. To reduce the impact of back-
ground noise, the stations were deployed as far as possi-
ble from local factories, residential areas, and other noise
sources. We also built a firm base for the stations to en-
hance the signal-to-noise ratio. We selected the excitation
time of the artificial shot source in a quiet time window
from 2:00 to 2:30 am. We conducted three land shots, SP5,
SP5X, and SP2 from NNW to SSE (Fig.2) along line L1,
using 1.0-2.5tons TNT as the explosive sources (Table 1).

Table 1 Source parameters of the land shot-points

No. TNT (kg)  Shot time (2015, Beijing) Depth of well (m)  Elevation (m) Longitude Latitude
SP5 2496 02:00°14.668"” June 12 30 51 112°32°11.66"'E 23°13'51.19”'N
SP5X 1008 02:10713.645"" June 19 71.5 67 112°50°09.83"E 22°50°59.12"'N
SP2 1992 02:20°16.063"" June 12 70.5 10 113°0323.56"E 22°1429.10"'N

4 Data Processing and Seismic
Phase Characteristics

The seismic data from shots SP5, SP5X, and SP2 were
processed and studied, and are presented with a reduction
velocity of 6.0kms ' (Fig.3). The frequency band 2-9Hz
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was selected for filtering to improve the seismic signal-
to-noise ratio (Fig.3). We identified five sets of seismic
phases: Pg, P1, P2, PmP, and Pn (Fig.3). Pg is the refrac-
tion wave (first arrival) from the base of the upper crust.
Because of the generally shallow burial depth of the base,
we clearly detected the reliable first arrival as far as S5km
from the shot-point. We also strengthened the selection
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and processing of the receiver station sites, and the shot
time window was chosen at the moment of weakest back-
ground noise, therefore, the Pg waves can be tracked up
to about 140km from the shot-point. The minimum and
maximum reduction times of the Pg waves in the excita-
tion recording section were about 0.2 and 0.8 seconds,
respectively. P1 and P2 are the reflected/refracted wave
group in the crust, and it can be seen in Fig.3 that these
follow the base refraction wave Pg. We identified the re-
flected wave group P1 and P2, where the P1 wave track-
ing distance is generally 35-120km, and the characteris-
tics of the P2 phase are similar to those of phase P1. This
occurred from about 40 up to 140km in shots SP5, SP5X,
and SP2.

=2

Reduced travel time (s) Reduced travel time (s) Reduced travel time (s)

40
Distant along profile (km) SSE

Fig.3 Examples of trace-normalized vertical-component
seismic record sections for shots (a) SP5, (b) SP5X, and
(c) SP2. A band-pass filter (2-9 Hz) has been applied. Pm
and Pn, reflected and refracted waves from the Moho; Pg,
waves refracted from the basement; P1 and P2, waves re-
fracted/reflected in crustal interfaces. Reduction velocity
is 6.0 kms ™.

PmP is the reflection phase from the Moho interface.
This wave group has strong amplitude, which can be
tracked continuously, particularly at about 60km from the
shot-point. Pn is the first seismic phase refracted from the
top of the upper mantle or Moho interface. Its observation
was limited by the length of line L1, and it is only visible
at the southeastern end of the SP5 and northwestern end
of the SP2 shot records. At offsets greater than 120km, it
can be continuously compared and identified as the first
wave.

In summary, the phases Pg, PmP, and Pn in the seismic
profile of line L1 can be tracked continuously in this
study area, and these phase identifications are clear and
reliable. Phases P1 and P2 in the middle layer of the crust
are distinct, in both continuity and amplitude, along the

record section.

5 Crustal Velocity Structure Model
on the Western Side of the Pearl
River Estuary

The interpretation of the deep-seismic wide-angle re-
flection/refraction data is based on the analysis of the
seismic phases, and is divided into one-dimensional and
two-dimensional cases (Yilmaz, 1994). The conventional
one-dimensional interpretation method uses the ‘T*-X*
method’, the ‘PLUCH inversion method’ (Micheal and
Hirn, 1980), and other relevant calculation methods to
obtain the average velocity, average depth, and single point
reflection of deep layers in the crust. A two-dimensional
crustal structure model was established based on the ob-
tained one-dimensional crustal model; using these results
and relevant parameters, an initial two-dimensional crust-
mantle model was established. Then, ray-tracing and the
theoretical seismogram method proposed by Cerveny et al.
(1984) were used to identify and compare actual observa-
tion data from the shot. The reflection and refraction
phases were forward-fitted to construct a two-dimen-
sional crustal structure model along the profile, and non-
homogeneous medium dynamic ray-tracing, travel-time
fitting, and theoretical seismogram calculations were per-
formed. At the same time, after repeated adjustment of the
model and processing calculations, the amplitude of the
wave group and the characteristics of the measured data
achieved the best fit. Through analysis and modeling of
the seismic phases detected from the three land shots
(Figs.4, 5 and 6), we created the two-dimensional velocity
structure and interface morphology of the crust and man-
tle, and here we give an explanation of fault occurrence in
combination with geological structure data (Fig.7).

According to the general understanding of the crustal
structure and seismic phase identification from line L1,
the crust on the western side of the Pearl River Estuary is
divided into upper, middle, and lower. The layer above
the C1 (Fig.7) interface, determined by reflective wave
group P1, is the upper crust; the layer between the C2 and
C1 interfaces, determined by the P2 wave group, is the
middle crust; and the bottom layer between C2 and the
Moho interface is the lower crust.

5.1 Upper Crust Structure

This upper crust refers to the crustal tectonic layer from
the surface to the C1 interface, which was determined by
the basement refraction wave Pg and the reflection layer
wave P1. Therefore, the upper crust can be subdivided into
two sublayer structures.

The first sublayer is the layer between the surface and
the interface reflected by refraction wave Pg. The depth
and velocity of the interface shows the characteristics of
land crystalline basement in the western side of the Pearl
River Estuary. Along line L1, the surface depth undula-
tion is slight with most elevations at 0—50m, and even at
an altitude of 85km is only about 400 m. The depth of the

a) Springer
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Fig.4 Simulation results of the two-dimensional velocity
structure of the crust from SP5. (a) Synthetic section; (b)
Time Travel Simulation (o indicates observation travel time,
x indicates synthetic travel time); (c) Model and synthetic
ray paths.
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Fig.5 Simulation results of the two-dimensional velocity
structure of the crust by SP5X. (a) Synthetic section; (b)
Time Travel Simulation (o indicates observation travel time,

x indicates synthetic travel time); (c) Model and synthetic
ray paths.

top surface of the crystalline basement varies from 1.5 to

@ Springer

2.5km, and its fractured top is clearly raised or recessed.
The velocity above the top of the crystalline basement has
a strong gradient in both the horizontal and vertical direc-
tions. Because of the thin Quaternary sedimentary layer
on the west side of the Pearl River Estuary, secondary
wave development is not obvious.

The second sublayer is the layer between the crystal-
line basement and the C1 interface, determined by phase
P1. The P1 phase is the first group of clear phases after
phase Pg, and can be identified via continuous tracking.
C1 can be considered as the reflection interface at the
bottom of the upper crust. The single point reflection
depth, which can reflect the basic form and depth range of
the C1 interface, was obtained by modeling phase P1 as
recorded by shots SP5, SP5X, and SP2. The pattern of the
depth change in the C1 interface and crystalline basement
is consistent. The depth of the C1 interface changes from
10.0 to 11.5km, and the velocity jumps from 6.06—6.12 to
6.18-6.24kms ', with a difference of 0.12kms ' or so.
There are more obvious velocity changes in the horizontal
direction of the two sublayers, suggesting the distribution
of faults in the upper crust on the western side of the
Pearl River Estuary.
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Fig.6 Simulation results of the two-dimensional velocity
structure of the crust by SP2. (a) Synthetic section; (b)
Time Travel Simulation (o indicates observation travel time;
X indicates synthetic travel time); (c) Model and synthetic
ray paths.

5.2 Middle Crust Structure

This layer is defined as the crustal section between the
C1 and C2 interfaces, which was determined by the re-
flected waves P1 and P2 in the crust. The fluctuations in
the C2 interface are smaller than in interface C1, reflect-
ing the smaller number of faults that cut into it. The hori-
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zontal gradient in the middle crust is not as obvious as in
the upper crust, but there are three more obvious low-
velocity layers. There is a special low-velocity layer be-
tween the Wuchuan-Sihui and Kaiping-Enping faults. The
velocity is reversed at a depth of 15.0km, with a lowest
velocity of about 6.05kms'. A similar velocity reversal
phenomenon occurred on the southern side of the Wugui-
shan North foot fault, where the velocity of the low-ve-

Depth (km)

60 100 140
Distance (km)

locity layer was 6.20kms .

The depth of interface C2 changes from 18.0 to 20.0km,
and the velocity jumps from 6.15-6.28 kms ' to 6.55—
6.62kms ', a difference of 0.32-0.40kms . Interface C2
gradually raises upward from the NNW to the SSE and
the coastline, resulting in the middle crust gradually thin-
ning; the thickness gradually reducing from about 9 to
about 7km.

220 260

Fig.7 Two-dimensional velocity structure profile of line L1 on the western side of the Pearl River Estuary. The solid blue
lines represent the determined faults, and the dashed blue lines indicate the proposed potential fault extensions. The faults,
from NNW to SSE, are: F1, Wuchuan-Sihui; F2, Guangzhou-Sanshui; F3, Xinfeng-Conghua-Guangzhou; F4-1, West
branch of Kaiping-Enping; F4-2, East branch of Kaiping-Enping; F5-1, Wuguishan North foot; F5-2, Wuguishan South foot;

F6, Baini-Shawan; and F7, Shiziyang faults.

5.3 Lower Crust Structure

The lower crust is the crustal layer from interface C2,
determined by the reflection wave group P2, to the Moho
interface, determined by the reflection wave group Pm.
The lower crust has a low-velocity area located under that
of the middle crust. This exhibits a minimum velocity of
6.37kms ' at a distance of 120-130 km and depth of
about 21.5 km along line L1.

The Kaiping-Enping fault clearly limits the southern
boundary of the low-velocity area in the lower crust, but
its northern boundary is less constrained because fewer
seismic ray paths coverage. The lower crust velocity
structure shows that the northern section structure is rela-
tively complex: the upper and lower velocity contours are
characterized by high and low velocities, the overall av-
erage velocity is low, and the southern section shows a
lower velocity gradient layer.

5.4 Upper Mantle

Phase PmP exhibits strong energy, indicating that the
mantle boundary along the profile is a velocity disconti-
nuity (Fig.3). The fluctuations in the Moho are basically
the same as those in interface C2, and the Moho interface
gradually lifts from the northwest to the southeast. The
depth of the Moho is between 27.0 and 30.0km. The ve-
locity above the Moho interface is about 6.86-6.98kms
and below is about 7.98-8.05kms ', with a velocity jump

up of up to 1.13-1.16kms . This velocity jump is much
larger than that between interfaces C1 and C2, which is
consistent with Pm and Pn wave groups being dominant
in the study area. From the characteristics of the Pn wave,
the top of the mantle along the profile is a weaker veloc-
ity gradient layer. Along the profile, the Moho interface
uplifts between Dinghu and Gaoming, and the area lo-
cates almost in the same low-velocity position as the
middle and lower crust.

6 Discussion and Conclusions

6.1 Velocity Structural Characteristics
Along Profile L1

There are two discontinuity interfaces, C1 and C2, in
the crust, two sublayers in the upper crust, and multiple
low-velocity anomalies in the two-dimensional velocity
profile along line L1. The depth of interface C1 is about
10.0 to 11.5km. There is a sub-interface, defined as the
crystalline basement, located at a depth of about 1.5 to 2.5
km in the upper crust. The depth of interface C2 is about
18.0 to 20.0km, and the interface moves gradually up-
ward from its NNW end east to the SSE coastline. The
thickness of the middle crust gradually reduces from
about 8.7 to about 7.5km. The depth of Moho interface is
between 27.0 and 30.0km, and the crustal thickness gradu-
ally decreases from land to coast. It is 30.0km deep at the
NNW end of the section and 27.0km deep at the SSE end.

@ Springer



192 ZHANG et al. / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2018 17: 186-194

Using seismic sounding and gravity data zoning, Hu et al.
(2014) determined that the Moho depth in South China
and the coastal area is from 25 to 38km. Xia et al. (2010)
used onshore-offshore seismic soundings to acquire the
depth of the Moho interface, about 26-35km, in the tran-
sitional zone between the South China and northern South
China Seas. There is a clear trend of shallowing from the
NW land side to the coastline, indicating a typical thin-
ning crustal structure. The results obtained in this paper
are in good agreement with the above research.

At 120-130km along line L1, a low-velocity area, low-
est velocity 6.05kms ', is located at a depth of 15.0km
between interfaces C1 and C2, and another low-velocity
area, lowest velocity 6.37kms "', is located at a depth of
about 21.5km between C2 and the Moho interface. These
low velocities may indicate that the area is composed
partly of molten material. Where fractures are located the
interface is obviously uplifted or concave, and is consis-
tent with the boundary of the low-velocity anomalies. The
low-velocity areas in the middle and lower crust are con-
sistent with the uplifted positions on the Moho interface.
The upper mantle and crust may exchange energy and
material, resulting in low-velocity anomalies.

6.2 Fault Depth

In the middle crust, the Wuchuan-Sihui, Kaiping-Enping,
and Wuguishan Northern faults are limited by the low-
velocity area boundary between the C1 and C2 interfaces,
indicating that these three faults cut down to at least the
C2 interface. In the lower crust, the Kaiping-Enping fault
is clearly limited by the southern boundary of the low-
velocity area between interface C2 and the Moho. There-
fore, the eastern and western branches of the Kaiping-
Enping fault are inferred to be within a depth of 30km,
which is consist with the interpretation of gravity and
magnetic data by (Ren et al., 2016). The Kaiping-Enping
fault may be one channel for deep material upwelling,
and relates to the tectonic moment of Pearl River Delta
rift basin since the Cretaceous.

Interpretation of the Wuguishan Northern foot fault
from gravity and magnetic data reveals that the fault
depth is 30 km, which is consistent with the southern
boundary of the high gravity anomaly area in the Pearl
River Delta (Ren et al., 2016). The velocity profile shows
that along this fault, velocity contour lines show signifi-
cantly horizontal step in the upper crust, the fault is con-
sistent with the northern boundary of the low-velocity
area in the middle crust, and the contour lines are stable
in the lower crust. We can only determine that the fault
cuts into interface C2 at a depth of at least 20km.

Revealed at large scale on the ground, the northeast
striking Wuchuan-Sihui fault extends to a depth of 30km,
as determined from gravity and magnetic data by (Ren
et al., 2016). The velocity profile shows contour lines
along the fault in the upper crust and other concave ve-
locity lines from the surface to interface C1. The northern
boundary of the low-velocity body is in the middle crust.

a) Springer

The lower crust low-velocity body of 6.5kms ' is as
obvious on the north side of the border is it on the south.
There is gradually increasing trend, therefore, the Wu-
chuan-Sihui fault should cut at a shallower depth than the
Kaiping-Enping fault.

6.3 Velocity Structure and Earthquake
Distribution Characteristics

Earthquake source depth in the Pearl River Delta is
mainly concentrated at 5-20km with the deepest one at
about 28km (Ren ef al., 2016). From the two-dimensional
P-wave velocity structure, the source depth is mainly lo-
cated in the upper and middle crust above interface C2.
Five earthquakes with magnitudes >5.0 were located with-
in 30km depth on both sides of line L1, and four of these
occurred in the northern area of Gaoming. This is consis-
tent with the low-velocity anomaly areas between inter-
faces C1, C2, and the Moho. The presence of low-veloc-
ity anomalies beneath focal points may contribute to seis-
mic nucleation (Huang, 2001; Huang et al., 2004). The
middle crust between interfaces C1 and C2 is a transition
zone between brittle upper crust and ductile lower crust,
and the low-velocity bodies between interfaces C1 and
C2, and C2 and the Moho are favorable for stress concen-
tration in the brittle crust above; thus, earthquakes are more
likely to occur in the transition zone between the high-
and low-velocity layers. Therefore, the north of Gaoming
may have moderate potential for strong earthquakes.

In this study, the velocity structures and deep tectonic
characteristics of the fault zones provide a new geo-
physical basis for in-depth understanding of the shallow
tectonic relationships and dynamic environment of the
western Pearl River Delta.
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