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Abstract: The distribution of oil and gas resources in the South China Sea and adjacent areas is closely related to the
structural pattern that helped to define the controlling effect of deep processes on oil-bearing basins. Igneous rocks can
record important information from deep processes. Deep structures such as faults, basin uplift and depression, Cenozoic
basement and magnetic basement are all the results of energy exchange within the earth. The study of the relationship
between igneous rocks and deep structures is of great significance for the study of the South China Sea. By using the
minimum curvature potential field separation technique and the correlation analysis technique of gravitational and magnetic
anomalies, the fusion of gravitational and magnetic data reflecting igneous rocks can be obtained, through which the
igneous rocks with high susceptibility/high density or high susceptibility/low density can be identified. In this study area,
igneous rocks do not develop in the Yinggehai basin, Qiongdongnan basin, Zengmu basin and Brunei-Sabah basin, whilst
igneous rocks with high susceptibility/high density or high susceptibility/low density are widely-developed in other basins.
In undeveloped igneous areas, faults are also undeveloped, the Cenozoic thickness is greater, the magnetic basement depth
is greater and the Cenozoic thickness is highly positively correlated with the magnetic basement depth. In igneously
developed regions, the distribution pattern of the Qiongtai block is mainly controlled by primary faults, while the
distribution of the Zhongxisha block, Xunta block and Yongshu-Taiping block is mainly controlled by secondary faults, the
Cenozoic thickness having a low correlation with the depth of the magnetic basement.
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1 Introduction
Oil and gas are important strategic resources. With the
rapid development of China's economy and society, a
higher demand for energy has come to the fore. With the
increasing difficulties associated with oil and gas
exploration on land, it is important to expand into the field
of offshore oil and gas resources. The distribution of oil
and gas resources in the South China Sea (SCS) and its
adjacent areas is closely related to the structural pattern,
including the distribution of igneous rocks, extent and
depth of faults, distribution of sedimentary basins, the
nature of the Cenozoic and magnetic basements, etc.
Igneous rock has directly recorded the deep dynamic
process of the evolution of the SCS and important related
information, therefore research on the spatial distribution
characteristics of the igneous rocks of the SCS, the
relationship between igneous rocks, fractures, sediment
thickness and the magnetic basement is of great
importance to understanding the accumulation processes
of oil and gas in the SCS.
As a result of the abundance of drilling and seismic data
* Corresponding author. E-mail: wwy7902@chd.edu.cn

for the northern part of the SCS, the igneous rocks of the
northern margin of the SCS and its adjacent areas have
been studied to a more intensive degree than those of the
southern margin, in relation to such parameters as the
spatial distribution, formation time, eruption time and
genesis of the igneous rocks (Zou, 1993; Li and Liang,
1994; Zou et al., 1995; Xie et al., 2010; Lu et al., 2011;
Zhang et al., 2013; Zhang B K et al., 2014; Zhang Q et al.,
2014). The igneous rocks in the SCS were mainly formed
in the late Mesozoic and Cenozoic, the late Mesozoic
being dominated by intrusive rocks and the Cenozoic by
volcanic rocks (Zou, 1993; Yan and Liu, 2005; Zhou et
al., 2005; Zhang et al., 2013; Hui et al., 2016). Mesozoic
intrusive rocks are distributed throughout the SCS. The
northern continental margin of the SCS is subject to
granitic activity in South China, the intrusive rocks being
mainly Yanshanian felsic granites (Yan and Liu, 2005;
Zhang Q et al., 2014; Hui et al., 2016). Nearly a hundred
groups of late Yanshanian intrusive bodies have been
identified in the periphery and adjacent areas of the central
basin of the SCS, and they are widely distributed in the
Nansha block and Wan’an basin (Zhang et al., 2015).
Cenozoic volcanic activity predominantly consists of
basalt in the northern marginal zone of the SCS and can be
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divided into 8 periods (Zou, 1993). From the Paleocene to
the Quaternary period, the content of felsic-intermediate
magma in the basalt gradually decreased (Yan and Liu,
2005). In the continental slope area of northwest China,
volcanic rocks are mainly concentrated in the Xisha Uplift
and scattered in the south of the Qiongdongnan and
Zhongjiannan basins (Zhang Q et al., 2014). For the South
China Sea basin, seamounts are concentrated near the
spreading axis of the sea basin and to the south and north,
especially the south (Yan and Liu, 2005; Hui et al., 2016).
According to the trawl data, they may be composed of late
Miocene to Quaternary basalt (Zhou et al., 2005). Igneous
rocks in the continental margin area of the southern SCS
are poorly studied and sporadically distributed (Li et al.,
2010).
A substantial amount of research on fractures exists,
that consider tension fractures in the north rim and north
of the southern SCS, extrusion fractures in the south and
east, shared fractures in the west, all form the basis of the
pattern ‘zonation in the north-south, block in the eastwest’ (Song et al., 2002). The apparent fault depths are
about 2–10 km, with major trends of NE and NW, other
trends of NEE, NWW, NNE, NNW, EW and near SN all
being secondary (Luo et al., 2018). Many scholars have
classified and studied the evolutionary process, tectonic
units, basement properties and basin types of the southcentral SCS and even the whole South China Sea area,
according to comprehensive geological and geophysical
data on gravity, magnetic force, earthquakes and drilling
(Liu, 2000; Jin and Li, 2000; Xie et al., 2010; Li et al.,
2012; Xiong et al., 2012; Zhang et al., 2015; Feng et al.,
2018, Yan et al., 2020). NW and NE trends of the
magnetic basement in the SCS and its adjacent regions are
predominant, its depth being within 5–20 km (Hao et al.,
2009; Hu et al., 2011; Ma et al., 2018), but the depth of
the magnetic basement is different. The north side of the
oceanic basin of the SCS is dominated by NEE, while the
south side is dominated by NE. The magnetic basement of
the periphery of the Indo-China Peninsula is NW and
NNW-trending (Ma et al., 2018). The controlling
relationship between the magnetic basement of the
northern margin of the SCS and shallow deposition is
evident in the Yinggehai area (Hao et al., 2009).
In summary up, extensive studies on the igneous rocks
of the SCS and adjacent areas have been conducted
previously. Due to the limitations of drilling and seismic
profile data, research on igneous rocks in the SCS have
mainly been concentrated in the northern part of the SCS,
the distribution of igneous rocks across the whole region
rarely being studied. Faults, sedimentary basins, the
sedimentary and magnetic basements have been
thoroughly studied, but the correlation between the
igneous rocks and the above geological structures has
rarely been studied. With respect to these problems, the
extent of the igneous rocks is studied in this paper
through use of the fusion method of gravitational and
magnetic anomalies combined with drilling and known
physical property data, as well as the relationship
between the igneous rocks, the fault distribution, the
apparent depth of faults, the Cenozoic thickness and the
magnetic basement depth, which provides more
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geophysical data for research of the SCS.
2 Geological Settings
The SCS is the largest marginal sea in the western
Pacific Ocean, located at the intersection of the Eurasian,
Pacific and Indo-Australian plates (Fig. 1), its evolution
being controlled by the interaction of oceanic and
continental plates. It is one of the most active tectonic
zones in the world, as well as a hotspot for leading
geodynamic research. Since the Mesozoic, the SCS has
experienced tectonic activity such as plate subduction,
collision and strike-slip, forming a rhombic central sea
basin and continental tectonic margin with different
properties, Mesozoic and Cenozoic basins being widelydeveloped (Yao et al., 2004; Zhang Q et al., 2014). In the
Mesozoic Era, the SCS and its adjacent areas experienced
a process of mass fragmentation, tectonic compression,
massive strike-slip extension and the eventual closure of
the east Asian continental margin. Entering the Cenozoic
era, the present tectonic system of the SCS was formed
after the tectonic cycles of the ancient and new South
China Seas. In different evolutionary stages, the South
China Sea area shows different geological characteristics.
Influenced by the plate movements of the Eurasian,
Indian, Australian, Pacific Plate and the Philippines, the
SCS has successively undergone intracontinental rifting,
intercontinental rifting and oceanic rifting, forming a
variety of oceanic basins with geological and tectonic
phenomena such as rifts, sea basins, compressions and
strike slip (Yao et al., 2006).
3 Geophysical Characteristics and Research Methods
3.1 Geophysical characteristics
The basis of this geological research is the need to use
geophysical data in order to clarify the distribution of
petrophysical data in the study area. In this study,
petrophysical data primarily came from drilling wells and
published results. The data of 50 drilling wells was
collected from Zou et al. (1995) and Xie et al. (2010) as
shown in Fig. 2, with most of the drilling wells being
located in the shallow water area of the continental margin
of the SCS and only a small number in the deep water
area. The sampling depth, lithology and age information
can be seen Table 1, the magnetization intensity and
density contrast of the rocks being shown in Tables 2 and
3 (Liu, 2018).
As can be seen from the drilling information in Table 1,
many basalts are distributed in the continental margin and
basin in the northern part of the SCS, over a large time
span and with multi-stage magmatic activity. In the Xisha
uplift, Well Xiyong 1 was drilled into granite gneiss in the
1274 m deep middle Cenozoic-Quaternary coral reef
deposit (Xie et al., 2010; Zhang Q et al., 2014). The
Wan’an basin and its adjacent areas are mainly composed
of granite and diorite with mainly Cretaceous and early
Paleogene ages. The Zengmu basin and its surrounding
areas are dominated by Paleogene phyllite. There is
relatively little publicly-available drilling data related to
the deep-water area of Nansha Island.
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Fig. 1. Distribution of continental blocks, fragments and terranes, with principal sutures of Southeast Asia (updated
from Metcalfe, 2006).
Numbered microcontinental blocks: 1. Hainan island terranes; 2. Sikuleh; 3. Paternoster; 4. Mangkalihat; 5. West Sulawesi; 6. Semitau; 7.
Luconia; 8. Kelabit-Longbowan; 9. Spratley islands-Dangerous ground; 10. Reed bank; 11. North Palawan; 12. Paracel islands; 13. Macclesfield Bank; 14. East Sulawesi; 15. Bangai-Sula; 16. Buton; 17. Obi-Bacan; 18. Buru-Seram; 19. West Irian Jaya.

According to the published petrophysical property data
(Tables 2 and 3), the magnetic characteristics and density
characteristics of the rocks can be summarized as follows:
sedimentary rocks show weak magnetism; metamorphic
rocks are non-magnetic to weakly magnetic; intrusive
rocks and volcanic rocks generally have remanent or
residual magnetization, the remanent magnetization
generally being greater than the induction magnetization.
The stronger the magnetic rock, the more evident this
feature is. From felsic-intermediate volcanic rocks to
mafic volcanic rocks, the magnetism grows in strength.
In the SCS and its adjacent areas, the average density of
strata from Pliocene to Quaternary is relatively low. Over
geological time, the average density of Miocene,
Oligocene and Eocene strata gradually increases. Overall,
the Cenozoic is characterized by low density. Based on the
above magnetic and density characteristics, strong
magnetism with high density, strong magnetism with
weak density can be used to study the distribution of
igneous rocks in the SCS.

3.2 Characteristics of gravitational and magnetic
anomalies
Magnetic and gravity data can be used to study the
distribution characteristics of igneous rocks in the SCS,
due to the differences in the physical properties of the
igneous rocks. The magnetic data are obtained from the
CCOP data and the world magnetic anomaly data, then the
RTP magnetic data (Fig. 3) are calculated by reduction-topole (RTP) processing.
The gravity dataset used in this study was acquired from
Sandwell et al. (2014), Sandwell and Smith (2009) and
Sandwell et al. (2013), and consists of global 1-minute
grids in ASCII XYZ-format (V28.1). In this study, a
density of 1.02×103 kg/m3 was used to correct for sea
water and to obtain the Bouguer gravitational anomaly
(Fig. 4) using the method of forward modelling and
inversion of the gravity field in a dual interface model
(Wang and Pan, 1993).
In order to highlight the characteristics of gravitational
and magnetic anomalies that will reflect the character of
igneous rocks, the minimum curvature potential field
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Table 1 Drilling information (Zou et al., 1995; Xie et al.,
2010)
Basin

Well
number
B7-1-1

H15-1-1
X33-2-1A
L15-1-1
P16-1-1
Pearl River L11-1-2
Mouth basin L21-1-1
L1-1-1
L4-1-1
Y21-1-1
H21-1-1
LF35-1-1
Xisha
Islands

Wan’an
basin

Zengmu
basin

Well
Xiyong 1
Dai Hung2
04-B-1X
04-B-2X
Dua-1X
12-B-1X
12-C-1X
28-A-1X
29-A-1X

Sampling depth
Lithology
(m)
2427.0–2511.0
Basalt
2715.0–3000.0
Basalt
1315.0 and 1440
Basalt
4866.0–4883.0
Basalt
2175.0
Basalt
2389.0
Basalt
1799.6
Andesite
2446.0
Rhyolitic tuff
3454.0
Rhyolitic tuff
1779.6
Dacite tuff
1656.0
Rhyolite
4591.0
Dacite
1700–2300
Clastic rock
2360–2430
Granite

Geological
age
N1
E3
N1
E3
E3
E2
E3
E2
E3
E2
E2
E2
K
J

1251–1384

Granite gneiss

AnC

3685
2442
2593
4013
3889
3587
1504
1618

Pre-E
K
K
Pre-E
Pre-E
Pre-E
Pre-E
Pre-E

AS-1X

1726

Cipta-A
Cipta-B

2233.2
3274

AT-1X

1768

CC-1X

1320

CC-2X

2162

CB-1X

1844

S.E.Tuna-1
Paus S-1
Paus NE-1

2590
2564
1426

AY-1X

2811

AP-1X
Tenggiri
marine-1
Ranai-1
J-5-1

4199

Granite
Dacite
Dacite
Granite
Granite
Granite
Quartz diorite
Sedimentary rock
Amphibole
granodiorite
Metasediment
Granodiorite
Biotite granite
diorite
Phyllite,
metamorphic
sedimentary rock
Phyllite,
metamorphic
sedimentary rock
Phyllite,
metamorphic
sedimentary rock
Phyllite
Phyllite
Phyllite, killas
Volcanic
agglomerate
Plutonite

2854

Phyllite

E

2335
2054

Phyllite
Phyllite

E
E

K
K
K

Fig. 2. Drilling locations in the South China Sea and adjacent areas.

K

Red stars: Zou et al., 1995; blue diamonds: Xie et al., 2010

Pre-E

Pre-E

Pre-E
E
E
E
E
K2

separation technique (Ji et al., 2015) was used to obtain
magnetic anomalies of residual RTP magnetic data (Fig.
5) and residual Bouguer gravity data (Fig. 6). The origin
and evolutionary background of those rocks in this study
area are different (Zhang et al., 2015), as are the ages,
types and physical properties of igneous rocks in different
blocks also different, resulting in different distribution
rules governing gravitational and magnetic anomalies in
each block.
The magnetic anomalies of the SCS are complex, with
overall characteristics of being low in the northwest and
high in the southeast. In the Qiongtai block, the RTP

Fig. 3. RTP magnetic anomaly.
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Fig. 4. Bouguer gravitational anomaly.

Fig. 5. Residue RTP magnetic anomaly.

magnetic anomalies are mainly low magnetic anomalies,
large NE discontinuous high magnetic anomalies being
distributed in the middle of the block. The residual RTP
magnetic anomaly is mainly in the form of high and low
interphase blocks, with near NE trends in the Beibuwan
basin, NE trends in the Pearl River Mouth basin, while
also showing a wide and slow magnetic force at the
southwest corner outside the Pearl River Mouth basin. The
RTP magnetic anomalies of the Zhongxisha block are

Fig. 6. Residue Bouguer gravitational anomaly.

lumps with positive and negative phases, which are more
prominent in the residual magnetic anomalies. In the
central basin, the RTP magnetic anomalies and residual
RTP magnetic anomalies have obvious banded
characteristics. From southwest to northeast, the magnetic
stripe trend gradually changes from NE to EW.
In the Liyue-north Palawan block, the RTP magnetic
anomalies and residual RTP magnetic anomalies are
generally low with a trend of wide and low, scattered
magnetic anomalies being high around Reed Bank, while a
large area of massive magnetic high value is distributed in
the west of the block. The RTP magnetic anomalies of the
Yongshu-Taiping block are distributed in NE trends and
characterized by high-low-high phase intervals, the NE
trend characteristics being more obvious in the residual
RTP magnetic anomalies. The main characteristics of the
magnetic anomalies of the Zengmu block are low and
wide. Wan’an basin and its adjacent areas are mainly
characterized by low magnetic anomalies and high
magnetic anomalies with near EW trends in the south.
The characteristic of Bouguer gravitational anomalies in
the SCS is that gravity increases from the continental
margin to the sea basin, which is consistent with the trend
that the Moho surface in the study area, which gradually
becomes shallower from the continental margin to the sea
basin (Qin et al., 2011), thus forming a clear mirror-image
relationship with the bathymetric data. The Qiongtai
block, Xunta block and Zengmu block have low
gravitational anomalies, while the Nansha shows a
moderate gravitational anomaly with large local abnormal
fluctuations.
3.3 Research methods
This study is based on the geophysical interpretation of
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Table 2 List of magnetic properties of the rocks of South China Sea and surrounding area (Liu, 2018)
Rocks

Geological age

Sedimentary
rock

N-Q

Metamorphic
rocks

J-Pz1

Igneous
rocks

Magnetic susceptibility
Remanent magnetization
（4π×10–5 SI）
（×10–3 A/m）
Variation range Mean value Variation range Mean value

Lithology
Coral reef, sandstone, mudstone,
shale, conglomerate
Metamorphic sandstone slate,
schist, gneiss
Mixed lithified paragneiss

–

–

–

0

0–2940

0–8920

–

–

80–90

–

–

–

N

Basalt

50–6870

1033

630–48700

4825

N
N-Q
N
K1
K1

Quartz or olivine tholeiite
Alkali basalt
Basalt
Basalt
Intermediate-acid volcanic rock
Intermediate-acid volcanic rock

80–220
30–60
–
300–500
–
950–4650

–
–
1031
–
500
–

2200
Below 100
–
500–4000
–
–

–
–
–
–
–
–

K-J

Andesite, andesporphyrite

0–19230

–

116–68072

–

K-J
Pz1-2

Andesite
Tuff

–

407
–
Nonmagnetic - weak magnetic

–

K-J

Rhyolite - rhyolite porphyry

0–1240

–

0–11900

–

δ5

Diorite
Gabbro

250–8080
110–32400

2457
3313

226–289600
850–52400

761
2060

Sampling position
Land and islands along the northern
coast of South China Sea
Land and islands along the northern
coast of South China Sea
Well Xiyong 1, Xisha Islands
Land and islands along the northern
coast of South China Sea
Hawksbill sea mountain
Zhongnanhai mountain
Vietnam
Philippines
Hainan Island
Hainan Island
Land and islands along the northern
coast of South China Sea
Malaysia
Land of Southern Vietnam
Land and islands along the northern
coast of South China Sea
Land and islands along the northern
coast of South China Sea

Table 3 Average density of South China Sea area, converted according to layer velocity (Liu, 2018)
Geological
age

The northern
continental shelf

The northern
slope

Q-N2
N13
N11-2
E3
E2-MZ
Layer 2
Layer 3
Upper mantle

2.15
2.23
2.35
2.51
2.58

2.14
2.21
2.35
2.51
2.58

Reed
tablemount
（×103 kg/m3）
2.12
2.25
2.18
2.26
2.41
2.36
2.58
2.72
2.98
3.18

Sea basin

petrophysical, Bouguer gravitational and RTP magnetic
data, which are separated by the minimum potential field
curvature separation technique (Ji et al., 2015) in order to
obtain the residual data, the fusion data of residual
Bouguer gravitational and residual RTP magnetic data
then being achieved through the correlation analysis of
gravity and magnetic data (Lu et al., 2020) (Fig. 7). The
fusion data can determine strong magnetism and high
density, as well as strong magnetism and low density of
igneous rock. The tectonic significance is studied by
combining the extent of the igneous rocks, the extent and
apparent depth of the faults, the sedimentary thickness and
magnetic basement depth in the SCS.
4 The Extent of the Igneous Rocks
According to the petrophysical data collected, the
magmatic rocks of various ages have a relatively stable
density, the density of intrusive or mafic rocks being
generally high. Intrusive and volcanic rocks with strong
magnetism become gradually strengthened as their
characteristics vary from felsic-intermediate-mafic. The
extent of the igneous rocks is identified by combining the
fusion data (Fig. 8) and drilling data (Fig. 9) based on the
property characteristics. The red areas of the identified

Zengmu
basin

Beikang
basin

Central area of
Nansha Island

Wan’an
basin

2.13
2.28
2.42
2.44
2.58

2.09
2.15
2.33
2.46
2.48

2.10
2.20
2.34
2.40
2.42

1.90
2.05
2.20
2.26

igneous rock have the characteristics of strong magnetism/
high density, while the blue area represents the identified
igneous rocks with the characteristics of strong
magnetism/low density. From the distribution, the igneous
rocks in the SCS are relatively well-developed as a whole.
With the exceptions of Yinggehai basin, Qiongdongnan
basin, Zengmu basin and Brunei-Sabah basin, the igneous
rocks in the other basins are well-developed.
The SCS and the northern part of the SCS consist of
two blocks (the Qiongtai block and the Zhongxisha block)
and an oceanic crust (central basin). In the Qiongtai block,
there is a clear NE trend of a belt of volcanic rock with
strong magnetism and density in the Pearl River Mouth
basin, the scale and distribution density of the volcanic
rock mass gradually increasing. The extent of the igneous
rocks is consistent with the five drilling locations with
basalts drilled in the Pearl River Mouth basin, as shown in
Fig. 9. There are few igneous rocks with strong magnetism
distributed along the boundaries of the Beibuwan basin. In
the central basin, magmatic activity frequently occurred in
the Eocene-Early Miocene (Yan and Liu, 2005; Zhou et
al., 2005), igneous rocks with strong magnetism and low
density being distributed parallel to the spreading ridge. It
is believed that the igneous rocks in this area are related to
the magmatism of the Cenozoic midocean ridge. In the
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Fig. 7. The flowchart of this research.

Fig. 8. The fusion anomalies of gravitational and magnetic
data.

Zhongxisha block, the igneous rocks with strong
magnetism/high density, strong magnetism/low density
are alternately distributed with each other at the edge of
the block, forming mainly NW trends. Amongst the
magmatic activities in the northern part of the SCS,
Mesozoic magmatic activity was the most active,
consisting mainly of felsic rocks, followed by intermediate
rocks. Cenozoic magmatic activity is lesser, with mainly

Fig. 9. The extent of the igneous rocks of this study.

mafic ejected rocks being dominant (Zhang et al., 2014;
Wu, 2016) from the Qiongdongnan basin to the Pearl
River Mouth basin, volcanic activity gradually increasing
from the shallow water area (less than 300 m depth) to the
central sea basin, over time (Zhang et al., 2013).
There is currently no drilling data for the Yongshu-
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Taiping block and the Liyue-north Palawan block in the
SCS, so it is necessary to refer to the existing lithological
characteristics in and around the SCS for their study.
Meso/Cenozoic
volcanic
rocks,
pre-Cenozoic
metamorphic rocks and the second and third stage
intrusive Yanshanian rocks all may cause magnetic
anomalies (Lin, 2003), amongst which metamorphic rocks
have the weakest magnetism and the highest density. The
igneous rocks in the Beikang basin are distributed along
NE trends with alternating distribution between strong
magnetism/high density igneous rocks and strong
magnetism/low density igneous rocks. The Beikang
basement is composed of pre-Cenozoic metamorphic
rocks and felsic-intermediate igneous rocks. The internal
faulting of the basin may also cause significant magmatic
activity, especially in the eastern part of the basin, which
is dominated by intermediate and mafic igneous rocks
(Yao et al., 2004). The basement of the Liyue basin is a
Mesozoic marine clastic coal bed (Yao et al., 2004).
Igneous rocks show strong magnetism and low density,
are mainly distributed in the south, north and west of
Liyue basin, their strike being in a NW direction,
consistent with the strike of the basin. The basement of
the Zengmu basin is metamorphic, composed of
Paleocene and Eocene, with early Cretaceous
granodiorites in the north (Yao et al., 2004). Igneous
rocks in this area are less well distributed, mainly
occurring in the north, showing NE trends by strong
magnetism and low density. The basement of the
Wan’an basin is composed of late Mesozoic magmatic
rocks, volcanic rocks and pre-Cenozoic metamorphic

Fig. 10. The map of igneous rocks from this study and apparent depths of primary faults (Luo et al., 2018).
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sedimentary rocks, igneous rocks being characterized by
strong magnetism and low density.
5 Discussion
Structural characteristics of the igneous rocks are of
great significance for deep research of the SCS, the
evolution of ocean basins and controlling hydrocarbon
distribution. The extent of the igneous rocks from this
study is compared with the distribution and apparent depth
of the faults (Fig. 10 and Fig. 11) (Luo et al., 2018), the
thickness of the Cenozoic (Fig. 12) (Feng et al., 2018), the
depth of the magnetic basement (Fig. 13) and the
relationship between thickness of the Cenozoic and the
depth of the magnetic basement (Fig. 14) (Ma et al.,
2018). The distribution pattern of igneous rocks in the
Qiongtai block in the north of the SCS is mainly
controlled by primary faults, as seen in Fig. 10. The
distribution pattern of igneous rocks in the Zhongxisha
block, Xunta block and Yongshu-Taiping block is mainly
controlled by secondary faults, as shown in Fig. 11.
In the Qiongtai block, the properties of faults F1-1 and
F1-4 are tensile, mainly distributed near strongly magnetic
and highly dense igneous rocks, the directional trends of
the igneous rocks being consistent with the trends of the
faults. There are 3 wells, B7-1-1, P16-1-1 and L15-1-1,
located near the fault, which show that basalt existed at a
depth between 2 km and 3 km, however the apparent
depth of F1-4 is between 8 and 12 km (Luo et al., 2018),
demonstrating that fracture penetration to the Cenozoic
igneous rocks may reach as far as the slope of the north

Fig. 11. The map of igneous rocks from this study and apparent depths of secondary faults (Luo et al., 2018).
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Fig. 12. The map of igneous rocks from this study and Cenozoic
thickness (Feng et al., 2018).

Fig. 13. The map of igneous rocks from this study and magnetic
basement depth (Ma et al., 2018).

Fig. 14. The map of igneous rocks from this study and the
relationship between Cenozoic thickness and magnetic basement (Ma et al., 2018).

rim. Strongly magnetic and low density igneous rocks are
mainly distributed near fault F1-6, which is speculated to
be related to the age formation of the fault. However,
igneous rocks are mainly distributed near secondary faults
that are developed in the Zhongxisha block, Xunta block
and Yongshu-Taiping block. In this region, strong
magnetism/high density and strong magnetism/low density
igneous rocks alternate with each other, formed in a
relatively scattered fashion.
According to this study, the areas of undeveloped
igneous rocks are the Yinggehai basin, Qiongdongnan
basin, Zengmu basin and Brunei Sabah basin. These four
basins have a relatively high thickness of Cenozoic
material (Fig. 12). The maximum thickness of the
Yinggehai basin and the Zengmu basin is over 16 km,
while that of the Qiongdongnan basin is up to 12 km and
the Brunei Sabah basin is up to 10 km. Moreover, the
depth of the magnetic basement is relatively great (Fig.
13), with a range of 6–15 km. The Cenozoic thickness and
magnetic basement depth (CDMBC) in the Yinggehai
basin, Qiongdongnan basin and Zengmu basin are highly
positively correlated (Fig. 14), which is consistent with the
trend of the basins. The Cenozoic thickness and magnetic
basement depth (CDMBC) in the Brunei Sabah basin are
positively correlated. Due to the lack of magmatic activity
in the basin, the mass subsidence of the magnetic
basement is consistent with the subsidence direction of the
sedimentary center, which shows that the Cenozoic
thickness is positively correlated with the magnetic
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basement depth (CDMBC). However, in other areas of
igneous rock development, the overall correlation between
Cenozoic thickness and magnetic basement depth
(CDMBC) is relatively low, as magmatic rocks developed
in those basins at different stages and locations.
6 Conclusions
In this paper, based on physical property data in the
SCS, the extent of the igneous rocks is identified from
fusion of magnetic data and Bouguer gravity data, and is
discussed in relation to the extent and apparent depth of
faults, thickness of the Cenozoic, the depth of the
magnetic basement, as well as the relationship of
Cenozoic thickness and magnetic basement depth.
Except for the Yinggehai basin, Qiongdongnan basin,
Zengmu basin and Brunei-Sabah basin, igneous rocks in
the South China Sea commonly developed strong
magnetism and high density, as well as strong magnetism
and low density. The igneous rocks of the Qiongtai block
are banded with a NE trend. The igneous rocks of the
Zhongxisha block, the Xunta block and the YongshuTaiping block are dominated by lumps and have a
scattered distribution.
The trend of the igneous rocks is closely related to that
of the faults, the strike of the igneous rocks being closely
related to the level and strike of the faults. The igneous
rock distribution pattern of the Qiongtai block is mainly
controlled by first-order faults and is mostly developed
with the characteristics of strong magnetism and high
density, while in the Zhongxisha block, Xunta block and
Yongshu-Taiping block, the occurrence of strongly
magnetic and highly dense igneous rocks is mainly
controlled by secondary faults.
In the areas of undeveloped igneous rocks, the Cenozoic
thickness is greater, the magnetic basement depth is also
larger, the Cenozoic thickness being highly positively
correlated with the magnetic basement depth, while in the
areas of developed igneous material, the correlation degree
is lower.
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