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Abstract
We present a series of images from the aeromagnetic data observed in South China areas, and reveal the detailed structures 
of the South China Block. By using lateral variation of the aeromagnetic anomalies, we characterize individual geological 
blocks and suggest the deep boundaries of the blocks. The Yangtze Block and Jiangnan orogenic belt are characterized by 
low aeromagnetic anomalies, whereas high values of the aeromagnetic anomaly are observed in the Cathaysia Block. The 
boundary between the Yangtze and Cathaysia blocks, which remains unclear to date, can be plotted along the large magnetic 
gradients. The high magnetic anomalies significantly relate to volcanic distributions in South China areas. These aeromag-
netic observations seem to be useful to investigate the intracontinental tectonic evolution in this region.
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Introduction

The South China Block (SCB), a major continental block of 
East Asia, situates to the south of the Qinling–Dabie orogen 
and east of the Qinghai–Tibet plateau. It consists mainly 
of the Yangtze Block in the northwest and the Cathaysia 
Block in the southeast (Charvet et al. 1996; Wang et al. 
2010a; Zhang et al. 2013; Charvet 2013; Li et al. 2014; 
Faure et al. 2016), and the Jiangshan–Shaoxing Fault repre-
sents the eastern part of a Neoproterozoic ophiolitic suture 
between the two blocks (Wang et al. 2003; Shu 2012; Chu 
et al. 2012a). The major part of the continent was formerly 
the Paleo-South China plate, which formed during the Neo-
proterozoic (Charvet et al. 1996, 2010; Chu et al. 2012a, 
b, c; Charvet 2013; Faure et al. 2016). Characteristics of 
the Neoproterozoic geology indicate that the SCB has expe-
rienced long-term, multi-phased tectonic changes, includ-
ing intracontinental tectonism (Zhang et al. 2013). In the 
present day, the SCB basically consists of the metamorphic 
and crystalline basement and the three Phanerozoic strata, 
including metamorphic marine sedimentary strata, marine 

sedimentary strata and continental sedimentary strata from 
bottom to top (Chen et al. 1991, 1998; Charvet et al. 1996; 
Xiong et al. 2002; Shu 2012; Zhang et al. 2013).

The crystalline basement of the SCB formed during the 
period from the Archaeozoic to Paleoproterozoic (Shu 2012; 
Chu et al. 2012a, b, c). Since the Meso- to Neoproterozoic 
eras, the SCB has been involved in tectonism related to the 
assembly and breakup of the global supercontinent Rodinia 
and the subsequent transition of the separation and collision 
between the north and south continental blocks (Guo et al. 
1963; Wang and Li 2003; Wang et al. 2010a; Shu 2012; 
Zhang et al. 2013; Hu et al. 2015).

Since the Meso-Cenozoic, the SCB has been located at 
the collision zone of three plates and has been a key com-
ponent in the tectonic evolution toward the modern plate 
configuration; that is, the westerly subduction of the west 
Pacific plate, the formation of the Tibetan plateau and the 
effect of the uncoordinated movement between the Indian 
and Australian plates. The SCB has consequently evolved 
into an isolated continent, for which its movements are 
limited by those of its adjacent plates (Shu 2012; He et al. 
2013; Deng et al. 2014; Zhao et al. 2013; Zhang et al. 2013). 
Since the 1970s, the tectonic structure of the SCB has been 
explained in the perspective of plate tectonics and a hypoth-
esis is proposed that the SCB has experienced these evolu-
tions of trench, island arc and basin structures stages (Guo 
et al. 1996; Shu 2012; Chu et al. 2012a, b, c; Charvet 2013).
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The Jiangnan orogen, hundreds of kilometers in width, 
is situated in the western part of the junction zone between 
the Yangtze and Cathaysia blocks. The Jiangnan orogen 
formed by the amalgamation of the Yangtze and Cathaysia 
blocks over a protracted period of time (Charvet 2013). 
The Jiangnan orogen has the largest exposed area of a Pro-
terozoic tectonic–magmatic belt in China and is an ideal 
place for studying the tectonic evolution of the Yangtze 
and Cathaysia blocks (Qiu et al. 1998; Shu 2012). The 
Qinling–Dabie orogenic belt is located on the northern 
side of the mountain belt, and the Sichuan Basin is situated 
on the western side (Ding et al. 2007; Tang et al. 2011; 
Li et al. 2011).

It has long been considered that the SCB formed by the 
collision and juxtaposition of the Yangtze and Cathaysia 
blocks (Guo et al. 1996; Yuan and Hua, 2011; Shu 2012; 
Zhang et al. 2013; Hu et al. 2015). Although it has been 
reworked by intracontinental tectonic processes in the Mes-
ozoic (Wang et al. 2003; Li et al. 2007; He et al. 2013), 
the orogenic belt should record fundamental geodynamic 
information of the SCB. During the Rodinia supercontinent 
assembly and via the early and middle Neoproterozoic amal-
gamation, if the separated terranes of the Mesoproterozoic 
SCB formed the middle Neoproterozoic ancient South China 
plate (Zhang et al. 2013), where is the collision boundary of 
the Yangtze and Cathaysia blocks and what are the physical 
scopes of the two blocks in the middle Neoproterozoic? In 
the early Paleozoic, did the granitic magmatism in South 
China plate result from the interaction between the Yangtze 
and Cathaysia blocks (He et al. 2013; Zhang et al. 2013) or 
originated from subduction and collision (Chen et al. 1995; 
Li and Li 2007; Yuan and Hua 2011)? Is there some geo-
physical evidence for solving this question?

The aeromagnetic data are very convenient, useful and 
effective where bedrocks are covered by soil, sand and water 
or forest. Magnetic anomaly data reveal the variations in spa-
tial distributions and types of magnetic minerals in the crust 
of the earth, ignoring the effects of nonmagnetic cover and 
rocks. Magnetic anomaly data can also visualize the geo-
logical structural characteristics such as faults and folds. In 
this paper, we reveal the detailed boundary structures of the 
Yangtze and Cathaysia blocks and their structural character-
istics in middle Neoproterozoic, and provide the geophysical 
evidences of interaction between the Yangtze and Cathaysia 
blocks during the Paleozoic based on processing and inter-
pretation of aeromagnetic data in SCB. The study provides 
important new geological information of the SCB (Fig. 1).

The outline of this paper is the following. Firstly, we 
briefly introduce the geological settings of SCB, and we 
present the rocks and magnetic field in South China. We 
then provide the collection information of aeromagnetic 
data in South China and describe five processing methods 
of data. Following that, we interpret the lateral variation of 

the aeromagnetic anomalies in South China and discuss its 
tectonic implications. Finally, we give some conclusions.

Geological settings

The SCB (Fig.  1) has an Archaeozoic–Paleoproterozoic 
crystalline basement, widely distributed early continental 
crust residual materials and Archean materials according 
to the previous studies (Liu et al. 2006; Shu 2006, 2012; 
Wang et al. 2007; Zhang et al. 2013), such as the Archaeo-
zoic (~ 3.3–2.9 Ga) Kongling complex in the Yangtze Block 
(Zhang et al. 2006, 2013), the Paleoproterozoic (~ 2.5–1.9 Ga) 
Badu group (Yu et al. 2010; Peng et al. 2012) and the Meso-
proterozoic (~ 1.68 Ga) Dahongshan group (Li et al. 2007; 
Zhang et  al. 2013). The tectonic evolution of the SCB 
involved the collision and the subsequent rifting of the global 
supercontinent Rodinia (Li et al. 2007; Zhang et al. 2013).

The Yangtze and Cathaysia blocks have distinct Precam-
brian basement as a result of different evolutionary histories 
during the Archean to Neoproterozoic period (Charvet 2013; 
Li et al. 2014; Shu et al. 2015). The basement of the Yangtze 
Block is composed of high-grade metamorphosed tonalite, 
trondhjemite, granodiorite gneisses and amphibolites (Zheng 
and Zhang 2007; Li et al. 2014). These rocks have experi-
enced intense deformation and amphibolite facies metamor-
phism, which resulted from the assembly of the superconti-
nent Columbia during the Paleoproterozoic period (Zheng and 
Zhang 2007; Li et al. 2014). In the Yangtze Block, there are 
some differences in the lithospheric characteristics between 
the eastern and central parts of the block. The eastern part is 
dominated by the lower Paleozoic strata composed mainly 
of carbonate rocks and siliciclastic materials. The Cambrian 
strata are mainly composed of slate and limestone, Ordovician 
strata are mainly limestone with some siltstone and sandstone, 
and Lower Silurian strata are dominantly sandstone and shale 
(Wang et al. 2010a). For the western part, the Cambrian strata 
are mainly composed of carbonate, the Ordovician strata are 
composed of limestone, shale and muddy sandstone, and the 
Lower and Middle Silurian strata are composed of thick shale 
and sandstone (Wang et al. 2010a).

Compared with the Yangtze Block, the basement of the 
Cathaysia Block is composed of Paleoproterozoic to Neo-
proterozoic schist, gneiss, amphibolite, migmatite and meta-
volcanic rocks (Wang et al. 2010a; Li et al. 2014). Most of the 
basement rocks are unconformably overlain by Neoprotero-
zoic to Ordovician rocks (Wang et al. 2010a; Li et al. 2014). 
The Cambrian strata in the Cathaysia Block are composed of 
sandstone, siltstone, mudstone and limestone, which are dif-
ferent from the lithological characteristics of rocks on the west 
side of the Chenzhou–Linwu fault (Wang et al. 2010a). The 
Lower to Middle Ordovician strata are composed of phyllite, 
slate, sandstone, mudstone and limestone (Wang et al. 2010a).
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Fig. 1  Geological map showing the study areas (red polygon) of South China (after Shu 2012; Charvet 2013; Ren 2015)
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Rocks and magnetic field in south china

The magnetic fields are intrinsic characteristics of rocks, 
ore bodies and geological structures. The magnetic suscep-
tibilities of rocks are closely related to their chemical com-
positions and structures. The magnetic properties of rocks 
are generally related to the contents of ferromagnetic mate-
rials and the magnetic susceptibilities of rocks of a same 
kind of lithology are enhanced with the increasing mafic 
mineral contents. In general, rocks formed from crustal 
sources have weak magnetic susceptibilities, those formed 
from mixed crustal and mantle sources have intermediate 
magnetic susceptibilities and those formed from the mantle 
materials have strong magnetic susceptibilities. Magnetic 
susceptibility anomalies are comprehensive results of the 
magnetic materials, both in the shallow and deep parts of 
the lithosphere.

Several general observations can be made from the 
magnetic susceptibility statistics of the rocks in the SCB 
(Table 1). Basic to neutral volcanic rocks, though vari-
able, generally have high magnetic susceptibilities. Basalt 
and andesite basalt have high magnetic susceptibilities, 
whereas the magnetic susceptibilities of andesitic breccia 
and andesite have intermediate values, and the magnetic 
susceptibilities of trachyte and tuff are small (Table 1). The 
magnetic susceptibilities of intrusive rocks increase from 

the magnetic susceptibilities of acid rocks to those of basic 
ones. The magnetic susceptibilities of gabbro, quartz mon-
zonite, granodiorite porphyry, granodiorite, quartz diorite, 
adamellite, tonalite, granite and hornblende andesite are 
high. In contrast, the magnetic susceptibilities of quartz 
diorite porphyry, pyroxene diorite porphyrite, diorite por-
phyrite, andesitic porphyrite and pyroxene andesite are 
low, and their resulting magnetic anomalies are difficult 
to recognize where they are the spatially superimposed by 
andesites and granites (Table 1).

Rocks that are characteristically magnetite bearing, 
such as magnetite mineralized marble and magnetite min-
eralized skarn, have high magnetic susceptibilities. The 
magnetic susceptibilities of sedimentary rocks are gen-
erally very lowl or zero, which are good candidates for 
studying deep magmatic activity of the lithosphere using 
magnetic data (Table 1).

Aeromagnetic data in South China

Data collection and processing

The aeromagnetic data used in this study are presented at 
a scale of 1:1,000,000 [grid cell size of 0.05° (~ 5 km)] 
(Fig. 2a) and were generated by the China Geological Sur-
vey in 2009. The longitude range of the data is from 102°E 

Table 1  Magnetic susceptibility 
statistics of the rocks in South 
China (Geological Survey of 
Jiangsu Province, China 2015)

Serial number Rock names Samples 
number

Magnetic susceptibility/K × 10−5 SI

Value scope Average value

1 Basalt 3 2500–153,230 8040
2 Andesitic basalt 4 140–1130 750
3 Andesitic breccia 45 30–2850 630
4 Andesite 46 0–1860 500
5 Trachyte 80 0–1040 160
6 Tuff 90 0–1760 210
7 Gabbro 369 150–63,430 12,560
8 Quartz diorite 100 0–3640 1510
9 Quartz diorite porphyry 376 40–11,620 1630
10 Quartz monzonite 476 280–11,930 2640
11 Granodiorite 817 20–8040 1510
12 Granite 311 450–2890 1380
13 Porphyritic quartz monzonite 335 20–14,190 1510
14 Quartz diorite porphyry 45 20–9875 700
15 Pyroxene diorite porphyrite 399 0–137,820 440
16 Diorite porphyrite 604 0–37,550 400
17 Pyroxene andesitic porphyrite 51 0–4870 150
18 Andesitic porphyrite 119 15–4750 580
19 Hornblende andesite 245 0–12,690 1290
20 Magnetite mineralized marble 11 13,440–89,550 31,150
21 Magnetite mineralized skarn 448 30–286,370 9420
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to 121°E and the altitude range is from 16.1°N to 37°N. 
A series of processing procedures were adopted to sup-
press noises, extract and strengthen useful information and 
enhance the geological interpretation ability of the magnetic 
anomalies (Zhu and Lu 2016). In this study, we use reduc-
tion to pole, low-frequency filtering, derivative calculation in 
the vertical direction, boundary enhancement and analytical 
signal amplitude analysis during the processing of aeromag-
netic data (Ranganai et al. 2016; Kadasi 2015; Zhu and Lu 
2016). The principal processing procedures are described 
in detail as follows.

The first step is the reduction to pole mainly for removing 
the skewness of the magnetic anomalies. The basic param-
eters of magnetic field were chosen according to the interna-
tional reference geomagnetic field (Thébault et al. 2010; Zhu 
and Lu 2016). The declination (D) and the inclination (I) of 
the normal magnetic field in the study area were − 2.46353° 
and 40.8977°, respectively.

The second step is low-frequency filtering. Only low-fre-
quency signals from 0 Hz to the cutoff frequency are used by 
blocking or weakening higher-frequency signals. The magnetic 
anomalies caused by the high-frequency magnetic interfer-
ences near the surface can be attenuated or depressed through 
the low-frequency filtering procedure (Zhu and Lu 2016). The 
shapes of magnetic anomalies will gradually become simple 
with this procedure and the anomalies with low-frequency 
bandwidth caused by the large magnetic bodies can be high-
lighted. This procedure is beneficial for understanding the 
magnetic characteristics of deep geological bodies and has 
also helped to deduce the depths and spatial distributions of 

geological bodies (Zhu and Lu 2016). It is useful for deduc-
ing the basement structures and for inferring concealed rock 
bodies. In this study, we conducted the low-frequency filtering 
procedure with three different cutoff wavelengths (4 m, 10 m 
and 30 m) based on the magnetic ΔT anomaly with reduction 
to pole.

The third step is to calculate the derivative of the magnetic 
∆T anomaly to eliminate the background anomalies of the 
normal fields, depress the effects of the regional field, sepa-
rate the superposed anomalies and distinguish the anomalies 
caused by adjacent magnetic bodies (Zhu and Lu 2016). The 
procedure can decrease the background magnetic interferences 
superposed in local magnetic fields and those magnetic inter-
ferences from surrounding rocks with small magnetic suscep-
tibilities (Wang et al. 2010b; Kadasi 2015; Eppelbaum 2015; 
Zhu and Lu 2016). The zero line of the second-order derivative 
in vertical direction based on the magnetic ∆T anomaly with 
reduction to pole can be used to trace magnetic anomalies of 
buried bodies and deduce their locations and scopes. In this 
paper, we calculated the first- and second-order derivatives in 
the vertical direction based on the magnetic ∆T anomaly with 
reduction to pole and low-frequency filtering with different 
cutoff wavelengths (4 m, 10 m and 30 m) of the magnetic ∆T 
anomaly with reduction to pole.

The fourth step is boundary enhancement calculation to 
enhance the fracture structure information, depress the non-
structural information and identify the positions of fractures 
or the boundaries of magnetic bodies. It can overcome the 
influences of both shallow and deep sources of interference 
and provide accurate information on fracture location if com-
bined with the low-frequency filtering procedure during data 
processing (Wang et al. 2009, 2014; Zhu and Lu 2016). In 
this paper, we use the tilt derivative (Miller and Singh 1994) 
for boundary enhancement calculation. The complex analysis 
signal for a 2D structure is (Miller and Singh 1994; Verduzco 
et al. 2004)

where T is the magnitude of the total magnetic intensity 
(TMI), � = tan−1
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The tilt derivative is the absolute value of the horizontal 
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Fig. 2  Observed aeromagnetic anomaly (∆T) distribution of South 
China, where nT is the unit of magnetic data
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where VDR and THDR are the first-order vertical and total 
horizontal derivatives of the TMI, respectively (Miller and 
Singh 1994; Verduzco et al. 2004). For a grid, VDR and 
THDR are (Miller and Singh 1994; Verduzco et al. 2004)

In this paper, we calculated the boundary enhancement 
based on the magnetic ∆T anomaly with reduction to pole 
and low-frequency filtering with different cutoff wavelengths 
(4 m, 10 m and 30 m) of the magnetic ∆T anomaly with 
reduction to pole.

The last step is the signal amplitude calculation and anal-
ysis of the magnetic ∆T anomaly with reduction to pole to 
deduce the boundaries and center of magnetic bodies (Zhu 
and Lu 2016). The position of the peak signal amplitude val-
ues can be regarded as the boundaries of magnetic bodies in 
the situation that the sensor is close to the magnetic bodies; 
otherwise, they will be considered as the center of magnetic 
anomaly bodies when the sensor is far from the magnetic 
bodies (Huang and Guan 1998; Wang et al. 2014; Zhu and 
Lu 2016). In this study, we conducted the processing proce-
dure based on the aeromagnetic ∆T anomaly with reduction 
to pole and low-frequency filtering of the RTP maps filtered 
with different cutoff wavelengths (4 m, 10 m and 30 m).

Lateral variation of the aeromagnetic anomalies

The comprehensive structural interpretation presented here 
is based on magnetic anomaly characteristics of aeromag-
netic data reduced to pole integrated with the regional geo-
logical information from SCB. These characteristics will be 
helpful to reveal the regional tectonic framework of the SCB. 
According to the properties of aeromagnetic anomalies in 
Fig. 2, it is apparent that magnetic anomalies are weak in the 
southwestern and northwestern parts of the study area and 
the anomaly values are around the range of − 670 to 31 nT; 
they are strong in the southeast and the anomaly values are 
almost in the range of 500–1300 nT; and they are the strong-
est and generally vary quickly in the north, where the values 
are probably in the range of 1200–1400 nT. The magnetic 
anomalies are also strong in the east and their peak values 
are intensive and distributed widely.

The values of the magnetic anomalies vary quickly in 
the areas of the Longmenshan orogenic belt, Qinling–Dabie 
orogen and Tan-Lu fault, where they are easily recognized 
as mainly positive anomalies in the shapes of irregular strips 
or beads. The negative anomalies are mainly distributed as 

(2)TDR = tan−1
[
VDR

THDR

]
,

(3)

VDR =
�T

�z
, and THDR =

√
(
�T

�x

)2

+

(
�T

�y

)2

, respectively.

massive or narrow strips, which are scattered along those to 
the east of the Jiangnan orogen (Fig. 2). Either the positive 
magnetic anomalies or the negative ones vary greatly to the 
northwest, where their gradients change quickly and their 
magnitudes are high. In the Longmenshan belt, the positive 
and negative magnetic anomalies are alternately distributed 
along an anomaly gradient belt, with the positive anomalies 
being strong and widely distributed as massive and irreg-
ular strips. There are big negative magnetic anomalies in 
the northwestern part of the Longmenshan belt and there 
are small negative anomalies in the Sichuan Basin. From 
the Wuling Mountain to the east, the values of magnetic 
anomalies are small and their shapes are distributed broadly. 
The positive magnetic anomalies in the Jiangnan orogen are 
intensive and their peak values are small. There is a broad 
belt of positive magnetic anomalies from SW to NE in the 
eastern part of the Jiangnan orogen and the belt extends to 
the southwest until it meets the Tan-Lu fault. There are many 
local big and positive magnetic anomalies distributed in the 
ENE direction and in the shapes of narrow strips among the 
belt. In general, there are mainly positive magnetic anoma-
lies, which are scattered in the areas of broadly distributed 
negative anomalies.

Based on the distributions of magnetic anomalies (Fig. 3), 
it is obvious that the characteristics of those in the Jiangnan 
orogen are different in both peak intensities and shapes from 
those in the Sichuan Basin and the Wuling Mountain.

The values of positive magnetic anomalies in the Jiang-
nan orogen are small and those anomalies are continuously 
distributed along a northeasterly trend. The positive anom-
alies in the Jiangnan orogen are distributed as strips and 
small masses to the SW–NE, and their peak values are big 
and concentrated, which indicates that magmatic rocks are 
distributed widely therein. The other parts in the Jiangnan 
orogeny are mainly characterized by negative magnetic 
anomalies, revealing that a unified and widely distributed 
strong magnetic basement does not exist in its deep region. It 
can be deduced from the magnetic anomalies characteristics 
that there are some near parallel SW–NE-trending faults in 
the SE of the SCB (Fig. 3).

The magnetic anomalies changed gradually from small 
values to big positive ones along the Qinling–Dabie orogenic 
belt from west to east. There are several obvious magnetic 
gradient belts from the northeast of the Longmenshan belt 
to the Qinling–Dabie orogenic belt. The positive anomalies 
in the area of the Dabie Mountain Range vary in the orienta-
tion from NW to NE. The orientations of these anomalies are 
similar to those of the present day Dabie Mountain Range.

The distribution of the magnetic anomaly values become 
gradually monotonous in RTP maps filtered with increasing 
cutoff wavelengths, indicating the regional distribution of 
deeply buried rock units in the SCB (Fig. 3). The negative 
anomaly values in the Sichuan Basin is distributed more 
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and more broadly in RTP maps filtered with increasing 
cutoff wavelengths, revealing that the Sichuan Basin is an 
independent craton (Fig. 3). It can be seen in Fig. 3d that 
the magnetic anomaly characteristics are clearly different 
between the eastern and western sides of the Jiangnan oro-
gen. A belt of broad positive anomalies is present on its 
eastern side, within which there are widely distributed nega-
tive anomalies (Fig. 3). Therefore, the differences in anom-
aly characteristics between the two different sides of the 
Jiangnan orogen indicate that there are two separate blocks 

in South China. The Cathaysia Block, on the east of the 
Jiangnan orogen, contains numerous faults, which provide 
magmatic transport pathways for frequent magmatic activi-
ties, and these broad magnetic anomalies are present that 
result from the widely distributed magmatic rocks (Fig. 4). 
However, the Yangtze Block, on the west of the Jiangnan 
orogen, stably contains few faults with associated magmatic 
activities, and there are accordingly few outcrops of igneous 
rocks therein. The positive anomalies reveal the regional 
orogenic belts and the Jiangnan orogen, whereas the negative 

Fig. 3  Aeromagnetic anomaly with reduction to pole (a), and low-frequency filtered RTP maps with different wavelengths b 4 m, c 10 m and d 
30 m. Note that LP4 indicates the filtered RTP map with a wavelength of 4 m
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anomalies are generally concentrated in the Sichuan Basin 
and the Minshan area on the north of the Longmenshan belt 
(Fig. 4).

The anomalies in the eastern side of the Jiangnan orogen 
generally reveal the same basement as that of the Cathay-
sia Block, thereby indicating the approximate extent of the 
Cathaysia Block (Fig. 5). There are three distinct belts of 
anomalies distributed in the vertical direction in the SCB 
and they change to two belts in the RTP maps filtered with 

increasing cutoff wavelengths (Fig. 5). The band of anoma-
lies beneath the Jiangnan orogen disappears in the RTP map 
filtered with a large cutoff wavelength (Fig. 5d), which indi-
cates that the SCB is composed of two main blocks.

Although the basement of the SCB is thought to be com-
posed of two blocks, Fig. 5 reveals that there are some obvi-
ous differences between the magnetic anomalies of these 
blocks in the horizontal direction. The Yangtze Block is 
composed of a positive anomaly zone in the south and a 

Fig. 4  The second-order derivative in vertical direction of the RTP 
map (a), and the low-frequency filtered RTP maps (b–d), as shown 
in Fig. 3. Note that different scales are for maps. For details, see text. 

Also shown in the figure are sutures (black lines), main fault systems 
(black dashed lines) and volcanoes (red dashed lines)
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negative anomaly zone in the north (Fig. 5). The Cathaysia 
Block is composed of three different anomaly zones (Fig. 5), 
that is, two negative anomaly zones that are separated by one 
positive anomaly zone from the south to north. The negative 
anomaly zone on the north side represents the main part of 
the Jiangnan orogen (Fig. 5).

The peak values of analytic signal amplitudes are distrib-
uted mainly along the structural belts, especially along the 
Qinling–Dabie orogenic belt and the Longmenshan orogenic 

belt (Fig. 6). In the east of the Jiangnan orogen, the peak 
values are concentrated and distributed along a broad belt in 
the SW–NE direction. These peak values decrease gradually 
in the RTP maps filtered with increasing cutoff wavelengths 
and disappear altogether at the RTP map filtered with a 30 m 
cutoff wavelength (Fig. 6d). This indicates that the Cathay-
sia Block has a uniform basement and most of the faults in 
the block do not extend into the deep basement. In the west 
of the Jiangnan orogen, the analytic signal amplitudes have 

Fig. 5  Boundary enhancement in horizontal direction of the RTP 
map (a), and the low-frequency filtered RTP maps (b–d), as shown 
in Fig. 3. Note that different scales are for maps. For details, see text. 

Also shown in the figure are sutures (black lines), main fault systems 
(black dashed lines) and volcanoes (red dashed lines)
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more massive forms and are broad with less variation of 
amplitude gradients. This indicates that the Yangtze Block 
is composed of a relatively uniform basement, especially for 
the Sichuan Basin.

Most of volcanic suites are the residual bodies of ancient 
volcanoes that were destroyed during subsequent geological 
processes. Their constituents include intrusive rocks, sub-
volcanic rocks, volcanic rocks in volcanic vents, erupted 

volcaniclastic rocks and others (Zhu and Lu 2016). In the 
magnetic anomaly maps, most of the volcanic rocks appear 
as rings of alternating positive and negative values, as 
approximate circular shapes or as chain-like shapes distrib-
uted along faults (Zhou and Wu 1983; Zhu and Lu 2016). 
Five different kinds of volcanic suites have been summarized 
(Zhou and Wu 1983; Zhu and Lu 2016): those that gen-
erated magnetic anomalies with almost equal areas and in 

Fig. 6  Analytic signal amplitude analysis of the RTP map (a), and 
the low-frequency filtered RTP maps (b–d), as shown in Fig. 3. Note 
that different scales are for maps. For details, see text. Also shown in 

the figure are sutures (black lines), main fault systems (black dashed 
lines) and volcanoes (red dashed lines)



1503International Journal of Earth Sciences (2019) 108:1493–1507 

1 3

single-axial shapes (or similar to single-axial shapes), which 
were caused by ultrabasic, basic or intermediate rocks in vol-
canic vents; those showing strong multi-peak or multi-axial 
radial anomalies, which were formed by the volcanic vents 
with dominative intermediate-acid erupted volcanic ashes; 
those consisting of anomalies with sharp gradient changes 
and disorderly ring banded anomalies with alternating posi-
tive and negative values, formed by volcano depressions or 
volcano domes; those formed from the fissures’ eruptions 
controlled by the basement faults, which showed beaded 
arrangement and strong magnetic anomalies belts; and those 
that have a single strong negative anomaly caused by rocks 
with reverse magnetization in smooth negative magnetic 
fields. These classifications of volcanic suites provide an 
effective means for recognizing them in the aeromagnetic 
data (Zhu and Lu 2016).

In the second-order derivative calculation presentation 
(Fig. 4), the volcanic suites typically form ring anomalies 
with alternative positive and negative anomaly values, with 
peak values situated in the middle of the rings and anomaly 
values are distributed in the shapes of ring. Most of the vol-
canic suites are beaded in form and distributed along the 
N–S trending deep, regional faults, particularly in the south 
of the Qinling–Dabie orogenic belt. Some volcanic suites 
near the Jiangnan orogeny are also distributed at the areas of 
intersecting faults with NE–SW orientations (Fig. 6).

Discussion

In the Mesoproterozoic, the dominant tectonic framework of 
SCB are composed of some separated terranes, the Yangtze 
block and the Cathaysia block are separated terranes and 
both of them are composed of some micro-plates (or micro-
continents) (Zhang et al. 2013). In the early and middle Neo-
proterozoic, during the assembling process of Rodinia super-
continent, the Yangtze and Cathaysia blocks are formed with 
the assembling of different micro-plates, and then the unified 
SCB was formed during the collision process (or amalgama-
tion) between the separated Yangtze and Cathaysia blocks 
along the south Anhui province–east Xuefeng-Miaoling 
areas in the middle Neoproterozoic (Wang et al. 2003; Shu 
et al. 2011; Shu 2012; Zhang et al. 2013). The probable col-
lision boundary between the Yangtze and Cathaysia blocks 
in the Neoproterozoic are shown in solid lines in Fig. 7a–c, 
which are nearly in the NS direction.

We may extend the possible southwestern bounda-
ries of the Jiangnan orogen (show in red dashed lines in 
Fig. 5c, d), which are not clear in previous studies of the 
South China Block (Shu et al. 2011; Shu 2012; Zhang et al. 
2013), according to the boundary enhancement in horizon-
tal direction of the RTP maps (Fig. 5b–d). These extension 

boundaries are more and more clear in the RTP maps filtered 
with increasing cutoff wavelengths.

In the RTP maps filtered with different cutoff wavelengths 
(Fig. 7a–c), the ranges of positive magnetic anomalies in 
the Jiangnan orogeny gradually decrease with the increasing 
cutoff wavelengths (Fig. 7b, c) and the positive magnetic 
anomalies disappear in the RTP maps filtered with a cutoff 
wavelength of 30 m (Fig. 7a), thereby indicating the strong 
magnetic basement in the Jiangnan orogeny is buried in shal-
low in the crust. The magnetic anomalies characteristics are 
completely inconsistent between the shallow (Fig. 7b, c) and 
deep (Fig. 7a) regions in the Jiangnan orogeny, revealing that 
there are some inconsistencies between the shallow cover 
and the deep basement therein. Therefore, there should exist 
an extension-detachment structure in the Jiangnan orogeny.

It can be seen in Fig. 7a that the micro-plates, which 
composed the Yangtze block, have nearly homogeneous 
negative magnetism in the western side and the magnetism 
increases gradually from west to east. The Cathaysia block 
is composed by two dominant plates and both of them have 
positive magnetism. For the two dominant plates, the one 
at the northeastern side is relatively bigger than that in the 
southwestern side, and they assembled along the northeast-
ern boundary shown by dashed lines in Fig. 7a–c.

During the breakup process of the Rodinia supercontinent 
(800–720 Ma), the terranes of the unified South China plate 
began to separate into two main terranes (or rifting activ-
ity) along the northeast direction forming the Nanhua and 
Sichuan–Yunnan rift basins (Wang et al. 2003; Zhang et al. 
2013). Zhang et al. (2013) regard that the dividing boundary 
between the Meso- and Neoproterozoic Yangtze and Cathay-
sia blocks is along the original position of the Fuchuan–Jiul-
ing–Yiyang–Sibao line. We can find the rifting boundary, 
which separated the unified SCB into two continental blocks 
in the lithosphere, shown by dashed lines in Fig. 7d–f and 
the two lines are distributed mainly along the NS and NW 
direction. The arrows in Fig. 7d–f show the probable move-
ment directions of terranes. In the Cathaysia Block, there is 
a rift between the two micro-plates along the WE direction.

The distributions of magnetic anomaly in Fig. 7d–f show 
the extended areas of magmatic activity in east South China 
plate, which causes planar distribution of granites. There are 
two broad strong magnetism belts separated by a low mag-
netism belt along the northeast direction in the east SCB. 
There are some sedimentary strata in the rift basins, which 
show low magnetism in Fig. 7d. In the meanwhile, from 
Fig. 7d–f, it can be found that there are some new small 
plates being generated in the separating surroundings and 
there are some rift basins formed inside both the Yangtze 
and Cathaysia blocks (Zhang et al. 2013).
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Because the magnetic anomalies in Fig. 7d–f are nearly 
distributed broadly and homogeneously in the east SCB, 
these granites lacked the mantle component material, that 
is, they were not generated from the subduction and collision 
between different plates, but from the interaction between 
the Yangtze and Cathaysia blocks. Therefore, an intraconti-
nental tectonic evolution was followed in the Phanerozoic in 
the South China plate (Zhou and Li 2000; Wan et al. 2007; 
Shu 2012; Zhang et al. 2013).

The distribution of near surface structures shown in 
Figs. 4, 5 and 6 are summarized from the interpreted faults 
and volcanic suites mentioned above. Eleven small volcanic 
suites (C1 to C11) have been identified and most of them 
are distributed around the peak values of analytic signal 
amplitudes (Fig. 6). We have also interpreted 17 regional 
deep faults (F1 to F17); the strikes and some aeromagnetic 
anomaly properties of these faults are shown in Table 2.

In this paper, we deduce the structural features of the SCB 
based on the magnetic characteristics of aeromagnetic data 

at a certain depth, and the magnetic characteristics are the 
comprehensive magnetism results of different depths in the 
lithosphere, which are superimposed on a plane. Therefore, 
in this paper, the structural features based on the aeromag-
netic data maybe not exactly consistent with the structure 
information deduced from surface geology.

Conclusion

In this paper, we reach several conclusions based on the 
processing and interpretation of the aeromagnetic data inte-
grated with the regional geological and structural informa-
tion of the South China Block. We describe the magnetic 
anomaly characteristics of the South China Block, as well 
as the Qinling–Dabie orogeny and Longmenshan belt. We 
have extended the possible southwestern boundaries of the 
Jiangnan orogen which are not clear in previous studies of 
South China. We have ascertained some faults and volcanic 
suites, which reveal the regional tectonic framework of 
the South China Block. We reveal the magnetic anomaly 
boundary between the Yangtze and Cathaysia blocks in the 
Neoproterozoic in the South China Block. We provide the 
aeromagnetic evidences for an intracontinental interaction 
between the Yangtze and Cathaysia blocks, not a subduc-
tion and collision between different plates, which followed 
in the Phanerozoic in the South China Block. This study 
provides some basic information on the geology, structural 
characteristics and geodynamics in the South China Block.

Fig. 7  Local RTP maps and local the first-order derivative in vertical 
direction of the RTP maps. Low-frequency filtered RTP maps with 
different wavelengths a 30 m, b 10 m and c 4 m; the first-order deriv-
ative in vertical direction of the low-frequency filtered RTP maps 
with different wavelengths d 30 m, e 10 m and f 4 m. The red poly-
gon at the top right corner of a shows the local scope of image. Note 
that different scales are for maps. For details, see text. Also shown in 
the figure are sutures (black lines), main fault systems (black dashed 
lines), collision boundary between YZB and CAB (red lines), micro-
plates boundary of CAB (red dashed lines) and movement directions 
of micro-plates (red arrows)

◂

Table 2  Attributes of regional 
deep faults deduced from the 
aeromagnetic data in South 
China

Serial number Fault name Trend of fault Characteristics of aeromagnetic field

1 F1 NE-SN Gradient variation belt, discontinuity and dislocation belt
2 F2 SN Gradient variation belt, discontinuity and dislocation belt
3 F3 NW-NE Bead-like anomalies belt, discontinuity and dislocation belt
4 F4 NW-NE Bead-like anomalies belt, discontinuity and dislocation belt
5 F5 SN-NE Gradient variation belt, discontinuity and dislocation belt
6 F6 EW-NW Bead-like anomalies belt, discontinuity and dislocation belt
7 F7 NE Bead-like anomalies belt, discontinuity and dislocation belt
8 F8 NE Gradient variation belt, discontinuity and dislocation belt
9 F9 NE Gradient variation belt, discontinuity and dislocation belt
10 F10 NW Gradient variation belt
11 F11 NE Bead-like anomalies belt, discontinuity and dislocation belt
12 F12 NW Bead-like anomalies belt, discontinuity and dislocation belt
13 F13 NE-EW-NE Bead-like anomalies belt, discontinuity and dislocation belt
14 F14 NW Bead-like anomalies belt, discontinuity and dislocation belt
15 F15 NW-EW-NE Bead-like anomalies belt, discontinuity and dislocation belt
16 F16 NE Gradient variation belt, discontinuity and dislocation belt
17 F17 EW-NE Bead-like anomalies belt, discontinuity and dislocation belt
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