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Abstract  A 400 km-long wide-angle seismic experiment along Lianxian-Gangkou profile in South China was carried out to 
study contact relationship between southeast continental margin of Yangtze block and northwest continental margin of Cathaysia 
block. We reconstructed crustal wide-angle reflection structure by the depth-domain pre-stack migration and the crustal velocity 
model constructed from the traveltime fitting. The wide-angle reflection section shows different reflection (from crystalline 
basement and Moho) pattern beneath the Yangtze and Cathaysia blocks, and suggests the Wuchuan-Sihui fault is the boundary 
between them. A cluster of well-developed reflections on Moho and in its underlying topmost mantle probably comes from al-
ternative thin layers, which may be seismic signature of strong interaction between crust and mantle in the tectonic environment of 
lithosphere extension. 
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1 Introduction  

The South China tectonic regime is consisted of 
three main elements: the southeast continental margin of 
Yangtze block, the northwest continental margin of Ca-
thaysia and the boundary of South China suture zone 
(SCSZ) between Yangtze and Cathaysia blocks (Figure 
1) (Zhang et al, 1984; Guangdong Bureau of Geology 
and Mineral Resources, 1988; Angelier, 1990; Hou and 
Li, 1993).  

The South China continent, located at the conti-
nental margin of western Pacific ocean, endures the sub-
duction of western Pacific plate. Since Grabau (1924) 
first used Cathaysia to describe the geology of south-
eastern China and part of the coastal region of west Pa-
cific, it has been about 80 years dispute on regional tec-
tonics, and much of the disputation has been focused on 
whether or not “Cathaysia” really exists, its distribution 
and tectonic evolution (Huang, 1980; Guo et al, 1983; 
Yang et al, 1986; Yin and Nie, 1993; Zhang et al, 1994). 
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Several authors suggested that such an old continental 
mass is present (Shui, 1988; Jahn et al, 1990; Wang and 
Liu, 1992), but its distribution remains controversial 
(Shui, 1988; Ren et al, 1990). In recent twenty years, 
several tectonic models have been postulated to account 
for the Mesozoic tectonic evolution of the South China 
block (Jahn et al, 1986, 1990; Rodgers, 1989; Rowley et 
al, 1989; Hsü et al, 1990; Charvet et al, 1996; Li et al, 
2000; Zhou and Li, 2000; Wang et al, 2003). These 
models include Andean-type active continental margin 
(Guo et al, 1983), Alps-type collision belt (Hsü et al, 
1988, 1990), and lithospheric subduction (Holloway, 
1982; Faure, 1996; Zhou and Li, 2000) with underplat-
ing of mafic magma. These models suggest that the tec-
tonic regime is dominantly compressive as the result of 
either westward subduction of a Mesozoic Pacific plate, 
or closure of an oceanic basin in the South China block 
interior (Holloway, 1982; Hsü et al, 1990; Faure, 1996; 
Zhou and Li, 2000). Alternative models include wrench 
faulting (Xu et al, 1993) and continental rifting and ex-
tension (Gilder et al, 1996; Li et al, 2000; Wang et al, 
2003). These models suggest that intra-continental litho-
spheric extension and thinning dominant in South China 
since the early Mesozoic (Li et al, 1989; Li et al, 2000; 

Doi: 10.1007/s11589-009-0357-y 



 Earthq Sci (2009)22: 357−363 358 

Faure, 1996; Gilder et al, 1996; Wang et al, 2003; Li and 
Li, 2007). 

In order to study evolution of the lithosphere in 
South China and its adjacent sea, Chinese Academy of 
Sciences (CAS) carried out various research projects 
involving multidisciplinary integrated studies including 
geodynamics, marine geology, geochemistry and geo-
physics experiments between mid-1980s and 1990s 
(Wei et al, 1990; Li, 1992; Yin et al, 1999; Zhang and 
Wang, 2007; Zhang et al, 2000, 2005, 2008, 2009). 
Among these projects, Institute of Geophysics of CAS 
conducted a deep seismic sounding experiment between 
Lianxian and Gangkou island in 1990 (Figure 1). Yin et 
al (1999) and Zhang and Wang (2007) obtained P-wave 
velocity model along this 400 km-long deep seismic 
sounding profile, and inferred the crustal boundary be-
tween the Yangtze and Cathaysia blocks. Here, based on 
the crustal P-wave velocity, we reconstruct crustal 
wide-angle seismic reflection structure from pre-stack 
migration technique, and present the different pattern 
beneath the Yangtze and Cathaysia blocks with the 
boundary of the Wuchuan-Sihui fault between them, and 
find a series of well-developed reflections of Moho, 
which probably come from alternative thin layers, and 
infer the Moho reflections may be seismic signature of 
strong interaction between crust and mantle in the tec-
tonic environment of lithosphere extension. 

2 Tectonic setting 
Within the tectonic unit of South China, the Yang-

tze block and the Cathaysia block were consolidated at 
ca. 970 Ma (Li and McCulloch, 1996). The basement 
rocks of the Yangtze block have an average age of 
2.7–2.8 Ga (Qiu et al, 2000) with the oldest of >3.2 Ga. 
In contrast, basement of the Cathaysia block exhibits 
paleo-to-Meso-proterozoic and possibly late Archean 
ages of about 2.5 Ga (Chen and Jahn, 1998; Wang et al, 
2003). As shown in Figure 1, late Mesozoic magmatic 
rocks consisting predominantly of granite and rhyolite 
with an outcrop area of 95% spread across a 600 km belt 
along the coastline of southeastern China (Wang et al, 
2003). Across the continent, volcanic rocks occur 
mainly in the eastern part of South China suture zone 
(Figure 1), and the western board of this volcanic belt is 
located at about 450 km further away from the eastern 
one. Igneous rocks in South China fall into three main 
age groups, i.e., early Yanshanian (180–160 Ma), mid 
Yanshanian (160–140 Ma) and late Yanshanian (140–97 
Ma) (Wang et al, 2003). In some areas, the late Yansha-
nian group includes rocks as young as ca. 79 Ma (Martin 
et al, 1994). The early Yanshanian volcanism belongs to 
a K-rich calc-alkaline series inter-layered with continen-
tal or shallow water detrital rocks. Conversely, the late 
Yanshanian volcanism, of bimodal character, is associated

 

Figure 1 Location map of the Lianxian-Gangkou wide-angle seismic experiment. The major active faults crossed 
by the seismic profile from northwest to southeast are Wuchuan-Sihui fault (F1), Enping-Xinfeng fault (F2), 
Heyuan-Zengcheng fault (F3), Zijin-Boluo fault (F4) and Lianhuashan fault (F5), same as in Figures 4 and 5.
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with continental red beds along NE-SW trending gra-
bens, indicative of intracontinental rifting. The eruption 
of volcanic rock increases from the continent to the 
northern margin of South China Sea (Jahn et al, 1990; 
Zeng et al, 1997; Zhou and Li, 2000; Wang et al, 2003; 
Braitenberg et al, 2006), which implies some special 
lithosphere activities or happened activities in South 
China. 

3 Deep seismic sounding dataset along 
the Lianxian-Gangkou profile 

The wide-angle deep seismic sounding experiment 
(Figure 1) crosses the southern continental margin of 
Yangtze block, the southeastern continental margin of 
Cathaysia block and the South China suture zone; its 
interpretations of crust and upper mantle structure are 
documented in detail in the previous publications, such 
as Li (1992), Yin et al (1999) and Zhang and Wang 
(2007). In order to clarify this study, we summarize the 
experiment. In this experiment, shots were fired at six 
sites, Lianxian (LX), Dawan (DW), Qingyuan (QY), 
Conghua (CH), Boluo (BL) and Gangkou island (GK), 

and three-component DZSS-1 seismographs were de-
ployed along the profile. The 400-km-long seismic pro-
file with azimuth nearly N30°W runs from Lianxian 
near Hunan province to Gangkou island near Guang-
zhou city. Along the profile, there are a series of NE 
faults (Figure 1), i.e., Wuchuan-Sihui fault (F1), En-
ping-Xinfeng fault (F2), Heyuan-Zengcheng fault (F3), 
Zijin-Boluo fault (F4) and Lianhuashan fault (F5) 
(Huang, 1980; Wang et al, 2003). 

The seismic signals recorded by the seismographs 
were initially sampled at a rate of 2.5 ms, which guaran-
tees the seismic acquisition of 200 Hz maximum fre-
quency even though wide-angel seismic profiling is a 
kind of low frequency seismic survey. The seismic data-
set filtered within 1–12 Hz frequency band was inter-
preted (Yin et al, 1999; Zhang and Wang, 2007). Due to 
the limit of paper length, we just display two shot gathers 
of Gangkou island shot (Figure 2a) and Qingyuan shot 
(Figure 2b) at a reduced time scale using a velocity of 6.0 
km/s, the detail dataset description and phase analyses 
can be seen in Zhang and Wang (2007). 

 

Figure 2 Shot gathers of P-wave vertical component fired at the shot points Gangkou island (a) and Qingyuan (b) after 
filtering with frequency pass-band of 1−12 Hz. The sections along offset x are reduced using a P-wave reduction velocity 
of 6.0 km/s. The thick lines are the computed traveltimes for the crustal model (Yin et al, 1999; Zhang and Wang, 2007).
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4 Prestack migration to reconstruct 
crustal wide-angle reflection section 
4.1 Prestack migration scheme of the wide-angle 
seismic data 

Phinney and Jurdy (1979), Zhang et al (2000) and 
Avendonk (2004) used slant stacks of common-source 
gathers from CMP profiles to back-project reflection 
energy into the subsurface. A complete image is formed 
by stacking results for individual gathers. Milkereit 
(1987) and Zhang et al (2004) divided wide-angle pro-
files into overlapping, narrow-aperture spatial windows, 
then used the semblance of the localized slant stacks of 
those windows to identify coherent arrivals in the 
time-space domain for inputting a diffraction-stack mi-
gration. In this approach, contributions to the migrated 
image are restricted to input samples, which arrive with 
the travel times, and ray parameters predicted for dif-
fraction through a velocity model. This improves spatial 
resolution by suppressing contributions from coherent 
noise. 

Both of the earlier approaches correctly handle dif-
fractions. Structure is brought into focus by summing 
the contributions from many overlapping source-receiver 
pairs. Here, we use the depth-domain pre-stack migra-
tion and the diffraction-stack migration scheme (Milk-
ereit, 1987; Lafond and Levander, 1995) to reconstruct 
the fine structure of crust and upper mantle. The 
pre-stack migration scheme can be summarized as three 

steps: 1 calculate the traveltime from the imaging point 
and the source, and the traveltime from the receiver to 
the imaging point by finite-difference eikonal solver and 
sum them up, 2 migrate the seismic signal at the 
summed traveltime (from shot source to receiver) to the 
imaging point; 3 calculate the seismic resemblance of 
each imaging point to obtain the whole crustal wide-angle 
seismic reflection structure. 
4.2 Crustal velocity model used in prestack migration 

The crustal velocity model used in our pre-stack 
migration of the wide-angle seismic data is shown in 
Figure 3 for the Lianxian-Gangkou wide-angle seismic 
profile (Yin et al, 1999; Zhang and Wang, 2007). In or-
der to understand the crustal structure in South China, 
we summarize the crustal structure along the Lianxian- 
Gangkou profile from our crustal P-wave velocity mod-
els as: 1 the average thickness of the crust is about 34 
km beneath the Yangtze block, thinning gradually from 
northwest to southeast; 2 the average P-wave velocity 
for the crust is about 6.3 km/s; 3 the apparent P-wave 
velocity of the event P3 is slower than that of the event 
P2. The latter suggests that there possibly exists one 
lower velocity layer between the reflectors P2 and P3, 
even though constrains about the existence of lower ve-
locity layer are not powerful due to limit of the field 
experiment. In our final model, there is a relatively nar-
row lower velocity layer with thickness of about 5 km 
and with P-wave velocity of 5.8 km/s. 

 

Figure 3 The velocity model including the upper crust, middle crust, lower crust, Moho discontinuity and upper-
most mantle (Zhang and Wang, 2007). Isolines of seismic velocity, given in km/s, emphasize different structures. The 
lower velocity layer at the bottom of middle crust is constrained by reflective events P2 and P3. The positions of the 
major active faults are shown on the surface where they intersect the profile. I, II and III separately denote the Min-
zhong depression, Lianshan depression and Huiyuan basin, same as in Figure 4. 

In the experiment, we extend the crustal depth range 
(0 km at the surface and 40 km at the Moho) to the depth 
of 50 km. In this depth expansion, we assume the P-wave 

velocity to be homogeneous under the Moho or at the 
uppermost of mantle. In these experiments, we divide the 
geometry and P-wave velocity of the crust/upper mantle 



Earthq Sci (2009)22: 357−363  361

model into 1 km×1 km nodes. Then, we obtain the re-
flection image of the crust and upper mantle from the 
wide-angle seismic profile (Figure 4) 

From Figures 3 and 4, we can see that there are two 
strong amplitude reflections: one with depth range of 
about 20 km (seismic reflection from the bottom of the 
upper crust, one corresponds to the bottom of the lower 
velocity layer), and another one with depth range of 
about 33−35 km (seismic reflection from Moho). Be-
neath the Yangtze block (at the north side of the fault F1, 
top panel of Figures 3 and 4), the upper reflections are 

very strong and laterally continuous, compared with 
relatively weak, and not very laterally continuous reflec-
tions beneath the Cathaysia block (south to the fault F1, 
top panel of Figures 3 and 4). For the reflections under-
lying Moho, we can also find the difference between the 
Yangtze and Cathaysia blocks, where seismic reflections 
are well-developed under the segment 100 km-to-200 
km of the profile, and relatively weak and nearly trans-
parent under the south segment of the profile. The above 
mentioned features may suggest the Wuchuan-Sihui 
fault (F1, Figure 4) is a south-trending crustal scale fault. 

 

Figure 4 The crustal wide-angle reflection structure with the crustal P-wave velocity model from prestack migration on 
the wide-angle dataset along the Lianxian-Gangkou profile. CMR denotes the clustering Moho wide-angle reflections in 
the area bounded by white dashed ellipse. 

5 Discussion and conclusions 
5.1 Crustal boundary between Yangtze and Cathay-
sia blocks 

From our crustal wide-angle seismic reflection im-
ages, we can find different pattern of seismic reflection 
strengths for the Yangtze and Cathaysia blocks (Figure 
4). The crustal contact relationship between the Yangtze 
and Cathaysia blocks suggests the Wuchuan-Sihui fault is 
the boundary between them. This is consistent with the 
crustal P-wave velocity structure (Yin et al, 1999; Zhang 
and Wang, 2007). The fault extends from the surface of 
the W-S fault to the Moho, which is evidenced by a se-
ries of Pn refracted events from Moho (Zhang and Wang, 
2007) and is also supported by geochemical studies 
(Wang et al, 2003). Geochemistry studies show that 
Mafic rocks west of the Chenzhou-Linwu fault (the 
northward extension of Wuchuan-Sihui fault, Figure 1) 
commonly display an enriched mantle 1 (EMI)-like iso-
topic affinity marked by relatively low Sr87/Sr86 ratio, 
light rare Earth element (LREE) enrichment and high 
ratios of large ion lithosphere element (LILE) to high 
field strength element) (HFSE). In contrast, mafic rocks 
to the east of the fault suggest a prevalent EMII-like 
isotopic signature with significantly higher Sr87/Sr86 

and relatively low LILE/HFSE ratios (Wang et al, 2003). 
This indicates that Mesozoic mafic rocks around the 
Chenzhou-Linwu-Wuchuan-Sihui fault have a distinct 
affinity to enrich lithospheric mantle and tectonic histo-
ries. The spatial variation of EMI-EMII-like signatures 
within Mesozoic mafic rocks around the Wuchuan-Sihui 
fault, the westward verging early Mesozoic fold and 
thrust belt and important multi-metal mineralization 
may shed some light on the nature of the lithospheric 
boundary between the Yangtze and Cathaysia blocks 
(Gilder et al, 1996; Wang et al, 2003). 
5.2 A cluster of Moho reflections: Seismic signature 
of crust/mantle interaction from lithosphere exten-
sion? 

On our crustal wide-angle seismic section, we can 
find there is a cluster of well-developed reflections of 
Moho (Figure 4), which probably comes from alterna-
tive thin layers. Zhang and Wang (2007) found there are 
multiple refracted Pn-phases recorded after the Pm arri-
vals for the shots Dawan and Conghua. The variability 
and complexity of the Pn events could be due to mantle 
topography that produces the irregular scattering from 
the Moho interface (Zhang et al, 2000) or stochastic 
structure underlying Moho (Poppeliers and Levander, 
2004). Therefore, there should be a complicate topog-
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raphy presented in the crust-mantle boundary, if there is 
an abrupt velocity discontinuity, and otherwise a transi-
tional zone enhanced by a strong velocity gradient 
(Christensen and Mooney, 1995; Zhang et al, 2000). 

The cluster of Moho reflections on our crustal 
wide-angle reflection section may be seismic signature 
of the crust/mantle interaction by lithosphere extension. 
The inference is supported by geochemistry studies on 
the ~1 300 km southeast-northwest profile from coastal 
South China to Longmenshan (Li and Li, 2007). Li and 
Li (2007) reported the evidence for a sweeping orogeny 
that migrated from coastal South China ~1300 km into 
the continental interior, followed first by the develop-
ment of a broad intra-continental basin in the wake of 
migrating orogeny, and then by widespread anorogenic 
magmatism and continental scale uplift and extension — 
all within an ~100 Ma interval (e.g., Wang et al, 2006). 
The inference can be indirectly supported by the crustal 
composition model along Tunxi-Wenzhou profile in the 
southeastern China, where uniform distribution of about 
5-km-thick basalt presents at the bottom of middle crust 
(Zhang et al, 2008). All these geophysical (Yuan et al, 
1989; Wei et al, 1990; Yin et al, 1999; Zhang and Wang, 
2007; Zhang et al, 2000, 2005, 2008, 2009; Gao et al, 
2009) and geochemistry (Li et al, 1989; Xu et al, 1993; 
Faure, 1996; Gilder et al, 1996; Li et al, 2000; Wang et 
al, 2003; Li and Li, 2007) evidences imply large-scale 
lithosphere extension in South China. 

We made our interpretation of the NW-SE 
wide-angle seismic profile from Lianxian to Gangkou in 
South China, and presented the crustal wide-angle seis-
mic reflection images. In the crust, there are two bands 
with predominant seismic reflections within crust: they 
correspond to the bottom of upper crust and the discon-
tinuity between crust and upper mantle. Our results re-
veal the different crustal wide-angle reflection pattern 
beneath the Yangtze and Cathaysia blocks with the 
Wuchuan-Sihui fault as the crustal boundary between 
them, and find there are a cluster of Moho reflections as 
seismic signature of crust/mantle interaction from litho-
sphere extension. 
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