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Introduction  

In recent decades, geo-information 
technologies such as orbital remote sensing devices 
have increasingly been used for the interpretation 
and mapping of objects for various applications 
like structural geology and natural hazards (e.g., 
earthquakes). In addition, satellite images and 
digital elevation models (DEMs) are very useful for 
detection, delineation, and interpretation of 
geological and structural features (Pirasteh et al. 
2008; Pirasteh et al. 2011). Faults, folds, and 
lineaments interpreted from remotely sensed data 
are often used as indicators of major fractures near 
the surface (Ali et al. 2003; Ali et al. 2004; 
Farrokhnia et al. 2011; Pirasteh and Ali 2005). Use 
of a Laplacian convolution filter on Enhanced 
Thematic Mapper (ETM+) Landsat band-4 data 
enhances the ability to extract structural features. 
However, integration of data from remote sensing, 
seismicity, and monitoring of crustal movement 
from the Global Positioning System (GPS) for 
structural feature extraction, toward the 
determination of potential earthquakes, has not 
been accomplished for the area of the two 
earthquakes. 

Dynamically, the collision between the Indian 
and Eurasian plates has caused large deformation 
of the Tibetan Plateau. From 35 Ma B.P., the area 
has been gradually shaped by crustal thickening 
and uplift motion rather than crustal shortening 
and northward motion. The rise of the plateau (Li 
and Zhou 2006) increased the potential for 
earthquakes in the region. Tectonically, blocks of 
the plateau have been gradually extruded along 
some of the boundary fault zones of Bayan Har 
block, such as the East Kunlun Fault on the north 
boundary and Xianshuihe fault on the south 
boundary. The Longmenshan fault zone (LFZ) is on 
the eastern boundary of the Bayan Har block. It 
extends to a south segment and its north segment 
reaches the Minshan fault zone (Zhang et al. 2011). 

In China, the LFZ is complex and researchers 
have learned much about it from different 
approaches. Its central segment was the site of the 
2008 Wenchuan event. Its southern segment 
contained the Lushan rupture, and includes the 
Wenchuan-Maoxian, Beichuan-Yingxiu, Pengxian-
Guanxian and Dayi faults, with a series of sub-
parallel secondary faults. 

Li et al. (2013) studied the Lushan MS 7.0 
earthquake and activity of the southern segment of 
the LFZ. They analyzed tectonic relationships 
between the Lushan event and 2008 Wenchuan 
earthquake. In addition, the rupture history of the 
southern segment of the LFZ was surveyed by field 
investigations of active tectonics and paleo-
earthquake research. They concluded that activity 
of the southern segment is much different than that 
of the central section, and late Quaternary activity 
has propagated forward to the basin in the east. Li 
et al. stated that the southern segment becomes 
wider toward the south, with an increasing number 
of secondary faults, among which individual faults 
exhibit much weaker surface activity. This means 
that this section is not as capable of generating a 
major earthquake as the central segment.  

Longmenshan Mountain is characterized by a 
Pre-Sinian crystalline complex and is bounded by 
the Maoxian-Wenchuan-Kangding ductile 
detachment at the western margin and Yingxiu-
Beichuan-Luding ductile thrust at the eastern 
margin.  

The Wenchuan Ms 8.0 megaquake and Lushan 
Ms 7.0 earthquake occurred on May 12, 2008 and 
April 20, 2013, respectively. Both were destructive 
with strong intensity. They battered many homes 
and caused extensive loss of life (Cui et al. 2008; 
Ehrlich et al. 2009; Liu et al. 2010; Yi et al. 2013). 
These two earthquakes were associated with the 
LFZ which had not experienced a major 
earthquake > Ms 7.0 in hundreds of years. The 
main body of the LFZ was not active until the two 
earthquakes occurred over a five-year span. This 
event has increased researcher understanding of 
the fault zone distribution and its mobility. The 
current consensus on the LFZ is that it has three 
large fractures: a) The root fracture (Wenchuan-
Maoxian counties-Pingwu-Qingchuan) extending 
west to east; b) the central large fracture (Yingxiu-
Beichuan-Guangzhuang, epicenter of the 
Wenchuan earthquake); c) boundary faults 
(Dujiangyan-Hanwang, epicenter of the Lushan 
earthquake).  

Many researchers (Yuka et al. 2014; Pei et al. 
2014) have studied earthquakes and their 
prediction mechanisms with different approaches, 
such as the source rupture process (Ma et al. 2001; 
Chen et al. 2012; Herring, 1998; He et al. 2012; 
Wang et al. 2010), geological structure (Chen et al. 
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2009; Zhang et al. 2011), deep structure (Zhu et al. 
2008; Chen et al. 2012), and dynamic evolution. 
However, given a lack of information, some key 
causal factors of the two earthquakes have not been 
discovered. For example, why did the southern 
Longmenshan fault remain quiet during the 
Wenchuan earthquake occurrence in the northern 
segment of the fault? Why did the latter segment 
remain quiet over a five year span during which the 
Lushan earthquake occurred in the southern 
segment? What is the relationship between these 
earthquakes?  

This paper provides some evidence regarding 
the above questions to researchers by using data 
from multi-source remote sensing, seismicity, and 
GPS monitoring of crustal movement. Further, we 
examine the southern segment of the LFZ using an 
updated structural geologic interpretation of the 
region. 

1    Study Area and Methodology  

The study area (Figure 1) is in the southern 
section of the LFZ and is between 102°E and 104°E, 
29.5°N and 31°N. It covers south of the 
Longmenshan fault and the entire area of the 
Lushan earthquake. 

According to information released by the China 
Earthquake Networks Center, the epicenter of the 
Lushan earthquake was at 30.3°N and 103°E with 
depth 13 km. This location is just within the 
southern section of the LFZ, and is at the junction 
of the Nanbaoshan syncline of the Sichuan Basin 
and Lushan synclinal (Figure 1). The Nanbaoshan 
and Lushan synclinal folds consist of Cretaceous 
Cenozoic systems. The epicenter was also to the 
east of the Shuangshi and Pengguan faults, at 
distances about 1.5–10.5 km from those faults. The 
epi-center is within the footwall of former fault. 

 
Figure 1 Study area and tectonic map of Lushan region and surroundings. Gray lines represent faults. Solid red 
polygons represent focal mechanisms of 2008 Ms 7.9 Wenchuan and 2013 Ms 7.0 Lushan earthquakes. Green circles 
represent principal cities and counties (Shan et al. 2013). 
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We used various data to 
extract and analyze the 
fault zone. These were 
multi-source remote 
sensing data (Landsat-5, 
Landsat-7, SPOT-4, SPOT-
5, RADARSAT-2, and GPS 
movement monitoring) 
and topography data from 
the Shuttle Radar 
Topography Mission 
(SRTM) to generate a DEM 
(Pirasteh et al. 2009) 
(Table 1).  

Three major steps 
were executed to 
determine relationships 
between structural features 
and earthquakes (Figure 2). 

Digital image 
processing was applied to 
satellite images (Figure 3) 
in order to extract the 
structural features, using 
ENVI software. Those 
images were geometrically 
corrected using a new 
approach called a 
polynomial correction 
model (Figure 2). 

In order to extract 
objects, visual and digital 
onscreen interpretation 
was done for both satellite 
images and the SRTM 
DEM. A Laplacian 
convolution filter (Pirasteh 
et al. 2009; Pirasteh  
et al. 2011) was applied to 
the images to enhance 
structural features. 
Photographic and 
geotechnical elements such 
as tone, shape, drainage 
and linearity were the 
major clues for identifying 
image structural features. 
Objects were compared with the 2004 geological 
map of China from the China Geological Survey 
Bureau. Information from the ground truth 

samples (Figure 4) were compared with that map. 
In addition, information extracted from the 
satellite images and DEM were verified with the 

Table 1 Datasets used in the study

Data Period Description

Landsat-7 2000-05-20 Spatial resolution 30/15 m, swath width 185 
km 

SPOT-5 2006-06-03 Spatial resolution 10/5 m, swath width 60 km
SPOT-4 2011-04-09 Spatial resolution 20/10 m, swath width 60 km

RADARSAT-2 2012-03-04 Spatial resolution 30 m, nominal swath width 
150 km 

GPS data 1998–2004 Crustal Movement Observation Network of 
China (Gan et al 2007) 

Epicenter  Last 100 
years Chengdu Earthquake Mitigation Bureau 

SRTM-DEM 2000 Spatial resolution 30 m 
Geologic 
structure 2004 China Geological Survey Bureau 

Remote Sensing 
Data

Crustal Movement 
Data(GPS)

Epicenter  Data 

SRTM-DEM

Correction 
&Registration

Filter & 
Enhancement

Kriging 
Interpolation

Compute Velocity  
Change

Kriging 
Interpolation

Stereoscopic 
Display

Geological MapStructural Geological Interpretation

Detailed Structural Geological Map

Comparative & Comprehensive analysis

Structural Geologic Features of the Southern Segment of  LFZ

 
Figure 2 Flowchart of research work. 
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ground truth samples and geological map to 
validate the accuracy of the research. Further, 
crustal movement data using GPS were input to 
Surfer software to extract and analyze the first 
derivative difference and compare it to velocity 
change (Figure 5). 

In the following section, we give the details of 
geometric correction and crustal movement. 

1.1 Geometric Correction 

A recorded image from a satellite 
or airborne sensor contains serious 
geometric distortion. There are many 
factors related to geometric error, e.g., 
earth’s rotation and curvature, 
platform height, attitude, velocity 
change and sensor operation. Two 
types of technology can be used for 
correcting two types of geometric 
distortion: A) Building a model of the 
distortion with source characteristics 
and size, and using this model to 
generate correction equations; B) 
correcting the distortion using 
relationships between map pixel 
location and its surface coordinates, 
although the analyst does not know the 
source of distortion and distortion type. 
Method B can also be used to correct 
image geometric distortion. As to the 
current situation, the sensor position 
and attitude measurement, accuracy is 
not very high. Distorted images still 
have many errors. This work used a 
polynomial correction model for 
geometric correction, building the 
relationship between image 
coordinates (x, y) and a reference 
coordinate system (X, Y) using  

0 0

0 0

N N i
i j

ij
i j

N N i
i j

ij
i j

x a X Y

y b X Y

−

= =

−

= =

=

=

∑∑

∑∑
                  

(1)

 
where, ija  is a polynomial coefficient 
and N is the degree of the polynomial. 
The choice of N depends on the degree 
of image distortion, number of ground 
control points and magnitude of 
terrain displacement. Generally, if N = 

6, one can correct image distortion, tilt, rotation 
and obtains good accuracy. When N is determined, 
root mean square (RMS) error of every ground 
control point can be calculated by 

 
2 ' 2( ' ) ( )errorRMS x x y y= − + −             (2) 

where (x, y) specifies the coordinates of ground 

Figure 3 ETM and SPOT images of study area (entire image is ETM 
(3-2-1 bands synthetic) image superimposed on SPOT5 (4-3-2 bands 
synthetic)). White rectangle shows area of sample collection. 
 

 
Figure 4 Road damage caused by earthquake in the southern segment 
of Longmenshan fault zone (LFZ). The photo was taken in Baoxing 
Country Daxi Town Caojia Village (E 102.80° N30.18°), Southwest 
China. 
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control points in the 
original image, and (x′, y′) 
designates control point 
coordinates from the 
polynomial calculation. 

1.2 Orthographic 
  correction 

Orthographic correction 
can correct image point 
displacement produced by 
topographic relief and 
sensor error. This 
correction was done with 
the aid of the DEM. We 
used SRTM data with 
spatial resolution 30 m. 
The correction model 
selects the rational function 
model to change image 
coordinates (r, c) into 
spatial coordinates (X, Y, Z) 
(Equation 3). 

1

2

3

4

( , , )
( , , )
( , , )
( , , )

P X Y Zr
P X Y Z
P X Y Z

c
P X Y Z

⎧ =⎪⎪
⎨
⎪ =
⎪⎩

 (3) 

1.3 GPS Data Processing 

GPS data from 1998 to 2004 were collected 
from the crustal movement observation network of 
China. This network includes 27 continuous 
stations, 55 annual observation campaign stations 
with occupation duration 7 days for each survey, 
and 1000 campaign stations with observations 
from 1999, 2001 and 2004 with occupation 
duration at least 4 days for each survey (Gan and 
Zhang 2007). The data were processed in five steps 
(Shen et al. 2001): (1) All observation data for a 
given day were combined to solve daily loosely 
constrained station coordinates and satellite orbits 
using GAMIT software (King and Bock 1995); (2) 
daily solution at local stations was combined with 
loosely constrained global solutions of the 80 IGS 
core using GLOBK software (Herring 1998) and 

tracking stations of the Scripps Orbital and 
Position Analysis Center (SOPAC, http://sopac. 
ucsd.edu/); (3) station positions and velocities 
were estimated in the ITRF2000 reference frame 
using QOCA software (Dong et al. 1998). QOCA 
modeling of the data was done through sequential 
Kalman filtering that allowed adjustment for global 
translation and rotation of each daily solution; (4) 
the velocity solution was transformed into a 
Eurasia-fixed reference frame using the Euler 
vector of Eurasia with respect to the ITRF2000, 
deduced from 10 IGS stations (NYA L, ONSA, 
HERS, W SRT, KOSG, WTZR, VILL, GLSV, I RKT, 
and TIXI) in the stable Eurasia; (5) interpolation 
using a kriging algorithm (Isaaks and Srivastava 
1989). To obtain crustal field data for the study 
area, GPS vector data were decomposed into east 
and south. Then, they were interpolated 
independently. South and east direction vectors 
were synthesized into one vector. The kriging search 
neighborhood was defined as oval. To have 
sufficient sample points, major axis distance was 
set to 5° and minor axis distance to 3°. 

 
Figure 5 Crustal movement velocity distribution data from Crustal Movement 
Observation Network of China, interpolated by kriging algorithm. Length and color 
of arrows indicates motion velocity. Black labels indicate Chinese administrative 
divisions. 
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2    Results and Discussion 

2.1 Recognition of fault zone  

Remote sensing images record and reflect the 
surface aspect of spectrum and space information. 
In terms of rock distribution area, there are many 
differences in rock mineral composition, 
physicochemical properties, contrast hue, texture, 
geomorphology, drainage and vegetation, and 
differences should be consistent with the rock 
distribution boundaries. 

Normally, to identify a rock type from space, 
four stages must be used. In our study area, the 
stripe (i.e., stratigraphic unit), stripes and tonal (i.e. 
multiple stratigraphic units) show image 
differences that are produced by different rock 
types (Figure 3). During fault and lineament 
identification (Ali et al. 2003; Ali and Pirasteh 
2004), principles of structural geology were 
considered. Normally, lineaments on a satellite 
image are identified by distinct linearity and 
difference of tone. Drainage patterns are defined by 
lineament features. Also, linearity of vegetation can 
be an effective indication of faults and lineaments. 
A human-computer vision method was used to 
interpret unique structural features evident in the 
study area. A sharp line with strong linearity is a 
powerful signature to identify fault zones (Figure 6) 
on images. Basically, this signature is interpreted 
by image elements and remote sensing techniques 
for recognizing stratigraphic units. Our 
investigation showed that image edge change, 
statistical indicators of image area, topography, 
geomorphology, epicenter data distribution, and 
earth crust motion data are significant elements for 
interpreting structural geology from space and its 
influence on the Wenchuan and Lushan 
earthquakes (Joshi et al. 2013; Kaya and Muftuoglu 
2004; Walker 2006). 

The satellite images were digitally processed 
and structural geologic features extracted. 
Stretching and edge enhancement (2% linear 
stretch processing) techniques in ENVI software 
showed agreement with existing structural features 
in a geological map of the area. However, because 
of the Wenchuan and Lushan earthquakes, large 
big ruptures have been generated (Figure 7). These 
are easily detectable using high resolution remote 
sensing techniques. 

Figure 6 Remote sensing stratigraphy and fault zones 
in northwest of Ya'an, Sichuan, China: RADARSAT-2 
SAR image (top), Landsat-7 FCC 542 band composite 
image (middle), SPOT-5 FCC 432 band composite 
image (bottom). 

 

 

Figure 7 Sandblast body alignment from ground 
fissure caused by earthquake (left photo). Trench for 
research of southern segment of LFZ (right photo). 
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Compiling the geological map of the study area 
with the satellite images, we could determine 
whether intersection relationships between the 
Cretaceous (K) and early Tertiary (E) periods 
(Figure 6) had a considerable effect on earthquake 
occurrence. Both of the strata have a clear 
demarcation (dotted line in the figure) and 
alternate with each other. Cretaceous strata rocks 
are outcropped. Weathering resistance is strong 
across the study area, with a stable distribution. 
Vegetation growth is poorer than in the Tertiary 
period. Fault tracks (F1 and F2; Figure 6) are clear 
and extend northeastward. This is a thrust fault 
with no obvious strike-slip traces. According to the 
old and new relationships of strata, we infer that 
fault F1 is earlier than F2.  

A three-dimensional display based on the 
SRTM DEM (Figure 8A) shows a multi-stepped 
topography (red line) caused by multi-period 
earthquake activity in the region and its effects. 
This also shows that the region is very seismically 
active and prone to future earthquakes of high 
intensity and magnitude. Figure 8B depicts an 
east-west cross-section, which shows ground 
elevation changes caused by the recent earthquakes. 
Both the DEM and terrain profile help to interpret 

active faults in the study area. 

2.2 Fault Zone Distribution  

Within the study area, fault structure is 
formed by compression in the abdomen tectonic 
movement. Lineaments extend from northeast to 
northwest and the two main faults are nearly 90° 
from northeast through southwest. The entire area 
is controlled by the Songpan-Ganzi, Tibet, and 
Yangtze plates and has a typical nappe structure, 
with northeast- and southwest-trending strike slips. 
There are major features such as the Longmenshan 
fault zone, which consists of the Wenmao, Jintang 
and Beimushan faults. They are located from 
102.5°E to 103°E, with north through east and 
north through west trends. Field observation 
indicate that the central fault belt –Beichuan-
Yingxiu fault zone has been continued. However, 
remotely sensed data reveals that this feature has 
not been continued or is probably absent in the 
imagery, especially at 103.15°E where there is a 5-
km segment missing.  

Thus, we infer that the existing fault zone has 
been formed by several tectonic movements in the 
region. The central fault and back range fault zone 
trend from north to south and merge with each 
other. Trends of the mountain front (Dujiangyan-
Hanwang) fault and central fault have maintained 
their consistency. Distances between them exceed 
20 km, with an altitude difference of 3 km. This 
reveals that the two fault zones are relatively 
independent and the time of tectonic movement is 
well into the future. The number of secondary faults 
of the front fault gradually increases from north to 
south, reaching more than ten. The two faults show 
a symmetric distribution with average intervening 
distance < 3 km. They have caused a tectonic rift 
basin in Lushan County area. The southern fracture 
of State Highway 318 is toward the north through 
west trending fault. The rupture length of the 
secondary fault is less than those of the north 
through east trending fractures (Figure 9). 

2.3 Fault zone activity features 

The earth crustal movement data and map 
(Figure 10A) show that the crustal movement 
direction is essentially uniform across the study 
area. This direction reflects a weak chronological 
deflection from north to south with average speed 

 

 
 

Figure 8 (A) Terrain caused by multistage abdominal 
thrust tectonic movement in Longmenshan front fault 
zone and (B) terrain profile. 
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epicenters. 
In contrast with the 

movement speed (Figure 10B), 
there is a nearly constant belt of 
northwest trend in the Songpan-
Ganzi block, with 20-km width 
and trends from the northeast to 
the front fault zone (the junction 
of the Songpan-Ganzi and 
Yangtze plates). However, there 
is likely little potential of 
earthquakes in this area. This 
evidence combined with the fault 
zone distribution (Figure 11) 
demonstrate that the Lushan 
earthquake was not an 
aftershock of the Wenchuan 
earthquake. The epicenter 
distribution plus crustal 
movement speed and spatial 
distribution analysis of the fault 
zone in the linear region at 30°N 
with northwest trends reveal a 
typical multidirectional shear 
zone. Trends in this area are NE 
and NW. The crustal movement 
speed decreases sharply and 
stress accumulates rapidly. This is also a strong 
tectonically active belt with evidence of stretch-
draw and squeezing effects. 

3    Conclusions 

This paper identified faults in the study area 
based on remote sensing data and a DEM. After 
combining the regional crustal velocity field with 
epicenter distribution data, we conclude that the 
Ms 8 Wenchuan and Ms 7 Lushan earthquakes 
occurred on two relatively independent faults. 
There is a nearly constant motion speed area 
between these two faults, with a slow stress change 
rate. The central fault and back fault gradually 
merged from north to south. Trends were 
transferred and their distance increased from the 
central fault to the front back fault. The fault zones 
present a complex intersection relationship in the 
30–50 km range on both sides of State Highway 

318. There is also a strong multi-directional shear 
belt with potential for an earthquake. In the 
medium to long term, activity there is anticipated 
to be more intense than in the northern study area. 
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