
Vol.19 No.6 (620~632) ACTA SEISMOLOGICA SINICA Nov., 2006 

Article ID: 1000-9116(2006)06-0620-13 

Seismic anisotropy of the crust in Yunnan, 
China: Polarizations of fast shear-waves∗ 
SHI Yu-tao1)

 (石玉涛) GAO Yuan1),  (高 原) WU Jing1) (吴 晶) LUO Yan1) (罗 艳) 
SU You-jin2) (苏有锦) 

1) Institute of Earthquake Science, China Earthquake Administration, Beijing 100036, China 
2) Earthquake Administration of Yunnan Province, Kunming 650041, China 

Abstract 

Using seismic data recorded by Yunnan Telemetry Seismic Network from January 1, 2000 to December 31, 2003, 
the dominant polarization directions of fast shear-waves are obtained at 10 digital seismic stations by SAM tech-
nique, a systematic analysis method on shear-wave splitting, in this study. The results show that dominant direc-
tions of polarizations of fast shear-waves at most stations are mainly at nearly N-S or NNW direction in Yunnan. 
The dominant polarization directions of fast shear-waves at stations located on the active faults are consistent with 
the strike of active faults, directions of regional principal compressive strains measured from GPS data, and basi-
cally consistent with regional principal compressive stress. Only a few of stations show complicated polarization 
pattern of fast shear-waves, or are not consistent with the strike of active faults and the directions of principal GPS 
compressive strains, which are always located at junction of several faults. The result reflects complicated fault 
distribution and stress field. The dominant polarization direction of fast shear-wave indicates the direction of the 
in-situ maximum principal compressive stress is controlled by multiple tectonic aspects such as the regional stress 
field and faults. 
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Introduction 
Anisotropy of the crust is a common phenomenon (Crampin, 1984). Shear-wave splitting can 

be used to study the earthquake anisotropic characteristic in crust, to analyze crustal stress field 
condition, and to describe the static and the dynamic state of the related anisotropic parameters 
(GAO et al, 1999). Shear-wave splitting is quite sensitive to anisotropy. The domestic scholars 
applied shear-wave splitting to studying the crustal anisotropy (YAO et al, 1992; GAO and FENG, 
1990). 

The studies indicate that the complex geological structure can result in the difference of the 
polarization of shear-wave splitting (GAO et al, 1995; 1999; LEI et al, 1997). Because the polari-
zation of shear-wave splitting reflects the direction of the principal compressive stress of the crust 
in-situ under the seismic station, it can be used to study the crustal stress field characteristics 
(Crampin, 1978). Recent research indicates that the parameters of the shear-wave splitting can 
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reflect the process of stress accumulation and the stress release before earthquakes, and also can 
be used to predict the earthquake (Gao and Crampin, 2004). 

Yunnan region locates east to Tibetan Plateau. It is at the south end of the north-south earth-
quake belt. The earthquake structure of Yunnan area is complex, and it is one of the strongest 
seismically active areas of continent. The seismic activity is extremely frequent. From January 1, 
2000 to November 30, 2005, there are more than 22 earthquakes with M≥5.0, including three 
earthquakes with M≥6 occurred there. They are Yao’an earthquake with M=6.5 on January 15, 
2000; Dayao earthquake with M=6.2 on October 27, 2001; and Dayao earthquake with M=6.1 on 
October 16, 2003. In view of the complex structure of Yunnan area, this paper will use the digital 
seismic data to preliminarily study the anisotropy of Yunnan area, to analyze the stress distribution 
characteristics in this region and its relation with the fault. 

1 Background 
There are mainly 3 groups of strikes of active faults in Yunnan area, that is, N-S, NW and the 

NE, and the distribution has an obvious regional characteristic (Figure 1). Taking the Red River  

 
Figure 1 Distribution of seismic stations, fault and earthquake activity in Yunnan 

Triangles are stations of the regional telemetry seismic network in Yunnan, the crosshatched circles are 
earthquakes with M=5, Time is from January 1, 2000 to November 30, 2005. 1 Nujiang fault; 2 Lan-
cangjiang fault; 3 Red River fault; 4 Chuxiong-Tonghai fault; 5 Xiangjiang fault; 6 Liji-
ang-Jianchuan fault; 7 Yimen fault; 8 Wuliangshan fault ; 9 Zhongdian fault;  Nandinghe fault; ○11  
Longling fault; ○12  Chenghai fault. The direction of principal compressive strain is from YANG et al 
(2003) by GPS 
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fault zone as a boundary, east part is mainly N-S fault, and some NE fault; and in the west NW 
fault is dominated with NE fault and NW fault forming an intersected network in local areas. The 
big fault zone in this area is Red River fault, Nujiang fault, Xiaojiang fault and so on (DENG et al, 
2002). Red River fault crosses Central Yunnan area and Dali area, passing through Midu area and 
other areas toward SE, and is a rather active fault zone. Nujiang fault is a gigantic fault zone with 
long history. It controls the west boundary of Baoshan area, and is a lithosphere fault, a seismi-
cally active zone nowadays. The Sichuan-Yunnan rhombic block is one of the most seismically 
active areas. The south of Sichuan-Yunnan rhombic block locates within Yunnan Province. The 
east and west sides of this area are Xiaojiang-Anning River strike-slip fault with near N-S striking, 
Red River strike-slip fault with near N-S or NW striking (YANG and MA, 2003). In this region 
including boundary, strike-slip type earthquake is the main earthquake (WU et al, 2004). 

The principal compressive stress axis of Yunnan area is near N-S (KAN et al, 1983). The re-
sult of GPS survey indicated that Yunnan area could be divided into four regions according to the 
strain and the stress characteristics (Figure 1). The directions of local principal compressive strains 
are approximate N-S in the west and the central Yunnan area. The principal compressive strain rate 
of eastern area is nearly zero (YANG et al, 2003). According to the moderate and small earthquake 
focal mechanism, the direction of compressive stress field in Yunnan area is from NNW direction 
turning to the near N-S direction (WU et al, 2004). 

The regional telemetry seismic network of Yunnan is a digital seismic network with 23 digital 
seismic stations (Figure 1). The bandwidth of seismograph is 120 s~20 Hz, and the sample is 50 
SPS (sample/second) (YANG and YANG, 2005). GAO et al (2004a) suggested that the crustal 
anisotropy in Yunnan area could be investigated using the data of regional telemetry seismic net-
work. In this paper, we analyze digital waveform data from regional telemetry seismic network 
from 2000 to 2003 in Yunnan and discuss the result of stations with more data. 

In the west of Yunnan, the earthquake mainly concentrates in the area of Dali-Chuxiong and 
Baoshan-Lincang-Simao (SU, 2002) for that there are several quite large active fault zones in this 
area. Quite active Xiaojiang fault zone locates in the eastern area. The stations of Lijiang (LJ), 
Heqing (HQ), and Tuanshan (TS) etc. distribute on or near Honghe fault zone. Chuxiong (CX) 
locates at the Chuxiong–Tonghai fault zone. Baoshan (BS) is at the edge of Nujiang fault zone. 
Dongchuan (DC) is at the Xiaojiang fault zone. It is extremely helpful to analyze waveform of 
these stations and understand the predominant direction of the crustal crack as well as the anisot-
ropic characteristic for realizing the character of crust, the stress of crust, the fault characteristic 
and its mutually relationship.  

2 Techniques and data  
When the seismic wave travels in the anisotropic medium, the shear-wave split into fast 

shear-wave and slow shear-wave with different velocity, both of them have the nearly-orthogonal 
polarizations character. In the crustal rock, cracks are erect and parallel, namely EDA cracks 
(Crampin and Atkinson, 1985). The EDA cracks medium is anisotropic structure, and the 
shear-wave would split into fast and slow shear-waves when it travels in this kind of structure. The 
polarization direction of the fast shear-wave is consistent with the direction of the crack caused by 
stress, that is, the direction of polarization of the fast shear-wave is in accordance with the direc-
tion of local maximum principal compressive stress. The time delay of slow shear-wave reflects 
the anisotropic degree of crust, which is influenced by the physical features of the crack and the 
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character of the fluid-saturated.  
When shear-wave encounters free surface, reflection will be occurred if the incident angle is 

greater than the critical angle. The critical angle is about 35º in Poisson medium, which is also the 
limited range of the shear-wave window. This window may be enlarged to 40°~45° for wave front 
curved and surface deposition with low velocity. 

The shear-wave splitting system analytic method: SAM method proposed based on the corre-
lation function (GAO et al, 2004b) is used in this paper. It includes three contents of the calcula-
tion of cross-correlation function, elimination of time-delay and analysis of polarization, and has 
function of self-examination (GAO and ZHENG, 1995; GAO et al, 2004b). The theory of SAM 
method is briefly introduced as follows. 

1) Calculation of cross-correlation function: According to the arrival time of the shear-wave, 
two horizontal direction shear waveforms are intercepted. By modifying the rotation angle α and 
the time delay Δt, the cross-correlation function is calculated. The beginning direction of the angle 
α is north and it clockwise change within [0, 180°]. Supposed the time difference between the fast 
and slow shear-wave is not more than 2T, the time delay Δt will changed within [−T, T ]. If the 
polarization direction of the fast shear-wave is α, that of the slow shear-wave is approximately 
vertical. The correlation functions of x(t) and y(t+Δt) is calculated. When the function is maximum, 
the rotation angle α and Δt will be the polarization direction of the fast shear-wave and the time 
delay of the slow shear-wave respectively. 

2) Elimination of time-delay: The waveform of the slow shear-wave is moved up the time Δt 
to keep the consistency of the time of first motion and the fast shear-wave and eliminate the effect 
of the time delay. 

3) Test analysis of polarization: The polarized figures before and after the adjustment of the 
time delay are compared to test the accuracy of the results. If there is linear feature in the polarized 
figure after eliminating the effect of the time delay, the result is reliable; otherwise the result is 
unreliable and should be recalculated.  

Heqing (HQ) station preliminarily data processing results are shown in Figure 2. The re-
corded earthquake occurred on January 24, 2001, with depth of 20 km and magnitude 1.1. The 
epicenter is located at 26.43°N, 100.11°E and epicentral distance is 13.71 km. According to the 
velocity structure (WU et al, 2001), the incident angle is 28.0°, and the back azimuth is 197.33°. 
According to the results in Figure 2, the direction of polarization is about 115°, and the time delay 
of the slow shear-wave is about 0.11 s. 

The tracks of the particle movement of two horizontal shear-waves are shown in Figure 3. 
Because the shear-waves have split, the track of the particle movement is non-linear for the two 
components of the horizontal direction. 

Based on the results in Figure 2, the waveform in Figure 3 is rotated to obtain the fast and 
slow shear wave (The middle and the bottom in Figure 4), Then the slow shear-wave is moved up 
to eliminate the effect of the time delay and the figure of polarization is obtained (The top in Fig-
ure 4). If there is something wrong with the polarization direction of the fast shear-wave, no fast 
and slow shear-wave will be gotten because two waveforms are mixed together. If the time delay 
is not correctly calculated, there will be non-linear feature in the polarization. If there is some in-
consistency in the result, the waveform and the polarization will be modified. The result in Figure 
4 shows that the parameters of the shear-wave splitting are reliable with SAM method. In the case, 
the direction of the fast shear-wave is correct but the time delay of the slow shear-wave is not so 
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accurate and is adjusted to 0.06 s. 

 

Figure 2 Calculation of cross-correlation function 
The event is recorded at HQ station on January 24, 2001 with focal depth 20 km and ML=1.1. The wave-
form intercepted includes 150 sampling points. (a) Isoline of cross-correlation function with the different 
delay time and the different polarization, the black solid ellipse is the position of biggest cross-correlation 
function value; (b) The maximum value and the minimum value distribution of the cross-correlation 
function. (c) Three components of waveform: UD, NS and EW, which separately represent vertical, 
north-south and east-west direction component, two erect dashed line frame the extension of 
shear-waveform which is used to computation of cross-correlation function 

For there are many complex factors affecting records in fact, the result calculated from the 
cross-correlation function is usually a little inconsistency with the real observation, as shown in 
Figure 4. However the calculation of cross-correlation function gives us some effective informa-
tion for the polarization test. The best case is Dongfang isolation earthquake swarm in Hainan for 
SAM method (GAO et al, 1996). For the records of general station, the polarization feature test 
must be done. The preliminary result in the paper (Figure 2) is 115°, 0.11 s for the polarization 
direction of the fast shear-wave and the time delay of the slow shear-wave, respectively, while 
they are 115°, 0.06 s as shown in Figure 4. For the result of the fast shear-wave is relatively accu-
rate, it assists the analysis of the time delay of the slow shear-wave. The above results show that 
the comprehensive analysis like the SAM is a reliable and effective way at present. 
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Figure 3 Movement trail of particle of two rows 
of horizontal shear-waves (polarization 
figure) 
(a) The movement trail of particle of shear-wave. 
S1, S2 in the polarization figure indicate the start 
position of fast and slow shear-wave, respec-
tively. (b) and (c) Shear-waveform on north- 
south (NS) and east-west (EW) direction respec-
tively. Two short erected solid lines point out the 
scope of shear waveform showed in polarization 
figure. The erected dotted line indicates the start 
position of shear-wave. The others are same to 
Figure 2 

Figure 4 Analysis and test of polarization 
(a) The trails of particle of fast shear-wave and 
slow shear-wave, which have been eliminated the 
effect of time delay. (b) and (c) Fast shear-wave 
form (F) and slow shear-wave form (S). Two solid 
short lines point out the scope of shear waveform 
showed in polarization figure. It is equal to ad-
vancing a quantity of time delay of slow shear 
wave, thus the influence of time delay on polari-
zation figure was subtracted. The long dotted 
lines respectively indicate the arrival of fast 
shear-wave and slow shear-wave. The others are 
same to Figure 3 

3 Results 
The data of Yunnan Telemetry Seismic Network from January 1, 2000 to December 31, 2003 

were used in this research. According to the velocity structure of the shear-wave of Yunnan area 
(WU et al, 2001), shear-wave incident angles of the earthquake recorded by each station of Yun-
nan Telemetry Seismic Network were calculated. The earthquakes which fit to the restraint condi-
tion of shear-wave window were analyzed. 37° shear-wave window was adopted instead of 45° for 
a more strictly restraint conditions of the shear-wave window. 

Because of the limited earthquake data of telemetry seismic network, the depths of many 
earthquakes were not known. Thus it affects the quantity of the samples. Most depths of the 
earthquakes are about 10 km or deeper than 10 km in Yunnan area. According to the understanding 
of the shear-wave window, the data without focal depth and with epicentral distance less than 10 
km were also included in this paper as supplement data. Figure 5 compares the polarization of fast 
shear-wave of the data with the focal depth with that of supplement data. It can be seen from Fig-
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ure 5, the data of 10 stations have been increased, and the fast shear-wave polarization of the in-
creased extension data is roughly consistent with the calculated results of the selected earthquakes 
of the shear-wave window. Especially Dongchuan (DC), Mile (MI) and Tonghai (TH) stations etc. 
with focal depth, their original data were few. The principal polarization of the fast shear-wave is 
clearer after data supplement. According to Table 1, there is hardly any difference of calculated 
results between original data and supplement data. The biggest difference of the polarizations of 
fast shear-wave is smaller than 10°, except the DC station. The main reason is that the data with 
focal depth in DC station is scarcity. The results indicate that the data processing technique could 
increase the reliability of the results under the specific data condition, especially for that with very 
limited data, and it could be taken as a fast data processing technique. This result in the paper 
demonstrates that the error of the polarization of fast shear-wave calculated with more than 10 
records is less than 10°. 

After processing the data of regional telemetry seismic network in Yunnan, Only the results 
of stations with more than three effective data in the shear-wave window were shown in Figure 5 
and Table 1 for the reliability of the results, which are 10 stations. 

The polarization of the fast shear-wave is consistent with the direction of the local principal 
compressive stress. They are controlled by the local stress field and related to fault distribution 

 

Figure 5 Comparison of polarizations of the fast shear-wave splitting.  
The homolographic projection graph and the homolographic projection rose graph are shown in the figure. 
The first and third lines are results calculated from the data with focal depths within shear-wave window. 
The directions of the short lines are polarizations of the fast shear-wave at stations. The outside large circle 
is the shear-wave window. The second and the fourth lines are the results calculated from the data including 
more supplement data which are without focal depth localization and epicenters less than 10 km. The num-
bers within bracket behind station codes are numbers of events 



No.6  SHI Yu-tao et al.: SEISMIC ANISOTROPY OF CRUST IN YUNNAN  627

 

Figure 6 Polarization of fast shear-wave in Yunnan area 
The homolographic projection graph and homolographic projection rose graph are shown in the figure and 
only the result from data with focal depths within shear-wave window. Other meanings are same as Figure 1 
and Figure 5. 

Table 1 Polarization of fast shear-wave of the regional telemetry seismic network in Yunnan 

Station Polarization of fast shear-wave  
(shear-wave window) 

Polarization of fast shear-wave  
(supplement data) 

Name Code Equally polarization Number Equally polarization Number 

Difference of  
equally polarization

Lijiang LJ 152.3°±32.3° 12 161.5°±34.1°  58 −9.2° 
Heqing HQ 138.0°±38.7° 41 136.3°±31.2° 103 1.7° 
Tuanshan TS 137.0°±11.2° 10 136.9°±17.2°  31 0.1° 
Baoshan BS 3.8°±32.5° 11 9.8°±27.0° 169 −6.0° 
Cangyuan CY 0.7°±22.0° 17 2.1°±20.6°  34 −1.4° 
Chuxiong CX 149.3°±30.6° 18 140.1°±30.7°  37 9.2° 
Dongchuan DC 111.0°±27.3°  3 143.5°±32.0°  78 −32.5° 
Mile MI 1.0°±29.3°  3 2.0°±29.5°   4 −1.0° 
Tonghai TH 155.0°±27.5°  4 155.9°±26.8°   9 −0.9° 
Yimen YM 67.3°±24.3° 18 66.5°±23.8°  27 0.8° 

 

and geological structure. The polarizations of the fast shear-waves splitting of 10 stations in Yun-
nan area are shown in Figure 6. It can be seen from Figure 6 that that there are five stations (LJ, 
BS, CY, MI, TH) with the polarization of fast shear-wave splitting near N-S, three stations (TS, 
CX, DC) with the polarization of fast shear-wave splitting of NW or NNW; one station (YM) with 
the polarization of fast shear-wave splitting of ENE, one station (HQ) are complex and have not 
predominant direction.  
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4 Discussion 
Shears wave velocity structure has very strong lateral heterogeneity in the Yunnan area. Re-

search by WU et al (2001) indicated that shear-wave velocity in north is obviously lower than that 
in south above 10 km depth, while the north is faster than south in the depth range from 10 km to 
20 km. The crustal thickness in northeast is approximately 62 km and that in southeast is ap-
proximately 32 km. The complex distribution of fault (Figure 1) reflects the local complex struc-
ture. In addition, because Tibetan Plateau moves toward east (ZENG et al, 1992); and the western 
area of Yunnan is intensively affected by the Europe-Asia Plate and the Indian Plate, surface 
movement pattern becomes more complex (YANG et al, 2003). By comparison, the influence is 
relative weaker in east Yunnan. This special complex geological structure background of Yunnan 
area results in local regional characteristic of crustal stress field of Yunnan area. This research 
demonstrates the complex stress field. 

The Lijiang is located in the southwest of the Sichuan-Yunnan rhombic block. Lijiang fault 
divides the Sichuan-Yunnan rhombic block into two parts, and it is seismically active region. Ac-
cording to optical axis determination of the calcite crystal by YU et al (2002), the direction of 
principal compressive stress is not certainly consistent in the Lijiang area, and there is a quite large 
stress adjustment in this region, which causes the direction of the regional stress field turning from 
NW into NE or N-S. HAN et al (2004) suggested that the local principal compressive stress direc-
tion is N-S after research on Lijiang M=7.0 earthquakes occurred on February 3, 1996. This po-
larization of fast shear-wave splitting of LJ station obtained in the paper is near N-S direction 
(Figure 6), which indicates the direction of local principal compressive stress is near N-S. This 
direction is consistent with that obtained by YU et al (2002) and HAN et al (2004), and also ap-
proximately consistent with compressive strain of NNW by the GPS survey (YANG et al, 2003). 

The local geological structure is complex in Heqing. This area is mainly basin controlled by 
NE and E-W fault (XING et al, 1986). There is near N-S Red River fault across this basin, the 
seismic activity is strong in this area. The dominated polarization of fast shear-wave gained in the 
paper is not obvious in HQ area, and the result only shows two unobvious relative dominated di-
rections of near N-S and near WNW (Figure 6). According to focal mechanism of two earthquakes 
in 1986, the direction of P axis is near N-S in this area. The direction of compressive strain is 
NNW by GPS (YANG et al, 2003). The difference is not large. The polarization graph of fast 
shear-wave of HQ station indicates the direction of local principal compressive stress is extremely 
complex around HQ station and is mainly approximately N-S, however the direction is limited in a 
small area and is different from obviously dominated N-S direction of LJ station 50 km north to 
HQ station. HQ station is located at the juncture of two partial faults (Figure 6). The stress is 
variable at fault crossing-area as well as the inflection point of fault (LI, 1992). The research of 
Jianchuan area 20 km west to HQ station indicates that the polarization of fast shear-wave splitting 
is complex in this area, that of eastern stations is basically consistent and is near N55°W, but there 
is not single direction in one station (LEI et al, 1997). GAO et al (1995; 1999) and LEI et al (1997) 
both obtained the complex polarization graph of fast shear-wave splitting in the crust. The result of 
HQ station in the paper has further demonstrated that polarization of fast shear-wave splitting have 
very strong local regional character. 

Tuanshan (TS) station locates in the Dali area where is an intersection area of Red River fault 
zone and other fault zones. According to mechanics analogy of Dali seismic structural environ-
ment by the finite element method, the direction of principal compressive stress of Dali area is 
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N15°W to N20°W, that is the NNW direction (XING and MA, 1985) that is consistent with the 
polarization of fast shear-wave splitting of TS station in this paper (Figure 6). The result is also 
consistent with principal compressive stress direction from GPS survey in TS area (Figure 6). TS 
station locates at Red River fault, which is the Late Pleistocene active fault. According to the study 
of large-scale active fault, polarization of fast shear-wave splitting of station near an active fault is 
different from that of station away from fault, and is often consistent with strike of fault (Crampin 
et al, 2003; WU et al, 2007). The result of TS station supports this conclusion. 

Baoshan (BS) station locates in the east of Nujiang fault (Figure 1). Taking width of fault 
zone into consideration, BS station can be thought as locating in the Nujiang fault zone. According 
to analysis of 11 records with the focal depth and 169 records with epicentral distance within    
10 km in the paper, the polarization of shear-wave splitting of BS station is N-S and slightly turn-
ing to NNE, and this direction should be the direction of local principal compressive stress around 
BS (Figure 6). This result is consistent with the principal compressive strain of NNE direction ob-
tained by the GPS survey (YANG et al, 2003). According to eight earthquake records, GAO et al 
(2004a) obtained the polarization of fast shear-wave splitting is near E-W in BS station that is dif-
ferent from the result in the paper, and is consistent with the second principal direction of our re-
search. The possible reason is that the data used by GAO (2004a) are just from the edge of 
shear-wave window, and the angle between seismic ray of partial earthquakes and local horizontal 
compressive stress direction is large. Because of the influence of crack aspect ratio, polarization of 
fast shear-wave could be different from the direction of local principal compressive stress (GAO 
and Crampin, 2006). The data used by GAO et al (2004a) were recorded newly; most shear wave 
incident angles of them are bigger than 45°. According to the velocity structure from WU et al 
(2001), stricter shear-wave window of 37° was recomputed; most of data were not included in this 
research. 

Cangyuan (CY) station locates at the boundary area of China. Although there is no data ob-
tained from foreign country, NE-striking and NW-striking fault can be seen near CY station in 
China. These two faults respectively distribute northwest and northeast to CY station (Figure 6). 
Polarization of fast shear-wave splitting obtained from this research is obvious N-S, and is consis-
tent with the principal compressive strain of NNE direction from GPS survey by YANG et al 
(2003). 

Chuxiong-Tonghai fault is a Late Pleistocene active fault, Chuxiong (CX) station is nearly at 
the fault zone (Figure 1). Polarization of fast shear-wave splitting of CX station obtained in the 
paper is the NW direction and is consistent with the direction of principal compressive strain by 
GPS (YANG et al, 2003) as well as strike of the active fault (Figure 6). Using data from temporary 
seismic network, QIAN et al (2002) obtained the polarization of fast shear wave splitting mostly 
ranges from NE140° to NE164° and the average is NE152.4°. The small seismic network and the 
earthquake event they used is over 70 km northwest to Chuxiong and are also near Chux-
iong-Tonghai fault zone and nearby regions. The polarization of fast shear wave splitting of this 
paper is consistent with that obtained by QIAN et al (2002), and is parallel to the strike of active 
fault. There is no large difference with the direction of local principal compressive strain by GPS 
and the direction of regional principal compressive stress in Yunnan area (KAN et al, 1983; WU et 
al, 2004). 

Yimen locates in the Sichuan-Yunnan rhombic block, at the juncture of Yimen fault and 
Chuxiong-Tonghai fault. Polarization of fast shear-wave is ENE, and near E-W direction in YM 
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area, which is approximately vertical to the direction of local principal compressive strain by GPS, 
the direction of local principal compressive stress and the strike of main fault in this area, and it is 
inconsistent with polarization of CX station located in identical fault zone. The possible reason is 
YM station locates at a special cross. It is not only located at the joint of Chuxiong-Tonghai fault 
and Yimen fault, and also at the joint of two secondary fault of Chuxiong-Tonghai fault and an 
Early Quaternary active fault with near N-S direction. In the joint of fault, the direction of stress 
field also changes complexly. This special position results in inconsistence of polarization of fast 
shear-wave splitting between YM and CX station. 

Dongchuan area located in the eastern Yunnan is a strong seismically active area. Structure 
line is near N-S direction. Xiaojiang fault is the major active fault in this area (Figure 1). DC sta-
tion is located in the N-S-striking Xiaojiang fault zone. According to the research by LIU (2002), 
when Sichuan-Yunnan rhombic block moves toward south SSE direction, Dongchuan area is in a 
turning point of structure, the fault is hard to wiggle, crust stress is easy to be concentrated and 
strain energy easy to be accumulated in the place. There are few medium-strong earthquakes and 
small earthquakes, therefore the strain energy accumulated in the crust is not easy to release in this 
area. According to the focal mechanisms for several years, the axis of principal compressive stress 
in Dongchuan area is NW-SE. The polarization of fast shear-wave in DC area obtained in this pa-
per is NW (with data in shear-wave window) or NNW direction (with supplement data). Because 
there are only three records in the shear-wave window, the reliability of results obtained from 78 
records (extension data) are higher by comparison. Polarization of fast shear-wave splitting of DC 
station is consistent with the direction of principal compressive strain from GPS, and the strike of 
active fault as well as direction of principal compressive stress in Yunnan area (Figure 6). 

MI station is also located in the east of Yunnan area, east to Xiaojiang fault zone. Although 
there are not a lot of data from MI station, the polarization of fast shear-wave is near N-S. Ac-
cording to focal mechanism, the direction of principal compressive stress is N60.3°E in eastern 
Yunnan area (LIU et al, 2002). There is an early Quaternary active fault less than 5 km to north-
west of MI station. It can be seen from Figure 6 that although MI station is 20~25 km away from 
active fault zone and is located in relative stable structure area, its local principal compressive 
stress direction is still controlled by Xiaojiang fault zone west to it and about N-S, consistent with 
the direction of principal compressive strain as well as regional principal compressive stress. 

Tonghai is located at the southeast end of Sichuan-Yunnan rhombic block. Approximate 
N-S-striking Xiaojiang fault is cut by NW-striking Red River fault, forming an acute angle area. 
Xiaojiang fault and Red River fault are both the boundary of Sichuan-Yunnan rhombic block. The 
movement of Sichuan-Yunnan rhombic block toward SSE occurs by both of them, which results in 
the concentration of stress in this acute angle region. Two earthquakes with MS=6.5 in 1965 and 
MS=7.7 in 1970 occurred in the area. The direction of principal compressive stress axis is NNE 
from focal mechanisms of both earthquakes (KAN et al, 1977; LIU et al, 1999). The predominate 
polarization direction of fast shear-wave is about N-S, consistent with principal compressive strain 
direction from GPS and strike of active fault as well as regional principal compressive stress (Fig-
ure 6) and there is little difference from direction of principal compressive stress axis of NNE ob-
tained from focal mechanism. The result suggests Xiaojiang fault zone has larger influence on lo-
cal principal compressive stress field. 

During the period from January 1, 2000 to December 31, 2003, there were not appropriate 
waveforms or only two effective records from the other stations in Yunnan Telemetry Seismic 
Network. These stations will not be discussed in the paper. A related discussion will be made after 
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processing enough data. 

5 Conclusions 
The Yunnan area is strongly influenced by the Europe-Asia Plate and the Indian Plate. The 

geophysical and geological characteristics of the deep, the shallow and surface are all very com-
plex. Using the waveform data recorded in four years from Yunnan Telemetry Seismic Network, 
some preliminary understandings about crustal anisotropy in Yunnan area can be obtained through 
research on shear-wave splitting. 

Polarization direction of fast shear-wave represents the direction of principal compressive 
stress of the local region (a station and neighboring). This study shows that polarizations of fast 
shear-wave are consistent with the direction of principal compressive strain from GPS and the di-
rection of local principal compressive stress, and it is strongly related to the direction of principal 
compressive stress of the Yunnan region. 

Fast shear-wave polarizations of the stations located at the active faults are consistent with 
the strikes of active faults, principal compressive strain from GPS and regional principal compres-
sive stress, for example, TS, BS, CX, DC and TH stations. 

Due to the effect of local stress field, polarizations of the fast shear-wave of the stations away 
from active fault are consistent with the principal compressive strain of GPS, for example, CY and 
MI stations; For stations located between two faults, the polarizations of the fast shear-wave are 
also consistent with the local direction of principal compressive stress and the direction of princi-
pal compressive stress from GPS, for example, LJ station. 

Research on the characteristic of the fast shear-wave polarization in Yunnan area shows that 
the distribution of the polarization of the fast shear-wave can be used to judge whether the faults 
are active or not. This result is consistent with the research of WU et al (2007). 

A complex local structure could control or influence the principal direction of polarization of 
the fast shear-wave of stations, which result in that this direction is inconsistent with the strike of 
the major active fault, or there is greater difference between neighboring stations. The complex 
geological structure can also lead to the fast shear-wave polarization to be scattered or to appear 
many dominated directions such as HQ, YM stations. 

According to researches on geological background and seismic activity research, while 
without precise depth localization data, waveform of earthquake occurred near the station can be 
used as a supplement. This kind of data supplement technique is helpful to enhance the reliability 
of the polarization of fast shear-wave splitting analysis in the case of limited data. Thus the direc-
tion of principal compressive stress of the crust can be obtained. This technique may be applied as 
a fast processing technique. 

Yunnan area structure is complex with many fault zones and many feeling earthquakes. More 
data are needed to conduct the precise seismic research in this area. 

Acknowledgements We would like to thank the colleagues from Yunnan Telemetry Seis-
mic Network for helping us collecting the data in the paper. 

References 
Crampin S and Atkinson B K. 1985. Microcracks in the Earth’s crust [J]. First Break, 3(3): 16-20. 
Crampin S, Chastin S, Gao Y. 2003. Shear-wave splitting in a critical crust (III): Preliminary report of multi-variable measurements in 

active tectonics [J]. J Appl Geophys, 54: 265-277. 
Crampin S. 1978. Seismic-wave propagation through a cracked solid: Polarization as a possible dilatancy diagnostic [J]. Geophys J R 



 ACTA SEISMOLOGICA SINICA Vol.19 632 

Astron Soc, 53: 467-496. 
Crampin S. 1984. An introduction to wave propagation in anisotropic media [J]. Geophys J R Astron Soc, 76: 17-28. 
DENG Qi-dong, ZHANG Pei-zhen, RAN Yong-kang. 2002. Basic characteristics of active tectonics of China [J]. Science in China (Series 

D), 32(12): 1 020-1 030 (in Chinese).  
Gao Y and Crampin S. 2004. Observations of stress relaxation before earthquakes [J]. Geophys J Int, 157(2): 578-582. 
Gao Y and Crampin S. 2006. A further stress-forecast earthquake (with hindsight), where migration of source of earthquakes causes 

anomalies in shear-wave polarizations [J]. Tectonophysics, 426(3/4): 253-262. 
GAO Yuan and FENG De-yi. 1990. The primary study of shear-wave splitting by earthquake record [J]. Chinese Geophysical Society 

Annual, 11 (in Chinese). 
GAO Yuan and ZHENG Si-hua. 1995. Cross correlation function analysis of shear wave splitting: Method and example of its application 

[J]. Journal of Earthquake Prediction Research, 4(2): 224-237 (in Chinese). 
GAO Yuan, LIANG Wei, DING Xiang, et al. 2004a. Variational characteristics of shear-wave splitting on the 2001 Shidian earthquake in 

Yunnan, China [J]. Acta Seismologica sinica, 17(6): 635-641. 
GAO Yuan, LIU Xi-qiang, LIANG Wei, et al. 2004b. Systematic analysis method of shear-wave splitting: SAM software system [J]. 

Earthquake Research in China, 20(1): 101-107 (in Chinese). 
GAO Yuan, ZHENG Si-hua, SUN Yong. 1995. Crack-induced anisotropy in the crust from shear wave splitting observed in Tangshan 

region, North China [J]. Acta Seismologica Sinica, 8(3): 351-363. 
GAO Yuan, ZHENG Si-hua, WANG Pei-de. 1996. Shear wave splitting study on small earthquake swarm of 1992 in Dongfang of Hainan, 

China [J]. Chinese J Geophys, 39(2): 221-232 (in Chinese). 
GAO Yuan, ZHENG Si-hua, ZHOU hui-lan. 1999. Polarization patterns of fast shear wave in Tangshan region and their variations [J]. 

Chinese J Geophys, 42(2): 228-232 (in Chinese). 
HAN Zhu-jun, GUO Shun-min, XIANG Hong-fa, et al. 2004. Seismotectonic environment of occurring on February 3 1996 Lijiang 

M=7.0 earthquake, Yunnan Province [J]. Acta Seismologica Sinica, 17(4): 453-463. 
KAN Rong-ju, WANG Shao-jin, HUANG Kun, et al. 1983. Modern stress field and relative motion of intraplate block in southwestern 

China [J]. Seismology and Geology, 5(2): 79-90 (in Chinese). 
KAN Rong-ju, ZHANG Si-lu, YAN Feng-tong. 1977. Study on the current tectonic stress field and the characteristics of current tectonic 

activity in Southwest China [J]. Chinese J Geophys, 20(2): 96-109 (in Chinese). 
LEI Jun, WANG Pei-de, YAO Chen, et al. 1997. The near-field shear wave splitting and its relation with structure in Jianchuan, Yunnan 

Province [J]. Chinese J Geophys, 40(6): 792-801 (in Chinese). 
LI Qun-fang. 1992. A study of on current stress field and seismic danger areas in the central –western Yunnan Province [J]. Northwestern 

Seismological Journal, 14 (2): 72-78 (in Chinese). 
LIU Zu-ying, HUANGPU Gang, JIN Zhi-ling. 1999. Tonghai Earthquake in 1970 [M]. Beijing: Seismological Press, 127-137 (in Chi-

nese). 
LIU Zu-ying, SU You-jin, QIN Jia-zheng, et al. 2002. Yunnan Earthquake Activity in the 20th Centuries [M]. Beijng: Seismological Press, 

30-47 (in Chinese). 
QIAN Xiao-dong, LI Bai-ji, QIN Jia-zheng. 2002. Study on shear wave splitting for sequence of the aftershocks of Yao’an MS=6.5 

earthquake in Yunnan [J]. Earthquake Research in China, 18(2): 157-165 (in Chinese). 
SU You-jin. 2002. Earthquake activity in Yunnan area in 2001[J]. Journal of Seismological Research, 25(2): 200-204 (in Chinese). 
WU Jian-ping, MING Yue-hong, WANG Chun-yong. 2001. The S wave velocity structure beneath digital seismic stations of Yunnan 

Province inferred from teleseismic receiver function modeling [J]. Chinese J Geophys, 44(2): 228-237 (in Chinese). 
WU Jian-ping, MING Yue-hong, WANG Chun-yong. 2004. Source mechanism of small-to-moderate earthquake and tectonic stress filed 

In Yunnan Province [J]. Acta Seismologica sinica, 17(5): 509-517. 
WU Jing, GAO Yuan, CHEN Yun-tai, et al. 2007. Anisotropy in the crust in Northwestern Capital Area of China [J]. Chinese J Geophys, 

50(1) (in press). 
XING Quan-you and MA Jin. 1985. The mechanics analysis of earthquake tectonic condition in Dali area, Yunnan [J]. Journal of Seis-

mological Research, 8(2): 189-200 (in Chinese). 
XING Quan-you, SU Jian, MA Jin. 1986. The northeast tectonic structure of seismic belt in Yunnan Dali [J]. Earthquake, 2: 44-50 (in 

Chinese). 
YANG Guo-hua, WANG Qi, WANG Min, et al. 2003. Current horizontal crustal movement and deformation characteristics in Yunnan 

area [J]. Journal of Geodesy and Geodynamics, 23(2): 7-14 (in Chinese). 
YANG Jing-qiong and YANG Zhou-sheng. 2005. Analysis on the ground motion noise of the substations in the Yunnan digital remote 

network [J]. Journal of Seismological Research, 28(1): 86-89 (in Chinese). 
YANG Xiao-song and MA Jin. 2003. Continental lithosphere decoupling: Implication for block movement [J]. Earth Science Frontiers, 

10: 240-247 (in Chinese). 
YAO Chen, WANG Pei-de, LU Yu-mei, et al. 1992. Shear-wave polarization and crack induced anisotropy of upper crust in Lulong, 

North China [J]. Chinese J Geophys, 10(3): 12-26 (in Chinese). 
YU Wei-xian, AN Xiao-wen, HU Yao-xiong, et al. 2002. Study on petrofabric dynamics of fracture tectonic rock in Lijiang region, Yun-

nan [J]. Journal of Seismological Research, 25(1): 58-61 (in Chinese). 
ZENG Rong-sheng, ZHU Jie-shou, ZHOU Bing. 1992. 3-D seismic wave velocity structure in Tibetan Plateau and its eastern neighboring 

regions and the continental collision model [J]. Acta Seismologica Sinica, 14(Suppl): 523-533 (in Chinese). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


