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Interaction between adjacent left-lateral strike-slip 
faults and thrust faults: the 1976 Songpan earthquake 
sequence  

YUE Han, ZHANG ZhuQi & Y. John CHEN† 

Department of Geophysics, School of Earth and Space Sciences, Peking University, Beijing 100871, China 

Based on the published focal mechanisms we have built the fault model of the main shocks of the 1976 
Songpan earthquake sequence and calculated the coseismic Coulomb stress changes in the region. 
The results show that most of the aftershocks had occurred in the region where the Coulomb stresses 
had been increased, indicating a triggering relationship between the main shocks and the aftershocks. 
We also show that the first main shock (Ms = 7.2), which is a left-lateral slip event, had increased the 
Coulomb stresses by 5×105 Pa at the second main shock (a thrust event with Ms = 6.7). Therefore, we 
conclude that the first main shock had triggered the second main shock. The third main shock is also a 
left-lateral event, however, the triggering relationship between the third main shock and the previous 
two events is less obvious. General model calculations show that there is a good triggering relation-
ship between adjacent left-lateral slip fault and thrust fault, but triggering between parallel slip faults is 
rather weak.  

Songpan earthquake sequence, Coulomb stress change, left-lateral slip fault, thrust fault 

The Songpan earthquake sequence consists of three 
main shocks, which occurred in the Huya fault between 
Sonpan and Pingwu in the north of Sichuan Province in 
1976. The first main shock struck at 22:06 on August 16 
with a magnitude of 7.2, which was followed by another 
two events 6 and 7 days later, at 22:05 on August 22 and 
11:30 on August 23 with magnitude of 6.7 and 7.2, re-
spectively.  

1  Regional geology 
 
The 1976 Songpan earthquake sequence occurred at the 
east edge of the Tibetan Plateau. The eastward extrusion 
of the Tibetan crust resulting from the Indian-Asia con-
tinental collision is blocked here by the Ordos block in 
the north and the Sichuan basin in the south and as a 
consequence, it caused active local deformation at vari-
ous fault structures here (Figure 1). Located at the north 
of Songpan earthquake sequence is the Kunlun 
strike-slip Fault[2], and at the south-east is the Long-

menshan thrust fault. Altogether this is one major earth-
quake zone in Sichuan Province where many large 
earthquakes have occurred: the Diexi earthquake (M = 
7.5) on August 25, 1933, the Dayixi earthquake (M = 6.2) 
at the south part of Longmenshan thrust fault on Febru-
ary 24 ,1970. From May 1973 to the end of 1974 four 
earthquakes with a magnitude greater than 5 had oc-
curred between Songpan and Nanping and the largest 
magnitude was 6.2. 

The Huya fault on which the Songpan earthquake 
occurred is located in the triangle zone between the 
Kunlun fault and the Longmenshan thrust fault[1,2]. The 
Huya fault has been considered as part of the Kunlun 
fault system and together with the Minjiang fault to its 
west, both form the boundary of the Minshan block[1,2]. 
The dominant deformation of the Minshan block is its 
southward motion relative to the Sichuan basin, which is 
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Figure 1  Regional geology of the 1976 Songpan earthquake sequence. 
The white rectangle is the focal region of the earthquake and the white 
pentacles are the position of the three main shocks of the sequence. 

 
consistent with the focal mechanism of the Songpan 
earthquake sequence. The three main shocks of the se-
quence have struck three locations along the Huya 
fault[1,2] (Figure 1). The north segment and south seg-
ment are parallel to each other with a strike of 165°. The 
middle segment has a strike of 215° and the three seg-
ments make up a step system (Figure 2). 

The Xianshuihe fault is located about 300 km south- 

west of the Songpan earthquake sequence and it is part 
of the left-lateral slip fault system at the east boundary 
of Tibetan Plateau. The 1973 Luhuo earthquake (Ms = 
7.6) occurred at this fault[4,5]. To its west is another 
left-lateral slip fault, the Yushu-Garzê fault. A pull-apart 
basin was formed between these two faults, where many 
aftershocks Ms≥3.0 took place with the largest after-
shock (Ms = 6.8) of Luhuo earthquake at a normal fault 
striking northeast. Liu et al.[5] have calculated the co-
seismic Coulomb stress changes of the 1973 Luhuo 
earthquake at these northeast striking normal faults 
Their results show that these aftershocks indeed oc-
curred in the region where Coulomb stresses were sig-
nificantly increased, indicating a good triggering rela-
tionship between the main shock and these aftershocks. 

The 1976 Songpan earthquake sequence is not very 
far (~300 km) from the 1973 Luhuo earthquake, and 
both events have some similarities, such as that they 
both occurred on left-lateral strike-slip faults and small 
dipping faults exist between these strike-slip faults. 
During the 1976 Songpan earthquake sequence, the 
second event occurred on a thrust fault which is fol-
lowed by another left-lateral strike-slip the next day[6]. 
We also notice that 7 months after the main shock of the 
1973 Luhuo earthquake another left-lateral strike-slip 
earthquake (Ms = 5.8) also occurred on the Yushu-Garzê 
fault[6]. Besides the difference in the magnitude, the 
1976 Songpan earthquake sequence and the 1973 Luhuo 
earthquake sequence share a similar pattern of left-  
lateral, thrust, and left-lateral strike-slip events, and the 
left-lateral strike-slip faults are close to parallel. By 
computing the Coulomb stress changes of the 1976 
Songpan earthquake sequence in this study, we found 
that this kind of earthquake sequence could be the con- 

 

 
Figure 2  Fault model for Coulomb stress computing. 
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sequence of stress triggering between adjacent faults and 
it may provide new insights of understanding the earth-
quake distribution in this region. 

2  Data and method  

The source parameters of Songpan earthquake sequence 
(Table 1) we used in this study are from the published 
work of Jones et al.[6], which were derived from both the 
relocation and wave form modeling methods.  
 
Table 1  Parameters of the three main shocks of Songpan earthquake 
sequence 

 August 16 August 22 August 23 
Magnitude (MS) 7.2 6.7 7.2 
Latitude (°) 32.72 32.61 32.48 
Longitude (°) 104.09 104.15 104.10 
Length (km) 30 12 22 
Width (km) 12 8 11 
Strike (°) 165 215 165 
Rake (°) 40 90 40 
Depth (km) 12 5 8 
Moment (1018 Nm) 13.0 4.0 8.4 
Dip (°) 63 60 65 
Slip (m) 1.1 1.2 1.1 

 
We assume a rectangle faulting surface for each major 

event. Since the rupture propagates in both directions for 
the first and third main events, we assume that the 
hypocenter is in the center of the rectangle. While, the 
rupture propagates in one direction for the second event, 
we assume that the hypocenter is on the north edge of 
the rectangle. Figure 2 shows that the three faults make a 
step form. 

The fault model uses the parameters from Jones[6]. 
White arrow incdicates the rake and the black arrow 
indicates the north. Pentacle marks the hypocenter. The 
first and third main shocks occurred at the center of the 
fault and the second event occurred on the northern edge 
of the fault. Different faults are marked by different col-
ors with the upper edge marked as white. 

Cheng et al.[7] had obtained the principal axis direc-
tions by the unique station method. Their result showed 
that most of the stations were associated with a horizon-
tal principal axis trending east-west, while the Songpan 
station, which is close to the fault, was associated with a 
horizontal principal axis trending north-south which is 
almost perpendicular to the others. On the other hand, 
Diao et al.[8] had also reported that most of the small 
earthquakes have a horizontal principal axis trending 
east-west. These previous work had all shown that the 

principal axis of this region trended east-west, except the 
observation at the Songpan station. Since the Songpan 
station is almost at the Minjiang fault, the observed re-
sult at this station may be strongly influenced by the 
fault geometry and could be different from the regional 
stress field. Thus we used the east-west horizontal prin-
cipal axis in formulating our model for the computation 
that follows (Table 2).  
 
Table 2  Stress field in the local region 

P axis N axis T axis 
Direction Dip Direction Dip 

 
Direction Dip 

112° 3° 101° 78°  33° 11° 

 
We assumed the Poisson’s ratio of the rock was 0.164, 

which was used by Jones et al.[6] in the wave form mod-
eling. We used the Yang’s modulus for a sandstone 
(7942 MPa) in our model. In the calculation of the Cou-
lomb stress, the effective friction coefficient includes the 
effect of both the pore pressure and the rock friction co-
efficient. Generally, a value for the effective friction co-
efficient from 0.4 to 0.8 is reasonable, so we assumed 
the effective friction coefficient to be 0.4. 

By the Okada fault displacement model on an elastic 
half space[9], we can calculate the coseismic stress in-
duced by the fault slip. When we restrain the stress to a 
given fault plain (the receiving fault), we can obtain the 
normal stress change Δσn (a compress stress is assumed 
to be positive) and shear stress change Δτs on the fault 
surface. Then using the equation of c s nσ τ μ σ′Δ = Δ − Δ  
we can get the Coulomb stress change on the receiving 
fault. Generally speaking, an increase in the Coulomb 
stress would increase the chance of triggering an earth-
quake, while, a decrease in the Coulomb stress would 
delay or restrain the occurrence of an earthquake[10,11]. 

3  Results 

3.1  Aftershocks triggering 

In principle the regional stress field can be perturbed by  
the stress change of a major event. Assuming small  
faults trend in all directions, the orientation of the op- 
timal rupture plane depends on the orientation of the  
principal axes according to the Coulomb failure criterion.  
Since aftershocks are in general small in magnitude  
(usually without a known focal mechanism), it is usually  
assumed that an aftershock should occur on the optimal  
rupture plane at a given location. By comparing the af- 
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Figure 3  Coulomb stress change caused by the main shocks and the location of the after shocks. (a) Coulomb stress change on the optimal fault caused 
by the first main shock and the distribution of the aftershocks occurred between the first and second main shocks. Most of the aftershocks were in the re-
gion where Coulomb stress was increased. (b) Coulomb stress change on the optimal fault caused by the three main shocks and the distribution of the af-
tershocks occurred in the three-month period after the third main shock. Most of the aftershocks occurred in the narrow region where Coulomb stress was 
increased. 
 
tershock distribution with the area of increasing Cou-
lomb stress on the optimal rupture planes, we can inves-
tigate the triggering effect of the aftershocks. 

The Coulomb stress change caused by the first main 
shock was compared with the locations of the after-
shocks occurring before the second event (Figure 3(a)). 
Because the third main shock occurred only one day 
after the second one, there were few aftershocks be-
tween these two main shocks. Figure 3(b) shows the net 
Coulomb stress change caused by all these three main 
shocks and the location of the aftershocks occurring in 
the three-month period after the third main shock. It is 
clear from Figure 3 that most of the aftershocks fall in 
the region of an increase in the Coulomb stress, which 
indicates a strong triggering effect of these aftershocks 
by these main shocks of the 1976 Songpan earthquake 
sequence. 

3.2  Triggering relationship between mainshocks 

We next investigate the triggering effects among these 
main events of the 1976 Songpan earthquake sequence. 
Our calculations (Figure 4) show that the first main  

shock has increased the Coulomb stress at the location 
of the second main shock. To minimize the edge effect 
of the rupturing surface, we used 5 concentric rectangles 
to fit the unique rectangle fault plane. For a given seis-
mic moment, we set different displacements for the five 
concentric rectangles and these displacements are de-
creased from center to zero at the edge. The Coulomb 
stress change on a horizontal plane at the 5-km depth is 
shown in Figure 4(a), and the Coulomb stress change is 
also shown in Figure 4(b) along the fault plane of the 
second main shock. The first main shock has increased 
the Coulomb stress by 5×105 Pa at the location of the 
second event, and therefore, it is likely that the second 
main event (6 days later) could be triggered by the first 
main shock. 

By calculating the Coulomb stress changes at the lo-
cation of the third main shock, Figure 5 shows that while 
the first main shock had decreased the Coulomb stress at 
this location by about (0.3―0.4)×105 Pa, the second main 
shock has increased the Coulomb stress at this location by 
about 0.5×105 Pa. By combining the effects of the two 
main shocks, the net increase in the accumulated Cou- 
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Figure 4  Coulomb stress change caused by the first main shock to the mechanism of the second event. (a) Coulomb stress change caused by the first 
main shock at a horizontal plan at the depth of the second earthquake (5 km). The Coulomb stress was increased at the location of the second event. (b) 
Coulomb stress change caused by the first main shock at the second fault plane. The hypocenter of the second main shock (marked as the black pentacle) is 
in the region of a stress increase. (c) Coulomb stress change on the second fault plane at 5-km depth. The Coulomb stress at the hypocenter of the second 
main shock (shown as the black pentacle) was increased by 6×105 Pa. The gray region marks the error in the location of the second event. 
 
lomb stress change at the location of the third event is 
quite small (about 0.1×105 Pa). The triggering effect of 
the third event by these previous two main shocks is not 
obvious. Our calculations show that the first main shock 
had restrained the third event. However, the second main 
shock encouraged the occurrence of the third main 
shock. 

4  Discussion 

As shown in Figure 3 most aftershocks had occurred in 
the region where Coulomb stress had been increased. 
After the first main shock, the Coulomb stress had been 
increased significantly in the North-East region, which 
includes most of the aftershocks (Figure 3(a)). However, 
fewer aftershocks occurred in the west region where 
Coulomb stress had been decreased. Figure 3(b) shows 
that most aftershocks following the 1976 Songpan 
earthquake sequence took place within a narrow region 
along the faults. The spacial variation in the Coulomb 
stress change is shown at 5 km depth since the after-
shocks were concentrated at 5 km depth[6]. 

The Coulomb stress at the location of the second 
main shock was increased by about 5×105 Pa after the 
first main shock. It is generally believed that when the 

Coulombs stress was increased by about 1×105 Pa at a 
nearby fault, an earthquake could be triggered[10]. Further- 
more, the area of the location error (2 km) of the second 
main shock is also included in the region where the 
Coulomb stress was increased (Figure 4(c)) and there-
fore, it is likely that the first main shock had triggered 
the second one. 

Compared with the triggering relationship between 
the first two shocks, the triggering relationship between 
the first two shocks and the third one is less obvious. 
The first shock had decreased the Coulomb stress at the 
location of the third shock (the third shock was re-
strained), but the second shock had increased the Cou-
lomb stress at the third shock. The combination of the 
two shocks gives an increase of more than 0.1×105 Pa in 
the Coulomb stress change at the location of the third 
shock. Wan Yongge et al.[12] had suggested that the in-
crease of Coulomb stress by (0.1―1)×105 Pa is possible 
to trigger an earthquake. If that is the case, our analysis 
could explain why the third main shock was followed 
closely to the second event. 

Our model calculations show a possible triggering re-
lationship between left-lateral slip fault and thrust fault 
in the 1976 Songpan earthquake sequence. To further 
elaborate on this point, we calculated the Coulomb stress  
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Figure 5  Coulomb stress changes on the location of the third event. (a) Coulomb stress change caused by the first main shock at the 8-km depth of the 
hypocenter of the third event (top) and on the third fault plane (bottom). Coulomb stress at the hypocenter of the third earthquake (black pentacle) was 
decreased. (b) Coulomb stress change caused by the second main shock at the 8-km depth of the hypocenter of the third event (top) and on the third fault 
plane (bottom). Coulomb stress at the hypocenter of the third earthquake (black pentacle) was increased. (c) Coulomb stress change caused by the combi-
nation of the first and second main shocks at the 8-km depth of the hypocenter of the third event (top) and on the third fault plane (bottom). The Coulomb 
stress change at the hypocenter of the third earthquake (black pentacle) was increased. (d) Coulomb stress change at 8-km depth on the third fault plane 
(red line marks the location of the third earthquake and the gray region shows the location error). The first main shock had decreased the Coulomb stress at 
the hypocenter of the third event by about 0.43×105 Pa and however, the second main shock had increased the Coulomb stress at the location by about 0.56 
×105 Pa. The net Coulomb stress change at the hypocenter of the third event was 0.13×105 Pa. 
 
with different parameters for a fault system of a 
left-lateral slip fault and a thrust fault; each fault is 10 
km long, 5 km wide (Figure 6). 

The Coulomb stress change of an earthquake at a 
left-lateral slip fault is shown in Figure 6(a). It can be 
divided into four lobes: at one side of the left-lateral slip 
fault, the Coulomb stress increased in the forward direc-
tion of the fault slip and decreased in the opposite direc-
tion. We can call this a right-step form triggering, that is, 
if you stand in the forward direction of the source fault 
and make a right step, you will stand in the triggering 
region (where the Coulomb stress is increased). For 
comparison, as shown in Figure 6(c), the triggering rela-
tionship between a thrust fault as a source and a 

left-lateral slip fault as a receiving fault has a left-step 
triggering form.   

On the other hand, for a case that both the source fault 
and the receiving fault are a left-lateral slip fault, most 
of the region is associated with a decrease in the Cou-
lomb stress, suggesting a restrained relationship between 
left-lateral slip faults. Finally, as shown in Figure 6(d), 
an earthquake at a thrust fault can restrain a parallel 
thrust fault in most of the region except the adjacent area 
near the source.  

We can conclude from these model calculations 
shown in Figure 6 that two adjacent parallel left-lateral 
slip faults such as the first and third main shocks of the 
1976 Songpan earthquake sequence can hardly trigger  
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Figure 6  Coulomb stress change for different combination of faults. The 
thick while line marks the source fault, and the white arrows indicate the 
focal mechanism. The black line and the black arrows represent the orien-
tation of the receiving fault and its mechanism, respectively. 

each other while a thrust fault between these faults can 
facilitate the rupture continuity between these faults. 

5  Conclusions 

(1) Calculations of the coseismic Coulomb stress 
change suggested a good triggering relationship of the 
aftershocks by the main shocks. 

(2) In the 1976 Songpan earthquake sequence, the 
first main shock at the northern segment of the Huya 
fault had likely triggered the second main shock located 
in the middle of the segment. The triggering effect of the 
third main shock is less obvious but it is possible that the 
third main shock was triggered by the two previous main 
shocks. 

(3) Adjacent parallel left-lateral slip faults usually do 
not trigger each other. A thrust fault located between 
these faults can facilitate the transfer of the earthquakes 
between these left-lateral slip faults as seen for the case 
of the 1976 Songpan earthquake sequence. 

We would like to thank Shinji Toda at Geological Survey of Japan, Ross 
Stein at U.S. Geological Survey and Jian Lin at Woods Hole Oceano-
graphic Institution for their “Coulomb” program used in our calculations. 
Comments from two anonymous reviewers helped to improve the manu-
script. We would also like to thank the editor invaluable advice. 
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