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Abstract: The XiLuoDu reservoir dam located on the Jinsha River is one of 

the largest dams in the world. Nearby faults are very active, and two M>7 

strong earthquakes have occurred around the dam. Simulating the rupture 

dynamics of potential earthquakes on the surrounding faults is very important 

to estimate the seismic hazard for the dam. In this research, we use the 

curved grid finite difference method (CG-FDM) to simulate spontaneous 

ruptures on the major faults around the dam. The main results are that the 

Leibo middle and south faults (LBMF and LBSF) are more likely to have 

large destructive earthquakes than the Mabian-Yanjin east fault (MB-YJEF). 

Asperities on faults that have an impact on strong ground motion are formed 

under the combined influence of the regional background stress field and 

fault geometry. Spontaneous ruptures on the LBMF and LBSF are mainly 

strike-slip with minor thrust components, while those on the MB-YJEF are 

strike-slip and thrust; these results are consistent with the focal mechanisms 

of recorded small and moderate earthquakes in this area.  

Keywords: Spontaneous rupture dynamics, potential earthquakes, 

XiLuoDu dam, CG-FDM method     

1 Introduction 

The Jinsha River, with a total length of 3364 km, is located in the upper reaches 

of the Yangtze River in China and is rich in water energy resources. There are four 

world-class reservoir dams on its lower reaches. The XiLuoDu reservoir is located in 

the Jinsha River gorge section between Leibo County in Sichuan Province and 

Yongshan County in Yunnan Province; it has a total reservoir capacity of 13.6 billion 

m
3
 and a maximum dam height of 278 m 

(https://www.ctg.com.cn/sxjt/zt98/cyjsj/xwtqh/313438/index.html). This reservoir is a 

large-scale project that is useful for power generation, flood control, sediment 

retention and improvement of downstream shipping conditions, but the reservoir is 
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located within the Daliangshan sub-block at the junction of the Qinghai-Tibetan block 

and the South China block (Deng et al., 2003; Diao et al., 2014; Zhang et al., 2003). 

The seismicity and earthquake intensity are both very strong in this area. The seismic 

resistance of the reservoir dam is very important 

(https://www.ctg.com.cn/sxjt/zt98/cyjsj/xwtqh/313438/index.html), and a more 

accurate estimation of earthquake disasters in the dam site area is urgently needed. 

Some faults are active around the dam. The Lianfeng fault (LFF) and many small 

faults in the Mabian-Yanjin fault zone are mainly distributed within 20-30 km of the 

XiLuoDu dam, forming a nearly triangular small block called the Leibo-Yongshan 

triangular block. The western boundary of the triangular block is the Ebian-Jinyang 

fault (EB-JYF), the southern boundary is the Lianfeng fault, and the eastern boundary 

of the block is composed of three small faults: the Lidian fault (LDF), MaNao fault 

(MNF), and XieZiBa fault (XZBF) (Figure 1). The EB-JYF, LDF, MNF, and XZBF 

all belong to the NNW-trending Mabian-Yanjin Fault Zone. These faults are the major 

seismogenic faults around the dam site and generally show sinistral strike-slip 

and thrust movements (Wang et al., 2015; Zhao et al., 2014). The tectonic activity and 

seismicity are very strong around these faults. In particular, two strong earthquakes 

with M>7.0 have occurred within 50 km of the reservoir dam, including the Mahu 

M 7.0  earthquake in 1216 and the Daguan M 7.1 earthquake in 1974. Strong 

earthquakes with M>7 could also possibly occur on the LBMF and LBSF, which are 

closer to the dam. Therefore, simulating the rupture dynamics of potential strong 

earthquakes on these faults can help us understand the possible characteristics of 

earthquake sources more clearly and can provide more accurate ground motions to 

estimate seismic hazards, which may have great significance for improving the 

seismic fortification level. 
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Figure 1. Regional geologic tectonics and stress field. EB-JYF: EBian-JinYang fault; LFF: LianFeng 

fault; LBMF: LeiBo Middle fault; LBSF: LeiBo South fault, XZBF: XieZiBa fault; MNF: MaNao fault; 

LDF: LiDian fault; XLD Dam: XiLuoDu Dam. The thick red line represents the maximum principal 

stress direction, and the thick perpendicular blue line represents the minimum principal stress direction. 

The simulated target faults (LBMF, LBSF and MB-YJEF) are represented by thin red solid lines. The 

nucleation zones of the scenario earthquake sources are represented by red stars, and the green dashed 

line represents the extended segment of the LBMF, which is discussed in section 3.1.2. 

2 Method and Model 

The rupture process of an earthquake is impacted by several factors, such as the fault 

geometry, regional stress field, rock properties, surface of the Earth, and site effects. A 

powerful numerical tool is required to include these complexities in the simulation 

and derive reliable solutions. We use the curved grid finite difference method 

(CG-FDM in short) (Zhang et al., 2016; Zhang et al., 2014) to model the spontaneous 

dynamic rupture of these faults around the XiLuoDu dam. This method has been 

validated by recent benchmark models (Harris R. A., 2009). Zhang et al., used this 

method to simulate the potential earthquakes around the Taiyuan Basin in northern 

China (Zhang et al., 2017) and the Wenchuan M 8.0 earthquake on the Longmenshan 

fault in China (Zhang et al., 2019). 
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In this study, the spontaneous rupture processes of potential earthquakes occurring on 

the faults near the XiLuoDu reservoir dam are simulated by the CG-FDM model, 

which can reflect the regional three-dimensional velocity structure difference, 

regional background stress field, and geometry of faults. 

2.1 Fault structure 

(1) LBMF 

The mean strike direction of the LBMF is S63°W, the dip angle is ∠60°, and the 

length and width of the LBMF are 60 km and 20 km, respectively (Song, 2018, 

personal communication). 

(2) MB-YJEF 

Considering that a strong earthquake of magnitude 7 or above could potentially occur 

in the target area, the three small faults (Lidian, MaNao and Xieziba) are connected 

into one fault for the simulation, which is called the MaBian-YanJin east fault 

(MB-YJEF). The mean strike direction of MB-YJEF is S23°E, the dip angle is ∠80°, 

and the length and width of MB-YJEF are 100 km and 40 km, respectively (Song, 

2018, personal communication).  

(3) LBSF 

The mean strike direction of the LBSF is S59°W, the dip angle is ∠60°, and the length 

and width of the LBSF are 40 km and 20 km, respectively (Song, 2018, personal 

communication). 

Earthquakes, especially those with large rupture areas, usually begin in a certain area 

that reaches the rupture conditions and then propagate outwards. To simulate the 

rupture process of an earthquake, a nucleation zone is also needed. In this zone, the 

shear stress is artificially set to a value higher than the fault strength, which makes the 

zone the initial rupture site and then causes the spontaneous rupture of other areas 

along the fault plane. In this research, the radius of the nucleation zone is set at 3 km. 

The irregular fault traces, nucleation zones (red stars) and stress directions are also 

illustrated in Figure 1. Generally, the focal depth of potential earthquakes is set at 12 

km in this study.     
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2.2 Stress state and dynamics parameters 

Geological observation data and inversion of the focal mechanism of small and 

moderate earthquakes in the study area show that the faults are mainly strike-slip 

faults. The relative magnitude of the triaxial stress of strike-slip earthquakes should be 

σH > σv > σh. Guo (2018) used the focal mechanisms of regional earthquakes and 

the MSATSI software package (Martínez-Garzón et al., 2014) to obtain the regional 

stress field (Guo, 2018, personal communication). According to her results, the 

maximum horizontal principal stress direction is 113°, and the stress shape ratio is 

R =
σV-σH

σh-σH
= 0.6 in this area, where σH, σh, and σv are the maximum horizontal 

principal stress, minimum horizontal principal stress, and vertical principal stress, 

respectively. These results are consistent with the results of Diao et al. (2014) and 

Ruan et al. (2010). 

When the friction coefficient of the fault is 0.4 and the pore pressure is equal to the 

hydrostatic pressure, the maximum principal stress σH at a depth of 10 km can be 

taken as 1.7 σv, and the minimum principal stress σh can be taken as 0.6 σv (Zhou, 

2014). Therefore, according to this result and the stress shape ratio (R value), the 

following stress relations are applied in this study: 

σv = (𝜌 − 𝜌𝑤)gh, σH = 1.6σv, σh = 0.6σv                   (1) 

σv = (𝜌 − 𝜌𝑤)gh, σH = 1.45σv, σh = 0.7σv                  (2) 

σv = (𝜌 − 𝜌𝑤)gh, σH = 1.3σv, σh = 0.8σv                   (3) 

where 𝜌 and 𝜌𝑤 are the densities of the overlying rock and water, respectively, 

h is the depth from a particle to the surface and g is the acceleration of gravity. 

Generally, the main sliding volume of earthquakes occurring in the Earth's crust is 

concentrated in the area above 15 km depth; deeper media enter the plastic 

deformation area, where fewer earthquake events occur. Therefore, the stress is 

calculated by equations (1-3) within 15 km depth, gradually changing to hydrostatic 

pressure in the depth range of 15 km – 19 km where the triaxial stresses are equal. 

In this paper, the slip weakening law (Ida, 1972) is used as the friction criterion. The 

critical sliding distance (DC in short) is 0.4 m; when it is less than the critical sliding 

distance, the static friction coefficient decreases gradually until it reaches the critical 

sliding distance and then changes to the dynamic friction coefficient; the static 

friction coefficient μs = 0.4, and the dynamic friction coefficient μd = 0.25 in this 

study. According to these parameters, the models are set as shown in Table 1. 

Table 1 The parameters of the models used in this research 
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 Strength of 

stress 

Location of 

nucleation 

zone 

Set 

asperity 

number 

The 

critical 

sliding 

distance 

Friction 

coefficient 

Model A Equation 

(2) 

Next to the dam 1 0.4 μs = 0.4  

μd = 0.25 

Model B Equation 

(3) 

Next to the dam 1 0.4 μs = 0.4  

μd = 0.25 

Model C Equation 

(2) 

Far from the dam 1 0.4 μs = 0.4  

μd = 0.25 

Model D Equation 

(1) 

Next to the dam 2 0.4 μs = 0.4  

μd = 0.25 

2.3 Velocity structure  

The study area is located at the southeastern edge of the Qinghai-Tibetan Plateau, 

where the boundary marks the collision between the Indian plate and the Eurasian 

plate and the velocity structure is complex (Wu et al., 2006). The complex velocity 

structure plays an important role in earthquake rupture and strong ground motion, and 

a simple velocity model cannot accurately reflect the ground motions and earthquake 

disasters caused by real earthquakes in the near field. The 3D velocity structure used 

in our study is inversed from a high-resolution seismic array (ChinArray) by Zheng et 

al. (2016), which can provide better constraints for the media in the study area. 

3 Results 

3.1 Simulation on LBMF 

3.1.1 The parameters set for Model A 

To accurately reflect the rupture process of an earthquake, a 100 m grid is used in our 

simulations. On this fault, an 10 s spontaneous rupture process is simulated, and 

snapshots of dislocations are shown in Figure 2. The rupture starts from the 

nucleation zone (earthquake source) and propagates until it reaches the boundary of 

the fault. Under the action of the background stress field and fault geometry, an little 

asperity forms (according to the definition , an asperity is a relatively independent 

high-stress area on a fault plane before an earthquake (Aki, 1984; Kanamori and 

Stewart, 1978)) at the southern direction of epicenter (Figure 2c,d). During the 

earthquake, high-intensity coseismic dislocations occur on the southwestern segment 

of the fault. The dislocations are not uniform because of the existence of the asperity 
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and the northern geometric turn of fault which stops the rupture at depth. The 

dislocation at the asperity is the largest. From the rupture time contours (Figure 3), 

we can see that the rupture accelerates when it reaches the ground surface, which 

means supershear has occurred, and the small fracture shown in Figure 3 is induced 

by the artificially set roughness on the fault plane, which is helpful for radiating 

random high-frequency vibrations. Because the triaxial stresses are equal, the 

effective shear stress in the deep part of the fault decreases to zero, the sliding 

gradually stops, and the fault tends to heal before it propagates to the deep boundary 

of the fault. Therefore, the dislocations are concentrated above 15 km. The rupture 

propagates on both sides of the fault along the strike direction. 

 

Figure 2. Snapshots of dislocations on the LBMF; the white star represents the hypocenter on each 

snapshot. 
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Figure 3. Rupture time contours every 1 s (denoted by white line); the white star represents the 

hypocenter.  

The final slips in the strike and dip directions on the LBMF are shown in Figure 4. 

The slip is mainly distributed in the strike direction, and the dislocation in the dip 

direction is small. The figure also shows that the simulated earthquake is a strike-slip 

earthquake with a minor thrust component, which is consistent with the setting of the 

background stress field (stress value and stress direction) and focal mechanisms of 

recorded earthquakes on this fault.  

 

Figure 4. Distribution of the final slips along the dip (left) and strike directions (right); the white stars 

represent the hypocenter. 

The source time function shows that most moment energy is released between 1 and 

5 s and that the moment magnitude of this potential earthquake on the LBMF reaches 

7.21. A geometric turn in the northeastern segment of the LBMF gradually stops the 

rupture can be seen in Figure 2 and 4 clearly.  
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Figure 5. Source time function of the potential earthquake on the LBMF 

The rupture is gradually stopped by the geometric turn of the fault, as shown in 

Figure 2. We would like to know how the rupture propagates when it meets the 

geometric turn, so we extend the LBMF along the strike direction for 40 km 

(represented by the green dashed line in Figure 1) to simulate the spontaneous rupture 

process of the potential earthquake for 8 s under the same background stress field 

setting. Snapshots of dislocations are shown in Figure 6. Like the rupture on the 

shorter LBMF, the rupture also starts from the nucleation zone (earthquake source) 

and an obvious asperity formed in the southern direction of epicenter (Figure 6b). But, 

unlike the rupture stops in the simulation on the shorter LBMF, a new asperity forms 

at the geometric turn on the extended LBMF (Figure 6d,e), which helps the rupture 

continue to propagate; finally, two regions divided by geometric turn on the fault 

undergo significant slip. The potential earthquake on this longer LBMF also shows 

that the simulated earthquake is a strike-slip earthquake with a minor thrust 

component. The moment magnitude of this potential earthquake on the LBMF 

reaches 7.34, and the seismic moment is accelerated a second time when the rupture 

propagates to the asperity at the geometric turn which shows completely different 

fracture characteristics. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

10 

 

 

Figure 6. Snapshots of the dislocations and the source time function on the extended LBMF; the white 

stars represent the hypocenter. 

In the simulation of a potential earthquake on the extended LBMF, the dislocations 

are much less uniform because of the asperity at the geometric turn. The different 

dislocation distributions and earthquake source time functions can influence the 

strong ground motion and shaking intensity at the reservoir dam. Therefore, 

clarifying the fault geometry is also very important for estimating seismic hazards. 

3.1.2 The parameters set for Model B  

In this setting, the direction and relative size of the background stress field are the 

same as in the previous section, but the absolute value of the stress field is smaller 

than that in the previous section. The final slip is distributed only at the nucleation 

zone, and the source time function shows that the spontaneous rupture stops 

gradually after 2 s and that the rupture cannot spread along the fault plane (Figure 7). 
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This event fails to develop into a more destructive earthquake (Xu et al., 2015).   

 

Figure 7. The final dislocation and the source time function on the LBMF under smaller stress (model 

B); the white star represents the hypocenter. 

3.1.3 The parameters set for Model C 

As we can see, the nucleation zone of the model is set next to the dam site, and there 

is random roughness on the fault plane in section 3.1.1 and section 3.1.2. In this 

section, a simulation is run on a smooth fault plane with a nucleation zone far from 

the dam site to see the rupture process. From the time process of the rupture (Figure 

8a), it can be seen that the rupture starts from the nucleation zone and propagates 

toward both sides and the shallow part of the fault. In the deep part of the fault, the 

rupture propagates to both sides with difficulty due to the blockage by the geometric 

turn of the fault. Unlike the rupture time in Figure 3, there is no microfracture on the 

smooth fault plane in Figure 8a. The final slip on the fault plane also illustrates that 

the rupture cannot propagate because of the geometric turn of the fault (Figure 8b). 

The source time function shows the seismic energy released during 0-3 s, and the 

moment magnitude only reaches 6.5. The seismic moment is accelerated a second 

time during 4-6 s when the rupture touches ground surface. The simulated result 

reveals that the magnitude of a potential earthquake is much smaller when the 

nucleation zone is located far from the dam site, and the seismic hazard should be 

less. 
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Figure 8. Rupture time contours every 1 s (denoted by white lines, top panel), the final slip distribution 

(middle panel) and the source time function (bottom panel) of a potential earthquake induced by a 

nucleation zone far from the dam site on a smooth fault plane for the LBMF. The white star represents 

the hypocenter. 

3.2 Simulation on the LBSF 

3.2.1 The parameters set for Model A  

The strike direction of the LBSF is similar to that of the LBMF, but the LBSF is 
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shorter. In the spontaneous rupture, two asperities form on the north side of the 

nucleation zone. The rupture starts from the asperity and nucleation zone and then 

gradually expands to produce an Mw 7.16 earthquake (Figure 9). As mentioned 

above, we set the shear stress higher than the fault strength in the nucleation zone to 

make the rupture expand from here. In Figure 9, we can see that there is one location 

(located in the northeastern segments of the LBSF) slide prior to the propagation of 

rupture, and the dislocation of this region is remarkable. This shows that this location 

slide more easily, and we speculate that the background stress fields at this location is 

larger due to the fault geometry there. Therefore, if a real destructive earthquake 

occurs on the LBSF, these this place is more likely to be the initial fracture point. 

 
Figure 9. Snapshots of the dislocations and the source time function on the LBSF; the white stars 

represent the hypocenter. 

3.2.2 The parameters set for Model B  

Under this setting, the spontaneous rupture is similar to the simulated result on 
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the LBMF in section 3.1.2; the spontaneous rupture stops gradually after 2 s, and 

the rupture cannot propagate. It fails to develop a more destructive earthquake.  

3.3 Simulation on MB-YJEF 

3.3.1 The parameters set for Model A  

In this simulation, the magnitude and direction of the stress field remain the 

same as the setting used in the simulations on the LBMF and LBSF in sections 

3.1.1and 3.2.1. From the final slip and source time function, the results are the 

same as the results in section 3.1.2: spontaneous rupture stops gradually after 2 s, 

and the rupture cannot propagate (Figure 10). It fails to develop a more 

destructive earthquake under this setting of the stress field.  

 

Figure 10. The final dislocation and the source time function on the MB-YJEF; the white star 

represents the hypocenter. 

3.3.2 The parameters set for Model D  

To simulate the spontaneous rupture process on the MB-YJEF, the background stress 

field should be set larger with σH = 1.6σv and σh = 0.6σv. Under this setting, the 

rupture starts from the nucleation area and expands along both sides of the fault until 

reaching the boundary of the fault. A rectangular asperity of approximately 80 km
2 
is 

set north of the earthquake source (located almost in the middle of the MB-YJEF) 

following the self-similar empirical formula for the asperity size derived by 

Somerville et al. (1999), which can be seen clearly in Figure 11. There are two regions 

with large dislocations (denoted by black rectangle): one is located in the nucleation 

zone, and the other forms in the area with the asperity. The distribution of dislocations 

is inhomogeneous, which may be induced by the existence of the asperity. From the 

snapshots of slip rate in the strike direction, we can see that supershear occurs on the 
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fault, although the rupture does not reach the surface during 2.4 s -2.7 s (Figure 12b, 

c). Generally, supershear occurs after the fracture of a strike-slip earthquake touches 

the surface because the stress loading caused by SV-P wave conversion at the surface 

can induce supershear fracture (Xu, 2014). However, when the initial background 

stress (𝜎0) is high, S in the formula 𝑆 =
𝜎𝑝−𝜎0

𝜎0−𝜎𝑑
 meets the condition of a value less 

than 1.7, and supershear fracture also occurs (Andrews, 1976; Das and Aki, 1977), 

which is shown in this simulation (Figure 12b,c). 

 

Figure 11. The final slip on the MB-YJEF surface. The white star represents the hypocenter, and 

the black circles depict two areas with large dislocations. 
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Figure 12. Snapshots of the strike-slip component of the slip rate along the MB-YJEF surface. The 

white stars represent the hypocenter for each snapshot.   

The final slips in the strike and dip directions on the MB-YJEF are shown in Figure 

13. The slips are distributed almost evenly along the strike and dip directions on the 

fault plane, which is consistent with the inversed results of earthquake mechanisms: 

strike-slip and thrust motions (Guo, 2018, personal communication). The dislocations 

at the region with the asperity increase obviously, and the seismic moment magnitude 

can reach 7.5 in a 35 s earthquake rupture process. When the rupture slides to the 

asperity, the seismic moment is released again. The small amount of seismic moment 

release during 28-34s maybe induced by the boundary effect, and finally stop after 

34s. 
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Figure 13. The slips along the strike and dip directions (top panel). The final slip on the MB-YJEF and 

the earthquake source time function (bottom panel). The white stars represent the hypocenter. 

In summary, compared with the simulated results for the spontaneous ruptures of the 

MB-YJEF, LBMF, and LBSF, a higher background stress is needed to trigger a strong 

earthquake with magnitude >7 on the MB-YJEF; that is, under the same regional 

background stress field, the LBMF and LBSF slip more easily and generate stronger 

earthquakes. 

4 Discussion 

4.1 Regional stress field  

The dominant direction of the horizontal principal compressive stress axis of the 

modern tectonic stress field in this region is NWW(Cheng, 1981; Cui et al., 2006), 

and the movement of the block is also in this direction(Zhang et al., 2004), which 

indicates that the regional stress is mainly strike-slip. The maximum horizontal 

principal stress direction determined in our model is 113°, and the rupture processes 

on the LBMF and LBSF show that the earthquakes are mainly strike-slip. The strike 

direction of the MB-YJEF is 157°, and its intersection angle with the maximum 

horizontal principal stress direction is almost 45°, which indicates that the rupture 

process should have thrust components. The simulation results for the MB-YJEF also 

confirm this feature.  
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For the magnitude of stress, the relative magnitudes of the triaxial stresses for a 

strike-slip earthquake should be σH > σv > σh, σH should be smaller than 1.7𝜎𝑣, 

and σh should be larger than 0.6σv (Zhou, 2014). To match these stress shape ratios, 

the magnitudes of triaxial stress are set according to equations (1-3) in section 2.2. 

The aim of this research is to provide more realistic rupture dynamics for estimating 

the seismic hazard induced by potential earthquakes on seismogenic faults, so we 

only consider the earthquake source that is closest to the dam site. Under this 

situation, the nucleation zones of potential earthquakes are set as shown in Figure 1. 

The stress ratio distribution (calculated by the geometric mean of the shear stress 

divided by the normal stress) is shown in Figure 14. The nucleation zone and the 

asperity can be seen clearly. The top panel shows the nucleation zone next to the 

XiLuoDu dam, and the unevenly distributed high values in Figure 14a are caused by 

the roughnesses of the faults, which are artificially set. The nucleation zone is far 

from the dam on a smooth fault (corresponding to the simulation in section 3.1.3) and 

is shown in the middle panel. The bottom panel shows the fault, which has another 

asperity in addition to the nucleation zone (corresponding to the simulation in section 

3.3.2). The value of the stress ratio is lower in the area with the asperity because a 

higher shear stress drop occurs. 

On the other hand, the fault geometry and background stress field are both major 

factors that form asperities on faults. The artificially set asperities in Table 1 are only 

created by the higher initial background stress; however, the asperities in sections 

3.1.1 and 3.2.1 are formed by the fault geometries, which make the shear stress 

higher there.   
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Figure 14. The nucleation zone next to the XiLuoDu dam is shown in the top panel, and the 

nucleation zone far from the XiLuoDu dam is shown in the middle panel. Another asperity in 

addition to the nucleation zone is shown in the bottom panel. The gray stars represent the 

hypocenter. The white lines sketch the allowed rupture area on the fault and the asperity in the 

bottom panel of the figure. 

4.2 Faults in our Model 

The Leibo fault zone consists of three parallel NEE-trending faults. It is composed of 

the north branch fault, middle branch fault and south branch fault from north to 

south(Han et al., 2009), among which the Leibo middle fault is longest. The Mahu 

earthquake occurred on the eastern segment of the Leibo middle fault (Han et al., 
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2009. Figure 2). The three-dimensional (3D) geometry of the LBMF and LBSF used 

to model the dynamic rupture are constructed by the surface trace, which is derived 

from Song (2018, personal communication) and consistent with Han’s geological 

survey, and then are extended at depth as a dipping fault with an angle of 60°. 

The Mabian-Yanjin East fault consists of a series of faults, such as XiZiBa (XZBF), 

LiDian (LDF), and MaNao (MNF)(Han, 1993). The strike direction of these faults is 

NNW; although the surface traces of these faults are not consistent, they belong to 

the same basement fault (Han, 1993). At present, we can only simulate the rupture 

dynamics on a single fault, and cascading ruptures cannot be achieved. Therefore, the 

MB-YJEF used in our research is digitized by two endpoints along the strike 

direction to contain the XZBF, LDF and MNF and then extended at depth as a 

dipping fault with an angle of 80°; as we can see (in section 3.3), this fault is a 

straight plane fault. 

5 Conclusions  

In this research, we construct a curved grid finite difference method (CG-FDM) 

model that includes the 3D velocity, regional stress field, fault geometry and 

tomography to simulate the rupture dynamics of potential earthquakes on the LBMF, 

LBSF and MB-YJEF. The results can be summarized as follows: 

(1) The background stress field plays a very important role in determining whether 

the rupture can propagate to develop a destructive earthquake. The fault geometry 

has a great influence on the rupture pattern of the earthquake. 

(2) Under the same regional stress field (stress value and direction), stronger 

destructive earthquakes are more likely to occur on the LBMF and LBSF than on 

the MB-YJEF. In particular, the initial rupture is more likely to occur on the side 

away from the dam on the LBSF.  

(3) The final slips are mainly strike-slip with minor thrust components on the LBMF 

and LBSF; however, the final slips on the MB-YJEF are strike-slip and thrust 

under a regional stress field. These results are also consistent with regional 

earthquake mechanisms. When a strike-slip earthquake touches the surface, it 

develops into a supershear fracture. In the simulation of spontaneous fracture on 

the MB-YJEF (in section 3.3.2), supershear fracture also occurs when the 

background stress is high, although the rupture does not touch the surface. 

Whether a supershear fracture occurs or does not occur produces different effects 
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on the strong ground motion at the dam site. 

(4) The fault geometry and background stress field are the major factors that form 

asperities on the faults. Asperities play an important role in the final slip of an 

earthquake, and the slip is larger where asperities exist. In section 3.3.2, we set an 

asperity on the north side of the earthquake source on the MB-YJEF, which 

produces two locations with large dislocations. In section 3.1.1, for the LBMF, if 

the fault length is longer, it is easy to form asperities at the geometric turn of the 

fault. The existence of asperities has an impact on the strong ground motion at the 

dam site. Therefore, to clarify the fault geometry, it is also very important to 

estimate seismic hazards such as the background stress field. 
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Highlights.  

 Rupture dynamics from potential earthquakes on three major seismogenic faults 

have been simulated. 

 The background stress field and fault geometry play a very important role to 

decide the rupture dynamics of scenario earthquakes.  

 These three faults all have the ability to occur a M >7 earthquake, but the stronger 

destructive earthquakes are more likely occurred on LBMF and LBSF than that 

on MB-YJEF 
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