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Abstract

Eight M[?]7.0 earthquakes have occurred around Bayan Har block since 2000, resulting huge casualties and countless eco-

nomic loss. Specifically, four M[?]6.0 earthquakes occurred near the western boundary of Bayan Har block from 2008 to 2020.

Stress interactions among them are comprehensively investigated by applying ETAS (epidemic-type aftershock sequence) model

and calculating dCFS (Coulomb failure stress change). The viscoelastic dCFS induced by proceeding Yutian earthquakes on

hypocenters of 2012, 2014 and 2020 Yutian earthquakes are -1.5004×10-4 , 3.5820×10-3 and 1.4770×10-1 MPa, respectively.

The background probabilities of 2008, 2012, 2014 and 2020 Yutian earthquakes are 0.87, 0.97, 1.5×10-3 and 8.7×10-5, respec-

tively. Combining those two kinds of evidence, we conclude that 2008 and 2012 Yutian earthquakes are more like background

earthquakes and 2014 and 2020 Yutian earthquakes are triggered by proceeding Yutian earthquakes.
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Key points: 15 

1. Four M>=6.0 occurred in an intersection of multiple groups of large strike-slip active 16 

faults with different strikes from 2008 to 2020. 17 

2. Stress interactions between those four earthquakes are investigated. 18 

3. The statistical insight provides a good cross reference for triggering mechanism due to its 19 

objectivity and small uncertainties. 20 

 21 

 22 

 23 

 24 

 25 

  26 

mailto:jk@nwpu.edu.cn


 

 2 / 20 

 

Abstract 27 

Eight M≥7.0 earthquakes have occurred around Bayan Har block since 2000, resulting huge 28 

casualties and countless economic loss. Specifically, four M≥6.0 earthquakes occurred near 29 

the western boundary of Bayan Har block from 2008 to 2020. Stress interactions among them 30 

are comprehensively investigated by applying ETAS (epidemic-type aftershock sequence) 31 

model and calculating dCFS (Coulomb failure stress change). The viscoelastic dCFS induced 32 

by proceeding Yutian earthquakes on hypocenters of 2012, 2014 and 2020 Yutian earthquakes 33 

are -1.5004×10-4 , 3.5820×10-3 and 1.4770×10-1 MPa, respectively. The background 34 

probabilities of 2008, 2012, 2014 and 2020 Yutian earthquakes are 0.87, 0.97, 1.5×10-3 and 35 

8.7×10-5, respectively. Combining those two kinds of evidence, we conclude that 2008 and 36 

2012 Yutian earthquakes are more like background earthquakes and 2014 and 2020 Yutian 37 

earthquakes are triggered by proceeding Yutian earthquakes. 38 

 39 

Plain Language Summary 40 

Along the boundaries of Bayan Har block, there have be eight big earthquakes since 2000, 41 

resulting huge casualties and countless economic loss. At its western boundary, four 42 

earthquakes with magnitude larger than 6.0 occurred since 2008 in a small but complex 43 

region (Yutian region). A large earthquake could be triggered by other strong earthquakes or 44 

occurred due to tectonic loading. Whether those four large earthquakes were triggered is an 45 

important question to assess regional seismic hazard. We use two kinds of methods to address 46 

this issue. One is direct calculation of stress transfer among those earthquakes and another 47 

one is estimation of probabilities being a background event (an event is driven by tectonic 48 

loading) using statistically analysis from observed earthquake catalog. We find that the stress 49 

transfer from proceeding major earthquakes to 2012 Yutian earthquake is small, while that to 50 

2014 and 2020 Yutian earthquake are moderate. The background probabilities of 2008 and 51 

2012 Yutian earthquakes are high, while background probabilities of 2014 and 2020 Yutian 52 

earthquakes are very low. Thus, we conclude that 2008 and 2012 Yutian earthquakes are more 53 

like background earthquakes and 2014 and 2020 Yutian earthquakes are triggered by 54 
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proceeding Yutian earthquakes. 55 

 56 

1. Introduction  57 

Stress interaction among major earthquakes have been paid more and more attentions. A lot of 58 

case studies (e.g., the 1992 Landers and 1999 Hector Mine earthquake in the US (Freed and 59 

Lin, 2001); the 2008 Wenchuan, 2013 Lushan and 2017 Jiuzhaigou earthquake in China (Jia 60 

et al., 2014; Jia et al., 2018; Wan and Shen, 2010; Wang et al., 2014b); the 2010-2011 61 

Canterbury Earthquake Sequence in New Zealand (Quigley et al., 2016); the foreshock and 62 

mainshock of the 2019 Ridgecrest earthquake in the US (Pope and Mooney, 2020; Ramos et 63 

al., 2020)) have been investigated under the framework of Coulomb failure hypothesis, which 64 

assumes positive dCFS promotes occurrence of earthquake and negative dCFS delays that. 65 

Meanwhile, many researchers have shown that the calculated dCFSs are positively correlated 66 

with observed seismicity rate changes (Harris, 1998; Jia et al., 2014; Kroll et al., 2017; 67 

Pollitz and Cattania, 2017; Stein, 1999; Toda et al., 2012; Toda et al., 2005; Zhuang et al., 68 

2005). That means observed seismicity increases in regions with positive dCFSs and 69 

decreases in regions with negative dCFSs. In this way, calculations of dCFS and seismicity 70 

rate changes could help to clarify stress interactions between earthquakes and faults, and 71 

further to evaluate seismic hazard. 72 

 73 

The recent June 26, 2020 Mw 6.3 Yutian earthquake (hereafter 20YT) occurred in western 74 

Kunlun mountains, NW Tibet, China. Three other M≥6.0 earthquakes occurred near the 75 

epicenter of the 20YT since 2008. The March 20, 2008 Mw 7.1 Yutian earthquake (hereafter 76 

08YT), one of the largest normal earthquakes on the continents, occurred 94 km away to the 77 

west from the epicenter of 20YT. The August 12, 2012 Mw 6.2 Yutian earthquake (hereafter 78 

12YT) and the February 12, 2014 Mw 6.9 Yutian earthquake (hereafter 14YT) occurred 25 79 

km and 61 km away to the north from the epicenter of 20YT (Figure 1). The source region of 80 

those four earthquakes at the western boundary of the Bayan Har block experiences an 81 

extensive stress field bounded by two strike-slip fault system: the Altyn Tagh fault in the 82 

north and the Longmu-Gozha Co fault in the south (Taylor and Yin, 2009), which further 83 
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relates to collision of India plate and Eurasia plate. This area is the intersection of multiple 84 

groups of large strike-slip active fault belts with different strikes. The 08YT, 12 YT, 14 YT 85 

and 20YT sequence provides an opportunity to case study of the Coulomb failure hypothesis 86 

and help to evaluate the seismic hazard of Bayan Har block. 87 

 88 
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 89 

Figure 1 Tectonic settings of the Yutian region and Bayan Har block. (a) The gray filled 90 

circles represent earthquakes with M≥3.5 from 1 January 1970 to 31 December 2007. The 91 

color filled circles are earthquakes with M≥3.5 from 1 January 2008 to 23 August 2020, and 92 

colors represent their occurrence time. The four red stars represent the epicenters of the 2008, 93 
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2012, 2014 and 2020 Yutian earthquakes, and their focal mechanisms are from Global 94 

Centroid Moment Tensor. The black lines represent major faults (Zhang et al., 2003). (b) Nine 95 

major earthquakes (M≥7.0 except for the Yutian region) occurred at boundaries of the Bayan 96 

Har block since 2000. The red dashed polygon represents region of (a). (c) Red solid polygon 97 

represents region of (b) with respect to mainland China. 98 

 99 

Previous studies have shown stress triggering between 08YT and 14YT (Li et al., 2015; Wang 100 

et al., 2017; Zhao et al., 2016) and seismicity rate change following 08YT, 12YT and 14YT 101 

(Jiang et al., 2014; Zhao et al., 2016). Using a three-dimensional viscoelastic finite element 102 

model, Li et al. (2015) showed that dCFS induced by 08YT on slip direction of the 14YT 103 

exceeded 0.01 MPa (the earthquake triggering threshold). They implied an apparent triggering 104 

effect of 08YT to 14YT and suggested the 14YT was advanced 21.4-24.9 years by the 08YT 105 

(Li et al., 2015). Zhao et al. (2016) claimed that the 14YT located at triggering zone caused 106 

by the 08YT and observed spatial distributions of aftershocks of those two major events were 107 

well correlated with positive dCFS. Wang et al. (2017) examined coseismic, postseismic and 108 

interseismic dCFSs induced by 08 YT on the 14 YT and implied a triggering relationship 109 

between them. 110 

 111 

However, roles of the 12YT and 20YT in stress interaction with other Yutian earthquakes 112 

have not been investigated. More importantly, whether the occurrence of the 20YT is 113 

triggered by proceeding Yutian earthquakes or a background event may lead different 114 

evaluation of regional seismic hazard. If the 20YT is a triggered event, the local stress level 115 

may be still in a condition of post-seismic releasing or adjustment. On the other hand, an 116 

independent 20YT implies a continuous tectonic loading and releasing. Especially for a 117 

relatively small region, occurrences of four M≥6.0 earthquakes within 13 years are rare and 118 

provide an opportunity to study stress interactions (both static and viscoelastic stress changes) 119 

among them. Furthermore, together with seismicity analysis, those two kinds of evidence 120 

could be useful to understand occurrence of the 20YT and seismic hazard of Bayan Har block. 121 

 122 

Here in this manuscript, the seismicity rate changes in Yutian region from 2008 to 2020, the 123 
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dCFS at hypocenter of the 20YT induced by the proceeding Yutian earthquakes (08YT, 12YT 124 

and 14YT), and the correlations between them are comprehensively investigated. The ETAS 125 

model and stochastic declustering method are used to obtain the background seismicity rate 126 

change. The co-seismic (elastic) and post-seismic (viscoelastic) dCFS are calculated in an 127 

elastic/viscoelastic layered half-space. Uncertainties of dCFS are investigated by considering 128 

different friction coefficients.  Based on the results of dCFS and seismicity analysis, we 129 

discuss several key points and draw our conclusion.  130 

 131 

2. Detection of seismicity rate changes by using the ETAS model 132 

2.1 Space-time ETAS model 133 

The space-time ETAS model, proposed by Ogata (1998), combines several classic statistical 134 

laws in seismicity, including the Omori-Utsu law, productivity law and Gutenberg-Richter law. 135 

The ETAS model assumes each earthquake could trigger its own aftershocks with an ability 136 

corresponding to its magnitude. The ETAS model has been successfully applied in many 137 

regions and become a standard model to analyze spatial and temporal seismicity (Jia et al., 138 

2014; Jia et al., 2018; Ogata, 2004; Ogata and Zhuang, 2006; Zhuang et al., 2005; Zhuang et 139 

al., 2004). Details of the space-time ETAS model could be referred to Ogata and Zhuang 140 

(2006).  141 

 142 

After obtaining final estimations of parameters of the ETAS model, the background 143 

probability (an event is regarded as a background event with a probability) of the jth event 144 

j , can be estimated by 145 

 
 

 

,
,

, ,

j j

j

j j j

x y

t x y





   (1) 146 

where  ,j jx y is the background and total seismicity rate at the location of jth event and 147 

 , ,j j jt x y  is the total seismicity rate at the location and occurrence time of jth event.  148 

 149 

2.2 Fitting ETAS model 150 

A polygon region (80.0°-83.5°E, 34.5°-37.0°N) is selected to present the Yutian region for 151 
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model fitting and seismicity analysis. The selected region should contain enough number of 152 

events for model fitting, and avoids influence from other large earthquakes or faults at the 153 

same time. The time range is from 1 January 1980 to 23 August 2020 covering occurrences of 154 

all the four M≥6.0 earthquakes (Figure S1). The cut-off magnitude of seismic catalog is 155 

carefully selected because using an incomplete catalog may lead instable estimation of model 156 

parameters (Ogata, 1998; Utsu et al., 1995). Harte (2015) and Sornette and Werner (2005) 157 

also declaimed that parameter estimation may contain bias by using a larger cut-off 158 

magnitude than the triggering boundary magnitude. Thus, we choose the complete magnitude 159 

as the cut-off magnitude to minimize abovementioned problems. The maximum curvature 160 

technique (Wiemer, 2001; Wiemer and Wyss, 2000) is applied in the Yutian region to estimate 161 

the temporal complete magnitude (Figure S2). From Figure S2, the complete magnitude is 162 

above 3.5 from 1980 to 2020, and the we choose the complete magnitude with 3.5. 163 

 164 

The catalog used in this study is downloaded from China Earthquake Data Center (CEDC, 165 

http://data.earthquake.cn/index.html), and events above complete magnitude are selected 166 

within spatiotemporal range to fit the ETAS model by maximum likelihood method. The final 167 

estimations of model parameters for Yutian region are ˆ 0.466A (events), ˆ 0.045c  (day), 168 

ˆ 1.075  (m-1), 1.143p  , 
2ˆ 2.181 10D   (deg2), ˆ 2.537q  , and ˆ 0.116  (m-1). 169 

 170 

2.3 Background seismicity rate in the Yutian region 171 

Background probabilities of earthquakes with Mw≥6.0 are listed in Table S1 and 172 

spatiotemporal distributions of background probabilities are shown in Figure S3. From Figure 173 

S3, a lot of aftershocks have been effectively distinguished. The background probabilities of 174 

08YT, 12YT, 14YT and 20YT are 0.87, 0.97, 1.5×10-3 and 8.7×10-5, respectively. This implies 175 

that the 08YT and 12YT are more like background earthquakes and 14YT and 20YT are 176 

triggered events in a view of ETAS model. 177 

 178 

 179 

http://data.earthquake.cn/index.html
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 180 

Figure 2 Estimated spatial background seismicity in Yutian region. White circles represent 181 

earthquake with magnitude larger than 3.5 from 1970 to 2020. Four white stars indicate 08YT, 182 

12YT, 14YT and 20YT. Black lines are active faults. Region A and B are marked with green 183 

dashed lines for seismicity analysis. Note that the background seismicity rate is represented 184 

by the logarithm scale. 185 

 186 

The spatial background seismicity is shown in Figure 2. The epicenters of 08YT, 12YT, 14YT 187 

and 20YT suffer highest background seismicity (approximately 0.1 M≥3.5 events/degree2/yr), 188 

where the fault traces are also dense. The spatial background seismicity in Yutian region 189 

shows a relatively high level resulting from the complex stepover zone with multiple normal 190 

faults (Bie and Ryder, 2014; Tapponnier et al., 2001; Xu et al., 2013). 191 

 192 



 

 10 / 20 

 

The cumulative background probabilities of earthquakes  S t , proposed by Zhuang et al. 193 

(2005), is written as 194 

 ( )
j

j

t t

S t 


  (2) 195 

We assume that the background seismicity rate is time-invariant in a stable region, thus  S t  196 

constantly increases with time. Changes in slope of  S t  curve imply changes in 197 

background seismicity rate: an increased slope represents an activation of the background 198 

seismicity and a decreased slope means background quiescence. 199 

 200 

 201 

Figure 3 Cumulative number of earthquakes and background probabilities for the Yutian 202 

region (a), region A (b) and region B (c) marked in Figure 2. The black line represents 203 

cumulative number of all earthquakes in the study region from 1985 to 2020 and the dashed 204 
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line represents cumulative number of background probabilities. The four vertical dashed lines 205 

indicate occurrence time of the 08YT, 12YT, 14YT and 20YT from left to right. 206 

 207 

Figure 3 shows cumulative number of earthquakes and background probabilities in the Yutian 208 

region and two sub-regions marked in Figure 2. From Figure 3(a), it could be seen that the 209 

cumulative number of earthquakes in Yutian region dramatically increases after each major 210 

earthquake, while the rate of background probability keeps stable from 1990 to 2020 and is 211 

not affected by the major earthquakes. This finding suggests that the Yutian region 212 

experiences a constant background seismicity under a stable tectonic environment. The 213 

relationship between those four major Yutian earthquakes will be discussed later along with 214 

the calculations of dCFS. Region A indicates the fault zone of those four Yutian earthquakes, 215 

experiencing a constant background seismicity rate (Figure 3(b)). Region B shows a decrease 216 

of background seismicity after the 08YT, which might be caused by a negative dCFS induced 217 

by 08YT (Figure 4(a) and (b)). 218 

 219 

3. Coulomb Failure Stress change 220 

To further investigate stress interaction among the 2008, 2012, 2014 and 2020 Yutian 221 

earthquake, we calculate the static (coseismic) and viscoelastic (postseismic) Coulomb stress 222 

changes induced by proceeding events. The lower crust and upper mantle are considered to be 223 

layered and viscoelastic. The proposed viscoelastic model contains an elastic upper crust, a 224 

viscoelastic lower crust with viscosity to be 
181 10 Pa s  and a viscoelastic upper mantle 225 

with a viscosity value of 
201 10 Pa s , respectively (Jia et al., 2012; Xiong et al., 2010). 226 

 227 

3.1 Method of calculation of dCFS 228 

Given the shear stress change sheard  (positive in the sense of motion of the relevant fault) 229 

and the normal stress change normald  (positive for extension), the dCFS can be calculated 230 

by (Harris, 1998; Steacy et al., 2005),  231 
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   / 3shear normal iidCFS d d d         (3) 232 

where  is the friction coefficient and   is Skempton’s coefficient. If the medium is 233 

homogeneous and the fault zone materials are ductile, as discussed in Harris (1998) (formula 234 

(3), (4) and (5) therein), the dCFS could be simply calculated using, 235 

 shear normaldCFS d d     (4) 236 

where   is the apparent coefficient of friction and  1     . 237 

 238 

It is noteworthy that the static and viscoelastic stress changes induced by the 2008/2012/2014 239 

Yutian earthquakes are mainly considered in this manuscript. Other possible mechanisms (e.g., 240 

dynamic stress changes, stress changes driven by afterslips or fluid emigration), which also 241 

may contribute to seismicity rate changes, have not been considered. 242 

 243 

3.2 Stress interaction among four Yutian earthquakes 244 

We have comprehensively investigated stress transfer among the 08YT, 12YT, 14YT and 245 

20YT. That means both static and viscoelastic dCFSs induced by proceeding Yutian 246 

earthquakes are calculated at hypocenters of later Yutian earthquakes (Table 1). The finite 247 

fault source model of the 2008 Yutian earthquake, provided by Elliott et al. (2010), is jointly 248 

inverted by the InSAR and body wave data. The finite fault source model of the 2014 Yutian 249 

earthquake is estimated by inverting teleseismic data (Zhang et al., 2014). The synthetic slip 250 

model 2012 Yutian earthquake is estimated based on the empirical relations of Wells and 251 

Coppersmith (1994), because of lack of published finite fault model. The resolving depths of 252 

12YT, 14YT and 20YT are 15 km, 20km and 15km, respectively. The project planes are 253 

selected from focal mechanisms of GCMT. The friction coefficient is set to be 0.4 and 254 

Skempton’s coefficient is set to be 0.5. We have also tested different values of friction 255 

coefficient in Supplementary Information (Table S2-S3, Figure S4-S6) and discussed 256 

uncertainties in Discussion section. 257 

 258 

Table 1 dCFS of four major Yutian earthquakes (MPa) 259 
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 260 

 
08YT 

 
12YT 

 
14YT 

 Proceeding Yutian 

earthquake 

static viscoelastic  static viscoelastic  static viscoelastic  Combined* 

12YT 

1.0267

×10-3 

-1.5004×

10-4 

 

\ \ 

 

\ \ 

 -1.5004×10-4 

14YT 

-7.4685

×10-3 

2.6181×

10-3 

 3.1498

×10-4 

9.6390×

10-4 

 

\ \ 

 3.5820×10-3 

20YT 

2.9825

×10-3 

7.3391×

10-3 

 3.4833

×10-2 

3.5089×

10-2 

 1.0658

×10-1 

1.0523×

10-1 

 1.4770×10-1 

*”Combined” means viscoelastic dCFS induced by three proceeding Yutian earthquakes. 261 

 262 

From Table 1, at the hypocenter of the 12YT, the static and viscoelastic dCFSs induced by 263 

08YT are smaller (approximately 10-3 to 10-4 MPa) than the triggering threshold (0.01 MPa), 264 

implying the stress interaction between those two events are weak. At the hypocenter of the 265 

14YT, the static and viscoelastic dCFSs induced by 08YT are comparable with the triggering 266 

threshold, which implies a weak interaction. The static and viscoelastic dCFSs induced by 267 

12YT on 14YT are insignificant (approximately 10-4 MPa), implying the stress interaction 268 

between them are very weak. As for the 20YT, the dCFS induced by the 08YT is small 269 

(approximately 10-3 MPa), the dCFS induced by the 12YT is larger (approximately 10-2 MPa) 270 

than triggering threshold and the dCFS induced by the 14YT is remarkable (approximately 271 

10-1 MPa). This finding implies that the proceeding Yutian earthquakes contribute the 272 

occurrence of 20YT. The largest triggering contribution comes from the 14YT (approximately 273 

71%≈0.10523/0.1477). 274 

 275 
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 276 

Figure 4 Spatial distribution of dCFS at hypocenter of 20YT induced by proceeding Yutian 277 
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earthquakes. (a), (c) and (e) show static (coseismic) dCFS induced by the 08YT, 12YT and 278 

14YT. (b), (d) and (f) show viscoelastic (coseismic and postseismic) dCFS induced by the 279 

08YT, 12YT and 14YT. (g) Combined dCFS induced by all three Yutian earthquakes (08YT, 280 

12YT and 14YT). The black lines represent major faults, black stars indicate 08YT, 12YT and 281 

14YT, and yellow star shows location of 20YT. The resolving depth is 15 km and strike, dip, 282 

rake angles are 213°, 52°, -66° (GCMT), respectively. 283 

 284 

The triggering contribution from 08YT, 12YT and 14YT to 20YT can also be clearly 285 

identified from spatial distribution of dCFS (Figure 4). From Figure 4(a)-(g), the epicenter of 286 

the 20YT always fall into positive zone of dCFS. The uncertainties of dCFS impacted by 287 

resolving depth and friction coefficient are also investigated in the Supplementary 288 

Information, and the results are similar. The 08YT and 14YT generate a wider spatial stress 289 

disturbance than 12YT due to their larger magnitudes. It is also interesting that several faults 290 

between epicenters of 08YT and 20YT experience a positive dCFS induced by 08YT and a 291 

negative dCFS induced by 14YT at the same time. The seismic hazard in this region may be 292 

paid more attention. 293 

 294 

4. Discussion 295 

4.1 Uncertainties of calculations of dCFSs 296 

Large uncertainties of calculations of dCFSs caused by non-unique solutions of source slip 297 

distribution and poor-constrained parameters (e.g., friction coefficient, resolving depth) may 298 

weaken results based on dCFS (Jia et al., 2018; Steacy et al., 2004; Wang et al., 2014a). Jia et 299 

al. (2018) have shown that large uncertainties of dCFS may lead different even conflicting 300 

results in the case of 2008 Wenchuan and 2017 Jiuzhaigou earthquakes. One way to minimize 301 

uncertainties is properly choosing source models and parameters. On the other hand, ranges of 302 

uncertainties are also investigated by calculating dCFSs using different possible parameters. 303 

As described in calculation of dCFS, the finite fault models of 08YT (Elliott et al., 2010) and 304 

14YT (Zhang et al., 2014) are chosen because they are best choices for representative models 305 

of source slip distributions. As for 12YT, there is no other way to use a better source model 306 
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than the synthetic slip model estimated from the empirical relations of Wells and Coppersmith 307 

(1994). The uncertainties due to different choices of friction coefficient and resolving depth 308 

are investigated. A higher (0.8) or lower (0.2) value of friction coefficient does not 309 

remarkably influence results of dCFS for this case (Tabls S1 and S2, Figure S4 and S5). 310 

Calculations of using different resolving depths (10 km and 15 km) show that the resolving 311 

depth also does not change results of dCFS much (Figure S6). Thus, our conclusions based on 312 

dCFS are still valid considering uncertainties.  313 

 314 

4.2 Validation of Coulomb failure hypothesis 315 

Stress interactions among multiple faults in a local scale region provide good opportunity to 316 

test Coulomb failure hypothesis. Previous case studies have shown some successful examples 317 

from view of stress transfer (Freed and Lin, 2001; Jia et al., 2014; Jia et al., 2018; Pope and 318 

Mooney, 2020; Quigley et al., 2016). However, as mentioned above, calculations of dCFS 319 

suffer large uncertainties and results are subjective in some degree (e.g., choices of source 320 

models and parameters are subjective). It is necessary to verify results of dCFS from another 321 

perspective. The statistical insight (e.g., ETAS model) provides a good cross reference for its 322 

objectivity and small uncertainties. Background probabilities estimated from formula (1) 323 

provide information of whether earthquakes are triggered or tectonic events. A low value 324 

(close to zero) of background probability indicates a triggered event, which usually 325 

experiences a positive dCFS induced by other major earthquakes. A high value (close to 1.0) 326 

of background probability represents an independent event, which usually have no stress 327 

interaction with other earthquakes and results from tectonic loading. Jia et al. (2018) have 328 

conducted a statistical analysis in the Jiuzhaigou region to clarify the triggering relationship 329 

of the 2008 Wenchuan and 2017 Jiuzhaigou earthquakes, which cannot be well deduced from 330 

the results of dCFS. In this study, the background probability 12YT (0.97) coincides with 331 

positive dCFSs calculated on its hypocenter induced by other major earthquakes (-1.5004×332 

10-4 MPa). And, background probabilities of the 14YT (1.5×10-3) and 20YT (8.7×10-5) 333 

coincide with positive dCFSs calculated on their hypocenters induced by proceeding Yutian 334 

earthquakes (0.003582 MPa for 14YT and 0.1477 MPa for 20YT). From those two different 335 



 

 17 / 20 

 

kinds of perspective, the stress interaction among multiple faults or earthquakes can be 336 

comprehensively investigated. 337 

 338 

5. Conclusion 339 

The June 26, 2020 Mw 6.3 Yutian earthquake, occurred in western boundary of Bayan Har 340 

block, is the fourth M6+ earthquake in this region since occurrence of 08YT. We have 341 

investigated the stress interaction among the 08YT, 12YT, 14YT and 20YT by applying the 342 

ETAS model and calculating dCFS. The background probabilities of 08YT, 12YT, 14YT and 343 

20YT are 0.87, 0.97, 1.5×10-3 and 8.7×10-5, respectively, implying that the 08YT and 12YT 344 

are more like background earthquakes and 14YT and 20YT are triggered events. The 345 

epicenters of 08YT, 12YT, 14YT and 20YT are located at highest background seismicity 346 

(approximately 0.1 M≥3.5 events/degree2/yr), where is a complex stepover zone with multiple 347 

normal faults. The viscoelastic dCFS induced by proceeding Yutian earthquakes on 348 

hypocenters of 12YT, 14YT and 20YT are -1.5004×10-4 , 3.5820×10-3 and 1.4770×10-1 MPa, 349 

respectively. Those two kinds of evidence are consistent with each other, implying a local 350 

stress interaction among those four Yutian earthquakes. For the Bayan Har block, both the 351 

tectonic loading and local stress interaction along its boundary could lead to seismic activities. 352 

As a result, the current tectonic movement of the Bayan Har block is relatively active, and the 353 

seismic hazard along its boundaries should be paid more attention. 354 
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