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Abstract—An Mw 5.7 earthquake occurred in Xegar, Tingri

Basin, Tibetan Plateau, on 20 March 2020. Determining the precise

focal mechanism solution is helpful for understanding the seismogenic

mechanism and the geodynamic process of this earthquake. Here, we

used Sentinel-1A data to obtain line-of-sight coseismic deformation.

Fault geometric parameters and coseismic slip distribution can be

estimated with the Bayesian method and the steepest descent method,

respectively. The inversions show that the strike of the seismogenic

fault is * 330.0�, with a dip angle of * 62.7�. The main rupture

zone covers an area of * 5 9 5 km2. Only one slip asperity appears

at a depth of 1.9–5.0 km, the maximum slip on the fault is 0.98 m at a

depth of 3.26 km, with a centroid location of 87.40� E, 28.66� N, and

the mean rake angle is * -104.6�. The results reveal that this

earthquake is dominated by normal faulting, and the derived seismic

moment is * 3.23 9 1017 Nm (Mw 5.6). Furthermore, it is found

that the 2015 Mw 7.9 Gorkha earthquake played a key role in trig-

gering the 2020 Mw 5.7 Xegar earthquake based on calculation of the

coseismic and postseismic Coulomb failure stress with different vis-

cosities and depths.

Keywords: Xegar earthquake, coseismic deformation, co-

seismic slip distribution, coulomb failure stress.

1. Introduction

According to the Global Centroid Moment Tensor

(GCMT, https://www.globalcmt.org/CMTsearch.

html), a 12-km-deep Mw 5.7 earthquake stuck

Xegar town in the Tingri Basin of the southern

Tibetan Plateau on 20 March 2020, the epicenter of

which was located at 87.42� E and 28.51� N. The

focal mechanism solution determined by the United

States Geological Survey (USGS, https://earthquake.

usgs.gov/earthquakes/search/) indicates that the

earthquake is a normal faulting event. Since the

Miocene, the Tibetan Plateau has experienced a wide

range of extension, which not only regulates the

deformation of the convergence of India and Eurasia

but is also closely related to the uplift of the plateau

(Molnar & Tapponnier, 1978; Zhang et al., 2002).

The thrust faults are mainly developed near the

Himalayan main boundary faults (MBT), while the

south Tibet region to the north has east–west

stretching tectonics resulting from the near south–

north squeezing tectonics (Yong, 2012). Many nor-

mal faults have been developed: these include the

South Tibetan Detachment System (STDS), the

Xainza–Dinggye fault (XDF), and the Yadong–Gulu

fault (YGF). In recent years, seismic events of Mw

C 5.0 are relatively common in south Tibet (Fig. 1).

These are mostly characterized by normal faulting,

indicating that the region is mainly affected by tensile

stress. As early as 25 April 2015, an earthquake of Ms

5.9 occurred not far from the southern side of this

earthquake, which was also a normal fault tensional

activity event, categorized as a normal fault-type

earthquake of the STDS (Dan et al., 2016). Zha and

Dai (2017) suggest that the 2015 Gorkha earthquake

triggered the 2015 Ms 5.9 earthquake. Through

detailed study of this Mw 5.7 earthquake, we can

understand the seismogenic characteristics of the

Tingri Basin and attempt to discuss the influence of

the 2015 Gorkha earthquake on the 2020 Xegar

earthquake.
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Recently, Global Positioning System (GPS),

seismic wave, and interferometric synthetic aperture

radar (InSAR) technologies have made considerable

contributions to seismological research (Fadil et al.,

2021; Li et al., 2018; Melgar et al., 2015; Wang et al.,

2011, 2020; Wen et al., 2016; Zhao et al., 2019).

However, there are few GPS stations near the 2020

Xegar earthquake, and no obvious coseismic defor-

mations have been observed. In addition, although

seismic waves are often used to determine the

centroid and focal mechanism solution, sometimes,

under the influence of station distribution, the strike

and dip angle of the seismogenic fault and the cen-

troid location obtained by inversion are not accurate

(Ghayournajarkar & Fukushima, 2022; Weston et al.,

2011, 2012). The centroid locations provided by

USGS, CENC (China Earthquake Networks Center,

http://news.ceic.ac.cn/) and GCMT are also different,

complicating subsequent studies on coseismic rup-

ture. Fortunately, near-field geodetic data, such as

Figure 1
Tectonic and seismic background map. The red rectangle represents the range of descending track 121, the blue rectangle represents the range

of ascending track 12. Red dot: the epicenter of the earthquake measured by the China Earthquake Networks Center (CENC) on 20 March

2020; USGS: focal mechanism solution of this earthquake given by United States Geological Survey; GCMT: the focal mechanism solution

given by Columbia University; Blue dot: epicenter of the Ms 5.9 earthquake on 25 April 2015; Other focal mechanism solutions: earthquakes

of Mw C 5 from 1976 to 2020 (GCMT). STDS South Tibetan Detachment system, XDF Xainza-Dinggye fault, YGF Yadong-Gulu fault,

YZRF Yarlung Zangbo River fault, TYXF Tangra Yumco-Xuru co-fault, MBT main boundary thrust fault of Himalaya, ZLQF Zanda-Lhazê-

Qiongduojiang fault, DNRF Darjeeling-Ngamring-Rinbung fault, F1 and F2 are anonymous faults
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InSAR data, can well constrain the geometric

parameters (location and rupture geometry). At the

same time, InSAR data have advantages of high

spatial positioning, high deformation sensitivity, high

spatial resolution. Therefore, the differential InSAR

(DInSAR) technique is widely used in researching

crustal deformation. Moreover, determining the exact

locations of centroid and seismogenic fault parame-

ters and studying the coseismic slip distribution of

small and moderate earthquakes are important

research areas (Zhu et al., 2021).

In this study, the coseismic deformation caused by

the 2020 Mw 5.7 Xegar earthquake was measured

using the DInSAR technique with ascending and

descending Sentinel-1A data, and the Bayesian

method was adopted to study the fault geometric

parameters (Vasyura-Bathke et al., 2020). Then, the

coseismic slip distribution can be inverted with the

steepest descent method (SDM) (Wang et al., 2013).

Additionally, we analyze the dip orientation of the

seismogenic fault comprehensively from the residual

map, 2.5D deformation field and the aftershock dis-

tribution. Finally, we estimate the impact of the 2015

Mw 7.9 Gorkha earthquake on the 2020 Mw 5.7

Xegar earthquake by calculating the coseismic and

postseismic Coulomb failure stress changes DCFSð Þ.
These results provide a reference value for under-

standing the deformation characteristics and

seismogenic structure of the Xegar earthquake.

2. InSAR Data

Sentinel-1A Interferometric Wide Swath data are

used in this study. We downloaded the following

Sentinel-1A data from the European Space Agency

(ESA) (https://sentinel.esa.int/): For the ascending

track 12, the pre-earthquake acquisition is on 8 March

2020, and the repeat pass is on 20 March 2020. For

the descending track 121, the pre-earthquake and the

post-earthquake acquisitions are on 16 March 2020

and on 28 March 2020, respectively. The detailed

information is shown in Table 1.

Interferometric processing was performed with

ISCE (InSAR Scientific Computing Environment)

open-source software (Rosen et al., 2012). The DIn-

SAR method was utilized to produce coseismic

deformation interferograms (Fig. 2) (Massonnet

et al., 1993). To suppress the noise, the multi-look

factor in the range and azimuth was set as 5:1. The

precision orbit data were the satellite precision orbit

determination (POD) (precise orbit ephemerides)

provided by the ESA (https://scihub.copernicus.eu/

gnss/#/home). The Shuttle Radar Topography Mis-

sion (SRTM) digital elevation model with a

resolution of 30 m was adopted to eliminate the

influence of the topographic phase (Farr et al., 2007).

The signal-to-noise ratio (SNR) was increased by

Goldstein filtering (Goldstein & Werner, 1998).

Then, the interferograms were unwrapped with the

statistical-cost, network-flow algorithm for phase-

unwrapping (SNAPHU) (Chen & Zebker, 2002). In

order to reduce the effects of phase noise, we mask

out water bodies and areas with spatial coherence less

than 0.4. Finally, the unwrapped interferograms were

geocoded to the World Geodetic System 1984

(WGS84).

Combining the coseismic interferograms and LOS

deformation field shows that the surface deformation

of the Mw 5.7 earthquake has a small range of

influence, being * 5 9 5 km (Figs. 2 and 4). For the

ascending and descending tracks, the main deforma-

tion area is dominated by subsidence. The maximum

Table 1

Detailed parameters of sentinel-1A

Master Slave Dt/days B\/m Incident angle (�) Azimuth angle (�) Orbit Polarization

20200308 20200320 12 -20.02 39.67� -10.56 Ascending VV

20200316 20200328 12 26.62 36.02� -169.51 Descending VV

Dt represents the temporal baseline. B\ means the perpendicular baseline
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displacement values in the LOS direction are 12.6

and 15.7 cm, respectively.

3. Inversion of Fault Geometry and Coseismic Slip

Distribution

We down-sampled the LOS deformation field

using the quadtree method to accelerate the inversion

process and suppress noise (Jónsson et al., 2002).

Given the importance of the deformation of the near

field, we set different thresholds in the down-sam-

pling process. The near-field deformation was

sampled densely, whereas the far-field region was

sampled sparsely. In this way, the deformation

characteristics of the near field were retained to the

greatest extent, and the negative impact of the far-

field error and noise on inversion was reduced to a

certain extent. After quadtree down-sampling, 817

and 848 data points were reserved for the ascending

and descending tracks, respectively (Fig. 4).

3.1. Inversion of Fault Geometric Parameters

In this paper, the fault plane is treated as a

uniform plane to obtain fault parameters (such as

length, width, dip, strike). The Bayesian Earthquake

Analysis Tool (BEAT) was applied to determine the

fault geometry parameters and their uncertainties

(Vasyura-Bathke et al., 2020). Then, the sequential

Monte Carlo (SMC) algorithm was used to assess the

posterior probability distribution (Moral et al., 2006).

The marginal posterior probability distribution of

parameters exhibited discrete variability of the

retrieved fault parameters (Fig. 3). The red lines in

the histogram represent the maximum a posteriori

(MAP) solution, which represents the optimal values.

The lower limit of the confidence interval is taken as

2.5% after sorting, and the upper limit of the

confidence interval is taken as 97.5% after sorting,

so that the region between the two gives the 95%

confidence interval of each parameter. The 2.5 and

97.5% limits of the posterior probability density

functions of the fault parameters are reported.

Finally, the inversion results of the fault geometric

parameters are shown (Table 2). East_shift and

North_shift represent offsets relative to the reference

point (87.42� E, 28.51� N, the epicenter location

provided by GCMT) in the UTM coordinate system,

geometrically representing the central point of the

upper boundary of the fault, transformed by coordi-

nates to (longitude = 87.392� E, and

latitude = 28.660� N). In addition, the strike, dip,

and rake angle are 330.0� ± 1.35, 62.7� ± 0.96, and

-109.2� ± 2.41, respectively

When inverting the fault geometric parameters,

the residual results can be used to measure the quality

of inversion (Fig. 4). The simulated values fit well

with the observed coseismic LOS displacement in

both the ascending and descending tracks. The root-

Figure 2
Coseismic interferograms of the Xegar earthquake. a and b are coseismic interferograms for the ascending track and descending track,

respectively
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mean-square (RMS) misfit residuals are all 1.0 cm.

Thus, we consider that the parameters of the inver-

sion are reasonable.

3.2. Inversion of Coseismic Slip Distribution

After the fault geometric parameters were deter-

mined from the Bayesian method, the steepest

descent method (SDM) was adopted to study the

coseismic slip distribution (Wang et al., 2013). The

stratification of the crust is extracted from the Crust

1.0 model (Laske et al., 2013). The surface

Figure 3
Marginal posterior probability distributions for the fault model parameters for the 2020 Mw 5.7 Xegar earthquake. Histograms show the

posteriori probability distribution of fault parameters, red lines represent the maximum a posteriori (MAP) solution. Scatter plots are

contoured according to frequency, which show trade-offs between parameters. Cold colors indicate low frequency, and warm colors indicate

high frequency

Table 2

Inversion results of fault geometric parameters

Parameter MAP Std 2.5% 97.5%

Fault length (km) 3.03 0.03 3.00 3.13

Fault width (km) 3.14 0.13 3.00 3.61

North_shift (km) 16.635 0.03 16.530 16.753

East_shift (km) -2.769 0.03 -2.847 -2.679

Strike (�) 330.00 1.35 325.95 333.05

Dip (�) 62.70 0.96 60.10 64.98

Rake (�) -109.20 2.41 -115.10 -102.56

Depth (km) 2.15 0.06 2.00 2.29

Slip (m) 1.06 0.05 0.92 1.18
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deformation caused by fault dislocation was calcu-

lated by using the Okada elastic dislocation theory

(Okada, 1985). It fits the observed values and

minimizes the roughness of the slip distribution as

follows:

W GS� dð Þk k2þa2 Lsk k2¼ min ð1Þ

where W is the weight matrix of the observed value,

and G is Green’s function, which can be calculated

through the elastic dislocation model based on the

stratification of the crust in semi-infinite space (Wang

Figure 4
The uniform slip inversion result of the 2020 Xegar earthquake. a Observed, b modeled, and c residual values of the ascending track.

d Observed, e modeled, and f residual values of the descending track. Gray points indicate down-sampling data

Table 3

Focal parameters for the 2020 Xegar earthquake comparison by various agencies

Sources Strike (�) Dip (�) Rake (�) Depth (km) Mw Centroid (�)

Lon Lat

This study 330 62.7 -104.6 3.26 5.6 87.40 28.66

USGS 343 49 -101 10 5.7 87.308 28.590

GCMT 345 45 -103 12 5.7 87.42 28.51

CENC – – – 10 Ms 5.9 87.42 28.63

Sources: USGS: https://earthquake.usgs.gov/earthquakes/eventpage/us70008cld/moment-tensor. GCMT: https://www.globalcmt.org/

CMTsearch.html. CENC: http://news.ceic.ac.cn/
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et al., 2003), d is the value of the LOS displacement,

a is the smoothing factor, the trade-off curve between

the model roughness and the data misfit calculated by

different smoothing factors is usually used to select

the optimal slip model. L represents the second-order

finite difference approximation of the Laplacian

operator. S is the strike and dip slip on each sub-fault.

The fault geometric parameters were set as

follows: the strike was set at 330� and dip angle

was set at 62.7� (Table 3), the fault plane was

expanded to 9.5 km along the strike and 8 km along

Figure 5
a Trade-off curve between model roughness and weighted misfit, b Coseismic slip distribution of northeast-dipping model inverted by InSAR

Figure 6
The distributed slip inversion result of the northeast-dipping model. a Observed, b modeled, and c residual values of the ascending track.

d Observed, e modeled, and f residual values of the descending track

Vol. 179, (2022) Ground Deformation and Source Fault Model 3595



the down-dip direction, respectively. The origin of

coordinates was taken as the central point of the top

boundary of the fault (87.392� E, 28.660� N) and the

corresponding depth was * 2.15 km.

Figure 5a shows the trade-off curve between the

model roughness and the weighted misfit. In this

study, we chose the solution with the smoothing

factor of 0.03 as the final inversion result. The

coseismic slip distribution indicates that the main

rupture zone covers an area of * 5 9 5 km2

(Fig. 5b), and only one slip asperity appears, at a

depth of 1.9–5.0 km. The rake angle in the main

rupture zone is nearly vertical, with an average rake

angle of -104.6�. The coseismic rupture is mainly

characterized by normal extension, with a small

amount of right-lateral strike-slip. The maximum slip

on the fault is * 0.98 m, located at (87.40� E, 28.66�
N) and buried at a depth of 3.26 km, which we call

the centroid location. The seismic moment released

by the earthquake is * 3.23 9 1017 Nm, or equiv-

alent to Mw 5.6, which is consistent with the result of

Gao et al. (2021) but slightly smaller than the seismic

moment of USGS and GCMT.

Figure 6 shows the modeled displacements and

residuals for the northeast-dipping model. The

ascending track residual ranges from -1.98 to

1.43 cm, with an RMS of 0.71 cm. In comparison,

the residual of the descending track is slightly larger,

with a residual range from -2.39 to 1.61 cm and an

RMS of 0.77 cm. In general, we consider this

inversion result as representing the best fit for the

coseismic slip model.

4. Discussion

4.1. Comparison of the Location of Centroids

In seismogenic fault inversion and seismology

research, the location of the centroid is indispensable,

and its accuracy can often affect subsequent analysis

and results. The locations of centroids provided by

different agencies are often different. For compar-

ison, we calculated the horizontal distance between

seismically derived centroids and InSAR-derived

centroid. The white star located at 87.40� E, 28.66�
N represents the location of the geodetic centroid

location determined from InSAR data. Meanwhile, it

is located near the center of the LOS deformation

field, which is more consistent with the accurate

location of the centroid. According to Table 3, the

centroid location is closest to the point measured by

CENC, with a spatial difference of 3.9 km. However,

it is far from the centroids measured by USGS and

GCMT, with differences of * 11.9 and * 16.7 km,

respectively. This may be mainly affected by the

distribution of the seismic network and the location

of the seismoscopes. Moreover, these deviations may

be caused by different speed models used by different

agencies. The centroid measured by the near-field

data is significantly more accurate than those from

USGS and GCMT. In addition, some researchers

studied 10 earthquakes in Iran and Japan and

concluded that InSAR is a useful tool to accurately

determine the fault parameters (location and rupture

geometry) of shallow inland earthquakes (Ghayour-

najarkar & Fukushima, 2022). Compared to

teleseismic techniques, LOS displacement measure-

ments from InSAR provide more accurate estimates

of earthquake location (Weston et al., 2011, 2012;

Zhu et al., 2021). Those indicate that the near-field

InSAR deformation field data can be used to better

determine the centroid location of moderate

earthquakes.

4.2. The Impact of GACOS-Based Correction

on the Model

Atmospheric effect is one of the main error

sources of InSAR. We applied the atmospheric delay

estimated by the Generic Atmospheric Correction

Online Service for InSAR (GACOS), which utilizes

the Iterative Tropospheric Decomposition (ITD)

model (Yu et al., 2017, 2018). For most small-to-

moderate earthquakes, GACOS-based correction can

improve the coseismic deformation. In particular, the

topography-correlated atmospheric errors can be

reduced. For example, the 2016 Mw 5.9 Menyuan

earthquake, the 2017 Mw 6.5 Jiuzhaigou earthquake,

2020 Mw 6.4 Yutian earthquake (Hong et al., 2018;

Qu et al., 2021; Yu et al., 2020). However, in this

case, for the 2020 Mw 5.7 Xegar earthquake, due to

its location in Rikaze and the relatively dry climate,

GACOS-based correction has little influence on

3596 Chengtao Li et al. Pure Appl. Geophys.



atmospheric errors. The GACOS-based corrections of

the ascending and descending tracks were not obvi-

ous (Fig. S1). For the ascending track, the far-field

deformation was slightly improved, but the effect was

not good in some places. The magnitude of correction

was less than 1 cm. For the descending track, most

corrections were less than 5 mm. In order to clarify

the impact of GACOS-based correction on the model,

we either applied or did not apply GACOS-based

correction to invert fault parameters, respectively.

Both results are basically consistent, indicating that

atmospheric correction has little effect on the model,

and the convergence is better without correction of

the model parameters (Figs. 3 and S2). Therefore, in

this paper, we do not use GACOS-based correction.

4.3. The 2.5D Deformation Field and Dip

Orientation

In the interior of the Tibetan Plateau, the Late

Cenozoic faults are mainly strike-slip faults near the

east–west direction and normal faults near the south–

north direction, which are in sharp contrast to the

main thrust shortening of the orogenic belt around the

Tibetan Plateau (Molnar & Tapponnier, 1978; Mol-

nar et al., 1993). The Xegar earthquake occurring in

south Tibet is located near several basins, generating

east–west tensile stress (Armijo et al., 1986, 1989).

To better understand the impact of the earthquake

and facilitate the estimation of east–west and vertical

displacement changes, we calculate the 2.5-dimen-

sional (2.5D) deformation field. Because satellites are

insensitive to the north–south direction, the LOS

contribution of the north–south component is small

(Wen et al., 2016), and its value (sine of azimuth

angle) is almost negligible. Therefore, we can get the

2.5D deformation field (Guo et al., 2019; Xu et al.,

2018; Yang et al., 2020), and the LOS displacements

U associated with the orbits can be written as:

U � � sin h cos ;Ue þ cos hUu ð2Þ

where Ue and Uu are quasi-eastward and quasi-up-

ward displacements, respectively. In addition, h is the

radar incidence angle, and ; is the azimuth of the

satellite heading vector.

According to the mechanism of normal faulting

earthquakes, if the northeast-dipping fault plane is the

optimal seismogenic plane, the east displacement

values of the hanging wall will be much larger in the

quasi-east–west displacement map. On the contrary,

it is another case when the optimal seismogenic plane

is southwest-dipping (Xu et al., 2018; Yang et al.,

2020). The results of the 2.5D deformation field are

shown in this study (Fig. 7). The eastern and western

motions exhibit regional asymmetry, with maximum

displacements of 7.1 and 5.1 cm, respectively, which

Figure 7
2.5 Dimensional deformation field maps. a and b are the coseismic quasi-east–west and quasi-vertical deformation maps, respectively. The

black and red lines indicate the upper boundary of northeast-dipping and southwest-dipping models, respectively. White star and black circle

indicate the epicenter location determined from InSAR and CENC, respectively. Two white circles indicate aftershocks of Mw 4.8 and Mw

4.9. The red circles represent aftershocks of less than Mw 4 (http://news.ceic.ac.cn/)
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may explain the seismogenic fault being northeast-

dipping. We also recognized that the aftershocks

were more consistent with the northeast-dipping fault

model (http://news.ceic.ac.cn/). In addition, we also

calculated the uniform and distributed slip models of

the southwest fault (Figs. S3–S5). In the distributed

slip model, both the northeast-dipping and southwest-

dipping fault models gave the RMS of the residuals

for the ascending and descending Sentinel-1A data-

sets, resulting in average RMS residuals of 0.74 and

0.76 cm for the northeast- and southwest-dipping

fault models, respectively (Figs. 4 and S6). Therefore,

the fit of the northeast-dipping fault model is slightly

better. For these reasons, we believe the seismogenic

fault is northeast-dipping.

The coseismic quasi-vertical deformation with a

maximum subsidence of 16.4 cm is mainly located in

the hanging wall of the fault, indicating that this

event has a predominantly normal mechanism. The

distribution of inselbergs and the morphology of the

edge of the basin indicate that the Tingri Basin is a

rift basin that is still relatively subsiding (Li et al.,

2004). The Xegar earthquake caused extension in the

east–west direction of the Tingri Basin and the

adjacent area, which is consistent with the expansion

state presented by the surface strain rate field

calculated by GPS data (Wang & Shen, 2020). In

terms of the coseismic displacement of this earth-

quake, the characteristics of east–west movement and

vertical movement may play a role in promoting the

development of the basin.

4.4. The Impact of the 2015 Mw 7.9 Gorkha

Earthquake

The 2020 Mw 5.7 Xegar earthquake struck the

Tingri Basin in the Tibetan Plateau. In recent times,

there has been considerable seismic activity in this

area (Fig. 1). The 2015 Mw 7.9 Gorkha earthquake

occurred in the surrounding area. The 2015 Ms 5.9

Tingri earthquake occurred * 3 h after the Gorkha

earthquake, and is located near the epicenter of the

Xegar earthquake. Through calculation of the coseis-

mic DCFS, many studies suggest that the Gorkha

earthquake is responsible for triggering the 2015 Ms

5.9 Tingri earthquake (Li et al., 2017; Liu et al.,

2017; Wan et al., 2015). Zha and Dai (2017)

calculated DCFS and seismicity rate changes on

active faults on the Tibetan Plateau caused by the

Gorkha earthquake, demonstrating the potentially

high hazard presented by the South Tibet Detachment

fault and its adjacent regions for triggering earth-

quakes. Therefore, does the Gorkha earthquake have

an impact on the 2020 Xegar earthquake? To solve

this problem, we estimate the impact of the Gorkha

earthquake on the 2020 Xegar earthquake by calcu-

lating the coseismic and postseismic DCFS with

different viscosities and depths.

We used the fault geometric parameters and slip

distribution of the 2015 Gorkha earthquake obtained

through the joint inversion of GPS and InSAR

datasets (Fig. S7) (Tan et al., 2016). They are more

accurate than the results obtained by seismic waves

(Yagi et al., 2015; Hayes et al., 2017). We set the

fault geometric parameters of the 2015 Gorkha

earthquake as follows: strike = 285�, dip = 9�,
length = 219 km, and width = 192 km; the fault

plane was dispersed into 4672 sub-faults of

3 9 3 km. The preferred parameters of the 2020

Xegar earthquake were regarded as the receiver fault

(strike 330.0�, dip 62.7�, and rake -109.2�). We

chose empirical friction coefficient of 0.4 (King et al.,

1994; Pollitz et al., 2006). The centroid location of

the Xegar earthquake was set as the reference point

(87.40� E, 28.66� N). Then, we utilized a linear

Maxwell rheological model and used the software

package PSGRN/PSCMP (Wang et al., 2006) to

calculate the coseismic and postseismic relaxation

DCFS of reference points with different depths

(3.26 km and 5–20 km with an interval of 5 km)

caused by the Gorkha earthquake. It is worth noting

that an increase in DCFS by as little as 0.1 bar has

been shown to be sufficient to encourage the occur-

rence of future earthquakes in regions where faults

are critically stressed and close to failure (Stein,

1999).

First, the parameters used in the rheological

model refer to Xiong et al. (2015) (Table S1). The

viscosities of the middle-lower crust and the upper

mantle were set as 1.0 9 1019 Pa�s and

1.0 9 1020 Pa�s. Within 20 years after the 2015

Mw 7.9 Gorkha earthquake, DCFS increased with

time for depths of 3.26, 5, 10, and 15 km (Fig. 8).

The value corresponding to a depth of 10 km is
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relatively large, with DCFS = * 0.185 bar before

the Xegar earthquake. At this time, the values of

DCFS corresponding to 5 and 15 km are 0.152 and

0.180 bar, respectively. Their values of DCFS are

higher than the earthquake triggering threshold of

0.1 bar, which indicates the possibility of triggering

the Xegar earthquake. For a depth of 3.26 km (the

depth corresponding to the maximum slip), the

maximum DCFS is 0.077 bar before the Xegar

earthquake. For depth of 20 km, DCFS continues to

decrease as time increases, while the main rupture

area of the Xegar earthquake is not within this range.

Then, in order to study the influence of rheology

parameters, we calculated the DCFS with different

rheology parameters. According to the study of Zha

and Dai (2017), the coseismic stress changes below

the Moho are too small, and the upper mantle

viscosity is poorly constrained, so the viscosity is

fixed with an empirical value of 1.0 9 1020 Pa•s.

There are many studies on the viscosities of middle

and lower crust in the Tibetan Plateau (Jiang et al.,

2018; Zhang et al., 2009; Zhao et al., 2017). We

simply separately set the viscosities of the middle and

lower crust as 5.0 9 1018 Pa�s, 5.0 9 1019 Pa�s,

1.0 9 1020 Pa�s (Table S1). The results reveal that

the magnitude of the DCFS changes with different

viscosities (Fig. S8). The smaller the viscosity, the

faster the relaxation process. The detailed results

were calculated with different viscosities and depths

(Table S2). The higher the viscosity, the smaller the

increase in DCFS at the centroid location of the 2020

Mw 5.7 Xegar earthquake. For depths of 5, 10 and

15 km, their values of DCFS are higher than 0.1 bar.

In addition, we calculated the influence of different

friction coefficients (Table S3).

Finally, we also considered the effect of afterslip.

Hong et al. (2021) used InSAR and GPS data in a

joint inversion for the evolution of afterslip; their

results indicated that within 3 years of the Gorkha

earthquake (from 15 May 2015 to 27 August 2018),

afterslip released *1.20 9 1020 Nm, or equivalent to

an Mw 7.32 earthquake (Fig. S9). Therefore, we

calculated the DCFS due to afterslip by 27 August

2018 at a depth of 3.26 km at the centroid location of

the 2020 Xegar earthquake (Fig. S10). The DCFS due

to afterslip is about 0.012 bar. Therefore, at a depth

of 3.26 km, considering the influence of the 2015

Gorkha earthquake coseismic and postseismic relax-

ation and afterslip, the total DCFS at the centroid

location of the Xegar earthquake is 0.089 bar.

Although this is slightly less than the trigger stress

threshold of 0.1 bar, according to Ziv and Rubin

(2000), the lower limit of trigger stress is unknown; it

has a certain promoting influence on the Xegar

earthquake, which means that the coseismic and

postseismic effects of the Gorkha earthquake may

have triggered the Xegar earthquake.

In summary, according to our results, we suggest

that the 2015 Gorkha earthquake played a key role in

triggering the 2020 Mw 5.7 Xegar earthquake.

5. Conclusions

In this study, we used Sentinel-1A data to obtain

the coseismic deformation field of the 2020 Mw 5.7

Xegar earthquake. The Bayesian method and SDM

were used to invert the fault geometric parameters

and coseismic slip distribution. DCFS was used to

study the impact of the 2015 Gorkha earthquake on

the 2020 Xegar earthquake. Thus, we have come to

the following conclusions:

Figure 8
Curve of DCFS versus time at the centroid location of the 2020 Mw

5.7 Xegar earthquake caused by coseismic and postseismic

viscoelastic relaxation of the 2015 Mw 7.9 Gorkha earthquake at

different depths. The two dashed lines represent the 2015 Gorkha

and the 2020 Xegar earthquakes, respectively
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1. The LOS coseismic deformation field of the

InSAR reveals that the main deformation area is

dominated by subsidence. For ascending and

descending tracks, the maximum displacements

are 12.6 and 15.7 cm, respectively.

2. The inversion results indicate that the strike of the

seismogenic fault is * 330.0�, the dip angle

is * 62.7�, and the centroid location is (87.40�
E, 28.66� N). Studies have revealed that the

InSAR data in the near field can be used to

determine the centroid location of moderate

earthquakes.

3. According to the coseismic slip distribution, the

main rupture zone covers an area of * 5 9 5 km2

and only one slip asperity appears at a depth of

1.9–5.0 km. In addition, the mean rake angle

is * -104.6�, and the maximum slip on the fault

is 0.98 m at a depth of 3.26 km. The seismic

moment released * 3.23 9 1017 Nm, or equiva-

lent to Mw 5.6. The Xegar earthquake is

dominated by normal faulting.

4. Based on the 2.5D displacement field, the coseis-

mic eastern and western motions have maximum

displacements of 7.1 and 5.1 cm, respectively.

The coseismic quasi-vertical deformation has

maximum subsidence of 16.4 cm. This may

promote the development of the Tingri Basin to

some extent. Our 2.5D displacement field, inver-

sion results, and aftershock distribution all

indicate that the seismogenic fault dips to the

northeast.

5. We estimate the impact of the 2015 Mw 7.9

Gorkha earthquake on the 2020 Mw 5.7 Xegar

earthquake by calculating the coseismic and

postseismic DCFS with different viscosities and

depths. The results suggest that the 2015 Gorkha

earthquake played a key role in triggering the

2020 Mw 5.7 Xegar earthquake.
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