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Abstract
The ENE striking Longmu Co fault and the North Altyn Tagh left-lateral slip fault have led to the complex
regional structure in the northwestern Tibetan Plateau, resulting in a series of normal faulting and strike
slip faulting earthquakes. Using both the ascending and descending Sentinel-1A/B radar images, we
depict the coseismic deformation caused by the 2020 Yutian Mw 6.4 earthquake with a peak subsidence
of ~20 cm. We determine the seismogenic fault geometry by applying the Bayesian approach with a
Markov Chain Monte Carlo sampling method, which enables us to �nd the posterior probability density
functions of the source model parameters. The estimation results reveal that the earthquake have
dominantly by normal slip with moderate strike slip component. Based on the optimal fault geometry
model, we extend the fault plane and invert for the �nite fault model dislocation, which indicate that the
slip is mainly concentrated at a shallow focal depth of 3–10 km with a maximum slip of ~1.0 m. Our
preferred geodetic coseismic model exhibits no surface rupture, which may likely due to the shallow slip
de�cit in the uppermost crust. We calculate the combined loading effect of the Coulomb failure stress
changes induced by the coseismic dislocations and postseismic viscoelastic relaxation of the 2008 Mw
7.1 and 2014 Mw 6.9 Yutian events. Our study demonstrates that the two preceding major Yutian shocks
were insu�cient to trigger the 2020 Yutian earthquake, which we consider perhaps re�ects the natural
release of elastic strain accumulated mainly through localized tectonic movement. We attribute the 2020
Yutian event to the release of extensional stress in a stepover zone controlled by the Longmu Co and the
North Altyn Tagh sinistral strike slip fault systems. The seismic risk in the southwest end of the North
Altyn Tagh fault has been elevated by the Yutian earthquake sequences, which require future attention.

1. Introduction
Over the past two decades, a series of moderate-sized and strong earthquakes have occurred at the
boundary surrounding area of the Bayan Har block in the central and northern Tibetan Plateau, which has
become the most active block in the plateau, signi�cantly increasing the seismicity around the block
(Elliott et al. 2010; Lin et al. 2011; Ren et al. 2013; Wu et al. 2014). The Bayan Har block is bounded by
several active strike-slip and reverse faults, including the left-lateral Ganzi-Yushu slip fault in the southern
boundary, the Longmenshan thrust slip fault in the eastern boundary, and the East Kunlun fault in the
northern boundary. Since the 1997 Mw 7.6 Manyi earthquake, several strong, highly destructive
earthquakes with moment magnitudes greater than 6.5 have occurred at the boundaries of the Bayan Har
block in succession, including the 2001 Mw 7.8 Kokoxili earthquake, 2008 Mw 7.1 Yutian and Mw 7.9
Wenchuan earthquake, 2010 Mw 6.9 Yushu earthquake, 2013 Mw 6.6 Lushan earthquake, and the 2014
Mw 6.9 Yutian earthquake (Ryder et al. 2011; Xu et al. 2013; Wu et al. 2014; Liu et al. 2015; Li et al. 2020).
A series of recent seismic rupture events along the northern and eastern boundaries of the Bayan Har
block indicates that the block has extruded eastward by about 7 m. However, the extension movement of
the west boundary of the block does not match well with the overall displacement caused by the
eastward extrusion, which led to the continuous extension tectonics of the west boundary. It has been
noted that the stress interactions within fault segments can play a key role in the seismicity of
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earthquake triggering and clustering (Oglesby 2005; Ryder et al. 2012; Jia et al. 2012; Wang et al. 2014).
Studies have argued that these strong earthquake sequences can be attributed to the response of the
Indian plate to the northward subduction beneath the Eurasian continent, which makes the internal
materials of the Tibetan Plateau move eastward, resulting in an increased seismic activities around the
Bayan Har block (Xu et al. 2013).

On 26 June 2020 (local time), a moderate Ms 6.4 earthquake with a focal depth of 10 km struck the
northwest Tibetan Plateau in Yutian County, Hotan Prefecture, Xinjiang Uygur Autonomous Region, China,
according to the China Earthquake Networks Center (CENC). The epicenter (82.33E, 35.73N) was located
at the junction of Yutian County and Gaize County in the northwestern Tibetan Plateau, with an average
altitude of ~ 5500 m. There are two snow and glacier-covered high-altitude mountains in the east and
west sides of the epicenter, with the highest elevation point on the west side lying at Qiongmuztag
(6989 m) in the middle section of the Kunlun Shan terrain. Meanwhile, the Heishibei Lake lays several
tens of kilometers southeast of the 2020 Yutian epicenter, which is considered to be surrounded by the
youngest volcanic activities in the plateau since the late Quaternary (Wang et al. 2005). The
determination of the epicentral positions varies among different research institutions (Table 1), with the
locations roughly distributed in a range of N35.58°–35.70°, E82.36°–82.46°. As of August 21, 2020, a
total of 468 aftershocks were recorded by the CENC, including 250 aftershocks with local magnitude (ML)
≥ 2 (Fig. 1a). These aftershock sequences displayed a SSW trend, which is roughly consistent with one
of the nodal planes of the mainshock. Meanwhile, ten M > 4 aftershocks were located according to the
United States Geological Survey (USGS), which also exhibited SSW trending distribution (Fig. 1b). The
focal mechanism solutions provided by various institutions show that the 2020 Yutian earthquake was
dominated by a normal faulting rupture with a minor strike slip component, indicating that there is a
signi�cant NW-SE trending local crustal extensional structure in the epicenter area.
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Table 1
Focal parameters of the 2020 Yutian earthquake given by different organizations.

Source Strike

(°)

Dip

(°)

Rake

(°)

Magnitude

(Mw)

Depth (km) Longitude

(°)

Latitude

(°)

USGS 227 50 -74 6.3 10 82.379 35.596

24 42 -108

GCMT 213 52 -66 6.3 13 82.36 35.70

357 44 -117

GEOFON 196 48 -92 6.3 10 82.43 35.58

19 41 -87

IPGP 191

23

56

35

-97

-80

6.3 10 82.452 35.628

USGS: United States Geological Survey; GCMT: Global Centroid Moment Tensor; GEOFON: GFZ
German Research Center for Geosciences; IPGP: Institute de Physique du Globe de Paris.

The 2020 Ms 6.4 Yutian earthquake was the fourth moderate to major event of the recent Yutian Mw > 6
earthquake sequences following the 2008 Mw 7.1 (Shan et al. 2011; Xu et al. 2013), 2012 Mw 6.2 (Bie et
al. 2014a ) and 2014 Mw 6.9 earthquakes (Wu et al. 2014; Li et al. 2020). These events all occurred in the
intersection area of the southwest segment of the North Altyn Tagh fault, Longmu Co fault and the Gozha
Co fault, which is interpreted as part of the boundary of the West Kunlun and Bayan Har blocks (Zhang et
al. 2014; Wu et al. 2014). The 2000-km-long sinistral strike-slip Altyn Tagh fault system de�nes the
northwestern edge of the Tibetan Plateau (Xu et al. 2013; Li et al. 2015), which experienced strong
tectonic activity in the Quaternary that accommodates a signi�cant portion of India–Eurasia convergence
(Tapponnier et al. 2001; Taylor and Yin, 2009). The northwest tail of the North Altyn Tagh fault system
and its adjacent local tectonic background are extremely complicated, where develop strike-slip and
normal faulting structures. Previous studies have shown that the focal mechanism solutions of the 2008
Mw 7.1 and 2014 Mw 6.9 Yutian events had normal fault and strike slip fault mechanisms, respectively
(Xu et al. 2013; Li et al. 2020). The epicenter of the 2020 Yutian earthquake is located in the gap between
the 2008 Mw 7.1 and 2014 Mw 6.9 Yutian events, less than 100 km away from the two preceding Mw ≥
6.9 earthquakes. Several moderate-sized and strong earthquakes have successively occurred in this
narrow spatial region, and the focal mechanism solutions demonstrate different tectonic backgrounds,
which are worthy of further study and comprehensive analysis (Fig. 1).

In fact, the determination of the source parameters and coseismic slip distribution of the 2020 Ms 6.4
Yutian event is crucial to enhance our understanding of the seismogenic fault and the dynamic
mechanism of the local regional tectonic evolution, and will contribute to elevate the potentially seismic
hazard in the triple junction area of the North Altyn Tagh, Karakax, and Longmu Co fault systems. In this
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paper, we present the coseismic deformation �eld derived from the ascending and descending
Interferometric Synthetic Aperture Radar (InSAR) interferometry images from Sentinel-1 satellites.
Following this, we determine the seismogenic fault geometry using a Bayesian approach with a Markov
Chain Monte Carlo method (MCMC). Subsequently, we invert for the detailed coseismic slip distribution of
this seismic event. Furthermore, the stress disturbance and seismic hazard evaluation are also
considered. Finally, the tectonic background of a series of the clustered Yutian earthquake sequences in
the northwestern Tibetan Plateau is discussed.

2. Insar Observations And Coseismic Deformation
InSAR processing has proven to have the capacity to acquire continuous coseismic deformation �eld in
remote and severe environments where lack of GPS observations, especially in terms of moderate-sized
earthquakes in the Tibetan Plateau (Elliott et al. 2010; Bie et al. 2014a). Numerous studies on small and
medium seismic events show that the source parameters and slip distribution determined by InSAR
observation are superior to those constrained by traditional seismology methods in the Tibetan Plateau
where seismic stations are insu�cient (Elliott et al. 2010; Ryder et al. 2011; Xu et al. 2016; Chen et al.
2019). The current InSAR measurement can provide far higher resolution spatial constraints on the fault
slip patterns of earthquakes occurring in a relatively remote boarder region under severe natural
conditions and with a sparse population.

For the 2020 Yutian earthquake, we measured the coseismic deformation �eld from both the ascending
(T158A) and descending (T165D) Sentinel-1A/B radar images operated by the European Space Agency
with a revisiting phase of 12 days each (Table 2). To minimize the in�uence of the postseismic
deformation and to reduce the impact from the digital elevation model (DEM) errors, we selected the
shortest temporal (12 days) and spatial baselines (< 100 m) for coseismic interference mapping. The
Sentinel-1 interferograms were processed using the updated version of the GMTSAR software for multi-
looking by 8 looks in range and 2 looks in azimuth to improve the e�ciency of the calculations and to
reduce the data points noise (Sandwell et al. 2011). Meanwhile, to eliminate the topographic phase from
the interferograms, we used the high resolution Shuttle Radar Topography Mission DEM and the precise
orbital determination (Farr et al. 2007). Then, we obtained the unwrapped phase in the radar coordinates
using the SNAPHU program after the adaptive �ltering method was employed to reduce the phase noise
(Chen and Zebker, 2000). Finally, we geocoded the unwrapped interferograms by transforming them from
the range/azimuth coordinate system to the geographic coordinate system and converted them to line of
sight (LOS) displacement applying the C-band wavelength of ~ 5.6 cm (Fig. 2b, e). To eliminate the
in�uence of atmospheric delay on the interferometric images, we employed the Generic Atmospheric
Correction Online Service (GACOS) of InSAR developed by Newcastle University to correct the interference
fringes, which generates high-resolution tropospheric delay maps for InSAR atmospheric correction (Yu,
et al. 2018). Finally, the corrected coseismic deformation displacements were obtained (Fig. 2c, f). Here,
we found that both the ascending and descending interferograms exhibited clearer coseismic signals
than the originals after the GACOS online correction, especially in terms of the far-�eld. Figure 2 shows
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that the coseismic deformation of the InSAR measurements, including the original and corrected LOS
displacement.

Table 2
Sentinel-1A/B image data used in this study.

Track Master Slave Bperp (m)

(days)

Inc (°) Azi (°)

T158A 2020/06/22 2020/07/04 85 12 40.9–44.5 -9.8

T165D 2020/06/17 2020/06/29 87 12 34.6–39.5 -169.7

A and D in the Track represent the ascending and descending orbits, respectively. Bperp = 

Perpendicular baseline;  = Temporal baseline; Inc = Incidence angle; Azi = Azimuth angle.

The selected range of our study area is E82°~83° and N35.2°~36°.

We can clearly observe two main deformation lobes in the epicentral area with a maximum uplift and
subsidence coseismic displacement of approximately 8 cm in the east and of 20 cm in the west,
respectively. Most of the coseismic deformation is located in the western part with a high deformation
gradient, indicating that the seismogenic fault plane is inclined to the west. The coseismic deformation is
mainly distributed in a relatively �at area (480 km2) between the two high mountains where the altitude is
over 6000 m. Due to the severe decorrelation of InSAR interferometry in the snow and ice as well as lake
and river covered areas, there were no available LOS results in these areas after unwrapping. While we
can observe a distinct continuous fringe in the epicenter area, it seems that no clear surface rupture
traces can be observed in both the ascending and descending interferometric maps. Furthermore, the
InSAR coseismic deformation �eld indicates that the seismogenic fault with a strike lies in an
approximately N–S direction, which is consistent with one of the nodal plane parameters of the focal
mechanisms.

3. Fault Geometry And Coseismic Slip Model
Based on the focal mechanism solutions and the InSAR coseismic deformation �led, we have the
preliminary understanding that the 2020 Yutian earthquake was a normal faulting event that dipped to
the west direction. The study of the geometry and location of normal faulting is of great signi�cance to
understanding the continental crustal extension and the mechanisms of faulting activity in the
northwestern Tibetan Plateau (Elliott et al. 2010; Shan et al. 2011; Ryder et al. 2012; Wang et al. 2014; Bie
et a. 2014a,b; Xu et al. 2016). Considering the computational e�ciency and inversion simplicity, we
adopted an adaptive quadtree downsampling method with an appropriate deformation gradient threshold
to resample the original InSAR data containing points of an order of millions to the appropriate number
and spatial resolution (Jónsson et al. 2002). Previous studies have suggested that the average incident

ΔT

ΔT
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angle of localized areas may have a great impact on the inversion results (Zhang et. al., 2011). Therefore,
we calculated the unit vectors along LOS displacement at each downsampled point using the incidence
and azimuth angles of different pixels according to the DEM and satellite orbit parameters. Finally, we
obtained a total number of 643 points after downsampling from both the ascending and descending
InSAR observations, attaining a higher density of sample points in the near-�eld of the seismogenic fault
area and relatively sparse points in the far-�eld. We used a two-step procedure to construct the rupture
model of the 2020 Yutian earthquake. In the �rst step, we adopted a Bayesian method to constrain the
geometric parameters of seismogenic fault. Then, we extended the initial fault plane and inverted for the
slip distribution of the seismic event using rectangular dislocation in a homogeneous elastic half-space
(Okada 1985).

3.1. Optimal Fault Geometry Parameters
To obtain the optimal fault geometric parameters from the dense InSAR observations, we utilized a
Bayesian approach to retrieve the optimal source parameters and related uncertainties through an MCMC
method with an automatic step size selection, which allowed for rapid characterization of the posterior
probability density functions (PDFs) of the model parameters (Bagnardi and Hooper 2018; Yu et al.
2020). Compared to the traditional optimal inversion algorithm, we can not only retrieve the optimal value
of geometric parameters, but also obtain the error range of each parameter and the marginal PDFs using
the Bayesian estimation method (Fukuda et al. 2010).

It is noted that the Bayesian estimation approach can distinguish two conjugate focal mechanism planes
derived from seismic wave inversion. Hence, we did not impose any geometric constraints on the strike
(0° ~ 360°), dip (-90° ~ 90°), and slip direction of the initial seismogenic fault, which meant all possible
fault orientations and kinematic processes could be explored (Table 3). The inversion was carried out
using a kinematic forward model for a rectangular dislocation source with nine fault model parameters,
where the coseismic deformation can be well explained by a fault plane with a length of 12–13 km and a
width of 6–8 km. We observed the correlations among the nine source parameters of fault length, width,
depth, strike, dip, horizontal position, strike-slip and dip-slip components. Figure 3 shows the marginal
posterior PDFs of the fault geometric parameters and source model uncertainty after 1 × 106 iterations
with a burn-in period discarding 5 × 104 samples. The optimal source model indicated that the
seismogenic fault has a southwest dipping of ~ 65° and a SSW strike of 186° (almost N–S trending),
which is largely consistent with the results of the focal mechanism solutions. Our Bayesian estimation
results reveal that within the 95% con�dence interval, the earthquake was dominated by a normal-slip
motion of 0.7–0.9 m with a strike slip component of 0.2–0.5 m.
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Table 3
Prior information and inversion results of fault parameters for 2020 Yutian Mw 6.4 earthquake derived

from Bayesian estimation.

  Length
(km)

Width
(km)

Depth
(km)

Dip

(°)

Strike
(°)

X-center
(km)

Y-center
(km)

SS

(m)

DS

(m)

Lower 5 1 0.1 -90 0 -5 -5 -1 -1.5

Upper 30 20 15 90 360 5 5 1 1.5

Optimal 12.33 7.43 3.18 65 185.89 3.30 1.38 0.39 -0.78

2.5% 12.02 6.78 3.07 63 185.39 3.24 1.04 0.21 -0.84

97.5% 12.59 8.20 3.27 67 186.40 3.35 1.59 0.49 -0.73

SS and DS represent strike-slip and dip-slip components, respectively. Note that the right-lateral SS is
positive while left-lateral SS is negative. DS is positive for thrust faulting and negative for normal
faulting. X and Y center means the coordinates of the midpoint of the upper edge related to the
reference point (35.61°N, 82.42°E) in the local coordinates system.

3.2. Finite fault slip model
Determining the distribution of coseismic slip is helpful to reveal numerous properties of seismic events,
including the fault geometry, stress changes, friction properties, and potential seismic hazards (Shan et
al. 2011; Amey et al. 2018; Zhao et al. 2018). According to the optimal fault geometry parameters
obtained from the above Bayesian estimation, we further extend the fault plane to 30 km and 20 km
along the strike and downdip directions, respectively. Finally, our constructed fault plane is discretized
into 1 km × 1 km rectangular subfaults (slip patches). Based on the rectangular dislocation in an elastic
half-space homogeneous dislocation model with a Poisson’s ratio of 0.25 (Okada 1985), we invert for the
coseismic slip distribution of the 2020 Yutian earthquake (Fig. 4a). The preferred dip angle is determined
to be 60° via the trade-off curve of a grid search between the root-mean-square and fault dip with a wide
dip ranging from 20° to 90° (Fig. 4d). The reasonable smoothing factor is generally achieved through the
trade-off curve of the roughness and LOS data �tting residuals, which is set to 0.26 (Fig. 4e). The
predicted LOS deformation calculated from the favored model is in good consistency with the observed
LOS deformation �elds (Fig. 4b, c). Meanwhile, we have plotted pro�les of the ascending (AB) and
descending (CD) InSAR deformation �elds approximately perpendicular to the seismogenic fault,
exhibiting the relationship between the geomorphology and surface displacements (Fig. 4f, g). The
detailed spatial distribution of the coseismic slip on the optimal seismological fault plane indicates that
the earthquake is dominated by a normal fault slip with moderate dextral lateral strike slip. Our coseismic
model demonstrates that the maximum dip slip motion and strike slip movement reaches up to 0.95 m
and 0.42 m, respectively. The total slip is mainly concentrated at a depth of 3–10 km, with a peak slip of
~ 1.0 m. The resolved distributed coseismic slip on the fault patches indicates that the rupture did not
reach the earth surface, which is consistent with the coseismic deformation �eld observed by InSAR.
Assuming a standard rigidity of 32 GPa for the shear modulus, we estimate the geodetic moment release
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of 4.28 × 1018 Nm using the aforementioned optimal model parameters, and this corresponded to an
event of Mw 6.4, which is slightly larger than that in the focal mechanism solutions (Mw 6.3) determined
by the seismological methods.

4. Discussion

4.1. Shallow slip de�cit
According to the analysis of the focal mechanism solutions widely distributed in the Tibetan Plateau, the
continuous seismic activity of normal faulting in the plateau re�ects the existence of a local extensional
stress �led in the upper crust. A swarm of small-to-moderate (Mw 6–7) normal faulting earthquakes have
successively occurred in the Tibetan Plateau over the past decades, including the Zhongba (2004, Mw
6.2; 2005, Mw 6.3; 2008, Mw 6.7 and Mw 6.0), Damxung (1992, Mw 5.9; 2008, Mw 6.3), Gaize (2008 Mw
6.4 and Mw 5.9), and Yutian (2008, Mw 7.1; 2012, Mw 6.2; 2020, Mw 6.4) earthquake sequences (Elliott et
al. 2010; Ryder et al. 2010, 2012; Bie et al. 2014b; He et al. 2020). The 2008 Damxung Mw 6.3 earthquake
that occurred in the central Tibet indicates that the seismogenic fault was a normal faulting with an
nearly N–S strike and a dip to the west (Bie et al. 2014a; Xu et al. 2016), which was very similar to the slip
rupture of the 2020 Yutian earthquake. Through the combined investigation of the coseismic slip and the
afterslip distribution of the 2008 Damxung earthquake, previous studies have suggested that the
occurrence of the afterslip has migrated to a depth of 0–5 km in the upper layer of the elastic crust.
Meanwhile, the total afterslip moment release was still small compared with the seismic moment inferred
from the coseismic slip, indicating that the coseismic slip may have had a slip de�cit in the shallow area
of the causative fault.

The resolved slip on the fault patches near the surface of the 2020 Yutian event indicates no ground
ruptures, which probably means the shallow slip de�cit in the uppermost crust. Assuming a constant
shear modulus and adopting the slip rate de�cit on the fault plane, we calculated the seismic moment
accumulation rate at each rectangular fault patch. Figure 5 shows the average seismic potency per unit
length of rupture for the 2020 Mw 6.4 Yutian earthquake (this study) and that of preceding earthquakes
acquired by using the InSAR observations (Fialko et al. 2005; Bie et al. 2014b; Chen et al. 2019). The
maximum release of seismic moment occurs in the middle of the brittle layer at a depth of 4–9 km and
gradually decreases toward the earth surface. The 2020 Yutian earthquake may be representative of a
shallow slip de�cit event, where the coseismic slip in the uppermost crust is systematically less than that
at seismogenic depths. According to the historical seismicity in the vicinity of the Yutian region, the
distribution of earthquake deformation is dispersed. The unde�ned seismogenic fault in the 2020 Yutian
event maybe indicate a relatively young normal fault under developing, where its shallow part of the
brittle crust is mainly distributed the inelastic deformation that can limit the coseismic slip at the rupture
front (Fialko et al. 2005; Kaneko and Fialko et al. 2011).

4.2. The Coulomb stress interaction and seismic risk
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Numerous studies have discussed the Coulomb failure stress (CFS) changes to explain the potential
triggering relationship, which is of great signi�cance to earthquake risk assessment (Jia et al. 2012; Li et
al. 2015; Wang et al. 2016; Yu et al. 2020). The interaction between two or more strong seismic events
can trigger more earthquakes in the surrounding area. When the change in CFS increases, more
aftershocks occur in the periphery, and vice versa. Based on the distribution of coseismic dislocations, it
is possible to calculate whether the stress had transferred onto the surrounding faults in view of
identifying the regions of the fault systems that were brought closer to failure. To explore the in�uence of
both the 2008 and the 2014 Yutian earthquakes on the 2020 Mw 6.4 Yutian event, we chose the non-
planar �nite fault planes from the two earlier earthquakes, which constrained by using geodetic
observation data (Elliott et al. 2011, Li et al. 2020). The two preceding Yutian coseismic slip models we
used to calculate the CFS were different from that estimated directly by empirical relationship in previous
research, which roughly estimate the rupture length, width and uniform slip from the seismic moment
release (Wu et al. 2014; Bie et al. 2014b; Wang et al. 2016). While the stress variations can be quickly
deduced by using the empirical formula and the uniform dislocation model, this results involves certain
limitations since its spatial distribution is somewhat different from that of subsequent aftershocks. Wang
et al. (2016) has compared the coseismic CFS changes calculated with the uniform dislocation and non-
uniform dislocation models in relation to the 2008 Yutian seismic event, and found that the CFS changes
calculated adopting the non-uniform dislocation model could better explain the aftershock activities.

We employed the PSGRN/PSCMP software released by Wang et al. (2006) to probe the stress-triggering
effects considering the coseismic static stress changes and postseismic viscoelastic stress relaxation.
Here we constructed a strati�ed spherical postseismic relaxation model consisting of an elastic upper
crust with reference to the Crust 2.0 model (Bassin et al. 2000). The viscosity coe�cients (Table 4) of the
lower crust and upper mantle in the Yutian area were referred to the previous studies (Ryder et al. 2011; Li
et al. 2015; Wang et al. 2016). Taking the seismological fault of the 2014 and 2020 Yutian earthquakes
as the receiver faults, we calculated the coseismic and postseismic CFS changes at a focal depth of 7 km
(maximum slip), with an effective friction coe�cient of 0.4. The Coulomb stress calculation along the
fault rupture direction indicated that the position of the 2014 mainshock was located in the Coulomb
stress loading area of the 2008 earthquake (Fig. 6a). While, conversely, the epicenter of the 2020
earthquake was in the stress unloading area (Fig. 6b). Therefore, the coseismic and postseismic stress
disturbance of the 2008 event was found to have potentially promoted the occurrence of the 2014 event,
which is consistent with the results of previous studies (Bie et al. 2014b; Chen et al. 2014; Liu et al. 2015).
Through our calculations and analysis, it was found that the coseismic stress disturbance increased from
less than 0.01 MPa to nearly 0.02 MPa during the postseismic process, which indicates that the
postseismic viscoelastic process cannot be ignored, especially in the Tibetan Plateau region, where the
crustal stress can easily concentrate due to its low viscosity coe�cient in the upper crust (Beaumont et
al. 2001; Copley et al. 2011).
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Table 4
Layered rheological structure of the upper crust, lower crust and upper mantle.

m Depth (km) Vp

(km/s)

Vs

(km/s)

Density

(kg/m3)

Viscosity Coe�cients

(Pas)

1 0 ~ 21 6 3.5 2700 0

2 21 ~ 43 6.4 3.7 2850 1.0 × 1018

3 43 ~ 65 7.1 3.9 3100 1.0 × 1019

4 > 65 8.2 4.6 3380 1.0 × 1020

A relatively simple Maxwell-body model is used to simulate Coulomb stresses in the viscoelastic
lower crust and upper mantle. Vp and Vs represent P-wave and S-wave velocities in crustal
strati�cation.

Previous studies have shown that the change of calculation depths and viscosity coe�cient can affects
the stress relaxation time, but will not change the long-term trend of the variation in CFS (Ryder et al.
2012; Yu et al. 2020). As Fig. 6c shows, the rupture of the 2014 Yutian event resulted in the Coulomb
stress decreasing slightly in the 2020 Yutian event. Taking the seismogenic fault of the 2020 earthquake
as the receiving fault, the stress superposition effect of the two mainshocks of 2008 and 2014 was
calculated, which showed that the stress disturbance in the epicenter region of the 2020 Yutian
earthquake was generally decreased (Fig. 6d). Hence, we believe that the 2020 Mw 6.4 earthquake was
not triggered by the 2008 and 2014 Yutian seismic events and that it is closely relate to the local regional
tectonic background stress. The occurrence of the 2008 and 2014 Yutian earthquakes further
accumulated the CFS changes on the eastern part of the Karakax fault and the southwest segment of the
North Altyn fault, with the potential seismic risk of these fault zones further enhanced, where the future
seismic risk should be paid close attention.

4.3. Strain rate �led and tectonic implications
The research from New Zealand and western North America indicates that short term seismicity can
represent long term deformation with a reasonable accuracy (Walcott, 1984; Shen et al. 2007). Thus, the
long-term tectonic setting can be characterized by regional seismicity in a certain period. Here, the
Kostrov summation method (Kostrov 1974) was employed to calculate the strain rate tensors in the
seismicity area of the interaction region of the Karakax, Gozha Co and southwestern Altyn Tagh faults in
the northwestern Tibetan Plateau, as shown in Fig. 7. The historical earthquake catalog was derived from
the GCMT, with a minimum moment magnitude of 4.3, which is a global earthquake database compiled
since 1976. The geodetic strain rate tensor along the principal axis was also calculated using the updated
GNSS velocities (Yu et al. 2019). The patterns of principal strain axes revealed by seismic moment and
geodetic observations were in good agreement, which both indicates that the strain accumulation of the
fault system in this boundary area is mainly extensional, with a NW–SE trend. The principal extensional
strain in the EW direction is obviously greater than the compression strain rate in the NS direction, which
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led to a large number of normal faulting earthquakes in the later direction. This also implies that the
normal faulting between the West Kunlun and Bayan Har blocks exhibits a localized EW-trending
extensional stress �eld. Noting that a series of normal slip and strike slip earthquake sequences in Yutian
and the surrounding areas would have important implications on the current tectonic regime. Since the
largest instrument recorded Yutian normal faulting earthquake (2008, Mw 7.1) in the northwest Tibetan
Plateau, four major events have occurred in succession in the adjacent areas, including two mainshocks
with an Mw of greater than 6.9 and two with Mw of 6.0 ~ 6.5. These four earthquakes were located at the
southwest end of North Altyn Tagh fault system, and were distributed along a NE–SW direction, with a
gradual change from a normal dip slip in SW direction to a NE trending strike slip movement.

The Mw 6–7 earthquakes that occurred in the Yutian region in recent decade play an important role in
understanding the deformation characteristics and the dynamic evolution process of the northern Tibetan
Plateau. Given that the Coulomb stress accumulation from the 2008 and 2014 mainshocks was
insu�cient to trigger the 2020 earthquake, and contrarily, the epicenter region was located in the stress
dropping area, so we hypothesize that this may have been determined by the regional long term tectonic
environment. In fact, we found that almost all the seismic events in this triple junction area occurred at
the boundary of the West Kunlun and Bayan Har blocks (Fig. 1). We interpret the occurrence of the 2020
Yutian earthquake as likely re�ecting the release of the elastic strain accumulated mainly through
localized tectonic movement rather than as a delayed triggering event caused by the previous Yutian
earthquake sequences. It is considered that the accumulated elastic strain released by a series of normal
faulting activities in the Tibetan Plateau could be closely related to the gravitational forces, which is
obviously associated with topographic features (Elliott et al. 2010). The epicentral area of the 2020
Yutian earthquake is located in the gravitational spreading zone in consideration of the high elevation
over 5000 m that contains high gravitational potential energy. Moreover, the majority of normal faulting
earthquake sequences in a stepover zone are broadly distributed and closely linked to the strike slip faults
especially in the southern Tibet, such as Damxung and Zhongba earthquake swarms. The slip rate
discrepancy between the North Altyn Tagh fault and Longmu Co fault results in continuous extension in
the local stepover zone. Hence, the occurrence of the Yutian earthquake sequences in recent decade was
perhaps due to the structural response and strain adjustment of the left-lateral strike slip of the North
Altyn Tagh fault. Through the Coulomb stress change calculations (Fig. 6d), we think that the NE–SW
trending transitional zone in the triple junction between the North Altyn Tagh and Longmu Co fault
systems will under a risk of moderate earthquake with Mw 6–7.

5. Conclusions
Constrained by the near-�eld ascending and descending Sentiel-1A/B radar images, we presented the
InSAR coseismic deformation of the 2020 Mw 6.4 Yutian earthquake, which provided the opportunity to
probe the seismic activity and tectonic context of the triple junction area in the northwestern Tibetan
Plateau. We found that a major subsidence with a maximum LOS displacement of about 20 cm occurred
near the western side of the epicentral zone. The optimal seismogenic fault parameters estimated by
employing the Bayesian approach with an MCMC algorithm showed that this earthquake was dominated
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by a normal slip with a moderate strike slip component. Combined with the distribution of InSAR
coseismic deformation �eld, aftershocks, focal mechanism solutions and regional tectonic background,
we concluded that an NNE–SSW trending unde�ned normal faulting with a strike of ~ 186º and a dip of
~ 60º was responsible for this event, which exhibited a large normal-fault slip on a west-dipping plane
with an almost nearly NS strike. The calculated coseismic slip in the uppermost crust was systematically
smaller than that at the seismogenic depth, which may indicate a shallow fault slip, with a maximum slip
of ~ 1.0 m at a focal depth of 7 km. The strain rate tensor estimated by the seismic moment and geodetic
observations suggested that the Yutian earthquake sequences lies within a localized EW-trending
extensional stepover zone. The 2020 Yutian seismic event was likely related to the local tectonic
movement of the transition zone between the North Altyn Tagh fault and Longmu-Gozha Co fault rather
than the coseismic and postseismic stress disturbance resulting from the 2008 and 2014 Yutian events.
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Figures

Figure 1

Topographic and tectonic settings of the 2020 Mw 6.4 Yutian earthquake. (a) The thin black lines denote
the active faults located in the northwest Tibetan Plateau (Taylor and Yin, 2009). Beach balls in different
color represent the focal mechanism solutions of normal faulting (red), thrust faulting (black) and strike
faulting (blue) earthquake derived from the GCMT catalog. Light red arrows delineate GNSS velocities
relative to the Eurasian reference frame (Yu et al. 2019). Red dashed rectangles outline the spatial
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coverage of the ascending and descending SAR images. The solid green box indicates the central area of
the 2020 Yutian event. (b) Local tectonic environment in the epicentral area with four focal mechanism
solutions from different institutions. The solid magenta line indicates the probably normal fault of this
Yutian earthquake. The small orange circles denote the distribution of M > 4 aftershocks observed by the
USGS until October 10, 2020, and the numbers in the circle indicate the order of the occurrence. (c) The
insert map shows the active blocks in the Tibetan Plateau and the distribution of destructive earthquakes
surrounding the Bayan Har block. BHB = Bayan Har Block; Qiangtang Block = QTB; Lhasa Block = LSB; F1
= Altyn Tagh Fault; F2 = Kunlun Fault; F3 = Ganzi-Yushu Fault; F4 = Karakoram Fault; F5 = Longmenshan
Fault; F6 = Xianshuihe Fault. Note: The designations employed and the presentation of the material on
this map do not imply the expression of any opinion whatsoever on the part of Research Square
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 2

InSAR coseismic displacements of the 2020 Ms 6.4 Yutian earthquake. The wrapped phased
interferograms (a, d), observed original (b, e) and GACOS corrected (c, f) InSAR coseismic deformation of
the 2014 Yutian earthquake used in this study. Each fringe represents a displacement of 5.63 cm in the
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satellite LOS direction. The cyan arrows indicate the �ight and look directions of the Sentinel-1 satellite.
Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.

Figure 3

Marginal posterior probability distributions of the fault source parameters for the 2020 Mw 6.4 Yutian
earthquake in the northwest Tibet. The scatter dots indicates occurrence frequency, with warm colors
denoting high frequency and clod colors denoting low frequency. Bottom row: Histograms of model
parameters; the best models are shown in thick red line with 95% confidence interval bounds in red
dashed lines.
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Figure 4

Inversion results using the optimal fault model. (a) The coseismic slip distribution of the 2020 Mw 6.4
Yutian earthquake. (b, c) Simulated coseismic deformation �elds along the ascending (T158A) and
descending (T165D) orbits. The orange rectangles outline the optimal fault plane projected onto the
surface with the thicker line representing the down-dip edge of the fault plane. (d) Trade-off curve
between the root-mean-square and fault dip. (e) Trade-off curve between the roughness and LOS data
�tting residuals. (f, g) Colored lines denote the original (orange), GACOS corrected (blue) and modeled
(red) LOS displacements for pro�les AB and CD across the fault, respectively. Gray shadow represents the
topography pro�les.
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Figure 5

Distribution of seismic potency averaged along the fault length. All the seismic slip distributions were
achieved from the near-�led geodetic observations.



Page 23/24

Figure 6

The projection of coseismic and postseismic Coulomb failure stress changes surrounding the Yutian
earthquake sequences on the preferred rupture plane at a depth of 7km. (a, b) The effects of coseismic
and postseismic Coulomb stress changes induced by the 2008 mainshock for a receiver fault aligned
with the 2014 Mw 6.9 and 2020 Mw 6.4 Yutian earthquakes, respectively. (c) The effects of coseismic
and postseismic Coulomb stress changes brought about by the 2014 Mw 6.9 event on the 2020 Yutian
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earthquake. (d) The combined loading effects of the Coulomb failure stress changes at the hypocenter of
the 2020 Yutian earthquake caused by the preceding two Mw  6.9 Yutian events.

Figure 7

Summed-up focal mechanisms and principal-axes strain rate in the triple junction stepover region. Beach
balls re�ect the normal and strike faulting events. The red and blue vectors represent the principal strain
rates calculated from the updated GNSS velocities and GCMT focal mechanisms, respectively.
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