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Abstract: [Objective] On October 24, 2023, an Mg 5.5 earthquake occurred in Subei County, Jiuquan City, Gansu
Province. The epicenter was located in the Qilian mountain seismic belt at the northeastern margin of the Qinghai-Tibet
Plateau. Understanding the seismogenic mechanism of this earthquake and its relationship with the tectonic stress field is
crucial for analyzing the seismic hazard in the region. [Methods] The InSAR coseismic deformation field of the M5.5
earthquake in Subei was obtained using ascending and descending Sentinel-1 SAR data, and the parameters of the
seismogenic fault were determined based on a uniform slip model. Subsequently, a distributed slip inversion method was
applied to obtain a detailed slip distribution of the seismogenic fault. Furthermore, the earthquake-induced changes in the
Coulomb stress and the regional interseismic strain rate were determined. [Results] The results indicate that the surface
deformation values generated by this earthquake reached 12 cm and 9 c¢m in the ascending and descending InSAR line of
sight, respectively. The deformation primarily manifests as surface uplift; the seismogenic fault is a concealed fault located
between the Shule Nanshan Fault and the northern margin fault of the Central Qilian, the strike is approximately 166.97°,
the dip angle is around 68.69°, and the slip angle is about 110.39°; the fault slip is primarily concentrated within the depth
range of 1.2 km to 4.9 km, with a maximum slip of 0.58 m occurring at a depth of approximately 2.56 km; the moment
magnitude obtained from the inversion is My 5.6, and the coseismic rupture is primarily characterized by thrust motion
with a minor component of right-lateral strike-slip. This seismic event resulted in regional Coulomb stress changes between
the northern margin fault of the Central Qilian and the Shule Nanshan Fault, as well as in the northern area of the Shule
River Fault Zone. Additionally, the regional surface strain rate exhibited a distinct compressive trend before the earthquake,
with higher surface strain and maximum shear strain rates observed on the northern side of the seismic zone. [Conclusion]
The continuous accumulation of strain leads to an increased seismic hazard, with historical earthquakes often occurring in
gradient zones where strain values transition from high to low. Considering the regional strain distribution characteristics
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and seismic activity, the seismic hazard in this area remains significant in the future and should not be overlooked.
[Significance] The research findings have a certain guiding significance for understanding the tectonic background of the
Qilian Block and its seismic hazard.

Keywords: Qilian Block; Subei M 5.5 Earthquake; InSAR; slip distribution; Coulomb stress change; strain rate
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Fig. 1 Regional tectonic setting of the 2023 Subei Ms5.5 earthquake

Fault data from Wu et al. (2024), block boundary data from Wang et al. (2003), blue beach balls represent the focal mechanism solution results

published by the United States Geological Survey (USGS), the German Research Centre for Geosciences (GFZ), and the Institut de Physique du

Globe de Paris (IPGP).
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Table | Parameters of SAR interferograms
SN . e . AR E ‘
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Fig. 2 Coseismic deformation fields from InSAR ascending and descending tracks

(a) Deformation field from the descending track of the Subei M;5.5 Earthquake on October 24; (b) Deformation field from the ascending track of
the Subei M;5.5 Earthquake on October 24; (c) Deformation field from the descending track of the Subei M,5.0 Earthquake on December 1; (d)

Deformation profiles

The red line segments represent the surrounding faults, black dashed line AA’ indicates the location of the extracted profile, the arrow labeled AZ

(Azimuth) shows the satellite flight direction, and the arrow labeled LOS indicates the radar line-of-sight direction

Je B AW 2 S, TR A TE A A Bs, $EECAE A7 I i) R IR AR (E B . &ad B
SRR ) iz AR, B S X (R 2= A A K AT R FAE T B TE . B InSAR [R] 5% 48 A7 1K 23 51k 924,
KA HE A 5T SR FH DY SRR R R O Ik i T Ik 805 A~ M A& 5T o SRS, Al R b i) £ DL - By S
AT LA 2801 s /0 AL P 1 B £, O 70 IR B 25 )RR 44 ( Geodetic Bayesian Inversion Software, GBIS) 1%
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Table 2 Focal mechanism solutions of the Subei Earthquake

. P AE FTI1/(°) PT2/(°)
LR E: Sl =Y B km — -
Jesh/(°) RL/(°) £ 15 £ W shf AL iy Wwahh
USGS 39.279 97.302 5.43 13.5 309 53 64 168 44 120
CENC 39.43 97.28 55 10 — — — — — —
GFZ 39.24 97.42 5.4 19 152 39 91 330 50 88
IPGP 39.265 97.308 53 12 306 45 49 177 58 123
CEA-IGP 39.43 97.28 5.4 5 170 60 110 313 35 59
TRIAE, 2024 39.43 97.28 55 4 170 73 108 300 24 42

1 USGS 2= Hb F7 845 5 (hitps://earthquake.usgs.gov/earthquakes ) ; CENCH [E 152 75 [ 0> (hitp://www.csi.ac.cn/) ; GFZ7E [ i 2% 0> (https://geofon. gfz-
potsdam.de/); TPGPZ [E [ 22 3k BEAF ST 0> (http://geoscope.ipgp. fr/index.php/en/catalog) ; CEA-IGP 1 [E 11 7% 5 st Bk M) BB 5T BT (https://www.cea-
igp.ac.cn/kydt/280278.html)
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Table 3  GBIS inversion parameters for the Subei M 5.5 Earthquake
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Fig. 3 Fitting results of the uniform sliding model

(a) Descending track observations; (b) Descending track simulations; (c) Descending track residuals; (d) Ascending track observations; (e)

Ascending track simulations; (f) Ascending track residuals

The red line segments indicate the surrounding faults, the arrow labeled AZ (Azimuth) shows the satellite flight direction, and the arrow labeled

LOS indicates the radar line-of-sight direction.
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Fig. 5 Two-dimensional coseismic slip distribution of the Subei M; 5.5 earthquake

The pentagram indicates the location for selecting the smoothing factor.
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Fig. 6 Fitting results of the distributed slip model

(a) Descending track observations; (b) Descending track simulations; (c) Descending track residuals; (d) Ascending track observations; (e)

Ascending track simulations; (f) Ascending track residuals

The black solid line represents the surface projection of the seismogenic fault, the red line segments indicate the surrounding faults, the arrow

labeled AZ (Azimuth) shows the satellite flight direction, and the arrow labeled LOS indicates the radar line-of-sight direction.
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Fig. 7 Regional Coulomb stress changes

The white solid line represents the projection of the fault rupture on the ground surface, the black circles indicate the precise locations of small

earthquakes from October 24, 2023, to December 4, 2023, the red beach ball represents the focal mechanism solution of the Subei Ms 5.5

earthquake, the red line segments indicate the surrounding faults.
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Fig. 9 Tectonic activity pattern of the Qilian Block and adjacent regions (modified after Cheng et al., 2021)
(a) Crustal deformation pattern of the northeastern margin of the Qinghai-Tibet Plateau; (b) Fault formation mechanism of the 2023 Subei M; 5.5
Earthquake
The red focal mechanism beach ball indicates the M 5.5 earthquake on October 24, 2023, the blue focal mechanism beach ball indicates the M
5.0 earthquake on December 1, 2023, the yellow arrow indicates the north-eastward movement of the Qinghai-Tibet Plateau, the red solid line is

the projection of the seismogenic fault onto the ground surface, and the red rectangle indicates the area of Figure 9b.
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