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Tectonic stress field characteristics in Wushi, Xinjiang, and the stress impact of the M 7.1 Wushi

earthquake

Abstract: [Objective] The Wushi region in Xinjiang is located at the intersection of multiple tectonic units,
characterized by frequent tectonic activity, making it a critical region for stress concentration and release. On January 23,
2024, an M 7.1 earthquake struck Wushi (epicenter: 41.26°N, 78.63°E; depth: 22 km), representing the largest event in this
area over the past decade. To better understand the regional seismogenic environment and assess future seismic hazards,
this study utilizes comprehensive focal mechanism data to investigate the regional tectonic stress field and quantitatively
evaluate the impact of the M 7.1 Wushi earthquake on the stress regime. [Methods] Based on 148 focal mechanism
solutions (January 1976 to March 2025) compiled from multiple domestic and international institutions, we applied the
damped stress tensor inversion method to determine the stress field characteristics across subregions and systematically
evaluate changes in the stress field before and after the earthquake. [Results] Stress tensor inversion reveals that the Wushi
region is dominated by a compressional stress regime under N-S compression. Except for the area near the Jiashi
earthquake cluster where R > 0.5, the azimuth of the maximum principal compressive stress (o) gradually rotates from
NNW in the south to approximately N—S in the north (azimuth range: 168.75°-183.45°; plunge range: 6.85°-19.58°). The
Jiashi seismic cluster exhibits a strike-slip stress regime characterized by NNE-SSW compression and NWW-SEE
extension, with thrust faulting dominating to its north and strike-slip faulting to its south. Comparative analysis shows that
the optimal o, direction adjusted from an azimuth/plunge of 178.91°/6.24° before the earthquake to 167.61°/7.98° after the
earthquake, corresponding to an azimuth deviation of 12.53° and a total spatial rotation of 15.06°. This indicates that the
mainshock exerted a relatively minor impact on the regional stress field, which remains under the dominant compressional
regime. [Conclusions] The tectonic stress field in the Wushi region is driven by the northward collision of the Indian plate
against Eurasia, which transmits near-N—S horizontal compression northeastward into the Tianshan orogenic belt, causing
crustal shortening and thrusting between the Tarim Basin and the Tianshan Mountains. The M 7.1 earthquake caused only
localized adjustments, leaving the overall regional stress regime controlled by deep-seated tectonic processes. Furthermore,
the northern Jiashi earthquake cluster, located at the boundary between the northern Tarim plate and the Tianshan

ELBH: Wity ARSI H (D2026512030, D2025512035) ; i JbBHE 2 kI35 H  ( DZ2025081900032 )

This research was financially supported by the National Natural Science Foundation of Hebei Province (Grant Nos. D2026512030 and D2025512035) and the Hebei
Science and Technology Spark Program (Grant No. DZ2025081900032).

E—EE: RESR (2001—) , F, EEML, FENFWEN Y. MR R il & 7 il p B9 TAE . Email: 1402986288@qq.com
BIEEE: A (1967—) , B, 1+, WF5h, FENFWEN 3. RN k& %5 7 I 9AF5E T/E. Email: wanyg217217@pvip.sina.com
WA EE: 2025-07-14; 1EEIHET: 2025-09-16; FA B 2025-09-17; MKHA AH: 2026-07-27; REHKE: TH

Received: 2025-07-14; Revised: 2025—09—16; Accepted: 2025-09—17; Available Online: 2026—07-27; Handling Editor: WANG Jing


https://doi.org/10.12090/j.issn.1006-6616.2025085
https://doi.org/10.12090/j.issn.1006-6616.2025085
https://doi.org/10.12090/j.issn.1006-6616.2025085
https://doi.org/10.12090/j.issn.1006-6616.2025085
https://doi.org/10.12090/j.issn.1006-6616.2025085
https://doi.org/10.12090/j.issn.1006-6616.2025085
mailto:1402986288@qq.com
mailto:wanyg217217@vip.sina.com

318 ¥R 55 54 https://journal.geomech.ac.cn 2026

Mountains, exhibits a strike-slip stress mechanism, marking a major tectonic transition zone between the Tarim Basin and
the Tianshan orogenic belt. [Significance] This study provides a refined characterization of the tectonic stress field in the
Woushi region and clarifies the limited impact of the M 7.1 mainshock on regional stress states. These findings deepen our
understanding of the tectonic interactions between the Tianshan orogenic belt and the Tarim Basin, providing critical
scientific constraints for regional tectonic segmentation and seismic hazard assessment.

Keywords: tectonic stress field; focal mechanism solution; stress field inversion; Wushi area, Xinjiang
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Fig. 1 Tectonic setting and regional strain rate of the M 7.1 Wushi earthquake (Fault data from Wu et al., 2024; strain rate data from Wang and

Shen, 2020)

(a) Regional tectonic setting of the study area; (b) Strain rate and active faults in the Wushi earthquake region

Focal mechanism (beach ball) denotes epicenter locations; The cross-shaped arrows represent pairs of horizontal principal strain-rate vectors,

with a scale of 25 x 10 %/a.
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(a) Results of each axis of the inverted stress field; (b) Results of the inverted R value

0, 05, and o; represent the maximum compressive, intermediate, and maximum tensile principal stress axes, respectively. Red, green, and blue
dots indicate the 95% confidence intervals for o, 0, and o3, respectively. Black plus signs mark the optimal stress tensor solutions for each

subregion. Colored central rectangles depict the stress ratio (R-value) for the corresponding units. Black solid lines denote faults.
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Fig. 5 Tectonic stress fields before and after the Wushi M 7.1 earthquake obtained from inversion

(a) Pre-earthquake inversion results; (b) Post-earthquake inversion results

01, 0, and o5 represent the maximum compressive, intermediate, and maximum tensile principal stress axes, respectively. Red, green, and blue

dots indicate the 95% confidence intervals for o, 0, and o3, respectively. Black plus signs mark the optimal stress tensor solutions for each

subregion. Black solid lines denote faults.
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Table 3 Seismogenic fault plane parameters and stress projections

from different studies
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Fig. 6 Simulation results of relative shear stress and relative normal stress under the stress regime of the Wushi region

(a) Relative shear stress distribution; (b) Relative normal stress distribution
The numbers 1-8 represent stress projection results onto the seismogenic fault planes compiled from different studies: 1-Guan et al.(2024);

2-Wang et al.(2025); 3—Li et al.(2024); 4—Liu et al.(2025); 5S—Huang et al.(2024); 6—Zhao et al.(2024); 7-Zhang et al.(2024); 8—Nai et al.(2025).
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