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Tectonic deformation and seismic mechanism of the 2021 Aksai M5 5.5 earthquake

Abstract: [Objective] On August 26, 2021, an Ms5.5 earthquake occurred in Aksai, Gansu Province. The epicenter is located along the
southern piedmont of the Danghe Nan Shan. This event garnered significant attention because of its deformation characteristics and
seismogenic mechanisms. Existing studies have mainly focused on emergency response and seismic activity analyses; however, there is a
lack of research on tectonic deformation and seismic mechanisms. This study aimed to fill this gap by analyzing the deformation
characteristics of the earthquake zone and revealing its seismogenic mechanism. [Methods] This study employed seismological methods
combined with Interferometric Synthetic Aperture Radar (InSAR) technology to investigate the tectonic deformation and seismic
mechanism of the 2021 Aksai Ms5.5 earthquake. Combining focal mechanism solutions, precise earthquake locations, and InSAR results,
the seismogenic fault and its geometric and kinematic parameters were determined and validated through geological field surveys. [Results]
This study applied joint inversion with both local and teleseismic waveforms (the generalized cut-and-paste joint, gCAPjoint) to source
parameters. The fault solutions strike 315°, dip 41°, rake 81°, depth 6.9 km. We relocated the Aksai earthquake and its aftershocks using the
hypoinverse and double-difference method (HypoDD), and accurate locations of 88 earthquakes were obtained. The 2021 Ms5.5

earthquake sequence in Aksai is distributed near the southern Danghe Nan Shan fault, with a fault dip toward the NE. The co-seismic
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deformation field indicated by InSAR matched the macro-epicenter with the precise location results, confirming the reliability of the
precise location. Both the ascending and descending orbit surface deformation fields showed uplift near the epicenter with similar
magnitudes and signs in the line-of-sight direction, indicating that the earthquake rupture was mainly thrusting. Fault scarps near the
epicenter along the southern piedmont of the Danghe Nan Shan were recognized in the field and satellite images. Combined data from focal
mechanism solutions, precise earthquake locations, and InSAR coseismic deformation fields, along with field geological survey results,
indicate that the seismogenic fault of this event was the southern Danghe Nan Shan Fault, with a strike of 315°, dip of 41°, and rake of 81°.
[Conclusion] This study indicated that the seismogenic fault of this event was the southern Danghe Nan Shan fault, which is a thrust fault.
The fault solutions strike 315°, dip 41°, rake 81°, depth 6.9 km. Because of the northward extrusion thrust of the Qinghai-Xizang block, the
seismic activity in the northern part of the Qaidam block has significantly increased. The future seismic risk of the central and eastern
sections of the Altyn Tagh Fault and western Qilian Shan should be emphasized. [Significance] This study provides new insights and
methods for researching active tectonics. It holds significant scientific importance and innovation in understanding seismogenic
mechanisms and structural transformation, as it helps to understand the mode and magnitude of slip transfer between the strike-slipping of
the Altyn Tagh fault and the shortening of the Qilian Shan and also contributes to a better evaluation of the seismic risk in this region.
Keywords: Gansu Aksai Ms 5.5 earthquake in 2021; the focal mechanism solutions; seismogenic structure; southern Danghe Nanshan
fault
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Fig. 1 Epicenter and station distribution, and crustal velocity model used in this study

(a) Distribution of teleseismic station; (b) Distribution of local station and active faults; (c) The crustal velocity model for this study ( the
dashed line represents the S-wave and the solid line represents the P-wave, Fp is the P-wave velocity, and Vs is the S-wave velocity )

F1— Southern Danghe Nan Shan Fault; F2— Northern Danghe Nan Shan Fault; F3 and F4 are the south and north strands of the Altyn Tagh



Fault; F5—Yema He - Daxue Shan Fault; F6—Shule Nan Shan Fault; F7—North Central Qilian Fault; F8§— Changma Fault; F9— Sunan-
Qilian Fault; F10—Hongyazi—Fodongmiao Fault; and F11—North Qaidam Fault.
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Fig. 2 Wave velocity ratio and velocity model used in the study
(a) Wave velocity ratio ( the horizontal axis represents the difference between P-wave travel time (2) and the minimum P-wave travel time
(P), while the vertical axis represents the difference between corresponding S-wave travel time () and the minimum S-wave travel time
(S). The black "x" marks indicate outliers in the velocity ratio fitting data and are not included in the fitting process. The blue dashed line
represents the fitted velocity ratio line ) ; (b) velocity model ( the dashed line is the initial velocity model and the solid line is the VELEST
velocity model; the red line represents the S-wave, and the blue line represents the P-wave )
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Fig. 3 The focal mechanism solution of 2021 Aksai mainshock

The red and black lines represent the synthesized and observed waveforms, respectively. The numbers below the waveforms are the time

shifts (in seconds) and the maximum cross-correlation coefficients (in percentages). The station codes are shown on the left, and the



azimuth and epicentral distances are shown below the station codes. The triangles on the beach ball are the off-source angle projections of

the P-wave, the positive triangles represent the local Pnl, and the inverted triangles represent the teleseismic P-wave.
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Fig. 4 The inversion residuals vary with depth

Number above the beach ball represents the corresponding moment magnitude

x| FREMERIRIERE

Table.1 The results of focal mechanisms by different organizations
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Fig. 5 Map view and depth distribution of the aftershocks along profiles. Earthquakes within 7 km of the line are included

(a) Epicenter distribution of the relocated events; (b-c) Depth distribution of the aftershocks along profiles

Colored solid circles on each depth profile represent the vertical projections of earthquakes within a 7 km range on both sides. The beach
balls represent the focal mechanisms, and the projection profile is A-A’; The colors of the solid circles indicate the occurrence time of the

carthquakes; The black dashed line represents the fitted fault plane.
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Fig. 6 Coseismic deformation fields from InSAR of 2021 Aksai earthquake

(a) and (b) coseismic deformation fields in the ascending(A172) and descending(D77) orbits, respectively
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image; (c-h)Geomorphology of fault scarps along the southern Danghe Nan Shan fault
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Fig. 8 The Magnitude-time (M-¢) diagram of the western Qilian Shan region

The seismic data used is Ms=> 4.0 earthquakes in the western Qilian Shan region (longitude 92°-100°; latitude 37°—41.5°), since 2008.
Seismic data in the western Qilian Shan region (longitude 92°-100°; latitude 37°—41.5°) with Ms=> 4.0 magnitude since 2008. The black
vertical line represents the magnitude, pink shaded area indicates the active period, and red dashed line represents the symbol line for Ms
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