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Coulomb stress effects of the April 3, 2024 Hualien, Taiwan, China My 7.3 earthquake on the
surrounding faults and subsequent April 23, 2024 M 6.2 and M; 6.3 earthquakes

Abstract: [Objective] To determine the rupture mode of the Mg 7.3 earthquake in Hualien, Taiwan, China on April 3,
2024 and its triggering effect on subsequent seismic events in the surrounding area, the co-seismic displacement field and
the induced areal strain response were analyzed by inverting the geometric structure and sliding characteristics of the
seismogenic fault. The static Coulomb Failure Stress (CFS) triggering effect of the main earthquake event on the two Mg
6.2 and Ms 6.3 earthquakes that occurred on April 23, 2024 was evaluated to clarify the promoting effect of this earthquake
on the seismic activity and its influence on the stress field of the adjacent area. [Methods] The two possible seismogenic
nodes of the main earthquake and its subsequent earthquakes are determined by using the method of "focal mechanism
solution". Based on the homogeneous elastic half-space theoretical model, the co-seismic displacement field and areal
strain field under seismic action are established. The co-seismic displacement field results of the vertical fault direction of
the main shock are analyzed and its sliding characteristics are determined. The CFS variation of the main shock in
subsequent seismic events is calculated and its promoting effect on subsequent earthquakes is evaluated. The method of
facet clustering is adopted to determine the seismogenic fault plane of the earthquake event. The stress field of the study
area is projected onto the seismogenic fault plane and the causes of its occurrence are analyzed. [Results] A co-seismic
displacement analysis of the April 3, 2024 Mg 7.3 Hualien earthquake in eastern Taiwan reveals distinct patterns in both
horizontal and vertical displacement fields, consistent with a reverse fault mechanism. Based on the focal mechanism
solution, this seismic event is identified as a typical reverse fault earthquake, aligning with the tectonic compression
between the Eurasian Plate and the Pacific Plate. The horizontal displacement field demonstrates a complex material flow
pattern: substantial crustal materials converged towards the seismogenic fault along its southeastern and northwestern
flanks, followed by outward migration in northeastern and southwestern directions. This kinematic pattern reflects the
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intense plate convergence where the Pacific Plate subducts westward beneath the Eurasian Plate along the eastern margin of
Taiwan Island. Vertical displacement measurements show significant differential movement across the fault. The
southeastern block (upper plate) experienced remarkable uplift reaching 48.4 cm, while the northwestern block (lower
plate) underwent subsidence of up to 11.4 cm. This vertical displacement configuration, characteristic of thrust faulting, is
further confirmed by cross-sectional observations perpendicular to the fault strike. The interface between the upper and
lower plates exhibits sharp kinematic contrasts, with the upper plate displaying predominant upward motion components
and the lower plate showing downward movements. Along-strike displacement reached approximately 22 cm, significantly
exceeding the maximum perpendicular displacement of ~35 cm; this indicates thrust-dominated rupture with minor strike-
slip components. The strain field distribution corresponds to a compressive belt parallel to the fault trace near the epicenter,
flanked by extensional zones to the immediate east and west. Stress field analysis reveals significant shear stress
concentrations (relative shear stress >0.7) and negative normal stresses on the fault planes of three major earthquakes in the
sequence, consistent with the compressional regime generated by plate convergence. The westward subduction of the
Pacific Plate beneath Taiwan Island creates optimal conditions for thrust faulting along the Longitudinal Valley Fault
system, where accumulated shear stress ultimately exceeds the fault strength threshold. Notably, the Coulomb Failure
Stress (CFS) calculations demonstrate that the April 3 mainshock significantly promoted subsequent seismic activity. The
April 23 M 6.3 and M; 6.2 events occurred in regions where the calculated CFS changes reached 0.020 MPa and 0.3 MPa,
respectively, both exceeding the 0.01 MPa threshold for earthquake triggering. This earthquake sequence represents a
normal release process of accumulated tectonic stress in the plate convergence zone. The spatial-temporal evolution of co-
seismic deformation, strain redistribution, and stress interactions fully aligns with the regional tectonic framework
dominated by the ongoing collision between the Eurasian and Pacific Plates. [Coneclusion] Research shows that the Mg 7.3
earthquake in Hualien, Taiwan, was caused by thrust faults. This earthquake event, along with the two subsequent Mg 6.2
and Mg 6.3 earthquake events that occurred on April 23, 2024, were all normal releases of local stress accumulation.
Moreover, the CFS generated by the Ms 7.3 earthquake in Hualien, Taiwan, has a significant impact on the surrounding
seismic activities and has an obvious promoting effect on the occurrence of the subsequent two earthquakes.
[Significance] This study not only evaluates the impact of the Ms 7.3 earthquake in Hualien, Taiwan, on subsequent
earthquakes, but also provides a fundamental dataset for geodynamic studies in the region. Strengthening the capacity of
earthquake monitoring and forecasting and disaster mitigation promotes the formulation of relevant policies and safeguards
people's lives and properties.
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Fig. 1 Geological tectonic background of the Hualien area, Taiwan, China

(a) Tectonic setting map of Taiwan, China; (b) Seismicity and tectonic framework of the Hualien area, eastern Taiwan (revised after Fang et al.,
2024; Hu, 2024; Li et al., 2025)

In Fig.1a, the white box represent the range of Fig.1b, the black lines indicate faults, and the red lines represent the boundaries of small plates.
Among them, the Yangtze River Plate and the Sumatra Plate belong to the Eurasian Plate, the Philippine Sea Plate belongs to the Pacific Plate.
Black lines in Fig.1b denote faults, red beach ball is the Chinese Taiwan Ms 7.3 earthquake, blue and yellow beach ball indicate subsequent
earthquakes in the same region on April 23, 2024 (https://www.globalcmt.org)
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Fig.2 Focal mechanism solutions and 3-D radiation patterns for the Ms 7.3, Ms 6.3, and M; 6.2 earthquakes in Hualien, Taiwan, China

(a) Focal mechanism solution and 3-D radiation pattern for the Ms 7.3 earthquake; (b) Focal mechanism solution and 3-D radiation pattern for the
Ms 6.3 earthquake; (c) Focal mechanism solution and 3-D radiation pattern for the M 6.2 earthquake

In the figure, N, S, W, and E represent the geographical cardinal directions of north, south, west, and east, while U and D represent upward and
downward orientations respectively. The black arcs represent the two nodal planes of the focal mechanism solution, while the areas occupied by
the green arcs are their uncertainty intervals; the red, blue, and yellow dots represent the P, T, and B axes of the focal mechanism solution, and
the closed curves formed by the corresponding colors of its periphery indicate its uncertainty range; the green and black dots represent the
projections of the focal mechanism solution obtained by each research institution or individual on the P and T axes, respectively; the violet arcs
represent the nodal plane of the focal mechanism solution obtained by each research institution or individual; the compression zone is blue and
the expansion zone is red (Wan et al., 2011b; Li and Wan, 2024)
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Fig.3 Co-seismic displacement field generated by the Hualien earthquake sequence
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The arrows in the figure represent the horizontal displacement caused by this earthquake, and their values correspond proportionally to the

lengths of the arrows in the legend; the colors represent the vertical displacements, and the rise is positive; the black lines represent the faults, and

the names of the major faults are the same as in Figl; the white straight line 44’ in the figure represents a near-vertical fault-trending over the

intersection of the source profile and the surface of the April 3, 2024, Hualien, Taiwan, China, M 7.3 earthquake
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Fig. 4 Displacement field on the vertical fault-trending profile 44’ produced by the Hualien earthquake sequence (the section position is shown

in Fig.3)

The arrows in the figure represent the displacements produced by this earthquake at different depths of the 44’ section, and their values

correspond proportionally to the lengths of the arrows in the legend; the colors represent the displacements perpendicular to the profile, outward

is positive; the white lines represent the projections of the finite faults on the profile 44°.
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Fig. 5 Horizontal principal and areal strain fields generated by the Hualien earthquake sequence

Black arrows and white arrows indicate horizontal principal compressive strain and horizontal assertion strain (in units of 10?); the background

color indicates the horizontal areal strain, which is positive in tension; black lines indicate faults, and the names of major faults are the same as

those in Fig.1.
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Fig. 6 CFS changes of the M 7.3 earthquake off the east coast of Taiwan at 10 km depth and its triggering effect on the Ms 6.3 and Ms 6.2
earthquakes in Taiwan

(a) The CFS changes generated by the M 7.3 earthquake on the M 6.3 earthquake nodal plane; (b) The CFS changes generated by the Ms 7.3
earthquake on the Ms 6.2 earthquake nodal plane

The white box indicates the location of the fault where the main shock occurred; the black lines represent faults; the names of the main faults are

the same as in Fig.1; the red beach balls respectively represent the Ms 6.3 and Ms 6.2 earthquakes that occurred in Taiwan on April 23, 2024.

b N

PR NG S. W B R M B35 (07 b P P8 AR 5 2% 00 IR 4 3 7% R URTL ) ik 0 T 5 21 G 9IS 7S 2R 8w Y TR 5 PR AT S 7S R ROMIL A S 1Y T ) A Ao
s LR R B R B TR S T A R R A R € AR B A R S v B AR X ]
a5 1 ST (A1 SR S 45 2 s b3 2 6 [ R 2K 4G

H7 vTEeALEMRMEEHRERINFAMTERELER

Fig. 7 Clustering result of nodal planes from focal mechanism solutions for earthquake events in the Hualien area, Taiwan, China

(a) Clustering results of Nodal plane type 1; (b) Clustering results of Nodal plane type 2

In the figure, N, S, W, and E represent the geographical cardinal directions of north, south, west, and east. The green arc represents the focal
mechanism facet. The red arc represents the central facet of the cluster. The black dots indicate the pole positions of the focal mechanism
interfaces. The red dots indicate the pole positions of the cluster centers. The blue-green ellipses around the cluster center poles represent the

confidence intervals of the cluster centers.
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Fig. 8 Relative stress on fault planes of focal mechanism solutions within the regional tectonic stress field

(a) Relative shear stress on the fault plane; (b) Relative normal stress on the fault plane

Red big beach balls are the focal mechanism solution of the stress field on the corresponding strike and dip, and the background color indicates

the magnitude of the relative shear or normal stresses on the corresponding faults.
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