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ABSTRACT

On 28 March 2025, a strong My 7.7 earthquake struck the seismic gap in the central section of the Sagaing Fault in Myanmar, causing significant damages and
casualties in Myanmar and neighboring countries. Major earthquakes like this are expected to transfer stresses to nearby active regions and change their seismic
hazards in the near future. In this study, based on a stratified viscoelastic model and a coseismic slip model, we calculated the co- and post-seismic Coulomb stress
change (/\CFS) imparted by the My 7.7 Myanmar earthquake to the main active faults in the adjacent southwestern Yunnan region in China. Our results show that
five fault segments experience up to 3 kPa of coseismic stress increase, including the Longling-Lancang Fault, the Nantinghe Fault, the Menglian Fault, the Heihe
Fault, and the Red River Fault, respectively. The pattern of postseismic /\CFS is similar to that of coseismic /\CFS, suggesting that with the increasing elapsed time,
the stress level continues to increase in these fault zones. The coseismic auxiliary stress fields show that the orientation of the principal tensile stress is predominantly
NE-SW in the northern part of the southwestern Yunnan region, and shows clockwise rotation to NW-SE in the south. This stress regime controls the additional slip
motion, consistent with that reflected by the coseismic shear stress change. Combined with other geophysical and geodetic data, we propose that more attention
should be paid to the Longling-Lancang Fault, the Nantinghe Fault, the Menglian Fault, and the Heihe Fault, potential candidates for the next strong earthquakes in

this region.

1. Introduction

On 28 March 2025, a My 7.7 earthquake struck the Sagaing Region
of Myanmar, with an epicenter close to Mandalay, the country's second
largest city. This strong event ruptured the seismic gap along the dextral
Sagaing Fault (Hurukawa and Maung Maung, 2011; Tun and Watkinson,
2017), a plate boundary fault between the Burma and Sunda plates.
Ground surface mapping and other geophysical and remote sensing
analysis revealed that the unusual surface rupture distance produced by
this supershear rupture extends ~500 km (Bradley and Hubbard, 2025;
Inoue et al., 2025; Peng et al., 2025). The Sagaing Fault is entirely
located in Myanmar, extending more than 1 200 km, and connects the
Andaman spreading center to an oblique collision zone in the north
(Curray, 2005; Wang et al., 2014). GPS observations indicate that
strike-slip motion on the Sagaing fault varies between 18 mm/a and
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49 mm/a (Le Dain et al., 1984; Lindsey et al., 2023; Maurin et al., 2010;
Tin et al., 2022; Vigny et al., 2003), which accommodates more than half
of the dextral motion between Sundaland and India within a diffuse
plate boundary along the eastern margin of India (Panda et al., 2018;
Socquet et al., 2006).

The Sagaing Fault has witnessed several strong historic earthquakes.
Since 1906, more than ten M > 6.7 earthquakes have occurred on the
Sagaing Fault (Kundu and Gahalaut, 2012), including the My 6.8 Tha-
beikky earthquake in 2012 and the recent My 7.7 Myanmar earthquake
(Bradley and Hubbard, 2025; Peng et al., 2025). The occurrence of the
My 7.7 Myanmar earthquake releases the highest accumulated stress
and strain energy (Panda et al.,, 2018; x; Xiong et al., 2017), and
meanwhile is expected to transfer stress to the adjacent southwestern
Yunnan region with high-populated cities and a historical record of large
earthquakes. More importantly, the seismic activity in the southwestern
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Yunnan region has been relatively quiet following the M 7.1 Menglian
earthquake in 1995 (Li et al., 2020a), and thus the seismic hazards on
the main active fault in this region are of great concern.

Coulomb stress change (ACFS) has been the primary physical prin-
ciple used to explain the triggered earthquakes and is widely used in
seismic hazard analysis (e.g., Hall, 2023; King et al., 1994; Li et al.,
2023; Li et al., 2021; Li et al., 2020b; Nalbant et al., 2002; Parsons et al.,
2008; Shan et al., 2013; Shao et al., 2016; Stein, 1999; Stein et al., 1997;
Wan et al., 2000; Xiong et al., 2017). Based on the stress evolution along
the North Anatolian fault zone, Stein et al. (1997) and Nalbant et al.
(1998) identified regions that host large earthquakes along the north-
western segment of the fault. And the destructive 1999 Izmit M 7.4
earthquake indeed occurred in this segment (Hubert-Ferrari et al.,
2000). Before the Myanmar earthquake, Xiong et al. (2017) calculated
the stress evolution along the Sagaing Fault and identified the sections of
the fault (seismic gaps) that most promoted failure earthquakes on the
Sagaing Fault. As expected, the My 7.7 Myanmar earthquake on March
28 finally broke the central segment with the highest accumulated
stress. x issued a one-month short-term earthquake forecast in western
Myanmar based on the Coulomb stress changes ACFS from the My 7.7
mainshock. Peng et al. (2025) also examined how aftershocks and
triggered seismicity near the Myanmar/Thailand borders were affected
by both static and dynamic stress changes from the mainshock. Thus, in
this study, we focused on the stress imparted by the My 7.7 Myanmar
earthquake to the main active faults in the adjacent southwestern
Yunnan region in China.

To address the aforementioned question, we collected the coseismic
slip rupture model and calculated the co- and post-seismic ACFS
imparted by the My 7.7 Myanmar earthquake on the adjacent major
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faults. Then, we analyzed seismic interaction and identified the fault
segments that experienced high-stress change. Finally, we analyzed the
coseismic auxiliary principal stress fields, which deepened our under-
standing of the mechanics that drive the fault stress change and fault slip
motion.

2. Tectonic setting

Continental China and its adjacent region were divided into six first-
order active tectonic blocks (Zhang et al., 2003), including the
Yunnan-Myanmar block (Fig. 1). This block is situated along the
southeastern margin of the Qinghai-Xizang Plateau, which is bounded
by the large-offset dextral Sagaing Fault in Myanmar to the west and the
large-scale dextral Red River Fault to the east (Shi et al., 2018; Taylor
and Yin, 2009). Myanmar straddles the complex oblique plate boundary
between the India Plate and Sundaland, the SE promontory of the Eur-
asia plate (Nielsen et al., 2004), and developed the dominantly dextral
strike-slip Sagaing Fault (Rangin et al., 2013). Tectonic stress inversion
shows that the stress regime around the epicenter of the Myanmar
earthquake is strike-slip dominated (Hu et al., 2017), and the orientation
of the maximum principal compressive stress is predominantly NE-SW,
which controlled the dextral strike-slip of the Myanmar earthquake
along the vertical Sagaing Fault.

As part of the Yunnan-Myanmar block, the southwestern Yunnan
region dominated the lateral strike-slip motion, featuring a dominant
series of the NE-trending arcuate sinistral strike-slip faults (Fu et al.,
2011), and a subordinate set of NW-NWW trending dextral strike-slip
faults (Shi et al., 2018). In particular, the predominant NE-trending
sinistral faults included the Dayingjiang Fault, the Ruili-Longling
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Fig. 1. (a) Tectonic setting and seismic activity within and around the Yunnan-Myanmar block. The black circles represent the historic M > 5.0 earthquakes since
1900 (Li et al., 2020a). The square marks the study region that is shown in (b). The red line denotes the coseismic rupture length of ~500 km of the My, 7.7 Myanmar
earthquake, according to the United States Geological Survey (USGS). (b) A zoom-in plot showing multiple faults and historical earthquakes near the Myanmar/China
border. DYF, Dayingjiang Fault; HF, Heihe Fault; JF, Jinghong Fault; LCF, Lancang River Fault; LLF, Longling-Lancang Fault; MF, Menglian Fault; NF, Nantinghe
Fault; RLF, Ruili-Longling Fault; RRF, Red River Fault; WF, Wuliangshan Fault. (c) A zoom-out plot showing the regional tectonic settings in East and Southeast Asia.

The square marks the region plotted in (a).
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Fault, the Nantinghe Fault, the Menglian Fault, and the Jinghong Fault;
while the subordinate NW-NWW-trending dextral faults include the
Longling-Lancang Fault, the Heihe Fault, and the Wuliangshan Fault
(Fig. 1b). These conjugated fault systems jointly accommodated the
relative motion and controlled the regional seismic activity in the
southwestern Yunnan region.

In the past century, the southwestern Yunnan region experienced
more than 10 M > 6.7 earthquakes following the M 6.9 Gengma earth-
quake in 1941. Seven of these events were of M > 7.0, including the two
devastating Longling doublets in 1976 and the Lancang-Gengma dou-
blets in 1988 (Wu et al., 2007). However, the seismic activity in this
region has been relatively quiet following the M 7.1 Menglian earth-
quake in 1995, and no magnitude > 7 earthquake has occurred since
then (Li et al., 2020a).

3. Data and methods
3.1. Data and parameters

Shortly after the Myanmar earthquake, the USGS released multiple
versions of the coseismic slip distribution, based on finite-fault in-
versions of the near-field strong motion recording, teleseismic waves,
and geodetic observations. The latest version shows that the rupture
plane includes 4 segments, with the total coseismic rupture length
extended about 500 km, and the peak amplitude of the slip exceeds
4.0 m (https://earthquake.usgs.gov/earthquakes/eventpage/us7000pn
9s/finite-fault). Additional studies based on back-projection of tele-
seismic waves and remote sensing revealed up to 480 m of co-seismic
slip (Peng et al., 2025). Here, we use the openly available USGS
finite-fault model to perform subsequent analysis.

We employed the PSGRN/PSCMP code (Wang et al., 2006), to
calculate the co- and post-seismic /\CFS imparted by the Myanmar
earthquake to the adjacent receiving faults in the southwestern Yunnan
region. The parameters used in the viscoelastic model (Fig. 2) and the
parameters of the receiving fault geometry (Table S1) are consistent
with Li et al. (2020a).
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3.2. Method

The /\CFS was calculated based on the Moho-Coulomb failure
criteria (Harris, 1998; Stein, 1999),

ACFS = At + 4 Ao, (@D)]

where At is the shear stress change (positive in the fault slip direction),
Aoy, is the normal stress change (positive for fault unclamping), and 4/’ is
the apparent friction coefficient, which takes into account reductions in
friction due to pore pressure changes.

To simulate transient elastic response, short exponential decaying
time response, and long linearly increasing time response (Shao et al.,
2016; Wang et al., 2012), we chose the Burgers model as the constitutive
relation,
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where ¢ and ¢ represent the stress and strain, k; and kz represent Young's

modulus of the Kelvin model and Maxwell model, #; and 7, are the

transient and steady-state viscosity coefficients, respectively.

We calculated the co- and post-seismic /A CFS imparted by this event
at a depth of 10 km to the adjacent major faults in the southwestern
Yunnan region, assuming the apparent friction coefficient i/’ = 0.4.

4. Results

4.1. Co- and post-seismic /\CFS on main active faults in southwestern
Yunnan region

Our preliminary results show that five fault segments experienced a
significant coseismic stress increase (Fig. 3), corresponding to the
Longling-Lancang Fault, the Nantinghe Fault, the Menglian Fault, the
Heihe Fault, and the Red River Fault, respectively, in which the
coseismic /\CFS reaches 3 kPa, suggesting the increased seismic hazard
on these fault segments. On the other hand, this event generated
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Fig. 2. Stratified parameters in the viscoelastic relaxation model.

V,, and V; represent the P and S wave velocities, p is the lithospheric density, 7, and 5, are the transient and steady-state viscosities, respectively.
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Fig. 3. Coseismic /\CFS on main active faults in southwestern Yunnan region (¢’ = 0.4). The inset in the top right marks the study region with respect to the My 7.7
mainshock and the Sagaing fault. The red line denotes the coseismic rupture length of ~500 km of the My 7.7 Myanmar earthquake.

negative Coulomb stress changes on the Dayingjiang Fault, the Ruili- coseismic shear stress change is larger than the coseismic normal stress
Longling Fault, and the Lancangjiang Fault. change, and thus the shear stress change is the main factor in the
To understand the contribution of the normal stress change and the coseismic ACFS. On the other fault planes, with the increase of the
shear stress change to /\CFS, we further analyze the stress components apparent friction coefficient 4/, the contribution of the normal stress
on the fault plane. We found that the main active faults in southwest change to A\CFS is increased.
Yunnan experienced a coseismic tensile normal stress change due to the With the postseismic viscoelastic relaxation effect deduced from the
Myanmar earthquake (Fig. 4). For the three faults with significant lower crust and upper mantle into consideration, we further calculated
coseismic stress decrease (Fig. 3), the magnitude of the negative the postseismic /\CFS. The pattern of the postseismic /\CFS is similar to

(a) Coseismic normal stress changes (b) Coseismic shear stress changes

26°N A 26°N %
g\ 2
A3 S %
o %
24°N A 24°N 2
\3 \3
b >
nd L L/
f 2 oy 6{ /Y;]p oy
\\ \®
22°N 3 A"zl‘ 22°N ~+ 3 J\‘va
N3 NS
T T T T T T T T T T T
98°E 100°E 102°E 104°E 98°E 100°E 102°E 104°E
#:‘:quw
-10.0 -5.0 -1.0 -0.1 0.0 0.1 1.0 5.0 10.0

Fig. 4. Coseismic normal stress changes (a) and the coseismic shear stress changes (b) on the main active faults in the southwestern Yunnan region. The inset in the
top right of the panel (a) marks the study region with respect to the My 7.7 mainshock and the Sagaing fault. The red line denotes the coseismic rupture length of

~500 km of the My 7.7 Myanmar earthquake.
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(a) Postseismic ACFS in 10 years
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Fig. 5. Postseismic /\CFS on main active faults in

(b) Postseismic ACFS in 20 years

southwestern Yunnan region (¢ = 0.4). Panels (a)

and (b) represent the postseismic /\CFS in 10 and 20
years derived from the postseismic viscoelastic
relaxation effect following the Myanmar earthquake.
The inset in the top right of the panel (a) marks the
study region with respect to the My 7.7 mainshock
and the Sagaing fault. The red line denotes the
coseismic rupture length of ~500 km of the My 7.7
Myanmar earthquake. Panel (¢) shows the post-
seismic ACFS changing with time until 100 years at
three points on the MLF, HHF, and NTHF near the
Myanmar/China borders, respectively.
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that of the coseismic A\CFS (Fig. 5), suggesting that with the increasing
elapsed time, the stress level continues to increase in the fault zone with
the increased coseismic /A CFS. The postseismic /\CFS on the fault plane
after 10 years' postseismic viscoelastic relaxation is equivalent to that of
the coseismic ACFS (Fig. 5a). The postseismic /\CFS derived from 20
years’ postseismic viscoelastic relaxation reaches 5.5 kPa (Fig. 5b),
suggesting that on the longer timescales of decades to centuries, the
increasing stress change derived from postseismic viscoelastic relaxation
effect can contribute more to the combined (co- and post-seismic) stress
change (Fig. 5c).

4.2. Auxiliary coseismic principal stress fields associated with the
Myanmar My, 7.7 earthquake

The auxiliary stress fields (Fig. 6) show that, in most of the south-
western Yunnan region, the magnitude of the principal tensile stress is

104°E

larger than the principal compressive stress. The orientation of the
principal tensile stress is predominantly NE-SW in the northern part of
the southwestern Yunnan region and shows a clockwise rotation to NW-
SE in the south. The fault behavior is closely related to the stress regime,
for these strike-slip dominated faults, the Nantinghe Fault and the
Menglian Fault experience the additional coseismic sinistral strike-slip
motion; The Longling-Lancang Fault, the Heihe Fault, the Red River
Fault, and the Wuliangshan Fault experience the additional coseismic
dextral strike-slip motion, which are all consistent with the tectonic
active motion (Fig. 1b). On the contrary, the Dayingjiang Fault, the
Ruili-Longling Fault, and the Lancangjiang Fault experience the oppo-
site slip motion to tectonic active motion. All these coseismic additional
slip motions are consistent with that reflected by the coseismic shear
stress change (Fig. 4b).
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Fig. 6. Coseismic principal stress fields associated with the My 7.7 Myanmar earthquake. The pairs of green arrows represent the coseismic additional horizontal slip
imparted by the auxiliary stress regime. The inset in the top right marks the study region with respect to the My 7.7 mainshock and the Sagaing fault. The red line
denotes the coseismic rupture length of ~500 km of the My, 7.7 Myanmar earthquake.
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5. Discussion

In this study, we calculated the co- and post-seismic /\CFS imparted
by the My 7.7 Myanmar earthquake on major faults near the border
between Myanmar and China. Our main findings were that several
major faults, including the Longling-Lancang Fault, the Nantinghe Fault,
the Menglian Fault, the Heihe Fault, and the Red River Fault experienced
positive /\CFS, while others, including the Dayingjiang Fault, the Ruili-
Longling Fault, and the Lancangjiang Fault, experienced negative /\ACFS
from the Myanmar mainshock. Before exploring the implications for
seismic hazards in the adjacent southwestern Yunnan region in China,
we first discussed the robustness of Coulomb stress changes and their
sensitivities to different choices of parameters.

As shown in Eq. (1), the effective friction coefficient affects the
contributions of the normal stress change to /\CFS. To analyze the effect
of different 4/, we further calculate the coseismic /\CFS with alternative
values of i/ = 0.2, 0.4, 0.6, and 0.8, respectively. The results demon-
strate that the different ' changes the magnitude of the A CFS, rather
than the stress pattern (Fig. 7). Back to the coseismic normal stress
change and shear stress change on main active faults (Fig. 4), we found
that most of the faults plane experienced a significant coseismic tensile
stress and positive shear stress change. In this scenario, the sign of ACFS
is independent of the x'. While for the Dayingjiang Fault, the Ruili-
Longling Fault, and the Lancangjiang Fault which with significant
negative coseismic Coulomb stress change, the absolute value of the
coseismic shear stress change is larger than the coseismic normal stress
change, and the shear stress change is the main factor in the /\CFS,
which is comparable to the Coulomb stress change imparted to fault
imaged by focal mechanism. Thus, we suggested that the ACFS is
generally robust for most faults with alternative values y’' ranging from

Earthquake Research Advances 6 (2026) 100397

0 to 1. However, the /ACFS sign changed from negative to positive signs
for some fault segments (e.g., NTHF) near 24°N, indicating the sensi-
tivities of the A\ CFS on different choices of y'.

The seismic active southwestern Yunnan region has experienced
strong historical earthquakes but has been quiet following the M 7.1
Menglian earthquake in 1995 (Li et al., 2020a), which aroused great
concern about the seismic hazards on major active faults in this region.
In these complex fault systems, Coulomb stress changes from other
recent earthquakes provide one way to examine the earthquake poten-
tials in the near future (Liu et al., 2011; Shi et al., 2020). In our previous
study (Li et al., 2020a), we analyzed the total stress change (co-, post-,
and inter-seismic) on the main active fault by integrating the M > 6.7
earthquakes in Sagaing Fault since 1929 and the M > 6.7 earthquakes in
southwestern Yunnan region, and identified a significant total stress
build-up on five segments distributed among the Nantinghe Fault, the
Longling-Lancang Fault, the Heihe Fault, and the Menglian Fault. The
occurrence of the My 7.7 Myanmar earthquake further cast positive
Coulomb stress changes to these faults (Fig. 3), bringing them closer to
their failure stage. According to Li et al. (2020a), the background tec-
tonic loading rate of these faults is 1~2 kPa/yr. The coseismic effect of
the My 7.7 Myanmar earthquake is equivalent to 1.5-3 years of tectonic
loading. The post-seismic viscoelastic response will contribute to add
more stress over the next few years (Fig. 5c), followed by gradual decay
(Lei et al., 2013).

Geodetic inversion-derived slip deficit rates show that the north-
eastern trending faults have cumulated seismic moments capable of
producing an earthquake of ~6.5, based on the latest earthquake and its
elapsed time (Li et al., 2025). Moreover, based on the b-value in the
Gutenberg-Ritcher magnitude-frequency relationship and distribution
of historically strong earthquakes, Shao et al. (2015) suggested that the
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Fig. 7. Coseismic /\CFS on main active faults in the southwestern Yunnan region with different apparent friction coefficients ;' = 0.2 (a), 0.4 (b), 0.6 (c), and 0.8 (d),
respectively. The inset in the top right marks the study region with respect to the My 7.7 mainshock and the Sagaing fault. The red line denotes the coseismic rupture

length of ~500 km of the My 7.7 Myanmar earthquake.
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Longling-Lancang Fault and the middle-east segment of the Menglian
Fault have a potential for moderate-strong earthquake occurrence.
Following our comprehensive analysis, we proposed that more atten-
tions should be paid to the Longling-Lancang Fault, the Nantinghe Fault,
the Menglian Fault, and the Heihe Fault, the candidates for future strong
earthquakes in this region.

Magnetotelluric imaging shows a high-resistive structure extending
through the entire upper crust in the southwestern Yunnan region (Chen
et al., 2019). The Yingjiang moderate earthquake swarms in 2011 and
the 1976 Longling doublets are all located in the transition zone of high
resistivity (Ye et al., 2020), with a zone of low resistivity embedded in
the depth range of 10 — 25 km. This mechanical decoupling benefits the
strain energy accumulation and generation of large earthquakes (Liu
et al., 2024, 2025; Zhang et al., 2022). With the plentiful
three-dimensional deep electrical structure in the southwestern Yunnan
region, we can analyze more earthquakes like the Gengma doublets in
1988, which can deepen our understanding of crustal stress heteroge-
neity and future seismic hazards in this region.

Coulomb stress change certainly influences the location and timing
of the following earthquakes and can serve as a fundamental tool in
seismic hazard analysis (Stein, 1999), owing to the positive correspon-
dence with earthquake occurrence (Reasenberg and Simpson, 1992).
However, other mechanisms of stress transfer, such as dynamic stress
changes or time-dependent stress transfers, can also play an important
role in earthquake triggering (Freed, 2005; Peng and Lei, 2025). We
noted that due to limitations in basic data and models, there are still
some different views on the seismogenic potential of this area. With the
more precise community models in this region, such as the community
velocity (Liu et al., 2023), and fault models, more accurate coseismic
rupture model of the My 7.7 Myanmar earthquake (Wei et al., 2025), as
well as more advanced numerical simulation techniques, a more
comprehensive seismic hazard analysis is needed in the future.

6. Conclusions

In this study, we calculated the co- and post-seismic Coulomb stress
change (ACFS) imparted by the My 7.7 Myanmar earthquake to active
faults in the southwestern Yunnan region and analyzed the seismic
hazard.

(1) The Longling-Lancang Fault, the Nantinghe Fault, the Menglian
Fault, the Heihe Fault, and the Red River Fault experience a
coseismic stress increase, in which the coseismic /\CFS reaches
3 kPa. The significant postseismic effect further increases the
stress level on these faults, advancing the future strong
earthquakes.

The orientation of the coseismic auxiliary principal tensile stress

is predominantly NE-SW in the northern part of the southwestern

Yunnan region, and it shows clockwise rotation to NW-SE in the

south, which controls the additional slip motion consistent with

that reflected by the coseismic shear stress change.

(3) Combined with other geophysical and geodetic data, we propose
that more attentions should be paid to the Longling-Lancang
Fault, the Nantinghe Fault, the Menglian Fault, and the Heihe
Fault.

(2
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