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Key points
e Supershear rupture occurred during the 2025 M, 7.8 Myanmar earthquake but did not
propagate under steady-state conditions
e A negative fault-parallel secondary pulse was recorded at a near-fault strong motion station
NPW indicating rupture stopping phase
e A fault barrier at ~6 km south of the NPW station can explain the identified stopping phase

as supported by numerical simulations

Abstract

Supershear rupture has been investigated by many studies, yet its exact characteristics during
natural earthquakes are not fully clear, due to the paucity of near-field constraints. Here we analyze
the strong motion data recorded at a near-fault station during the 2025 My, 7.8 Myanmar earthquake
to estimate the detailed source process around that station. By comparing simulated velocity
waveforms under various conditions with the observed one, we find that a supershear rupture with
speed surpassing V2 times S wave speed is required to fit the first-order features of the observation.
Moreover, a fault barrier at ~6 km south of the station is inferred by the reversed-polarity fault-
parallel secondary pulse following the main pulse, interpreted as a stopping phase. Together with
other information, the results suggest an overall fast yet intermittent rupture process during the
2025 Myanmar earthquake, with the inferred barrier likely representing a segmentation boundary

for the Sagaing fault.
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Plain Language Summary

There is an active debate on whether supershear rupture propagates continuously or intermittently,
raising the need to investigate the detailed process of supershear rupture and the related wavefield
characteristics. The 2025 My, 7.8 Myanmar earthquake provides a good opportunity to probe this
problem, due to the overall geometric simplicity of the central Sagaing fault that has long been
proposed as a favorable condition for supershear rupture. In this study, we analyze the velocity
waveform recorded at a near-fault station NPW to provide further insights into the source process
of this earthquake. To do so, we conduct a series of computer simulations and compare the
corresponding synthetic waveforms with the observed one. By optimizing waveform fit at the main
pulse, we find that indeed a supershear rupture must be involved during the 2025 event. Moreover,
a stopping phase indicative of fault barrier can be inferred by the reversed polarity of fault-parallel
secondary pulse. These results support a local intermittent source process with supershear rupture
interrupted by a barrier, which is otherwise difficult to resolve by far-field observations. Our study
suggests that more near-field observations should be deployed to enhance the resolution and

understanding of earthquake source process.

Keywords
supershear rupture, stopping phase, 2025 Myanmar earthquake, near-fault observation, fault

segmentation

1. Introduction

Characterizing earthquake sources is important for understanding earthquake physics and
assessing seismic hazards. One key source parameter is the rupture speed. Considerable effort has
been made to clarify when rupture propagation can transition from below the S wave speed
(subshear) to above (supershear) (Andrews, 1976; Wang et al., 2016; Bao et al., 2022), partly
because supershear rupture can generate damaging S-wave Mach front over a long off-fault
distance (Dunham & Archuleta, 2005; Bhat et al., 2007). Subsequent studies (Dunham, 2007,
Cheng et al., 2023) also suggest a need to distinguish between sustained supershear under
relatively homogeneous conditions (Bouchon & Vallée, 2003; Xia et al., 2004; Bouchon et al.,

2010; Robinson et al., 2010; Liu et al., 2014) and intermittent (or transient, episodic) supershear
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under heterogeneous conditions (Bruhat et al., 2016; Yao, 2017; Xu et al., 2023; Abdelmeguid et

al., 2023; Delouis et al., 2024), thus it is important to test the related ideas using new observations.

Another important feature for studying earthquake sources is the reversed-polarity seismic phase

produced by rupture arrest—called stopping phase (Savage, 1965; Page et al., 2005). Such phase

i1s often accompanied by high-frequency radiation (especially under abrupt rupture arrest)
(Madariaga, 1977, 1983), and it can be used to estimate source dimension and other parameters
(Briistle & Miiller, 1987; Imanishi et al., 2004). Moreover, it is thought to be able to produce small-
scale, reversed-polarity volumetric deformation within a large-scale fault stepover, implying the
potential of inferring earthquake directivity from geomorphological features (Ben-Zion et al.,
2012). Despite these various applications, a stopping phase was rarely captured by in-situ
observations in the field, making it difficult to directly verify its related properties for natural

earthquakes.

In this study, we show how supershear rupture and stopping phase can be jointly identified, based
on the near-fault strong motion data recorded during the 2025 My, 7.8 Myanmar earthquake. We
further combine observed features with numerical simulations to infer a fault barrier within the
overall rupture zone. The results demonstrate the high value of near-fault observations for

constraining detailed source process.

2. The 2025 M, 7.8 Myanmar earthquake

This earthquake occurred on March 28, 2025, along the central section of the 1400-km-long, right-
lateral Sagaing fault that traverses Myanmar in the north-south direction (Fig. la). Several
significant earthquakes with magnitude above 6.5 had occurred along or near the Sagaing fault
since 1839 (Wang et al., 2014), but otherwise left a prominent seismic gap in the geometrically
simple section in the center (Fig. 1a), which has been anticipated to host a damaging, potentially
supershear earthquake in the future (Robinson et al., 2010; Hurukawa & Maung Maung, 2011;
Xiong et al., 2017). The 2025 M,, 7.8 event (Ye et al., 2025) not only filled the identified seismic
gap, but also penetrated into previously ruptured sections further to the north and south (Li et al.,

2025; Fig. 1a).
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Figure 1. (a) Recent large earthquakes and tectonic setting for the studied area around the Sagaing
fault in Myanmar. On the left, solid (dashed) black lines show the (inferred) extents of recent large
earthquakes (Wang et al., 2014), with a seismic gap (yellow box) in the center until the occurrence
of the 2025 M,, 7.8 earthquake (solid red line). On the right, black line and brown lines show the
Sagaing fault and other subsidiary faults, respectively. The ruptured portion of the Sagaing fault
during the 2025 earthquake is highlighted in red (modified after Benz et al. (2025)), with the red
pentagram indicating the epicenter (Ye et al., 2025). Beachballs show the focal mechanisms for
some historical earthquakes (1976/01/01-2025/03/27, with color indicating depth) and the 2025
mainshock (the red beachball, with M, 7.7), based on the Global Centroid Moment Tensor (GCMT)
catalog. Open circles show the aftershocks following the 2025 mainshock (2025/03/28—
2025/04/28), based on the Thai Meteorological Department (TMD) catalog. Yellow circle and
triangle indicate the location of a CCTV camera and strong motion station (NPW) near the Sagaing
fault, respectively. (b) Coseismic source model over four subfaults (F1-F4) for the 2025 Myanmar
earthquake, taken from Ye et al. (2025). Color shows the magnitude of slip on each subfault patch,
with vectors indicating slip direction (eastern side relative to western side) and slip amount
(implied by vector length) and gray polygons indicating the corresponding source time function.
(c) Three-component, velocity waveform recorded at the NPW station (see text for more details).
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Several research groups have estimated the source process of the 2025 event, revealing the
following first-order picture (Inoue et al., 2025; Ye et al., 2025). The earthquake started near the
city Mandalay, and then expanded energetically over ~50 km in both north and south directions.
After about 40 s, it turned into a unilateral rupture primarily propagating to the south and continued
for another 50 s. The final rupture had a total length of 460-480 km (Fig. 1b), representing one of
the longest strike-slip earthquakes, possibly aided by rupture along a bimaterial interface (Shi &
Ben-Zion, 2006) and a narrowed rupture zone with gradually tapered slip toward the south (Li et
al., 2025; USGS, 2025).

Regarding the details, while some studies imply a relatively smooth source process including a
sustained supershear toward the south (Vera et al., 2025; Li et al., 2025), others suggest otherwise.
For instance, the inverted results based on teleseismic data (e.g., Inoue et al., 2025; Ye et al., 2025)
show a rather patchy slip distribution, with high slip concentrated around the hypocenter and ~180
km to the south (Fig. 1b). Analyses of data recorded at a near-fault CCTV (Closed Circuit
Television) camera and strong motion station NPW (see locations in Fig. 1) also favor an
intermittent source process with episodic rupture deceleration and acceleration (Hirano et al.,
2025). Below we analyze the data recorded at the NPW station (near the city Nay Pyi Taw) to
further support the view of intermittent source process, by highlighting a supershear transient

punctuated by barrier-induced stopping phase.

3. Data and Methods

3.1. Strong motion data at the NPW station

The raw strong motion data recorded at the NPW station, corresponding to the unprocessed
acceleration, were downloaded from the IRIS data center. We removed the instrument response
and applied baseline correction using the method proposed by Wang et al. (2011). We did not make
correction for the clock drift, since the accumulative time error was less than 1 s (Lai et al., 2025),
which would not significantly affect the subsequent waveform analysis. Then we integrated the
processed acceleration over time to obtain velocity, and rotated the results into fault-parallel (FP),
fault-normal (FN) and up-down (UD) components based on the local fault geometry (Figs. 1a and
1¢), with positive indicating N7°W, N83°E and up, respectively.
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For convenience, we divide the velocity waveform into four stages (Fig. 1c): early part (Stage-I),
main pulse (Stage-II), secondary pulse (Stage-III), and trailing part (Stage-1V). Starting with the

main pulse (Stage-II), a simple comparison between the FP and FN components yields an
amplitude ratio of Augp /Aty = +/V;2/Cé — 1 > 1 (Mello et al., 2016), indicating a local rupture

speed V. above v2Cs (Cs being S wave speed). This estimation is consistent with the detailed
waveform pattern at the FP main pulse (Stage-1I), where the S-wave Mach front appears as a local
peak (rather than a local trough) following the initial peak of the P-wave dilatational field (fig. 2d
in Dunham & Archuleta (2005)). It is also interesting to note that the UD component generally
shows an opposite polarity to the FP component during Stage-I, and the FP secondary pulse (Stage-
IIT) shows an opposite polarity to the FP main pulse (Stage-II) (Fig. 1c). While the former may
reflect the Poisson effect related to head and direct waves (Section 5), the latter is less intuitive to

understand and will be investigated by numerical simulations.

3.2. Setup of numerical simulations

To provide additional insights into the source process near the NPW station, we conduct numerical
simulations of dynamic ruptures. The setup of numerical simulations is based on the kinematic
source model of Ye et al. (2025), which shows a cascading rupture process over four subfaults (Fig.
1b). Previous studies suggest that each episode in a cascading rupture process may be considered
as a subevent, with renewed initial state taking into account the stress transfer from the earlier
episode(s) (Xu et al., 2023; Ding et al., 2023). Therefore, here we do not model the 2025 Myanmar
earthquake from the very beginning, but rather focus on the rupture process on subfault F3 (Fig.
1b), with a particular interest in comparing simulated synthetic waveform with the observed one

at the NPW station.

We simulate both 2.5D and 3D dynamic ruptures along a vertical, ~7.5 km-wide strike-slip subfault
(after mapping to half space), following and simplifying the inverted results for F3 (Fig. 1b). The
2.5D simulations are used to explore the waveform fit in the FP and FN components over a large
parameter space, while the 3D simulations are used to check the additional fit in the UD component.
Time-weakening and slip-weakening friction laws are respectively employed to control the rupture

evolution within and beyond the nucleation stage, as in Ding et al. (2023). We test a variety of
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rupture modes and speeds approaching the target NPW station, by tuning rupture nucleation and
other conditions on the modeled subfault. Given the inverted result that the NPW station resides
close to a local slip minimum (Fig. 1b), we sometimes include a fault barrier in numerical
simulations to investigate its impact on the synthetic waveform. More details about numerical

simulations are given in the Supporting Information (Text S1-S9, Figs. S1-S5, Tables S1 and S2).

4. Results

4.1. Reference cases without a fault barrier

We first examine the reference cases without a fault barrier. Figure 2 presents the simulated
velocity field under the 2.5D model and the related waveform fit for two supershear ruptures with
V. >+V2Cs (Cs=3310m/s, Text S2). As can be seen, both cases, though somewhat
underestimating the FN main pulse, provide an overall good fit to the FP main pulse, including the
general amplitude and the appearance of two local peaks (Stage-II in Figs. 2b and 2d). Our
additional tests show that a subshear rupture or an incipient supershear rupture that has just
transitioned from subshear tends to produce a larger FN main pulse than the FP counterpart,

inconsistent with the observation (Figs. S6 and S7). Moreover, a (quasi)steady-state supershear

rupture with V. S V2Cs tends to produce an S-wave trough behind the initial P-wave peak in the
FP component or out-of-phase FP and FN main pulses, also inconsistent with the observation (Fig.
S8). Returning to Fig. 2, the first case (Figs. 2a and 2b), simulated under a mother-daughter
transition (MDT), shows a stronger trailing Rayleigh phase than the second case (Figs. 2c and 2d)
under a direct transition (DT) (see Bizzarri & Liu (2016) and Xu et al. (2023) for more information
about MDT and DT). In particular, the first case under MDT produces a much larger trailing pulse
than the main pulse in the FN component, incompatible with the observed trend (Fig. 2b). Based
on all the above, we conclude that a well-developed supershear transient, likely with V. > v2Cs
but without strong trailing Rayleigh phase(s), is required to fit the first-order features of the
observation at the NPW station. We also note that the supershear case under DT (Fig. 2¢), though
satisfying the above requirement, still cannot fit the observed negative FP pulse during Stage-III

(Fig. 2d), which calls for the need to incorporate other model ingredients.
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Figure 2. Wavefield characteristics for two reference cases under the 2.5D model. (a) and (b) show
the simulated velocity wavefield for a supershear rupture under a mother-daughter transition (MDT)
and the related waveform fit with data at the NPW station. (¢) and (d) show similar results as in (a)
and (b) but for a supershear rupture under a direct transition (DT). In (a) and (c), relative along-
strike distance zero is aligned to the NPW station, which itself is ~240 km south of the epicenter

(red pentagram) and ~2.5 km west of the fault (Lai et al., 2025). In (b) and (d), relative time zero
is aligned to the onset of observed FP pulse (in black) during Stage-II.
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4.2. Preferred cases with a fault barrier

Inspired by the known properties of stopping phase (Section 1) and the close proximity of NPW
station to a local slip minimum (Section 3.2), we further incorporate a fault barrier into the
supershear cases under DT, in order to test if the added barrier can cause a reversed-polarity
secondary pulse in the FP component. Simulated results under the 2.5D model show that indeed
the barrier, here modeled as a patch with spatially decreased initial shear stress, can produce a
negative secondary pulse (Stage-III) in the FP component (Fig. 3b). By comparing more near-fault
synthetic waveforms with the evolution of on-fault slip velocity, we find that the negative pulse
observed at the NPW station is associated to the northward-propagating part of a stopping phase
(Figs. 3a and S9). While such phase can cause a negative FP velocity off the fault, in the performed
simulations it only permits a temporary relocking (zero instead of negative slip velocity) exactly
on the fault due to frictional constraint (Fig. S9). We further conduct a detailed parameter-space
study, by exploring waveform fit against data during Stage-I to III (Text S8) under various
conditions of (negative) stress gradient, barrier location and slip-weakening distance (Fig. 3¢). The
results suggest that in the preferred case(s) the barrier should be located at ~6 km south of the
NPW station, and the absolute value of stress gradient must be relatively high (Fig. 3d), otherwise
the relative timing or the amplitude of the negative FP pulse cannot be reproduced (Figs. S10—
S12). We also make another set of tests by replacing decreased initial shear stress with increased
normal stress or static friction coefficient, and obtain similar conclusions (Figs. S13 and S14). By
transforming the preferred case(s) from 2.5D to 3D under a comparable model setup (Text S1), we
find that the transformed case(s) can also provide a good fit to the UD component, at least during

Stage-1I and/or I1I (Figs. S15-S17).
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Figure 3. Wavefield characteristics for a preferred case under the 2.5D model and the related phase

diagrams for constraining the properties of an added barrier. (a) and (b) show the simulated velocity
wavefield for a barrier-impeded supershear rupture under DT and the related waveform fit with
data at the NPW station. In (a), major wavefronts of the stopping phase are marked by dashed lines.
(c) Definitions of decreasing gradient of initial shear stress (Vt;), location of barrier relative to

NPW station (Xg,.—npw) and slip-weakening distance (D.), with 74 and t4 indicating static and
dynamic strength, respectively (Text S3). (d) Phase diagrams summarizing waveform fit in terms
of root-mean-square-error (RMSE, see Text S8) over a range of D, |Vt;| and Xg,—npw-

5. Discussion and conclusions

We have analyzed the near-fault strong motion data recorded at the NPW station. By integrating

the observed waveform characteristics, simulation results and other available information, we now

provide an in-depth discussion on the source process of the 2025 My, 7.8 Myanmar earthquake. At

the macroscopic scale, the southward rupture did not propagate smoothly with an average

supershear speed of 4615 m/s (S V2Cs) (according to the epicentral distance of ~240 km and the

10
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arrival time of ~52 s at the NPW station), but had episodic acceleration and deceleration, possibly

involving supershear around the hypocenter, subshear around the CCTV camera and supershear

again (likely with V. > v/2Cs) around the NPW station (Inoue et al., 2025; Hirano et al., 2025; Figs.
1 and 3). This large-scale intermittent process is also supported by the coseismic slip distribution,
with one low slip patch lying between two high ones (Inoue et al., 2025; Ye et al., 2025; Fig. 4),
corresponding to the estimated subshear and supershear episode(s), respectively (Hirano et al.,
2025). Similar rupture behaviors, characterized by supershear-subshear-supershear transition and
undulant slip distribution, have been repeatedly observed on a laboratory fault with stress
heterogeneities (Xu et al., 2023), suggesting that the 2025 Myanmar earthquake may also be

modulated by stress heterogeneities.

At the local scale, the rupture evolution on subfault F3 showed multiple slip pulses associated with
strong spatial heterogeneity (Fig. 1b) and was impacted by an inferred barrier near the NPW station
(Figs. 3 and 4), also contributing to an intermittent process. More evidences for the inferred barrier
can involve the following features near the NPW station: (a) high-frequency source radiators (Li
et al., 2025) including some back-propagating ones (Vera et al., 2025), (b) clustered aftershocks in
contrast with fewer ones to the north (Peng et al., 2025; Fig. 4), (¢) coincidence with the southern
end of the previously identified seismic gap (Li et al., 2025; Fig. 4), (d) relatively low slip and/or
low stress drop reported by other studies (Li et al., 2025; USGS, 2025), (e) structural complexities
such as fault discontinuity, branching and bend (fig. 19.9¢ in Tun & Watkinson (2017); Fig. 4), and
(f) localized reverse-type faulting and seismicity (fig. 19.2 in Tun & Watkinson (2017); Fig. 4)
indicating a local high angle of maximum compressive stress to the Sagaing fault (see Mount &
Suppe (1987) and Miller (1998) for a corresponding discussion on the San Andreas fault).
Therefore, although we cannot rule out other possibilities for interpreting the negative FP
secondary pulse recorded at the NPW station, such as the negative loading from fault-zone-
reflected waves (Huang & Ampuero, 2011), we think barrier-induced stopping phase should stand
out as a strongly-supported explanation (Figs. 3, 4, S15-S17). While we have further constrained
the starting position and strength of the inferred barrier (Figs. 3, S13 and S14), it is difficult to
estimate its ending position on the other side by current simulations. Nonetheless, we expect the
barrier to exhibit a moderate size at most (Fig. 4), since the actual rupture could continue its

propagation further to the south (Ye et al., 2025; USGS, 2025).
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Figure 4. Perspective view of seismological and geological features around the 2025 M, 7.8
Myanmar earthquake rupture zone. Color-coded beachballs show the focal mechanisms and depth
information for some historical earthquakes according to the GCMT catalog, and open circles show
the distribution of aftershocks (projected onto ground surface) according to the TMD catalog (see
Fig. 1 for more information). Color-coded patches show the coseismic slip distribution determined
by Ye et al. (2025), with the red pentagram indicating the mainshock hypocenter. Plots at the
bottom right show the simulated FP velocity under the preferred case and the corresponding
waveform fit with data. The position and possible spatial extent of the inferred barrier are depicted
by the dashed black line to the south of the NPW station.

Taken together, the discussed intermittent source process supports the view of fault segmentation
as one of the criteria for distinguishing some large earthquakes from small ones (Lay & Kanamori,
1981; Aki, 1984; Manighetti et al., 2007; Xu et al., 2018; Klinger, 2022; Cui et al., 2025).
Specifically, the inferred barrier near the NPW station (Fig. 4) likely represents a segmentation
boundary for the Sagaing fault. On one hand, it may serve as an external barrier to fully stop some

small earthquakes around 19.5°N (Fig. 1), with their sources described by a compact, simply-
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connected region (Manighetti et al., 2007) with near-constant rupture speed (Kaneko & Shearer,
2015). Under such condition, observable high-frequency radiation to the far field mainly reflects
the starting and/or stopping of the overall rupture process (Madariaga, 1977; Imanishi et al., 2004;
Li et al., 2022). On the other hand, it can behave as an internal barrier (e.g., partially-ruptured or
bypassed patch) within the overall source region of an elongated large earthquake, with ability to
cause additional high-frequency radiation, internal stress drop deficit or even stress concentration,
and multiple peaks in moment rate function (Madariaga, 1979), as supported by the observational

results for the 2025 M, 7.8 event (Ye et al., 2025; Li et al., 2025; Vera et al., 2025).

It is worth noting that some of the observed waveform features still cannot be fitted by the preferred
synthetics (Figs. 3), including (a) earlier signals carrying some high-frequency content during
Stage-1, (b) the descending slope without a subsequent ascending one at the FN main pulse during
Stage-1I, and (c) the enduring oscillations during Stage-III and IV. This suggests that more
complexities may be involved in the 2025 Myanmar earthquake but are not modeled by current
simulations. Nonetheless, we can propose tentative ideas for understanding these features,
assuming that they reflect true source, path or site effects rather than instrumental errors. Due to
the earlier arrival, feature-(a) may represent head wave refracted from the Moho or the bimaterial
Sagaing fault (e.g., Ben-Zion, 1990) and/or direct wave radiated by earlier-stage rupture (Peng et
al., 2025), with the high-frequency content indicating P-wave-triggered failure or nonlinear
response in the shallow subsurface (Sleep, 2018; Sleep & Ma, 2008) and/or local damage-related
radiation (Ben-Zion et al., 2024). Feature-(b) is rather intriguing at first glance, as it would contrast
with the predicted opposite polarities for FP and FN components at the Mach front (Figs. 2 and
S8), where pure shear deformation (zero divergence) is expected to dominate (Mello et al., 2016).
Possible ways for reconciling this conflict and the mismatch in FN pulse amplitude could be to
incorporate a depth-varying source process (Fig. 1b) and/or material heterogeneity (Xu & Ben-
Zion, 2017; Abdelmeguid et al., 2025). Finally, feature-(c) may stem from various trapping effects
of'a sedimentary basin (Somerville & Graves, 2003) or low-velocity fault zone (Huang & Ampuero,
2011; Xu et al., 2015), especially considering that the NPW station resides in the southwestern
(extensional) quadrant of the 2025 Myanmar earthquake, where the central Myanmar basin (Tun
& Watkinson, 2017) and off-fault rock damage can indeed play a role. Future work can be done to

test the above ideas via more sophisticated 3D numerical simulations.
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In summary, our study by identifying supershear rupture and stopping phase at a near-fault strong
motion station has provided valuable insights into the 2025 M,, 7.8 Myanmar earthquake, such as
an intermittent source process and the existence of a fault barrier. The results once again
demonstrate the significance and value of near-fault observations (Ben-Zion, 2019). Previously
near-fault observations have been employed to estimate fracture energy and/or slip-weakening
distance of dynamic ruptures (Fukuyama & Mikumo, 2007; Cruz-Atienza & Olsen, 2010;
Svetlizky et al., 2019; Xu et al., 2019), to characterize various rupture modes including supershear
rupture under different generation conditions (Dunham & Archuleta, 2004; Bizzarri & Liu, 2016;
Xu et al., 2023), to clarify rupture and wave phases (Yao & Yang, 2025), and to recognize high-
order re-rupture behind a primary rupture (Ding et al., 2024). With more deployments of near-fault
observations, more properties previously proposed for earthquake sources can be tested, while

some unexpected, new results may be discovered as well.
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Introduction

In this supporting information, we show the basic idea for understanding the relation between the
2.5D and 3D models (Text S1), explain the model setup for conducting numerical simulations
(Text S2 to S7), present the methods for evaluating waveform fit (Text S8), and briefly summarize
the contents of related figures and tables (Text S9). Several additional figures (Figures S1 to S17)
and tables (Tables S1 to S2) are also included, to provide further support for the ideas and/or

statements presented in the main text.
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Text S1. The relation between the 2.5D and 3D models
Figure S1 shows the equivalent mapping between a 2.5D model and a conventional 3D model. The
2.5D model is similar to a conventional 2D model, featured by a 1D fault embedded in a 2D plane
(the XY plane, see Fig. S1a), but can also take into account the stress communication at the vertical
boundary (in Z direction) of the seismogenic zone (Weng & Ampuero, 2019, 2020). From a 3D
point of view, the 2.5D model can be considered as a 2D fault plane embedded in a 3D full space,
where the finite seismogenic zone width (W, sp) can lead to a rupture transition from crack-like to
pulse-like, once the along-strike rupture propagation distance exceeds some threshold value
proportional to W, <, (Day, 1982). Since a buried earthquake on a vertical strike-slip fault (as the
full-space case in Fig. Sla) can be approximated by the superposition of a surface-breaking
earthquake on a similar fault (as the half-space case in Fig. S1b) and its “mirror” above the free
surface (Pollard & Segall, 1987; Luo et al., 2017), it follows that there is an equivalent mapping
between the seismogenic zone width in the 2.5D full-space model (W, sp) and that in the 3D half-
space model (W5p):

Wisp = 2-Wsp (S1)
According to the kinematic source model of Ye et al. (2025) for subfault F3 (Fig. 1b) and the above
mapping relation (Eq. S1), we choose W5p as 7.5 km for the 3D model and W, 5, as 15 km for the
2.5D model.

In this study, structured meshes are implemented in both the 2.5D and 3D models, as the spectral
element method (SEM) is chosen to solve the dynamic rupture problem. The number of Gauss-
Lobatto-Legendre (NGLL) points per element is set to 5. The element size is set as 250 m for the
2.5D model and 500 m for the 3D model, equivalent to a grid resolution of ~62.5 m and ~125 m,
respectively. The Courant—Friedrichs—Lewy (CFL) number is set to 0.50 for the 2.5D model and
0.13 for the 3D model, resulting in timesteps of 0.0039 s and 0.00125 s, respectively. The 2.5D
model domain extends 250 km in the strike direction (X € [-100 km, 150 km]) and 150 km in
the fault-normal direction (Y € [—75 km, 75 km]). The 3D model extends the same 250 km in the
strike direction ( X € [-100 km,150 km] ), 80 km in the fault-normal direction (Y €
[—40 km, 40 km]), and 40 km in the depth direction (Z € [—40 km, 0]). For convenience, later

we use non-negative values for discussing depth in the 3D model (as in Fig. S2). Absorbing
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boundary conditions are applied to all surrounding boundaries, except for the free surface in the

3D model (Fig. S1b), which is treated with a traction-free boundary condition.

(a) 2.5D model (full space) (b) 3D model (half space)
1D fault z Free surface
/T—'Y /
X
//
W2sp Wap
X Aseismi
Aseismic seismic
Seismogenic zone Seismogenic zone
zone zone

Figure S1. Schematic illustration of the relation between (a) a 2.5D model in full space and (b) a
3D model in half space. For (a) and (b), a vertical strike-slip fault is considered, with blue area and
yellow area representing the seismogenic zone and aseismic zone, respectively, and W, ¢ and
W5p indicating the corresponding seismogenic zone width. In (a), red line indicates a 1D fault
embedded in a 2D plane (in gray). In (b), the free surface is colored in green.

Text S2. Elastic properties

Proper setup of elastic properties in numerical simulations is crucial for comparing simulated
waveforms with data. Here, we estimate the related values based on the regional velocity structure
for Myanmar (Shiddiqi et al., 2019). After some averaging over the seismogenic depth, P wave
speed (Cp) and S wave speed (Cg) are set as 5580 m/s and 3310 m/s, respectively. Subsequently,
Rayleigh wave speed (CR) is estimated as 3031 m/s following Aki and Richards (2002), and mass
density (p) is empirically determined as 2633 kg/m?3 following Brocher (2005). For simplicity,
we don’t consider any spatial variations of elastic properties in the current simulations, such as a
material contrast across the Sagaing fault, a sedimentary basin in the top few kilometers, or a fault
damage zone with reduced wave speeds (Peng et al., 2025). These complexities are left for the

future work aiming to simulate more realistic ground motions.

Text S3. Friction laws
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As in Ding et al. (2023), a time-weakening friction (TWF) law is used to artificially nucleate the
rupture on the modeled subfault F3, by forcing friction coefficient f to drop with time t at a

constant rate of (f; — fg) - ,TWF /L,:
: Us=fa) (W WFe-
f = min {max {fO — d (L T),fd},fs} (S2)
0

where f, is the initial shear-to-normal stress ratio (a)i(y / |a}i,y|, to be introduced in Text S4), f; and

VTWF
r

fq are the static and dynamic friction coefficient, respectively, is a constant speed at which

rupture is forced to propagate, r is the distance from the nucleation site on subfault F3.

After a certain amount of propagation distance, a slip-weakening friction (SWF) law will take over
the control, with friction coefficient f linearly decreasing with slip § until reaching a critical value
D:

5 .
_(f-G—f 5 if5 <D
far if 5 > D,

f (S3)

where f; and fy retain the same meanings and values as those in TWF. Accordingly, static and
dynamic strength can be defined as 75 = f; - |o,| and T4 = f3 - |o, |, respectively, with |o,, | being
the magnitude of normal stress (see Text S4, S5 and S7). Under the control of SWF, rupture can
propagate spontaneously with a varying rupture speed. In most cases, we use the above strategy
involving both TWF and SWF to simulate a variety of rupture speeds approaching the target NPW
station on subfault F3. In some other cases, we employ TWF only but with different constant
speeds (with respect to v2Cs) to explore the corresponding wavefield under a (quasi)steady-state

supershear rupture.

Text S4. Basic setup of the initial stress field

The fundamental part of the initial stress field, in the absence of any further model complexities,
is set based on the previous modeling works on strike-slip earthquakes (Dunham & Archuleta,
2004; Ding et al., 2023) as well as trial-and-error specifically made for the 2025 Myanmar
earthquake. Without losing generality, initial normal stress (a}i,y) is set at —50 MPa (negative for

compression) and strike-parallel initial shear stress (a)i(y) is set at 24 MPa in the 2.5D model. In

the 3D model, dip-parallel initial shear stress (a;,z) is chosen as 0 MPa at all depths, while O'}i,y and

25



Non-peer reviewed preprint submitted to EarthArXiv, submitted to Geophysical Research Letters on August 21, 2025

a)i(y are assumed to linearly taper toward zero over the uppermost 1 km (Fig. S2a), to ensure a close

similarity with the 2.5D model over much of the seismogenic zone and a compatibility with the

free surface condition as assumed in previous studies (Ma, 2008; Kaneko & Lapusta, 2010).

a b
@ o T—————— T10km ®) o
T ° T 5
= =,
£ £
o ol
] 10 g 10
— -Oy
—O’QV
15 oy, 15 !
0 20 40 60 80 0 0.5 1 15 2 25
Stress [MPa] Friction coefficient
©) o @ o
E° £ S
=, =,
K- -
s S
g 10 g 10
15 1 15 |
D, 6D, 0 10 20 30 40

Cohesion [MPa]

Figure S2. Additional setup for the 3D model. (a) Along-depth distribution of various stress
components. (b) Along-depth distribution of static and dynamic friction coefficient. (¢) Along-
depth distribution of slip-weakening distance, expressed by the basic unit of D. used in the 2.5D
model. (d) Along-depth distribution of fault cohesion. Except for the stress field in the uppermost
1 km, all the parameters above the depth of 7.5 km share the same values as in the 2.5D model.
For (a)-(d), positive depth corresponds to the negative direction along the Z-axis (see Fig. S1).

Text SS. Setup of the seismogenic zone

While the seismogenic zone can be directly defined via the parameter W, ¢ in the 2.5D model
(Fig. Sla), it needs to be manually set in the 3D model. Here for the 3D model, the down-dip
transition from the seismogenic zone to the aseismic zone (Fig. S1b) is realized by assigning
increased-then-saturated values of static friction coefficient (f;) (Fig. S2b), slip-weakening
distance (D. — 6D.) (Fig. S2¢) and fault cohesion (the intrinsic part of fault strength that is
independent of normal stress) below the depth of 7.5 km (Fig. S2d). The assumed values have

been tested to be strong enough to restrict the simulated 3D ruptures in the top 7.5 km or so.
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Text S6. Additional setup for promoting/arresting rupture toward the south/north

In order to simulate dynamic ruptures with different speeds, we follow the method of Dunham and
Archuleta (2004) to introduce an asperity to the south of rupture nucleation site on subfault F3
(different from the actual hypocenter on subfault F1). The asperity is realized by increasing initial
(strike-parallel) shear stress t; from 24 MPa toward a constant higher level of Tf\ *P with a purpose
to promote rupture acceleration including possible supershear transition toward the south. The
exact value of TiA °P varies from case to case, and will be tuned to control the rupture speed and the
slip pulse amplitude approaching the target NPW station. On the opposite side, static friction
coefficient fg is assumed to rise from 0.6 toward 5.0, in order to impede rupture propagation
toward the north (not the focus of current study). It should be noted that the above methods for
promoting or arresting rupture propagation are arbitrary. The main purpose is to output a
southward-propagating rupture, whose wavetield can be checked with the observation at the NPW

station, rather than to reproduce precisely the inverted rupture process on subfault F3 (Ye et al.,

2025).

Asp Asperity fs
5.0

1 km 1km 06
Noth<——  Along-strike distance =~ — > South

Figure S3. Additional setup of initial shear stress 7; and static friction coefficient f;. 7; (in black)
1s assumed to increase and then saturate at a higher level ‘riA *P toward the south, in order to promote
rupture propagation in this direction. f; (in blue) is assumed to exhibit a similar behavior but
toward the north, in order to arrest rupture in this direction. The region with increased t; is referred
to as an asperity. Yellow pentagram indicates rupture nucleation site on the modeled subfault F3,
which is set arbitrarily and should not be mixed with the actual observation.

Text S7. Realization of a barrier near the NPW station
We try three different ways to model a barrier near the NPW station: a fault patch with (a) spatially

decreased initial shear stress (t;) (Fig. S4a), (b) spatially increased magnitude of initial normal
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stress (|a,| = |O'}i,y|) (Fig. S4b), and (¢) spatially increased static friction coefficient (f;) (Fig. S4c).
For all the three, the related quantity first deviates from its original level by a constant gradient,
but later remains at a new, constant level after a certain along-strike distance. We use the related
gradient of initial shear stress Vt; or that of static strength VT, = V(f; - |a,|) to assess the effect
of barrier strength. In addition, we also examine the effect of barrier location, defined by the
relative distance of its starting position to the NPW station (Xgar—npw)- XBar—Npw 1S positive and

negative when the barrier is located on the southern and northern side of the NPW station,

respectively.
(a) (b)
A A A A A A
fs |lonl = fs |lonl
0.6 0.6 . 50 PA
50 MPa 50 MPa
T Increasing Increasing
i 1__ Decreasing strength strength
X stress Ts < ] gradient Ts < ] gradient
0 Bar-NPW gradient Bar-NPW Bar-NPW |
LA > LA o | | LA o | |
NPW Barrier NPW Barrier NPW Barrier
North «— Along-strike distance —> South North «— Along-strike distance —> South North «— Along-strike distance — South

Figure S4. Realization of a fault barrier near the NPW station, associated with (a) spatially
decreased initial shear stress t;, (b) spatially increased initial normal stress |0, |, and (c) spatially
increased static friction coefficient f;. Decreasing stress gradient and increasing strength gradient
are evaluated by Vt; and Vi, = V(f; - |a,|), respectively. Xga.—npw defines the starting position
of the barrier relative to the NPW station, with positive/negative indicating the barrier on the
southern/northern side of the NPW station.

Text S8. Methods for evaluating waveform fit

A metric in terms of root-mean-square-error (RMSE) is introduced to evaluate the similarity
between the simulated synthetic waveform and the observed one. A lower RMSE value indicates
a higher similarity between the two and hence a better waveform fit. The core steps for evaluating
waveform fit via RMSE are summarized below, following and modifying the methods in Xu et al.

(2019):
Step 1: Resample the synthetic waveform under the 2.5D or 3D model from its original timestep

(see Text S1) to anew one of 0.01 s, in order to match the sampling rate of the observation (100 Hz)

(Lai et al., 2025).
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Step 2: Cut the observed waveform in a shorter time window and the synthetic one in a longer time

window. Then pick a starting point of the longer synthetic waveform.

Step 3: Use the observed waveform as a template to slide against the synthetic one, and compute
the related RMSE (Eq. S4) over the time window of Stage-I to I1I (see Fig. 1¢; we purposely ignore
Stage-1V since our current simulations cannot reproduce the enduring oscillations behind the main
pulse; however, we include Stage-I since this part is crucial for baseline alignment of the velocity

waveform):

n 2
RMSE = |2t (g vi™) (S4)
(2 or 3) ‘N¢

where V;yn is the extracted part of synthetic waveform, Vi‘]’-bs

is the observed waveform, and N, is

the total number of samples during Stage-I to III. The index i denotes the waveform component,
corresponding to FP and FN for the 2.5D model, and FP, FN, and UD for the 3D model. Similarly,

a sub-RMSE for each component, taking FP as an example (i = 1), can be computed:

N syn obs 2
RMSE_FP = \/fol(v”y ) (S5)

N

where Vl‘j.yn and Vl"]-bs represent the corresponding FP component of the synthetic and observed
waveforms, respectively. After the above operation, store the computed values of RMSE and sub-

RMSE.

Step 4: Shift the starting point of the longer synthetic waveform by one timestep (0.01 s) and

repeat Step 3, until reaching the end of synthetic waveform.

Step 5: Evaluate the distribution of RMSE as a function of shifted number of timestep. The one
with a minimal value of RMSE (Fig. S5a) will be used to show the corresponding waveform fit

for each component, and the associated values of RMSE FP and RMSE FN (Fig. S5b).

Later, when constructing the phase diagram such as in Fig. 3d, we repeat the above steps for each
combination of model parameters, and plot the obtained value of RMSE (from Step 5) in the

parameter space. After exploring a range of model parameters, we choose the preferred cases as
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those “interior points” (i.e., not at the boundary) with lower (not necessarily the lowest) values of

RMSE.

(a) (b) Stage-| __Stage-ll __Stage-lll __ Stage-IV
RMSE =\/(RMSE_FP) + (RMSE_FNY? /v2 RMSE_FP = 0.1815 m/s — Synthetic
w I — Observed |
0.65 £
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E - 1 1
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Figure SS5. (a) Distribution of root-mean-square-error (RMSE) as a function of shifted number of
timestep. RMSE, defined in Eq. (S4), is a metric for evaluating the general similarity between
synthetic and observed waveforms over all components (here over the FP and FN components).
(b) The corresponding waveforms when RMSE (evaluated over Stage-I to III) reaches a minimum
(the red dot in panel (a)). RMSE FP (Eq. S5) and RMSE_FN indicates a sub version of RMSE for
the FP and FN component, respectively.

Text S9. Summary

Figures S6-S17 show additional simulation results to support various statements made in the main
text (Figs. S6-S14 under the 2.5D model, and Figs. S15-S17 under the 3D model): waveform fits
under a simulated subshear rupture (Fig. S6), a simulated incipient supershear rupture (Fig. S7)
and six simulated (quasi)steady-state supershear ruptures (Fig. S8), comparison between on-fault
slip velocity and off-fault particle velocity (Fig. S9), effect of barrier location on waveform fit
(Figs. S10 and S11), effect of barrier strength on waveform fit (Fig. S12), preferred cases with
barrier realized by increased normal stress and the related phase diagrams (Fig. S13), preferred
cases with barrier realized by increased static friction coefficient and the related phase diagrams

(Fig. S14), and selected preferred cases under the 3D model (Figs. S15-S17).
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Table S1 summarizes the basic parameters and their values, common for both the 2.5D and 3D
models (excluding those for the aseismic zone in the 3D model). Table S2 lists the specific

parameter values used in some simulation cases, without or with a fault barrier.
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Figure S6. (a) Evolution of slip velocity for a simulated subshear rupture under the 2.5D model.
(b) The related waveform fit with data at the NPW station. See Text S8 and Fig. S5 for the
meanings and computations of RMSE, RMSE FP and RMSE FN.
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Figure S7. Similar to Figure S6, but for an incipient supershear rupture that has just transitioned
from subshear near the NPW station.
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Figure S8. (a)-(f) Simulated wavefields for six (quasi)steady-state supershear ruptures under the
control of time-weakening friction (TWF) in the 2.5D model (first column), and the related
waveform comparison with the observation at the NPW station (second and third columns). In the
first column, rupture propagates to the “right” (south), with background color showing the
magnitude of particle velocity and white arrows indicating the direction and relative magnitude of

particle motion. Positive FP in the second column and positive FN in the third column correspond
to the “left” and “up” in the first column, respectively.
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Figure S9. Evolutions of simulated on-fault slip velocity (a) and off-fault particle velocity (b-f) at
a series of along-strike distances or off-fault distances. The results here correspond to the case
shown in Figs. 3a and 3b.
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station (Xpar—npw = —2 km, instead of the previous value of 6.25 km). For this case, the
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(for reference, see the simulated wavefield in Fig. 3a or the waveforms in Fig. S9).
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Figure S11. Similar to Figs. 3a and 3b, but with a barrier located closer to the NPW station on its
southern side (Xgar—npw = 4 km, instead of the previous value of 6.25 km). For this case, the
simulated negative FP pulse (in red) arrives earlier than the observed one (in black).

38



Non-peer reviewed preprint submitted to EarthArXiv, submitted to Geophysical Research Letters on August 21, 2025

(@) (b) | Stage-| __Stage-ll __ Stage-lll __ Stage-IV
2 ! u T T T — T T —~ T T
P-wave svr _
i i jeld = —— Synthetic
a L idilatational field ~Mach front o
(0] E 1L |
g N
2 Tt Northward i
3 2 stopping phase
—% S 0 MW SN\ N
=z z
i o
= WA WA B e i 4
cl\ /)y _ __Xr-----
S\
<

1
-

EN distance 2 . . . :
A I —— Synthetic |
» — Observed
Ti E 1] 1
- 2 Rayleigh
§ Vi =-2.7 MPa/km 5 S
= o 0
@9 R ; —————
Xgar-NpPw! L
A, .
NPW Barrier = L . . . i Mach front . . . .
Along-strike distance 4 3 2 1 0 1 2 3 4 5 6 7

Relative time [s]

Figure S12. Similar to Figs. 3a and 3b, but with a weaker barrier (Vr; = —2.7 MPa/km, instead

of the previous value of —108 MPa/km). For this case, the amplitude of the simulated negative
FP pulse (in red) is much reduced.
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gradient (Text S7, Fig. S4b).
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Figure S15. (a) Simulated slip velocity evolution for a barrier-impeded supershear rupture under
the 3D model. (b) The related waveform fit with data at the NPW station. For this case, the barrier
is realized by a spatial decrease of initial shear stress (see Table S2 for more information).
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Figure S16. Similar to Fig. S15, but with the barrier realized by a spatial increase of initial normal
stress (see Table S2 for more information).
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Figure S17. Similar to Fig. S15, but with the barrier realized by a spatial increase of static friction

coefficient (see Table S2 for more information).
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Table S1. Basic parameters and their values

Parameters Values

P wave speed (Cp) 5580 m/s

S wave speed (Cs) 3310 m/s
Rayleigh wave speed (CR) 3031 m/s
Mass density (p) 2633 kg/m3
Static friction coefficient (TWF & SWF) (f;) 0.60
Dynamic friction coefficient (TWF & SWF) (fy) 0.32
Rupture propagation speed (TWF, most cases) (V.TWF) 2000 m/s
Characteristic length (TWF) (L) 2 km
Slip-weakening distance (SWF) (D,) (0.75 —2.00) m
Initial normal stress (o, = gyy) —50 MPa
Initial strike-parallel shear stress (non-asperity) (t; = O')i(y) 24 MPa
Initial dip-parallel shear stress (a}i,z) 0 MPa

Initial strike-parallel shear stress (asperity) (7; = TiA °P)

(24.50 — 27.00) MPa
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Table S2. Certain parameters and their values used in specific cases

Figure # Parameters Values

Figs. 2aand 2b  Slip-weakening distance (D) 0.75 m
Initial strike-parallel shear stress (asperity) (t,""") ~ 25.75 MPa

Figs. 2cand 2d  Slip-weakening distance (D) 1.75m
Initial strike-parallel shear stress (asperity) (t.""") ~ 27.00 MPa

Figs. 3a,3b, 4,  Slip-weakening distance (D,) 1.75m

S5, 89, S10, Initial strike-parallel shear stress (asperity) (z."°") ~ 27.00 MPa

and S11 Magnitude of decreasing stress gradient (|Vz;]|) 108 MPa/km

Fig. S6 Slip-weakening distance (D.) 1.25m
Initial strike-parallel shear stress (asperity) (t.""?) ~ 24.50 MPa

Fig. S7 Slip-weakening distance (D.) 1.25m
Initial strike-parallel shear stress (asperity) (t.""") ~ 26.00 MPa

Fig. S12 Slip-weakening distance (D) 1.75m
Initial strike-parallel shear stress (asperity) (r/°") ~ 27.00 MPa
Magnitude of decreasing stress gradient (|V7;]) 2.7 MPa/km

Figs. S13 and Slip-weakening distance (D,) 1.75m

S14 Initial strike-parallel shear stress (asperity) (t.""") ~ 27.00 MPa
Magnitude of increasing strength gradient (|Vzg]) 120 MPa/km

Fig. S15 Slip-weakening distance (D.) 1.25m
Initial strike-parallel shear stress (asperity) (t."°") ~ 27.00 MPa
Magnitude of decreasing stress gradient (|V7;]) 54 MPa/km

Figs. S16 and Slip-weakening distance (D) 1.25m

S17 Initial strike-parallel shear stress (asperity) (t."°?) ~ 27.00 MPa
Magnitude of increasing strength gradient (|Vzg]) 60 MPa/km
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