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Abstract we investigated the rupture dynamics of the 2025 M,, 7.7 Mandalay, Myanmar earthquake, us-
ing a video recording of surface rupture, strong motion recordings, waveform simulation, and satellite im-
agery. Our assessment, based on the S-wave observation in the video and rupture arrival time at a seismic
station 246 km south of the hypocenter, suggests that rupture decelerated to subshear speeds (~3 km/s) from
initial supershear propagation (~6 km/s) before reaching the camera location. This deceleration is also sup-
ported by comparison between the fault-normal acceleration patterns seen in the video and that simulated
by kinematic rupture modeling. Additionally, satellite imagery indicated a local minimum in slip (2-3 m) ap-
proximately 40-60 km south of the epicenter, suggesting a region of reduced stress drop that likely caused the
temporary deceleration. Beyond this point, the rupture appears to have re-established supershear propaga-
tion.
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1 Introduction

Describing coseismic rupture, surface displacement,
and deformation near a fault remains a critical chal-
lenge for both seismology and earthquake engineer-
ing. Strong motion records within a few hundred me-
ters of the fault have been obtained from events such
as the 2000 Western Tottori earthquake (Fukuyama and
Mikumo, 2007) and the 2023 Kahramanmaras earth-
quake (METU-EERC, 2023). However, such observa-
tional opportunities are limited due to the cost of in-
stalling instruments and the difficulty in predicting rup-
ture locations, which would support deployment of sta-
tions well in advance. Therefore, it is important not
to rely only on seismic recordings, but to use whatever
data is available to study the rupture characteristics.

At 06:20 UTC on March 28, 2025, an M,,7.7 earth-
quake occurred along the Sagaing Fault, which traverses
Myanmar from north to south (Fig.S3). The epicenter
was located at 22.001°N, 95.925°E, with a focal depth of
10 km (USGS, 2025). The event involved the rupture of
a near-vertical strike-slip fault spanning approximately
450 km (USGS, 2025; Inoue et al., 2025). Severe damage
was reported in Myanmar and Thailand, with numerous
instances of surface rupture, especially observed in ar-
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eas along the fault trace.

On May 11, 2025, a video purportedly capturing co-
seismic surface rupture due to the mainshock was made
available online (for details, see Data and code availabil-
ity section, and Fig. S3 for the location). The footage
was taken approximately 124 km south of the epicenter.
Based on the posted latitude and longitude information
(20.8821°N, 96.0353°E), the camera, hereafter referred
to as CCTYV, was located within a megawatt solar power
plant adjacent to the northern part of Thazi town.

The shadows seen in the video suggested that the
camera was facing southwest (Latour et al., 2025). The
timestamps in the upper right corner of the frames ap-
pear to be about five minutes behind the local standard
time when compared to the USGS earthquake origin
time (USGS, 2025). The timestamps are in hh:mm:ss
format. Hereinafter, the seconds component (ss) is de-
fined as T. The footage indicated that subtle shaking
had begun by T' = 30, which intensified after 7" = 33.
Between T' = 35 and T' = 37, the footage clearly shows
right-lateral strike-slip displacement of the ground be-
yond the fence on the right side of the video frames and
the foreground gate. This recording is likely the world’s
first direct observation of surface fault rupture during
an earthquake. It provides direct information about the
rupture at a location where no seismographs were in-
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stalled.

An initial analysis of the video revealed a pulse-like
slip velocity function that completed within approxi-
mately two seconds (Hirano, 2025a, see Supplemen-
tary Material for the method). Although the dimen-
sion of the initial result was pixels/s, it has since been
refined through the analysis of numerous additional
points within the video, indicating that the maximum
slip velocity reached 3 m/s (Latour et al., 2025; Kearse
and Kaneko, 2025), or 4.5 m/s considering field observa-
tions (Gao et al., 2025).

For the Myanmar earthquake, information on near-
field ground motion (e.g., within 10 km from the fault
trace) is likely limited to the video analysis described
above and waveform data from the GEOFON station in
Naypyidaw (NPW) (Lai et al., 2025). This lone station
is located approximately 246 km south of the epicenter
and about 2.6 km west of the fault. Consequently, it is
crucial to leverage all potential data and explore diverse
avenues to understand the source behavior of this earth-
quake.

The rupture primarily propagated southward from
the hypocenter. An inversion result suggests the prop-
agation of a supershear rupture around the hypocenter
(Inoue et al., 2025). Furthermore, in the time-corrected
fault-parallel displacement waveforms (Lai et al., 2025),
a rapid displacement at NPW, likely associated with the
passage of the rupture front, began approximately 50 s
after rupture initiation, with no clear S-wave observed
prior. The average rupture velocity during this interval
is 210 = 4.92 km/s. Even based solely on this record, it
is strongly inferred that a significant portion of the rup-
ture propagated at supershear velocities.

Conversely, at the CCTV location, which is closer to
the epicenter, the rupture might propagate at subshear
rather than supershear speeds. This is supported by La-
tour et al. (2025), who note that the S-wave appears to
arrive 1.8 seconds earlier than the rupture front at this
site. While the video’s timestamp is inaccurate, which
makes the exact arrival times of the S-wave and rupture
atthe cameralocation unknown, if a substantial portion
of the rupture propagated subshear from the initiation
point to the CCTV location, it would contradict the in-
version results (Inoue et al., 2025). Therefore, a change
in the rupture propagation velocity would be consistent.

In this paper, we estimate the history of ground mo-
tion and rupture propagation velocity using informa-
tion from both the video and strong motion records.
Specifically, we demonstrate that the fault rupture de-
celerated to subshear speeds just before reaching the
CCTV location, although it generally propagated at su-
pershear speed.

2 Methods & Results

2.1 Restriction of rupture front

Herein, the origin time of the earthquake, 2025-03-28
06:20:52 UTC (USGS, 2025), is defined as t = 0 s. As pre-
viously stated, the rupture arrival time at the NPW sta-
tion is estimated to be t y = 50 s. We define r (km) as the
epicentral distance, with the CCTV location at rc = 124

2

| Supershear-subshear-supershear rupture in Myanmar

km and the NPW station at ry = 246 km. Assuming
a P-wave velocity of Vp = 6.0 km/s, and given that the
rupture cannot propagate faster than this velocity, the
rupture front at any given location where r < ry must
arrive within the time window defined by V5 Lr<t<
Vp'r +ty — Vi 'rn. The lower bound of this inequal-
ity signifies that rupture cannot occur before the arrival
of the P-wave radiated from the hypocenter. The upper
bound accounts for the allowable delay time for the rup-
ture to reach NPW at ¢ = ¢ . If this inequality is violated
at any r(< ry), the rupture cannot arrive at v at time
t = tn, even if its subsequent propagation occurs at the
P-wave velocity.

Next, we focus on the observation of a clear S-wave
at the CCTV location. To investigate its duration, we
analyzed the video footage, which has a resolution of
1280720 pixels and a frame rate of 30 fps. From each
frame of the video, we extracted a 1-pixel-height hor-
izontal line at 200 pixels from the top edge, spanning
1280 pixels in width. These extracted lines were then
aligned vertically to construct a stacked image (Fig. 1).

Focusing on the movement of the sliding gate de-
picted in Fig. 1, the subtle shaking started no later than
T = 30 s and is likely attributed to the P-waves origi-
nating from the hypocenter. We have to note that the
exact onset cannot be determined from the image anal-
ysis and the P-wave could have arrived before T' = 30
s. This is because the initial phase amplitude is typi-
cally low and we cannot estimate the sensitivity of the
image to ground shaking, which inherently depends on
the rigidity of the structure holding the camera. Subse-
quently, intense shaking commences at 7" ~ 33 s, which
is interpreted as the arrival of S-waves. Following this,
observations of the right side of the video frames indi-
cate that fault slip initiated around 7' = 35 s, with the
slip completing within approximately two seconds.

Given the earthquake origin time, the arrival times
of waves and rupture at NPW, and the duration of S-
wave arrival and slip at CCTV, the hypothetical rupture
propagation history is estimated as depicted in Fig. 2a.
The rupture front must always remain between the two
white lines in Fig. 2a. Despite the rupture propagation
velocity being supershear near the rupture initiation
point (Inoue et al., 2025), the observation of an approx-
imately two-second S-wave (indicated by the horizontal
black bar in Fig. 2a) before the rupture front arrival at
the CCTV location suggests that the rupture must have
decelerated to about 2.7-3.1 km/s at 65-99 km from the
hypocenter as calculated in Supplementary Material.

2.2 Fault-normal acceleration prior to the
rupture

The ground motion observed at the CCTV site imme-
diately preceding the onset of rupture suggests subs-
hear rupture propagation. A key observation for that is
the arrival of S-wave prior to the rupture (Latour et al.,
2025). The other one is the rightward displacement of
the sliding gate during the approximately two-second
interval between the S-wave arrival and the initiation of
faultslip as seen in Fig. 1. This indicates that the ground
experienced substantial acceleration towards the east
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(a) The upper part of the original video frame. The white line between the two horizontal arrows at 200 pixels

from the top edge indicates the extracted line in the following process. (b) A stacked image obtained by extracting a 1-pixel-
height slice along the horizontal line in (a) and aligning these slices vertically. The tics and values within (b) correspond to the
timestamp in seconds displayed in the upper right corner of the original video; the timestamp appears to be approximately
five minutes behind the actual local time when compared to USGS (2025).

(left side of the video frames), causing the sliding gate
to be displaced apparently westward due to inertia.

Given that this is a right-lateral strike-slip fault, the
rupture is expected to propagate from the north (right
foreground of the video frames) to the south (left back-
ground). Generally, as such slip propagates, the ground
ahead of the rupture front moves towards the left of
the video frames for subshear rupture and towards the
right of the video frames for supershear rupture, as
shown by 2-D steady-state pulse solutions (Dunham and
Archuleta, 2005) and 3-D dynamic rupture simulations
(Abdelmeguid et al., 2024). However, these models do
not account for abrupt rupture deceleration directly be-
fore the observation point. Therefore, to fully under-
stand this event, it would be beneficial to interpret the
results of kinematic simulations where rupture prop-
agation velocity matches observations from the Myan-
mar event.

We calculated the fault-normal acceleration at a dis-
tance of r = 124 km from the epicenter with 2-D and
3-D models. The 2-D modeling was achieved by em-
ploying the integral kernel derived for 2-D velocity fields
within the framework of the Boundary Integral Equa-
tion Method (Tada and Madariaga, 2000). The 3-D mod-
eling with a free surface and a planar strike-slip fault
down to 20 km depth was done using OpenSWPC, an
open-source code utilizing a finite difference method
(Maeda et al., 2017). The methodology on the 2-D and
3-D calculations are detailed in Supplementary Mate-
rial. For the fault slip time history, we assumed two
distinct slip pulses: uniform supershear rupture with

3

the propagation speed of 4.92 km/s as calculated in the
introduction and supershear-subshear-supershear rup-
ture sequence as illustrated in Fig. 2a. Both scenarios
involve a slip velocity, which is given by

Mﬂ(t —t)H(t+2-8) (1)

with a duration of two seconds, where H(-) is the Heav-
iside function. The rupture initiation time, ¢,., is depen-
dent on the epicentral distance, r, and follows the sce-
narios. While the actual duration of fault slip can ex-
ceed two seconds at various locations, with some areas
peaking more than 10 seconds after rupture initiation
(Inoue et al., 2025), the impact of these longer durations
would appear in the right side of the dashed white line
in Fig.2a. Therefore, given that our current analysis fo-
cuses only on the period immediately surrounding the
rupture’s arrival, these longer slip durations are disre-
garded.

Our modeling reveals distinct fault-normal accelera-
tion patterns depending on the assumed rupture prop-
agation. In the case of constant supershear rupture
(Fig. 3a), only a gradually increasing westward accelera-
tion is observed prior to the onset of slip. Conversely, an
abrupt change in rupture propagation velocity (Fig. 3b)
leads to the generation of a significant eastward acceler-
ation commencing two seconds prior to slip initiation.
This finding demonstrates robustness, having been re-
produced by both 2-D and 3-D simulations. The discrep-
ancies observed after ¢t ~ 29 s are attributed to the fi-
nite fault extent in the 3-D case, where strong radiation
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Figure 2 (a) A potential rupture scenario illustrating
supershear-subshear-supershear propagation from the epi-
center to the NPW station (triangle, hypocentral distance
r = 246 km). The gray-to-blue color contour represents the
pulse-like slip velocity with a duration of two seconds. The
solid white line represents the direct P-wave radiated from
the hypocenter. The dashed white line indicates the con-
dition under which the rupture reaches the NPW station at
t = 50 s. If the rupture front crosses to the right of this line,
it cannot reach the NPW station by ¢ = 50 s. Solid and dot-
ted yellow lines indicate propagation velocity of 3.5 km/s
through the hypocenter and the deceleration point, respec-
tively. The inset shows a zoomed plot where the horizontal
black bar indicates the two-second duration of the S-wave
before the rupture onset observed at the CCTV site (r =124
km). (b) Slip distribution along the surface fault trace de-
rived from Sentinel-2 imagery. The ordinates are common
to both (a) and (b). See Supplementary Material for alge-
bra to obtain the deceleration point (r; = 65-99 km) and
subshear rupture velocity (2.7-3.1 km/s) in (a) and an im-
age analysis to calculate the slip in (b).

also appears from the bottom edge of the fault. Un-
like the constant velocity scenario, Fig. 3b also shows
discernible ground motion caused by P-waves, which is
consistent with the observations from the video analy-
sis. Therefore, these results suggest that the rupture de-
celerated prior to reaching the CCTV location.

3 Discussion

To investigate the reason for the abrupt deceleration of
the rupture, we calculated the surface fault slip distribu-
tion (Fig. 2b) using satellite imagery. North-south sur-
face displacements obtained at 80-m resolution reveal
that slip occurred precisely along the known fault trace
(Fig. S3a). By taking their difference between the east
and west, we can derive the surface slip distribution (see
Supplementary Material for details). The results show
that the slip reached 5 m near the epicenter. However,
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Figure 3 The assumed slip history (dashed black) and
the calculated fault-normal acceleration (solid gray for 2-
D and solid black for 3-D) as a two-second duration slip
pulse propagates past the CCTV location. The rupture sce-
narios are (a) the supershear rupture propagating with uni-
form velocity of 4.92 km/s and (b) the supershear-subshear-
supershear rupture asin Fig.2a. The labels P, Sy, R,and Sin-
dicate arrivals of P-wave from the hypocenter, S-wave from
the rupture deceleration point, the rupture front, and S-
wave from the hypocenter, respectively. For the solid lines,
positive values indicate eastward acceleration. All units are
arbitrary.

it exhibits a local minimum of 2-3 m at 40-60 km south
of the epicenter. Further south, a widespread average
slip of 4 m, without a broad region of reduction, is dis-
tributed over an epicentral distance of approximately
100-250 km.

Final slip amount correlates with the static stress
drop. Mathematically, the slip distribution D(k) and
stress drop distribution 7 (k) on a planar fault are related

as D(k) ~ —m’r

ber vector (Andrews, 1980). This indicates that D is ob-
tained by reducing the shorter wavelength (i.e., larger
|k|) components of 7. This relationship, resulting from
numerical simulations with heterogeneous stress drop,
is also evident in Figs. 3 and 4 of Andrews and Barall
(2011). Considering this, a large static stress drop can be
inferred near the epicenter of the Myanmar earthquake.
Conversely, a region with a small stress drop likely ex-
isted, centered 40-60 km from the epicenter (~ 21.5°N).

In general, local rupture acceleration stems from the
energy release rate, which scales with the square of the
stress intensity factor. The stress intensity factor itself
scales with stress drop (Freund, 1990). This indicates
a theoretical local correlation between stress drop and
rupture velocity. Therefore, although the rupture ac-
celerated to supershear speed near the epicenter due
to the large stress drop, energy release gradually weak-

(k), where k is the 2-D wavenum-
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ened around the 40-60 kilometer point, preventing it
from maintaining supershear propagation. Theoreti-
cally, rupture propagation between the Rayleigh wave
speed and /2 times the S-wave speed is unstable be-
cause the stress singularity is weaker than the square
root (Freund, 1990, section 4.3.4). Consequently, the
energy release rate decreases as the rupture deceler-
ates within this speed range. Hence, the rupture might
immediately revert to subshear regime due to the posi-
tive feedback between rupture deceleration and energy
release rate reduction. Subsequently, beyond the 100-
kilometer point, increased stress drop and energy re-
lease may have led to the re-establishment of supers-
hear rupture.

For the location ~ 21.5°N, Inoue et al. (2025) revealed
the local minimum of the released potency density
and the variation of dipping angle of the fault by their
potency density tensor inversion method that enables
imaging not only slip amount but also strike/dip/rake
angles at each point along the fault plane. Also, some
investigations have revealed that the location ~ 21.5°N
is a fault segment boundary characterized by the edge
of a seismic gap and a discontinuity in the fault dip an-
gle (Hurukawa and Maung Maung, 2011; Tha Zin Htet
Tin et al., 2022). These seismological and geological re-
sults suggest that there exists a segment boundary that
may behave as a barrier and reduce the slip at ~ 21.5°N.
Our model may thus provide a case study of the interac-
tion between a dramatic change in rupture speed and a
geological barrier.

4 Conclusions

This study provides unprecedented insights into the
rupture characteristics of the 2025 Mandalay Earth-
quake (M,,7.7) along the Sagaing Fault. Through the
integrated analysis of a unique coseismic video record-
ing, seismic data, kinematic simulation, and satellite
imagery, we have revealed a dynamic rupture history.

Our findings indicate that the rupture initiated with
supershear velocities near the hypocenter but experi-
enced a notable deceleration to subshear speeds as it
approached the CCTV observation site. This tempo-
rary slowdown is strongly supported by observed fault-
normal acceleration patterns and aligns with the pres-
ence of a localized minimum in fault slip around 40-60
km south of the epicenter, suggesting a zone of reduced
stress drop. Subsequently, beyond this point, the rup-
ture appears to have re-established its supershear prop-
agation.

This research demonstrates the immense value of di-
rect observations of surface fault rupture, especially in
environments where traditional seismic instrumenta-
tion is sparse. The detailed rupture dynamics unveiled
here contribute significantly to our understanding of
complex earthquake behaviors, particularly concern-
ing the factors influencing rupture velocity changes and
their implications for near-fault ground motion. Future
work will aim to further constrain the precise timing of
these velocity transitions and their correlation with ge-
ological and stress conditions along the fault.
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