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Abstract The 2025 Mw 7.8 earthquake on the central Sagaing Fault is one of the most destructive seis-
mic events in Myanmar’s recorded history, producing near-fault shaking exceeding Modified Mercalli Intensity
X and impacting tens of millions of people across Southeast Asia. We present a detailed kinematic rupture
model of the event based on joint inversion of regional strong motion waveforms and Sentinel-1 SAR pixel off-
sets. The rupture extended over ~450 km with an average slip of 3-5 m, predominantly within the upper 10 km
of the crust. Inversions favor a maximum rupture speed of ~4.8 km/s, consistent with supershear propagation
inferred from near-field waveform observations. We also report on paleoseismic evidence from a key site at
the epicenter of the 2025 earthquake near Mandalay, which reveals five surface-rupturing earthquakes over
the past millennium, with similar average displacement. Our results indicate a pattern of overlapping large
ruptures along the central fault, with implications for rupture segmentation, recurrence, and seismic hazard.
Given the exceptional exposure to earthquakes and high strain rates, our findings underscore the need for
urgent attention to earthquake preparedness and infrastructure resilience in central Myanmar.
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Non-technical summary On March 28,2025, a powerful magnitude 7.8 earthquake struck central
Myanmar along the Sagaing Fault, causing severe shaking near the fault and damage as far away as Bangkok,
Thailand. Nearly 18 million people experienced strong shaking, and while the official death toll is around
4,000, the true number is much higher due to limited access and reporting in conflict zones. Using ground sen-
sors and satellite data, scientists found the rupture extended about 450 kilometers with 3-5 meters of move-
ment along the fault. The fault broke at unusually high speed—a phenomenon called "supershear”—which
can generate especially strong shaking. Trenches dug across the fault in 2016 & 2018 revealed that this same
section has broken in multiple past earthquakes, including in 1839, and the 1946/1956 sequence. These find-
ings show that large earthquakes repeatedly strike this part of the fault. Because the region is heavily popu-
lated and rapidly developing, the Sagaing Fault remains a major hazard. Improving construction standards,
emergency preparedness, and continued research are essential to reduce future risk.

1 Overview of the event and the

Sagaing fault

The 2025 Mw 7.8 Myanmar earthquake (Inoue et al.,
2025; Kearse and Kaneko, 2025; Ye et al., 2025) repre-
sents a landmark event in the seismic history of the
country and the broader Southeast Asian region (Wang
et al., 2014; Thein et al., 2009; Hurukawa and Maung,
2011). The U.S. Geological Survey’s ShakeMap (U.S.
Geological Survey Hazards Program, 2017, Figure 1A)
shows that near-fault areas experienced extreme shak-
ing, with Modified Mercalli Intensity (MMI) levels ex-
ceeding MMI X, causing widespread destruction. The
event’s regional importance is underscored as well by
the high population densities surrounding the fault; ac-
cording to the PAGER system (Prompt Assessment of
Global Earthquakes for Response; Earle et al., 2009;
Wald et al., 2010), and also from the USGS which es-
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timates human and economic impacts, approximately
17.8 million people were exposed to shaking of MMI VII
or greater, and 6.2 million people to MMI IX or greater
(U.S. Geological Survey, 2025). The shaking was so in-
tense that damage and strong ground motions were re-
ported as far away as Bangkok, Thailand. At the time
of this writing, official fatality counts are approximately
4,000. However, given the extraordinary exposure to se-
vere shaking, and known structural vulnerabilities in
Myanmar and neighboring regions, it is likely that the
true number of fatalities is significantly larger. This is
especially true because of the complicating factor of on-
going issues in the area that impair accurate reporting
and emergency response—it is well-established that im-
pacts from natural disasters in areas experiencing insta-
bility are systematically under-reported (e.g. National
Research Council, 2007).

Myanmar occupies a geologically complex and tec-
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(A) Overview of shaking intensity from USGS ShakeMap (U.S. Geological Survey Hazards Program, 2017) and im-

pacts to population from the M7.8 earthquake. The triangles are the stations used for inversion, the star is the event hypocen-
ter, and the blue line the assumed surface trace of the rupture. Population density data is from LandScan (Lebakula et al.,
2024). (B) Tectonic overview of the Sagaing Fault: past ruptures estimated lengths are from Wang et al. (2014), blue star is
the event hypocenter, moment tensor for the mainshock is from the global CMT project (Ekstrém et al., 2012), and 2 weeks of
aftershocks are from the Thailand National Seismic Network (Pornsopin et al., 2023). Shown as well are the slip-rate estimate
for the Sagaing Fault from Tin et al. (2022) and the location of our trench site (yellow square) used to establish the paleoseis-

mic history of the fault in this work.

tonically active region (Figure 1B) at the intersection of
the Indian, Sunda, and Eurasian plates (e.g., Socquet
et al., 2006; Gahalaut and Gahalaut, 2007). The oblique
convergence between the Indian and Sunda plates is ac-
commodated by a combination of subduction, strike-
slip faulting, and block extrusion processes (Wang et al.,
2014; Shi et al., 2018; Mallick et al., 2019). To the west,
the Rakhine-Bangladesh megathrust marks the zone of
north-eastward subduction of the Indian plate beneath
the Burma plate, forming the Indo-Burman ranges. To
the east, the prominent right-lateral Sagaing Fault (on
which the 2025 event occurred) serves as the princi-
pal tectonic boundary (Socquet et al., 2006; Wang et al.,
2014; Mallick et al., 2019; Tin et al., 2022; Lindsey et al.,

2023). Between these two major structures lies the Cen-
tral Myanmar Belt (CMB), an elongate lowland region
bounded by active deformation on both sides. Geode-
tic measurements show that the Indian Plate is moving
northeastward relative to the Sunda plate at a rate of ap-
proximately 35 mm/yr near 10°N, with the Sagaing Fault
accommodating 18-24 mm/yr of right-lateral strike-slip
motion (Steckler et al., 2016; Tin et al., 2022; Lindsey
et al., 2023). The remaining convergence is partitioned
across the Rakhine-Bangledsh megathurst, the Indo-
Burman fold and thrust belt, and the Central Myan-
mar Belt west of the Sagaing Fault. Historical and in-
strumental records indicate that the region can pro-
duce large and damaging earthquakes, posing signifi-
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cant seismic hazards, especially for rapidly growing ur-
ban centers like Yangon, Nay Pyi Taw, and Mandalay
(e.g. Le Dain et al., 1984; Xiong et al., 2017; Hurukawa
and Maung, 2011).

The Sagaing Fault is a major north-south striking
right-lateral strike-slip fault extending over 1,200 km
from the Andaman Sea in the south to the eastern
Himalayan syntaxis in the north (e.g., Maung, 1987,
Curray, 2005). It accommodates the primary compo-
nent of dextral shear between the Burma and Sunda
plates. Formed most likely in the late Oligocene (Mor-
ley and Arboit, 2019), the fault has recorded a cumu-
lative displacement of 330-450 km (e.g., Maung, 1987,
Wang et al., 2011; Xiong et al., 2017; Tun and Watkin-
son, 2017). Modern GNSS observations reveal that the
fault’s slip rate varies along strike, with 23-24 mm/yr
measured along central segments and somewhat slower
rates (~16 mm/yr) inferred for southern segments with
workers suggesting potentially variable dips from sub-
vertical to vertical along-strike (Mon et al., 2020; Tin
et al., 2022; Yang et al., 2024). The fault is segmented
into several distinct sections, including the Sagaing,
Meiktila, and Bago segments in the south (e.g. Wang
et al., 2014; Panda et al., 2018; Tin et al., 2022; Tun and
Watkinson, 2017). Each segment exhibits varying de-
grees of locking and strain accumulation at depths of
10-16 km (Socquet et al., 2006; Maurin et al., 2010; Tin
et al., 2022; Vigny et al., 2003). Stress transfer model-
ing over the past century, and the instrumental seismic
catalog, have identified seismic gaps along the central
and southern Sagaing Fault. Models of the interseismic
velocity field from space geodesy show these gaps are
most likely coupled and not creeping (Tin et al., 2022):
these are regions of heightened seismic hazard. No-
table historical earthquakes, such as the 1930 Bago, 1946
Sagaing, and 2012 Thabeikkyin earthquakes, under-
score the fault’s potential to produce large-magnitude
events (Wang et al., 2014; Hurukawa and Maung, 2011).

In this fast report we highlight how the 2025 rupture
fits within this broader tectonic history for the region
by producing a detailed kinematic slip model based on
joint inversion of regional strong motion data and re-
mote sensing observations. We will discuss findings
from trenches near the epicenter of the 2025 rupture
which have evidence of the 1839 M7.7 and the 1946/56
M7.7/7.1 sequence and re-ruptured again during the
2025 event.

2 Available Data and Methods

2.1 Regional Seismic Data

Three-component strong motion recordings from four
regional stations (Figure 1A), were processed to obtain
ground displacement time series (see Data Availability).
Raw acceleration data were first corrected for instru-
ment gain using known calibration factors. Each com-
ponent was then baseline-corrected and de-trended to
remove any DC offset. To reduce long-period drift and
high-frequency noise, we applied a zero-phase, 4-pole
Butterworth bandpass filter with corner frequencies at
0.05 Hz and 0.4 Hz. The filtered acceleration time series
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were then numerically integrated twice—{first to deter-
mine velocity, then to displacement—using trapezoidal
integration. This process yielded waveforms which
were then decimated from their native sample rates of
100 and 200 Hz down to 5 Hz, suitable for kinematic slip
inversion. The farthest station, KTN, is ~370 km from
the surface trace of the Sagaing Fault while the closest
site, NPW, in the capital city of Nay Pyi Taw, is only 2.5
km from the surface trace (Figure 1A).

NPW is particularly important because of its proxim-
ity to the fault (Figure 14, 2); however, the network op-
erator reported that approximately 3 days before the
mainshock the station’s GNSS antenna stopped work-
ing and the station lost absolute time (Lai et al., 2025).
This means that without some form of calibration the
data cannot be used for slip inversion. To correct for
this, we use eight Mw>4.5 events that occurred in the
vicinity of the mainshock hypocenter (Figure 1B) in the
5 years prior and for which absolute timing at the site
is available. We picked the P-wave arrivals at NPW for
each of these eight events and estimated the theoreti-
cal P-wave arrival times by ray tracing from the catalog
hypocenter to the location of NPW through a layered
Earth model. We then obtain a “station delay” by tak-
ing the difference between the observed P-wave arrival
time, t,ps, and the expected or modeled P-wave arrival
time, tyhoq- We noted that the delays are correlated to
the station-event distance, so we also regressed for the
best fit straight line of the station delays as a function of
hypocentral distance. This linear model then allowed
us to solve for the estimated theoretical arrival of the P-
wave from the 2025 mainshock (red triangle in Figure
S1) given its known hypocentral distance of 240 km. We
compared this expected arrival to the observed arrival
(yellow square in Figure S1). In this analysis we used
three different velocity models: two global ones, PREM
and TASP91 (Dziewonski and Anderson, 1981; Kennett
and Engdahl, 1991); and a regional lithospheric model
(Pasyanos et al., 2014). We found that, while there are
slight variations between velocity models, for all three
the difference between the observed and expected P-
wave arrival time for the 2025 mainshock is <1 s. From
this we concluded that station NPW can be reliably used
for slip inversion without further correction. This find-
ing is consistent with Lai et al. (2025) who performed
a similar analysis on other regional events and corre-
lation of seismic noise and concluded likewise, that the
station’s clock had drifted no more than 1s from the time
the GNSS clock malfunctioned to the time of the main-
shock.

2.2 Space geodetic data

We employed two sources of space geodetic data to es-
timate the coseismic displacements. First, we used
near-infrared (band 8) optical imagery from the Euro-
pean Space Agency (ESA) Copernicus Sentinel-2 Level
1C satellite imagery products (Drusch et al., 2012). We
obtained north-south and east-west displacements by
pixel offset tracking using two or more ortho-rectified
and co-registered images acquired at different times
(e.g., between 28 February and 6 April, 2025). To iden-
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Figure 2 Strong motion data from station NPW (location in Figure 1A). Plotted is the fault-parallel acceleration, assuming
a strike angle of 355°, without filtering and with a band pass filter applied. The main acceleration pulse is interpreted as the
rupture transiting along the Sagaing Fault on the segment closest to NPW. Dashed lines represent rupture velocities needed

for the rupture pulse to reach NPW at specific times.

tify the shift in surface features between the images,
we used the autonomous Repeat Image Feature Track-
ing (autoRIFT) software (Gardner et al., 2018; Lei et al.,
2021) that measures offsets in the image row (north-
south) and column (east-west) directions. These offsets,
initially in pixel units, are then converted to ground dis-
placements by multiplying them by the known pixel size
(i.e., 10 meters for Sentinel-2 band 8). The result is a
two-dimensional horizontal displacement field repre-
senting surface motion in the east-west and north-south
directions. This technique is especially useful for map-
ping large, coherent motions such as glacier flow, land-
slides, or volcanic deformation. Though it is less pre-
cise than radar-based displacement-retrieval methods
like radar interferometry (e.g. Strozzi et al., 2002; Casu
et al., 2011), pixel tracking is more sensitive to north-
south displacement and does not decorrelate in high-
strain regions near the fault rupture (e.g., Avouac and
Leprince, 2015). While we did not use these displace-
ment data in the inversion, they were used early on to
determine the surface trace of the rupture and build the
inversion geometry shown in Figure 1A,B.

Next, we utilized two pairs (Figure 3) of synthetic
aperture radar (SAR) images from the European Space
Agency’s (ESA) Copernicus Sentinel-1A/B satellites—
one pair for each track (ascending Track 143 and
descending Track 106)—that captured the earthquake
event. We measured the pixel offsets in both the range

5

(across-track) and azimuth (along-track) directions us-
ing the Ampcor module within the ISCE2 software pack-
age (Rosen et al., 2012). The pre- and post-earthquake
Sentinel-1 Level-1 Single Look Complex (SLC) images
were first co-registered using available restituted or-
bit files. We performed cross-correlation between im-
age patches in the reference and secondary scenes to
determine sub-pixel shifts in both the range and az-
imuth directions. The measured offsets, initially in im-
age coordinates, were converted to ground displace-
ments using the sensor’s known viewing geometry and
pixel spacing. Range offsets correspond to displace-
ments in the radar line-of-sight (LOS) direction, which
has a strong east-west component for Sentinel-1’s near-
polar orbits and can include contributions from verti-
cal land motion, while azimuth offsets capture motion
along the satellite’s trajectory and are primarily dom-
inated by north-south deformation. Given the dextral
north-south style of faulting, we prioritized the azimuth
offsets. The resulting horizontal displacement fields are
particularly robust for measuring large, decorrelating
motions—such as coseismic rupture, glacier flow, vol-
canic deformation, and landslides—that may not be reli-
ably captured with conventional interferometric phase
techniques (e.g., Pathier et al., 2006; Casu et al., 2011,
Lei et al., 2021; Bato et al., 2021).
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We carry out kinematic slip inversion using the multi-
time-window method described by (Melgar and Bock,
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Figure 3 Azimuth pixel offsets from SAR ascending track
143 and descending track 106. The blue line is the assumed
fault trace and the star is the event hypocenter. The arrow
in each scene indicates the satellite flight path, and the off-
set displacement is thus the dot product of the horizontal
coseismic deformation with this unit vector.

2.3 Kinematic Inversion

The first step in the kinematic inversion is defining the
fault geometry. We used the Sentinel 2 optical imagery
pixel offsets, as noted in Section 2.2, to define the sur-
face expression of the fault (blue line in Figure 1A, B)
and the first 2 weeks of aftershocks from the Thai re-
gional network (Pornsopin et al., 2023, Figure 1B) to de-
fine the approximate extent of faulting. We note that the
aftershock locations are biased east of the surface trace,
which is most likely an artifact because one-sided net-
works with large azimuthal gaps can have systematic bi-
ases like these (e.g. Bondar et al., 2004). We assumed a
seismogenic depth (the maximum extent of slip) of 20
km in line with other reports (e.g. Tun and Watkinson,
2017; Tin et al., 2022) that determined locking depths
from seismicity and inversions of regional GNSS mea-
surements of the interseismic velocity field. Finally, we
discretized the fault into triangular subfaults using a 3D
finite element meshing software. To account for the
depth dependent resolution of slip inversions (e.g. Xu
et al., 2016) we used progressively coarsening subfaults
with depth. From 0 to 2.5 km subfaults have ~4 km ver-
tices, from 2.5 to 10 they have ~7 km vertices, and from
10to 20 km they have ~10 km vertices. For simplicity, we
firstassumed a vertical dip; this geometry can be seen in
Figure 4A. Additionally, we built a second “variable dip”
geometry based on the geodetic inversion results of Tin
et al. (2022), which concluded that the interseismic ve-
locity field was best explained by a fault that had vertical
dip south of ~20°N, a 78° westward dip between ~20°N
and ~21.5°N and then a 71° eastward dip nort of 21.5°N.
We produced kinematic models on this “corkscrew” ge-
ometry to test whether the data preferred one or the
other. This geometry can be seen in Figure 4B, and each
model has ~850 subfaults. For each geometry elasto-
static and elastodynamic Green’s functions are gener-
ated using the frequency-wavenumber approach of Zhu
and Rivera (2002) and the regional LITHO1.0 model dis-
cussed in Section 2.1.
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2015), which allows for flexible rupture timing across
the fault by assigning multiple overlapping source time
functions to each subfault: eight 50% overlapping trian-
gles with 4 s rise time allowed for each. This 4 s rise time
is consistent with what is expected from a M7.8 earth-
quake from analysis of global earthquakes (Melgar and
Hayes, 2017). Observed ground displacement time se-
ries from integrated strong motion and the pixel offsets
from SAR are jointly inverted to estimate the spatial and
temporal distribution of fault slip. To ensure balanced
contributions from each data type, we normalized the
residuals by the L2 norm of each dataset, effectively
weighting them equally in the objective function (e.g.
Melgar et al., 2020). Rupture initiation was assumed
to occur at the hypocenter reported by the U.S. Geo-
logical Survey at 2025-03-28 06:20:52 (UTC) at 22.001°N,
95.925°E, and 10.0 km depth. Several maximum allow-
able rupture speeds were tested, ranging from 3.0 to 6.0
km/s, to explore sensitivity of the inversion to this con-
straint. The inversion is stabilized using Tikhonov regu-
larization and the final model was selected based on the
L-curve criterion.

2.4 Paleoseismology

We document displacement and frequency of surface
ruptures from historic and paleoseismic earthquakes
on the Sagaing Fault at a site (Figure 1B, 5A) near the
2025 M7.8 epicenter NW of Mandalay. Paleoseismic re-
sults reported here are preliminary and from work car-
ried out in the context of a field-training school funded
by the Earth Observatory of Singapore and including
students from Myanmar, five other SE Asian countries,
China, and USA from 2016 to 2018. We chose a portion
of the Sagaing Fault where the active trace diverges from
the range front (Figure S2) and trends more westerly
(northern two-thirds of Figure 5B), causing compres-
sion and uplifting low hills that block stream flow and
thus rapidly accumulate young sediment that includes
abundant *C samples and Buddhist-era artifacts we use
for age control (Figure S3). Using drone imagery (Fig-
ure S2) and ground-based LiDAR, we mapped geomor-
phic offsets and excavated 18 trenches to reveal defor-
mation associated with past earthquakes. An example
of a bare trench-log can be seen in Figure S4. Here we
focus on a group of trenches in the southern half of the
area (central portions of Figures 5B, S2) where the age
and displacement associated with the five surface rup-
tures before 2025 can be estimated.

We attempted to reconstruct the coseismic displace-
ments at this site and can now compare the 2025 offsets
to past ruptures. To estimate the vertical component
of slip associated with prehistoric surface-rupturing
earthquakes, we applied a geomorphic approach (Fig-
ure 6) based on the formation of colluvial wedges at fault
scarps. Following a surface-rupturing event, the ex-
posed scarp undergoes gravitational collapse and sub-
sequent erosion, depositing a wedge-shaped body of de-
bris on the downthrown block. Experimental and field
observations demonstrate that the maximum thickness
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of such a wedge is typically about half the height of the
original fault scarp (Wallace, 1977; Nash, 1980; Avouac
and Peltzer, 1993; Deng and Zhang, 2000).

We use this geometric relationship to infer the
height of paleo-scarps—and by extension, the vertical
displacement—by measuring the preserved maximum
thickness of buried colluvial wedges in the trench ex-
posures. This method has been applied in previous
studies, notably by Klinger et al. (2003), who argued
that colluvial wedges of ~0.8 m thickness corresponded
to ~1.6 m of vertical slip during repeated events on
a normal-faulting step-over along the North Anatolian
Fault. Their analysis showed that wedge thicknesses
can serve as reliable proxies for scarp height, particu-
larly in settings where vertical displacement dominates
and preservation conditions are favorable.

In our analysis, we adopt the same 2:1 ratio (scarp
height to wedge thickness) as a first-order approxima-
tion of vertical offset for each scarp-forming event iden-
tified in the stratigraphy, which for for four of the five
collectively measure 1.6 m in thickness (the youngest
is too modified due to cultural activity associated with
local agriculture). This yields an average of 40 cm per
event (Figure 6A, B), so we infer that individual events
have vertical displacement of ~80 cm. We note that this
calculation neglects the youngest event which is heavily
modified by agriculture. Given the orientation of this
portion of the fault (measured across the eight walls in
the map in Figure 6A, similar to the orientation at the
trench site in Figure 5A) relative to the orientation of
pure strike-slip portions nearby, we would expect the
vertical to be about 20% of the horizontal, so the aver-
age horizontal displacement would be about 4 m. This
is consistent with the 2025 rupture and fluvial sediments
seen in the lowest wedge (blue in Figure 6C) that likely
came from a small stream now followed by the road ~20
m to the north.

We are a working on a more complete 3D reconstruc-

tion of the wedges and fault traces using all eight expo-
sures of the fault zone shown in the map in Figures 5B
and 6A which will allow us to make a better determina-
tion of the thicknesses—and possibly offsets-of individ-
ual wedges and to put all of our *C samples into a single
stratigraphic column to make the best age model possi-
ble.

3 Results and discussion

3.1 The Earthquake Source

The slip inversion results in Figure 4A, B show signifi-
cant slip from the hypocenter north to ~22.2N and south
to at least 18.5N for a full rupture length of ~450 km.
Slip is highest between the surface and 10 km depth
and tapers from there to 20 km. Depth averaged slip
is ~3-5m across the rupture (e.g. Figure 5A) with lo-
calized small patches of higher amplitude slip as great
as 7-8 m. The total magnitude for the event from in-
version, depending on whether the vertical or variable
dip geometry is preferred, is M 7.75 - 7.79. Thus the
long rupture length is somewhat anomalous compared
to the mean expected length of 186 km for this magni-
tude from the probabilistic scaling laws of Blaser et al.
(2010), placing it at the 98th percentile of expected rup-
ture lengths. Similarly, considering the scaling relation-
ships for source area of strike-slip events from Thing-
baijam et al. (2017) and the assumed seismogenic depth
of 20 km, we would expect a rupture length of ~300 km
for this magnitude. By all these metrics, the event is re-
markably long.

In terms of its kinematics, even without an analysis
of the inversion, we can conclude the rupture is most
likely super-shear. Station NPW on the surface trace of
the fault (Figures 1A, 2) shows a clear slip pulse with
large fault-parallel ground motions. The dashed lines
on Figure 2 indicate how quickly a rupture front would
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(A) Historic earthquakes and paleoseismic site plotted on a geologic map of the Sagaing Fault (updated from Wang

et al., 2014). Regional location shown in Figure 1B. Colored rectangles along the fault are the Indaw, Tawma, Sagaing, and
Meiktila fault segments (Wang et al., 2014). Blue circles are inferred event hypocenters and red beachballs the mechanisms,
for historical earthquakes from Hurukawa and Maung (2011) and Wang et al. (2014) and rupture extents of historic surface
ruptures (dashed where uncertain) are on right side with along-strike displacement shown for 2025. Shown as well is the
depth-averaged displacement from our preferred slip model. For 2025 the beachball is at the location of the hypocenter. (B)
Post-earthquake Google Earth image acquired April, 2025 of the paleoseismic study site centered at 22.0090°N, 95.9826°E.
White lines are visible surface ruptures, green are 2016 trenches, yellow are 2018 trenches, and box in SW corner locates one
of many 4-5m offsets (blue lines are an offset trail) in 2025 along this portion of the fault. Trenches east of the main trace were
excavated to confirm that geomorphic lineaments were not recently active, although scattered cracks from the 2025 rupture
indicate that the range front is not completely inactive. Westernmost white lines indicate cracks along the back edge of the
uplifted hills that was only exposed in one trench. The images and analysis in Figure 6 are located at the location labeled

“main trench site” and have the best evidence for the timing and displacement of recent earthquakes.

have to propagate from the catalog hypocenter along
the Sagaing Fault to reach NPW. This simple analysis
suggests strongly that the pulse needs to be traveling
at just under 5 km/s. This is in fact confirmed by the
slip inversion results shown in Figure 4C which shows
that the best RMS misfit to the regional strong-motion
data is for a maximum rupture speed of 4.8 km/s. In-
deed, at this rupture speed, the fits to the strong-motion
waveforms (Figure S5), in particular station NPW, are
quite good with the exception of the north and vertical
components at station YGN at the southern terminus of
the rupture (Figure 1B). As noted by Thiam et al. (2017)
YGN is on the sediment from the Ayeyarwady and Sitang
River deltas and likely has significant site amplification
effects we are not capturing with our simple 1D veloc-
ity structure. Likewise, both ascending and descending
SAR pixel offset scenes show good fits (Figure 3) with
no significant biases in the residual patterns. These re-
sults do not allow us to say conclusively whether the
vertical or variable dip geometry are preferred as they

both fit the data at similar levels. Finally, we note that
given the significant fault length, and despite the fast
rupture propagation, the source duration is long (Fig-
ure 4D) lasting as much as 120 s. However, the moment
released between 90 and 120 s is from slip at the south-
ern terminus of the rupture and most likely spurious
and an attempt by the inversion process to fit later ar-
rivals at YGN, the southernmost site. The more likely
source duration is closer to ~90 s.

3.2 A history of overlapping ruptures at the
northern terminus of the 2025 event

Preliminary results from our mapping, trenches, and
age control provide evidence for five surface ruptures
that occurred at the site in the ~1000 years before 2025.
This includes post-bomb *C dates consistent with ei-
ther or both of the 1946/1956 sequence, and strati-
graphically consistent C representing the 1839 event.
Buddhist-era pottery limits the past five events to less
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Figure 6 (A) Simplified map of trenches excavated between 2016-2018 (location is in Figure 5) (B) Example of a trench
(Trench1-2016) across the main trace. (C) Detail of the main fault zone from Trench2-2018. We recognize 5 pre-2025 rup-
tures (E1-E5) and collected abundant charcoal and cow bones for #C samples and pottery to date the ruptures. Upward
termination of individual fault surfaces and soil-capped colluvial wedges generated by individual earthquakes allow us to
characterize and date events from the past 1000 years. Light blue layers between E4 & E5 are from a small stream laterally
offset 20 m from the fault (Figure 5B), suggesting average lateral slip of 4-5 m per event. (D) Same as (C) for Trench1-2016,
location of both in red shaded area in (A). The aggregate width of colluvial wedges for E2-E5 was measured 1.6 m correspond-
ing 40 cm per wedge per event. (E) Cartoon (modified from Klinger et al., 2003) shows the typical relationship between the
vertical component of slip and resulting scarp wedge thickness, suggesting 80 cm of vertical slip per event, similar to the
2025 scarp at the site.

than ~1000 years (Guy, 1990). Although displacement
per event, based largely on colluvial wedge thickness
and the ratio of vertical to horizontal slip (Figure 6E),
appears to vary by at least a factor of 2, the average dis-
placement of the previous five events (or sequence if
close in time like 1946/56) is 4-5 meters, similar to the
2025 rupture displacement at the site (see Figure 5A, and
post-event reconnaissance photos in Figure S7).

This last point is notable: at the location of our
trenches (Figures 5, 6) several ruptures overlap. For an
average slip rate of 20 mm/yr, the 4-5 m of coseismic
slip on this segment of the fault inferred from paleo-
seismology and observed in 2025 requires 200-250 yrs to
accumulate. That time is similar to the inter-event time
we report here, as seen at the trenches. However, if the
trench siteisin an “overlap region” of Sagaing Fault rup-
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tures, we might expect less periodic or regular behav-
ior than suggested by this simple relationship. Whether
large ruptures on major continental transforms cluster,
are random, or are quasi-periodic has been the subject
of debate (e.g. Scharer et al., 2010). Ongoing work on
a 3D reconstruction and age model including all eight
trench walls will help elucidate the detailed timing and
displacement history here.

Furthermore, it is worth speculating on whether the
short segment of the fault surrounding Mandalay is rou-
tinely the initiation point of large ruptures. Based on the
paleoseismic record, with the new data from the 2025
rupture to supplement it, it appears that this portion of
the fault often nucleates large ruptures that propagate
either north or south and thus are centered more north
(1946) or south (1839 & 2025) of the site (see epicenters
in Figure 5).

Finally, we point out that the historic events and the
2025 earthquake suggest that the boundary between the
Sagaing and Meiktila segments of the fault (Figure 5A)
is rather diffuse. The inferred history shows that events
that rupture both north and south overlap near the
trench site. This suggests that the boundary is not a
strict barrier beyond which only ruptures to the north or
to the south exclusively occur. Rather, the ruptures that
overlap at this trench can be north propagating, south
propagating, and throughgoing (as in 2025). Whether
other segments behave likewise is at present unknown
and is further evidence of the need for more concerted
paleoseismic work along the entirety of the fault.

3.3 Implications for hazards

The super-shear kinematics of this event add to the
recent observations of similar behavior in other large
transform faults such as the 2018 Palu, 2021 Maduo, and
2023 Tiirkiye earthquakes (Bao et al., 2019; Zhang et al.,
2022; Melgar et al., 2023). How super-shear kinemat-
ics affect ground motion can be complex: modeling has
shown that super-shear source processes can reduce
ground motion immediately adjacent to the fault but in-
crease it elsewhere (Dunham and Bhat, 2008; Andrews,
2010). These observations and models argue that super-
shear ruptures are more common than previously con-
sidered and potentially not captured correctly in ground
motion models. While it is difficult to interpret them
without ambiguity, the “Did You Feel It Reports” from
the USGS are biased high (U.S. Geological Survey, 2025),
meaning they systematically indicate stronger than ex-
pected shaking for this event when compared to ground
motion models. Is this due to the super-shear kine-
matics? And, can we expect all large events on this
fault system to always exhibit this behavior? More work
is needed to determine whether these source effects
would impact seismic hazard estimates and, if so, to de-
velop tools to appropriately represent them.

In terms of future hazards calculations for the
Sagaing Fault, it is difficult to say what this event fore-
tells for the region. Significant amounts of slip have
been released and, significantly, most of the 2025 rup-
ture last slipped in 1839. That inter-event interval allows
for 3.8 m of slip deficit, most, if not all, of which would
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have been released in 2025. However, as evidenced by
the event clusters in the trenches near Mandalay, it is
plausible that slip deficit from earlier on in the seismic
cycle remains available and unused. Without further
paleoseismology elsewhere on the fault it is not feasi-
ble to say with any confidence whether the 2025 rupture
significantly reduces hazard.

Conceptually, however, from simple Coulomb stress
triggering arguments, and as seen on other transform
systems, most famously in the Northern Anatolian fault
(e.g., Stein et al., 1997), it would seem that the south-
ern segments of the fault adjacent to the terminus of
the 2025 rupture are of most concern: they have the
fewest historic events and likely a large accumulated
slip deficit. The last rupture here was an ~M7.2 earth-
quake in 1930 (Tsutsumi and Sato, 2009) and cumula-
tive recurrence intervals for this segment have been
inferred to be as short as 90-115 years (Wang et al.,
2011). This interpretation is, of course, complicated by
some partitioning of strain from the southern Sagaing
Fault onto other sub-parallel faults (e.g. Tin et al., 2022).
Whatever the case, the region is populous (Figure 1A)
and this enormous exposure, when combined with pre-
carious construction practices, continues to place the
Sagaing Fault as potentially one of the most deadly con-
tinental transform faults in the world.

4 Conclusions

The 2025 Mw 7.8 earthquake along the central Sagaing
Fault represents one of the most significant and destruc-
tive seismic events in Southeast Asia in recent history.
Our joint kinematic inversion of regional strong mo-
tion and SAR pixel offset data reveals a ~450 km rup-
ture with 3-5 m of average slip and supershear rupture
propagation at ~4.8 km/s. This event adds to a growing
list of well-documented supershear ruptures on major
continental strike-slip faults. At a key paleoseismic site
near the epicenter, we document evidence for five past
surface-rupturing earthquakes over approximately the
past millennium with comparable displacement, indi-
cating repeated rupture of this portion of the fault and
suggesting that this section of the Sagaing Fault is both
a persistent nucleation zone and a locus of overlapping
ruptures. These findings challenge models of strict fault
segmentation and point to the need for reevaluation of
seismic hazard across the broader fault system. The
densely populated corridor along the Sagaing Fault re-
mains acutely vulnerable, and our results underscore
the urgent need for improved hazard mapping, infras-
tructure resilience, and expanded paleoseismic investi-
gations across the fault’s length.
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