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Supershear rupture sustained 
through a thick fault zone in the 
2025 Mw 7.8 Mandalay earthquake
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Zhangfeng Ma2, Qibin Shi7, Han Chen3,6, Yihe Huang8,  
Mingzhe Lyu2,3, Jiangtao Liao3,9, Shun Yang10, Yiming Bai11,  
Phyo Maung Maung2, Kyawmoe Oo12, Yin Myo Min Htwe12,  
Jianyong Zhang13, Luca Dal Zilio2,3, Xinjian Shan5, Ling Chen14,5 

On 28 March 2025, a moment magnitude (Mw) 7.8 earthquake 
ruptured a seismic gap along the Sagaing fault in Myanmar, 
generating a surface rupture 480 km in length and causing 
widespread damage. With holistic geodetic and seismic 
techniques, we resolved its rupture dynamics and fault zone 
structure. The rupture initiated as bilateral subshear and 
transitioned to supershear (~5.3 km/s) about 100 km south of 
the epicenter, sustaining this velocity for more than 200 km. 
The supershear segment aligns with a ~2-km–thick low-velocity 
fault zone exhibiting ~45% shear wave speed reduction. We 
suggest that the thick fault zone, aided by fault geometry and 
basin structure, enabled prolonged supershear propagation. 
Our findings emphasize that observations and models 
encompassing the entire fault zone are crucial for advancing 
both specific-event and earthquake-cycle simulations.

The largest continental crustal earthquakes—capable of producing rup-
tures stretching hundreds of kilometers and affecting multiple popu-
lated centers—pose considerable seismic threats. Such events often 
develop into supershear ruptures in which the rupture speed exceeds 
crustal shear wave velocity, as reported for recent strike-slip events such 
as the 2001 Mw 7.8 Kokoxili earthquake (1–3), the 2002 Mw 7.9 Denali 
earthquake (3–5), and the 2023 Mw 7.8 Turkey earthquake (5–8). Notably, 
the supershear rupture portion of these events often take place on rela-
tively simple fault geometries (1, 9, 10) or “superhighways” (11) and 
therefore have reduced energy dissipation into secondary fault branches, 
allowing the rupture to develop to supershear speed and form long 
surface ruptures (9). Continental strike-slip faults at plate boundaries, 
such as the North Anatolian (Türkiye), Sagaing (Myanmar), and San 
Andreas (USA) faults, are particularly concerning due to their relatively 
simple geometries and historical occurrence of large events.

During an earthquake rupture, part of the released energy contributes 
to creating damage zones or/and fault zones, characterized by diffuse 
inelastic coseismic deformation or substantial reduction of seismic wave 
speeds, as increasingly reported for active continental faults (12–19). 
Here, we term them coseismic damage zones when created during 
earthquake ruptures, primarily constrained by near-fault geodetic and 
field deformation observations (15, 17, 20, 21), or low-velocity fault 

zones (LVFZ) when indicating the cumulative effects of historical rup-
tures (19, 22–26).

However, clarity is still lacking regarding the connection between these 
fault zones and large strike-slip ruptures, and the role of fault zones in 
long, sustained supershear ruptures. The recent Mw 7.8 earthquake on 
28 March, 2025 in Mandalay, Myanmar, provides a valuable case to address 
these questions. The event took place on the Sagaing fault, which forms 
the eastern boundary of the Burma microplate, a sliver block created by 
oblique collision between the Indian Ocean and the Sunda plates (27) 
(Fig. 1A). The fault accommodates a tectonic slip rate of 20 to 23 mm/yr 
(28) (Fig. 1B). Over the past 200 years, the Sagaing fault has hosted more 
than 10 M > 6.5 earthquakes. However, a ~250-km seismic gap between 
the cities of Mandalay and Naypyidaw had remained unruptured since at 
least 1897—until the 2025 Mw 7.8 event (Fig. 1C) (29). In Myanmar, the 2025 
event has so far directly resulted in at least 5352 fatalities, 7108 injuries, 
and 538 missing individuals (30). The impacts extended beyond Myanmar, 
including a tall building collapse in Bangkok, Thailand, located ~1000 km 
from the epicenter (31), and substantial building damage in Yunnan prov-
ince, China (32). Early reports showed that the event produced a >450-km 
surface rupture and supershear rupture speed (33, 34) and also triggered 
seismicity in Shan-Thai plateau and southern China (35).

Through the application of multiple techniques to both seismic and 
geodetic datasets, we investigated the events of its surface deformation, 
resulting coseismic damage zone, detailed rupture process, and the as-
sociated fault zone structures. These results offer new insights into the 
interrelationship between supershear rupture and fault zone structure.

3D surface deformation and damage zone
To characterize surface deformation and the ruptured fault associated 
with the earthquake, we first analyzed multiple sets of satellite obser-
vations. We employed three independent remote sensing techniques: 
differential interferometric synthetic aperture radar, aperture inter-
ferometry, and pixel offset on Sentinel-1/2 and ALOS-2 satellite imag-
ery, to obtain fourteen coseismic surface displacement images (figs. S1 
and S2 and methods in the supplementary materials). These datasets, 
acquired from multiple viewing geometries, provide complementary 
sensitivity to different components of ground deformation, with an 
effective spatial resolution of ~200 m. We integrated these observa-
tions to reconstruct the full three-dimensional (3D) coseismic displace-
ment field produced by the earthquake (fig. S3). The results reveal a 
rupture length of ~480 km, characterized by predominant right-lateral 
strike-slip motion (Fig. 2 and fig. S3). Vertical displacements are minor 
(Fig. 2C), indicating that the rupture was nearly pure strike-slip.

The coseismic surface displacements exhibit clear along-strike varia-
tions. To the first order, the north‒south component of displacement (Fig. 2A) 
reveals a three-segment pattern. The northern segment, located north of 
Mandalay, shows the largest displacement for the event—up to ~5.5 m. 
Deformation was greater to the east of the fault, suggesting an east-dipping 
fault geometry. The central segment, extending approximately 80 km south-
ward from Sagaing, had the smallest displacement magnitude among the 
three segments and near-symmetric deformation across the fault. The south-
ern segment shows larger displacement than the middle segment but the 
amplitude on the western side of the fault gradually increases compared 
with the eastern side, implying a transition to a west-dipping fault geometry.

Fault slip and coseismic damage-zone width derived from high-
resolution (10-m) Sentinel-2 displacements also reveal distinct along-
strike variations (Fig. 3A and methods). North of the epicenter, sharp 
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fault-parallel offsets suggest a highly localized rupture zone with a narrow 
damage zone. South of the epicenter, the gradient progressively broadens 
across the fault, marking a transition to a wider damage zone (fig. S4). 
The measured fault total slip is ~1 to 6 m (Fig. 3C), distributed within a 
coseismic damage zone ~20 to 800 m wide (Fig. 3D). Along the fault seg-
ment north of the epicenter, where maximum coseismic slip occurred, the 
narrowest damage zone is ~60 m wide (Fig. 3D and fig. S4). The coseismic 
damage zone to the south broadens to between 90- and 190-m wide and 

can be divided into three sections by thick-
ness (Fig. 3D): ~120 m from ~20 km north 
to ~210 km south of the epicenter, ~90 m 
from ~210 to 330 km south, and ~190 m 
further south.

Overall, the average width of these co-
seismic damage zones is ~100 m (Fig. 3D), 
which lies at the lower end of the ob-
served range compared with other conti-
nental strike-slip earthquakes (15, 17, 18, 36). 
This is due to the relatively simple geom-
etry of the Sagaing fault, characterized by 
considerably fewer stepovers, bends, and 
branches. The segmented variation in 
damage zone width is more pronounced 
than the total slip. This contrast suggests 
that coseismic damage width is more 
strongly influenced by other factors, such 
as rock properties, compared with slip 
amplitude (18, 21). Indeed, south of the 
epicenter, sediment thickness increases 
and near-surface shear wave velocities 
(top 1 km) decrease (Fig. 3, D and E), as 
revealed by detailed shallow velocity struc
ture imaged along the Sagaing fault (37).

Static slip model
We constrained the fault geometry and 
coseismic slip distribution by inverting 
the 3D surface deformation fields (see 
methods). Our preferred model resolved 
nine fault segments along the ~480-km 
rupture, achieving a variance reduction of 
99.6% (figs. S5 and S6). The simple fault 
geometry—requiring no bifurcations or 
branches (black line in Fig. 3A)—contrasts 
with the fault branching mechanisms pro-
posed for large strike-slip events (38). This 
simple geometry also deviates from the em-
pirical relationship between rupture length 
and number of fault segments, as summa-
rized for other events (39, 40), although the 
number of asperities may match the rela-
tionship better. Based on (39), a continental 
strike-slip event with a 480-km rupture 
length should correspond to 27 fault seg-
ments, much more than that observed for 
the 2025 event. Modest dip variations are 
evident along the strike, with the fault dip-
ping ~70° eastward in the north, near-
vertical in the central section, and slightly 
(~80°) west-dipping in the south (fig. S5).

The static slip model reveals that most 
coseismic slip is concentrated shallower 
than 12 km (Fig. 3B), consistent with the 
depth extent of interseismic locking in-
ferred from global navigation satellite sys-

tem (GNSS) observations (28). The slip distribution exhibits pronounced 
along-strike heterogeneity. The longest, also the largest, slip patch is 
located north of the epicenter and extended more than ~100 km with a 
peak slip of ~6 m. Southward, slip decreased to ~2.5 to 3 m along a ~70-km 
section, then increased again to ~4 m and remained relatively uniform over 
the remaining ~230 km of rupture. Superimposed on this broad pattern 
are short-wavelength (~10 to 20 km) variations, which are also indepen-
dently detected in fault-crossing offsets from Sentinel-2 optical imagery. 
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Fig. 1. Seismotectonic background. (A) Tectonic setting for the study region. The red dashed rectangle marks the 
locations of (B and C). (B) Slip rate distribution along the Sagaing Fault along with the GNSS observations used to derive 
these rates (28). GNSS velocities are relative to the Burma plate. (C) Historical earthquakes in the region. Gray beach balls 
represent focal mechanisms from the global centroid moment tensor (GCMT) catalog and (60). Gray dots are earthquake 
epicenters from the USGS catalog. Red triangles indicate locations of Quaternary volcanoes (61). The detailed fault 
inventory map is from (27) and the dark red line is our mapped ruptured fault trace of the 2025 event. The red star is our 
refined epicenter and the red beach ball is the GCMT solution.
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The measured total slip closely matches the near-surface slip estimated 
by our static slip model (Fig. 3, A and C). Checkerboard resolution tests 
confirmed the model’s ability to resolve slip asperities across a range of 
spatial wavelengths (fig. S7). The averaged static stress drop estimated 
from our slip model was ~3 megapascals (MPa), which is consistent with 
that inferred for other major strike-slip faults (41).

Distinct rupture terminations were identified at both ends of the 
fault. To the north, the rupture terminated abruptly south of the Singu 
Basalt (42), coinciding with the southern limit of the 2012 Mw 6.8 
Thabeikkyin earthquake rupture (Fig. 3B and fig. S8). We infer that a 
strong stress shadow posed by the 2012 event, combined with the 

mechanical contrast between basalt and the 
surrounding crust, formed an effective bar-
rier to further rupture propagation. Toward 
the southern end, slip amplitude and rupture 
depth gradually diminished, suggesting a 
more distributed termination process. This 
segment overlaps the rupture zone of the 1929 
and 1930 earthquakes (Fig. 3B), although 
the absence of detailed historical slip models 
precludes further constraints. These observa-
tions explain the displacement contrast pat-
terns shown at the northern and southern 
termini, shown in the insets of Fig. 2A.

Shallow slip deficit (SSD) across the rup-
ture was overall negligible, with slip on the 
near-surface subfault (~1 km depth) exhibit-
ing only ~1% deficit relative to peak slip at 
depth (fig. S9). This value is substantially 
lower than the SSD observed in previous 
large strike-slip earthquakes (43–45), but 
closer to that reported for more recent events 
(16). The negligible SSD is robustly resolved 
by the dense and near-fault geodetic coverage 
for the 2025 event, as also suggested by recent 
studies of other earthquakes (44, 46, 47). 
However, along-strike variations occurred: On 
the fault segment south of Mandalay, where 
the coseismic slip amplitude was less, SSD 
(~7%) was larger than along the other fault 
segments (near 0%) (fig. S9). Reanalysis of 
interseismic GNSS velocity fields reveals that 
this segment is partially creeping, with a shal-
low creep rate of approximately 2.3 mm/yr 
extending to a depth of ~9.5 km (fig. S10), in 
contrast to the nearly fully locked behavior of 
adjacent fault segments. This contrast be-
tween SSD and coseismic slip suggests that 
depth-dependent and laterally varying 
fault frictional properties contributed to ob-
served coseismic slip variations.

Kinematic and supershear rupture
We characterized the first-order rupture evo
lution using a path-calibrated teleseismic 
back-projection (BP) (5) technique on high-
frequency [(HF), 0.3 to 1.0 Hz, fig. S11] seismic 
data from the Australian (AU) and European 
(EU) arrays (fig. S12A and methods). Locations 
of the HF radiators from BP align closely 
with the fault trace (Fig. 4A). The size of the BP 
radiators is proportional to the power of the 
stacked teleseismic waveforms. Our result 
shows that the rupture initially propagated 
bilaterally, with northward and southward 

segments each rupturing ~100 km at subshear speeds (~3 km/s). 
The southward rupture then accelerated to a supershear speed of 
~5.3 km/s, maintaining this speed for at least 200 km (Fig. 4C). The 
robustness of the result is verified by BP applications to smaller nearby 
events consistent with their locations in a refined catalog (fig. S12). 
Synthetic tests mimicking mainshock rupture further confirmed the 
robustness of the result (figs. S13 and S14), which also shows that the 
array located away from the rupture directivity had less sensitivity 
(fig. S13, methods).

The evolution of rupture speed is further supported by the loca-
tion and timing of subevents from a multiple point source (48) (MPS) 

Fig. 2. 3D coseismic surface deformation map derived from satellite observations. (A) North-South direction 
deformation; (B) East-West; (C) up-down. The vectors in (A) represent horizontal motion and the black line is our 
mapped fault trace. Our refined epicenter is indicated by the red star. ALOS2 and Sentinal-1/2 images acquired from 
February to April 2025 were used to derive these 3D deformation maps (62) (see tables S1 and S2 for more details).
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inversion using local-to-regional strong motion waveform and tele-
seismic body waves (Fig. 4B, fig. S16, and methods). MPS results fit 
the observations closely, with an average waveform cross-correlation 
coefficient of 0.8 across all components and stations (fig. S17). The 
result consists of 10 subevents (fig. S18), and the spatiotemporal evolu-
tion of these subevents shows that the mainshock began with a bilat-
eral rupture that transitioned to supershear propagation ~100 km 
south of the epicenter (Fig. 4C). The overall source time function cap-
tures the low-frequency component of the moment-rate function de-
rived from the finite fault inversion (Fig. 4D, inset; see details below).

Strong-motion waveforms recorded at the Naypyidaw (NPW) station 
(49), located 2.6 km from the fault trace at 19.779°N (blue triangle in 
Fig. 4A), provide independent evidence for supershear rupture 
propagation. To ensure the reliability of the absolute timing and wave-
form data from this station, we verified the accuracy of its GNSS 
time synchronization by comparing teleseismic arrival times with 
those recorded globally (fig. S15 and methods).

We then refined the mainshock epicenter and origin time using a 
nearby, well-located calibration event (fig. S19 and methods). Our 
analysis yields a revised epicenter at the latitude of 21.641°N, ~37 km 
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south of that in the initial United States Geological Survey (USGS) 
report (22.013°N) (https://www.usgs.gov/programs/earthquake-
hazards/earthquakes), but in closer agreement with the Thailand cata-
log (21.68°N). The refined origin time (2025-03-28 06:20:55.209 
coordinated universal time) is 2.5 s later than the USGS report, again 
aligning more closely with the Thailand catalog (https://www.tmd.
go.th/en/EarthQuake).

The supershear rupture pulse recorded at the NPW station, identi-
fied as the onset of the largest amplitude in the velocity waveform, 
arrived at ~48 ± 0.5 s (Fig. 4C inset). Given the station’s distance of 

206 km from the refined epicenter—closely 
approximating the rupture distance along 
the fault—the inferred average rupture 
speed was ~4.3 km/s, exceeding the local 
shear-wave velocity and thus indicating su-
pershear propagation. Notably, the rupture 
phase arrival time at NPW closely matches 
the rupture timing derived from BP and 
MPS results at the same location (blue tri-
angle in Fig. 4C). Further evidence for su-
pershear rupture propagation is provided 
by the NPW waveform characteristics. 
Theoretical asymptotic analyses and labora-
tory rock experiments (50) demonstrate 
that when the Mach cone front generated 
by a sustained supershear rupture sweeps a 
near-fault station, the resulting ground mo-
tion is dominated by fault-parallel (FP) par-
ticle velocity relative to the fault-normal 
(FN) component. This pattern is clearly 
observed at the NPW station (Fig. 4C, inset, 
and fig. S20A). Moreover, the observed FP-
to-FN velocity amplitude ratio suggests a 
rupture velocity of 5.0 to 5.3 km/s (fig. S20B 
and methods), consistent with estimates 
from BP and MPS.

Using the refined epicenter and rupture 
speed constraints from the preceding analy-
ses, we performed a finite fault inversion 
that jointly fits teleseismic body waves, 
near-fault strong-motion records, and the 
3D surface displacement field (methods). 
The resulting finite fault model (Fig. 4D) 
provides excellent fits to all datasets (figs. 
S21 to S23) and yields a moment-rate func-
tion consistent with that derived from the 
MPS source time function (Fig. 4D, inset), 
lending high confidence to key features of 
the model. These include the fault-geometry 
transition from east-dipping in the north to 
west-dipping in the south, the spatial dis-
tribution of slip, and the supershear rupture 
velocity observed along the central segment 
of the rupture. Collectively, multiple inde-
pendent analyses and inversions cor-
roborate a sustained supershear rupture 
propagating southward from ~100 km to at 
least 310 km along the strike from the epi-
center (Fig. 4).

Thick LVFZ for supershear segment
We used passive seismic measurements to 
investigate the influence of the internal 
structure of the Sagaing fault zone. Along 
the supershear rupture segment of the 2025 

event, three broadband seismic stations were located within 1 km of 
the surface rupture (Fig. 5A and fig. S24). Teleseismic P-waves recorded 
at these stations exhibited major time shifts between the vertical and 
radial components (fig. S24A). Notably, earthquakes originating 
from the western side of the fault show larger time shifts than those 
from the eastern side, indicating a clear back-azimuthal variation 
(fig. S24B). These time shifts resulted in delayed arrivals in receiver 
function (RF) waveforms, and when the shift exceeded a threshold 
(e.g., >1s), a negative phase was observed at the zero time (Fig. 5B, 
figs. S25 to S27, and methods).

Fig. 4. Kinematic rupture models. (A) Map view of the back-projection (BP) results (62) from the EU array (squares) 
and the AU array (diamonds), color coded by time and sized by the power of stacked teleseismic waveforms.  
(B) MPS results (62) in map view, in which beach balls are color-coded by peak time in the source time function, 
projected to the low hemisphere. Orange dots indicate aftershocks provided by the USGS catalog. The blue triangles in 
(A) and (B) represent the location of the NPW station. (C) Rupture speed analysis and horizontal component velocity 
waveform at the NPW station. Fault-parallel (FP) and fault-normal (FN) directions are relative to the fault azimuth angle 
of 173 degrees. (D) Finite fault model with time (10 s) (62). Inset shows the moment rate function of the finite fault 
model (gray shaded area) and the total source time function of the MPS solution, with focal mechanism solutions 
projected to the western hemisphere.
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Fig. 5. Relationship between the coseismic damage zone and the low-velocity fault zone sustaining supershear rupture. (A) North-South displacement and 
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These negative zero-lag phases in RFs cannot be explained by a 
1D layered velocity model and are often neglected in conventional RF 
studies (51). Here, we argue that the negative zero-lag phase represents 
true structural signals caused by 2D effects of low-velocity fault zone 
structure. Through synthetic tests we show that basin models (37) are 
unable to reproduce the negative phase at time zero (fig. S28B). The 
negative zero-lag phase occurs only within specific back-azimuth 
ranges (Fig. 5B), which rules out sensor misorientation. It is ob-
served when a different frequency band (fig. S27A) and deconvolu-
tion method (fig. S27B) are used. Therefore, the signal is not caused 
by sidelobe effects during filtering nor is it an artifact of RF cal-
culation. The transition from a positive to a negative zero-lag phase 
occurred at back-az imuths near 180°—consistent with the polarity 
reversal observed in Fig. 5B—and closely aligns with the strike of 
the Sagaing fault, supporting an interpretation of a west-dipping 
fault zone structure.

We modeled the observed polarity reversal of the zero-lag phase with 
a west-dipping low-velocity fault zone structure (Fig. 5C and meth-
ods). A grid search was performed on the dipping angle, fault zone 
width, and velocity reduction, to find the best combined fit to ob-
served RF waveforms. The velocity reduction ranged from 25 to 45% 
with 10% intervals; fault zone width varied from 1 to 3 km with 0.5 km 
intervals; and the dip angle ranged from 60° to 90° with 10° intervals. 
For each grid point, we calculated the amplitude ratio between the 
negative phase near time zero and the subsequent positive phase, 
then computed the misfit between observed and synthetic wave-
forms. The search shows that a west-dipping fault zone with a dip 
angle of 70° to 80°, a thickness of ~2 km, and a shear-wave velocity 
reduction of approximately 45% is needed to achieve the negative 
zero-lag phase and corresponding amplitude (figs. S28 and S29). The 
grid search results also indicate an uncertainty of ~0.5 km in fault 
width and ~10% in velocity reduction (fig. S30 and methods). The 
inferred west-dipping fault geometry is also consistent with that 
derived from geodetic inversions (fig. S31). The ~2-km width of the 
fault zone exceeds those of other well-studied faults such as the 
San Andreas, Ridgecrest, Landers, and Calico faults (table S3), al-
though the observed velocity reduction is comparable (fig. S32 
and methods).

The drivers of supershear rupture
The simple fault geometry and thick fault zone probably provide the 
most essential conditions behind the supershear and subshear-to-
supershear transition distance of the 2025 event. A fault zone produces 
strong head waves that travel faster than the initial rupture front, 
creating dynamic fault stress perturbations that promote the develop-
ment of a new supershear rupture front, as confirmed by dynamic 
earthquake simulations (12, 52, 53). Fault zones need to be sufficiently 
thick to facilitate a supershear transition. Damic rupture simulations 
show that the critical fault zone width should be at least 2 to 3 times 
the critical nucleation size of earthquakes L

c
=

GD
c

Δτ
s

, where G is shear 
modulus, Dc is the critical slip distance in slip-weakening friction 
law, and Δτs is the fault strength drop, i.e., the difference between fault 
static and dynamic shear strength. Assuming G = 30 GPa, Dc = 1 m, 
and  Δτs = 50 MPa (methods), and yielding a Lc of 600 m, the observed 
Sagaing fault zone width would be ~3 to 4 Lc. Such thick fault zones 
allow the transition to supershear rupture even with low background 
stress. Given the estimated static stress drop of 3 MPa, the relative 
stress drop—defined by the ratio of static stress drop to the strength 
drop—is likely <0.1 in this region, substantially lower than the relative 
stress drop needed for supershear transition in homogeneous media 
(12). Another feature of supershear rupture in thick fault zones is the 
increase in the supershear transition length with the fault zone width 
(12). A relative stress drop of <0.1 and a fault zone width of 3 to 4 Lc 
indicate that the transition length is >100 Lc (12), which matches the 
~100-km transition length observed from the seismological analysis.

Other factors may also have facilitated the supershear rupture tran-
sition in the 2025 event. The observed supershear transition occurred 
near an along-strike fault-geometry transition, where the fault dip 
changes from eastward to subvertical (slightly west-dipping, Fig. 3B 
and fig. S5). Dynamic simulations demonstrated that geometrical 
kinks, such as dip changes or bends, can act as stress concentrators that 
temporarily slow and then reaccelerate the rupture, favoring super
shear transition once the accumulated energy is released (54). As the 
rupture propagated onto the west dipping fault, the smooth fault ge-
ometry provided the “superhighway” to help sustain the supershear 
rupture, similar to what may have happened for other supershear 
events (9, 11). The relatively thick (~2 to 3 km) sedimentary basin along 
the southern fault segment (Fig. 3E) serves as another favorable condi-
tion to sustain supershear rupture, as the waves reflected from the 
bottom of the basin could have increased shear stress on the fault and 
promoted rupture propagation (55, 56).

In contrast to the relatively simple surface rupture of the 2025 event, 
fault traces mapped by earthquake geologists reveal secondary fault 
branches and bifurcations (Figs. 5D and 1C). These deviations from 
the straight 2025 rupture likely reflect past earthquakes that created 
more complex geomorphological signatures (27). The considerable 
fault zone thickness (~2 km) further suggests that ruptures in the past 
may have involved both the main fault and secondary strands. Ob
servations indicate that fault zones may take hundreds or thousands 
of years for faults to heal from coseismic damages of large events (57). 
Dynamic simulations also show that coseismic rupture can produce 
off-fault plastic deformation that leads to permanent damage in the 
fault zone (58). Therefore, cumulative fault damage from previous 
events, including events similar to the 2025 event, have likely formed 
the observed thick fault zone (Fig. 5D).

Our observations and models reconcile the coseismic fault geometry, 
supershear rupture, and fault damage zone in a region where super
shear rupture may have been governed by the cumulative imprint of 
past earthquakes. This inherited complexity appears to have guided 
the rupture dynamics for the 2025 Mw 7.8 Mandalay event. The Sagaing 
fault thus exemplifies how long-term fault zone evolution may influ-
ence earthquake behavior, a pattern that might apply to other plate 
boundary–type strike-slip faults. Specifically, supershear rupture along 
these faults may be more likely to occur where the fault zones are wide 
and fault geometry is simple. These findings highlight the need for 
both specific-event and earthquake-cycle models to incorporate more 
comprehensive and accurate fault zone structures (59), which may 
critically control rupture mode, speed, and size across successive earth-
quake generations. The results also provide new insight into as-
sessing the potential hazard of major earthquakes along continental 
faults with recognized seismic gaps, such as those associated with the 
southern San Andreas fault in CA and the North Anatolian fault near 
İstanbul, Türkiye.

REFERENCES AND NOTES

	1.	 M. Bouchon, M. Vallée, Science  301, 824–826 (2003). 
	2.	 Y. Klinger et al., Bull. Seismol. Soc. Am.  95, 1970–1987 (2005). 
	3.	 K. T. Walker, P. M. Shearer, J. Geophys. Res. Solid Earth  114, 2008JB005738 (2009). 
	4.	 E. M. Dunham, R. J. Archuleta, Bull. Seismol. Soc. Am.  94, S256–S268 (2004). 
	5.	 H. Zeng, S. Wei, A. Rosakis, J. Geophys. Res. Solid Earth  127, e2022JB024359  

(2022). 
	6.	 D. Melgar et al., Seismica  2, v2i3.387 (2023). 
	7.	 C. Ren et al., Science  383, 305–311 (2024). 
	8.	 Z. Jia et al., Science  381, 985–990 (2023). 
	9.	 M. Bouchon et al., Tectonophysics  493, 244–253 (2010). 
	10.	 J. Jara et al., Proc R Soc Lond A.  477, 20210364 (2021). 
	11.	 D. P. Robinson, S. Das, M. P. Searle, Tectonophysics  493, 236–243 (2010). 
	12.	 Y. Huang, J.-P. Ampuero, D. V. Helmberger, Earth Planet. Sci. Lett.  433, 109–115 

(2016). 
	13.	 A. Vallage, Y. Klinger, R. Grandin, H. S. Bhat, M. Pierrot-Deseilligny, Geology  43, 

1079–1082 (2015).
	14.	 K. Okubo et al., J. Geophys. Res. Solid Earth  124, 11771–11801 (2019). 

D
ow

nloaded from
 https://w

w
w

.science.org at N
anyang T

echnological U
niversity on O

ctober 30, 2025



Research Articles

Science  30 October 2025 475

	15.	 C. W. D. Milliner et al., Geochem. Geophys. Geosyst.  16, 1577–1598 (2015). 
	16.	 S. L. Antoine, Y. Klinger, K. Wang, R. Bürgmann, Geophys. Res. Lett.  51, e2024GL110798 

(2024). 
17.	 X. Xi et al., Commun. Earth Environ.  6, 103 (2025). 
	18.	 C. Li, T. Li, X. Shan, G. Zhang, Seismol. Res. Lett.  94, 39–51 (2022). 
	19.	 Y. Ben-Zion, C. G. Sammis, Pure Appl. Geophys.  160, 677–715 (2003). 
	20.	 C. Pelties, J. de la Puente, J.-P. Ampuero, G. B. Brietzke, M. Käser, J. Geophys. Res. 

Solid Earth  117, 2011JB008857 (2012). 
	21.	 C. Li, Z. Ma, X. Xi, G. Zhang, X. Shan, Geophys. Res. Lett.  51, e2024GL108169 

(2024). 
	22.	 Y. Huang, J.-P. Ampuero, J. Geophys. Res. Solid Earth  116, 2011JB008684 (2011). 
	23.	 Y. Huang, J.-P. Ampuero, D. V. Helmberger, J. Geophys. Res. Solid Earth  119, 3133–3154 

(2014). 
	24.	 M. Abdelmeguid, M. S. Mia, A. Elbanna, Geophys. Res. Lett.  51, e2023GL108060 

(2024). 
	25.	 V. Lyakhovsky, Y. Ben-Zion, A. Agnon, J. Geophys. Res.  106, 4103–4120 (2001). 
	26.	 L. Valoroso, L. Chiaraluce, C. Collettini, Geology  42, 343–346 (2014). 
	27.	 Y. Wang, K. Sieh, S. T. Tun, K.-Y. Lai, T. Myint, J. Geophys. Res. Solid Earth  119, 3767–3822 

(2014). 
	28.	 E. O. Lindsey et al., Earth Planet. Sci. Lett.  622, 118384 (2023). 
	29.	 N. Hurukawa, P. Maung Maung, Geophys. Res. Lett.  38, 2010GL046099 (2011). 
	30.	 Earthquake survivors in Mandalay face sanitation crisis in temporary shelters (Mizzima, 

2025); https://bur.mizzima.com/2025/04/09/52626.
	31.	 Strong earthquake in central Myanmar felt as far as Bangkok (Reuters, 2025); 

 https://www.reuters.com/world/asia-pacific/strong-earthquake-central-myanmar-
panic-bangkok-2025-03-28.

	32.	 Myanmar earthquake caused damage to 847 households in Ruili, Yunnan [in Chinese] 
(Xinhua News Agency, 2025); https://www.xinhuanet.com/20250329/b3bcf429bdb54
4bb966b28c93a96bd5a/c.html.

33.	 N. Inoue et al., Seismica  4, v4i1.1691 (2025). 
34.	 D. Melgar et al., Seismica  4, v4i2.1771 (2025). 
35.	 Z. Peng et al.,  Earthquake Research Advances, 100413 (2025).
	36.	 S. L. Antoine, Y. Klinger, A. Delorme, R. D. Gold, J. Geophys. Res. Solid Earth  127, 

e2022JB024480 (2022). 
37.	 Y. Bai et al., Earth Planet. Sci. Lett.  610, 118105 (2023). 
	38.	 R. S. Stein, P. Bird,  Seismol. Res. Lett.  95, 3406–3415 (2024). 
39.	 Y. Klinger, J. Geophys. Res. Solid Earth  115, 2009JB006550 (2010). 
	40.	 H. S. Bhat, M. Olives, R. Dmowska, J. R. Rice, J. Geophys. Res. Solid Earth  112, 

2007JB005027 (2007). 
	41.	 P. Bird, R. S. Stein, Seismol. Res. Lett.  95, 3306–3315 (2024). 
42.	 G. Bertrand et al., Comptes Rendus Académie Sci. - Ser. IIA - Earth. Planet. Sci.  327, 

479–484 (1998).
	43.	 Y. Fialko, D. Sandwell, M. Simons, P. Rosen, Nature  435, 295–299 (2005). 
44.	 X. Xu et al., Geophys. J. Int.  204, 1867–1886 (2016). 
45.	 Z. Jin, Y. Fialko, Geophys. Res. Lett.  48, e2021GL095213 (2021). 
46.	 Z. Ma et al., Geophys. Res. Lett.  51, e2023GL107788 (2024). 
	47.	 K. Jiang, W. Xu, L. Xie,  J. Geophys. Res. Solid Earth  129, e2024JB028826 (2024). 
	48.	 Q. Shi, S. Wei, M. Chen, Geophys. J. Int.  215, 737–752 (2018). 
	49.	 S.-T. Lai et al., Earth Syst Sci Data Discuss  2025, 1–23 (2025). 
	50.	 M. Mello, H. S. Bhat, A. J. Rosakis, J. Mech. Phys. Solids  93, 153–181 (2016). 
	51.	 X. Yang, G. L. Pavlis, Y. Wang, Bull. Seismol. Soc. Am.  106, 1948–1962 (2016). 
	52.	 S. P. Hicks et al., Nat. Geosci.  13, 647–653 (2020). 
	53.	 H. Weng, J.-P. Ampuero, J. Geophys. Res. Solid Earth  124, 8584–8610 (2019). 

	54.	 L. Bruhat, Z. Fang, E. M. Dunham, J. Geophys. Res. Solid Earth  121, 210–224 
(2016). 

	55.	 H. Weng, H. Yang, Z. Zhang, X. Chen, J. Geophys. Res. Solid Earth  121, 4446–4457 (2016). 
	56.	 Y. Kaneko, N. Lapusta, Tectonophysics  493, 272–284 (2010). 
	57.	 E. S. Cochran et al., Geology  37, 315–318 (2009). 
	58.	 P. Zhai, Y. Huang, C. Liang, J.-P. Ampuero, Geophys. J. Int.  242, ggaf274 (2025). 
	59.	 Y. Ben-Zion, Rev. Geophys.  46, 2008RG000260 (2008). 
60.	 W. Fadil et al., Bull. Seismol. Soc. Am.  113, 613–635 (2023). 
61.	 L. Y. Zhang et al., Geochem. Geophys. Geosystems  21, e2020GC009091 (2020). 
	62.	 S. Wei, Data and model files of “Supershear Rupture Sustained Through a Thick Fault 

Zone in the 2025 Mw 7.8 Mandalay Earthquake”, Zenodo (2025); https://doi.org/ 
10.5281/zenodo.17077559.

AcKNOWLEDGMENTs
We thank Y. Wang of the Department of Geology, National Taiwan University for the discussion 
on the earthquake geology and acknowledge Center for Geohazard Observations and 
Department of Meteorology and Hydrology of Myanmar for their work in seismic data 
acquisition. We thank the China Earthquake Networks Center for providing continuous 
waveform data. We acknowledge the Department of Meteorology and Hydrology in Naypyitaw 
and the GFZ Helmholtz Center for Geosciences (GFZ) for their collaborative efforts to install 
the strong motion station at Naypyitaw and make the data available. Funding: Funding 
for this work was provided by the Chinese Academy of Sciences (grant E4515401), the 
National Natural Science Foundation of China (grants 42494861 and NSFC92355001), the 
Postdoctoral Fellowship Program of CPSF (grant GZB20250098), the Tier 2 project 
“Integrating space geodesy and dense array seismology to reveal fundamental earthquake 
physics” supported by the Singapore Ministry of Education (MOE) (MOET2EP50124-0011). 
Author contributions: Conceptualization: S.W., X.W., Z.M.; Methodology: S.W., X.W., Z.M., C.L., 
H.Z., Q.S., H.C., M.L., Y.H.; Investigation: S.W., Z.M, X.W., C.L., H.Z., Q.S., H.C., M,L., Y.H.; 
Visualization: Z.M., C.L., X.W., H.C., S.W., Q.S., H.Z., Y.B., S.Y.; Funding acquisition: S.W., X.S.; 
Project administration: S.W.; Supervision: S.W.; Writing – original draft: S.W., M.Z., X.W., H.Z., 
C.L., Q.S.; Writing – review & editing: All authors. Competing interests: Authors declare that 
they have no competing interests. Data and materials availability: The ALOS- 2 PALSAR 
images are owned by the Japanese Space Agency (JAXA) and provided to Z.M. under grant 
ER4A2N150. All Sentinel- 1 SAR images are provided by the European Space Agency (ESA). All 
Sentinel- 2 optical images are downloaded from the Google Earth engine applications 
(https://code.earthengine.google.com/_ah/conflogin?continue=https://code.earthengine. 
google.com/). The teleseismic data and strong motion waveforms are from the IRIS- DMC. Our 
SAR/InSAR. Part of earthquake source parameters (e.g., mainshock epicenter, moment 
tensor solutions) are downloaded from https://www.globalcmt.org/CMTsearch.html and 
https://www.usgs.gov/programs/earthquake- hazards. 3D surface deformation map, 
multiple- point- source solution, back- projection results, finite fault model, static slip model, 
total slip along the rupture and damage zone width can be downloaded from Zenodo (62). 
Strong motion waveform data were downloaded from strongmotioncenter.org. The raw 
teleseismic waveform data from the Earth Observatory of Singapore–Myanmar (EOS–
Myanmar) seismic array and the processed receiver function (RF) waveforms are available for 
download at the World Data Center for Geophysics, Beijing (http://www.geophys.ac.cn/
ArticleDataInfo.asp?MetaId=727). License information: Copyright © 2025 the authors, 
some rights reserved; exclusive licensee American Association for the Advancement of 
Science. No claim to original US government works. https://www.science.org/content/page/
science- licenses- journal- article- reuse

sUPPLEMENTARY MATERiALs
science.org/doi/10.1126/science.adz2101
Methods and materials; figs. S1 to S32; Tables S1 to S3; References (63–122)

Submitted 22 May 2025; accepted 8 September 2025

10.1126/science.adz2101

D
ow

nloaded from
 https://w

w
w

.science.org at N
anyang T

echnological U
niversity on O

ctober 30, 2025

https://bur.mizzima.com/2025/04/09/52626
https://www.reuters.com/world/asia-pacific/strong-earthquake-central-myanmar-panic-bangkok-2025-03-28
https://www.reuters.com/world/asia-pacific/strong-earthquake-central-myanmar-panic-bangkok-2025-03-28
https://www.xinhuanet.com/20250329/b3bcf429bdb544bb966b28c93a96bd5a/c.html
https://www.xinhuanet.com/20250329/b3bcf429bdb544bb966b28c93a96bd5a/c.html
https://doi.org/10.5281/zenodo.17077559
https://doi.org/10.5281/zenodo.17077559
https://code.earthengine.google.com/_ah/conflogin?continue=https://code.earthengine.google.com/
https://code.earthengine.google.com/_ah/conflogin?continue=https://code.earthengine.google.com/
https://www.globalcmt.org/CMTsearch.html
https://www.usgs.gov/programs/earthquake-hazards
http://www.geophys.ac.cn/ArticleDataInfo.asp?MetaId=727
http://www.geophys.ac.cn/ArticleDataInfo.asp?MetaId=727
https://www.science.org/content/page/science-licenses-journal-article-reuse
https://www.science.org/content/page/science-licenses-journal-article-reuse
https://www.science.org/doi/10.1126/science.adz2101

	Supershear rupture sustained through a thick fault zone in the 2025 Mw 7.8 Mandalay earthquake
	3D surface deformation and damage zone
	Static slip model
	Kinematic and supershear rupture
	Thick LVFZ for supershear segment
	The drivers of supershear rupture
	REFERENCES AND NOTES
	Acknowledgments


