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Abstract 

This study investigates the coseismic displacement field caused by the Mw 7.7 earthquake that struck Myanmar 
on March 28, 2025, along a segment of the Sagaing Fault, a well-known, right-lateral strike-slip fault. To such a pur-
pose, a combination of satellite synthetic aperture radar (SAR)-based techniques, specifically Pixel Offset Tracking 
(POT), Multiple Aperture Interferometry (MAI), and SAR interferometry (InSAR), was applied to multiple Sentinel-1 
SAR images covering the broad region affected by the seismic event. The retrieved deformation measurements 
were subsequently inverted using an analytical model to reconstruct the geometry and key parameters of the seis-
mogenic source. In addition, a Coulomb Failure Function (CFF) analysis was performed to assess the stress transfer 
from the mainshock to the Mw 6.7 aftershock and determine the positive correlation between the two subse-
quent events. The results revealed a rupture extending approximately 490 km across three distinct fault segments, 
with a nearly vertical, north–south orientation and predominantly right-lateral strike-slip mechanism, in agree-
ment with the regional tectonic setting. This comprehensive analysis offers key insights into the rupture extent 
and the mechanics of the major seismic event.
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1  Introduction
At 06:20 UTC (12:50 local time) on 28 March 2025, a 
major earthquake of Mw 7.7 occurred in central Myan-
mar, along a segment of the NS-oriented Sagaing Fault, 
a right-lateral strike-slip fault. The epicenter was located 
approximately 16 km west of Mandalay, Myanmar’s sec-
ond-largest city, and 14 km north–northwest of Sagaing 

city. The shallow rupture, whose hypocenter is located 
at a depth of roughly 10  km, generated intense ground 
shaking (Modified Mercalli Intensity IX) in densely 
populated urban centers such as Mandalay, Sagaing, and 
Naypyidaw. The impact in terms of human casualties and 
infrastructure damage was severe, with over 4900 fatali-
ties, approximately 6000 injuries, and widespread struc-
tural damage reported, including destruction of buildings 
and transportation infrastructure (airports, roads, and 
bridges). Furthermore, the seismic energy released dur-
ing the event was efficiently transmitted over long dis-
tances, with perceptible effects reported more than 
1000 km from the epicentral area. In Bangkok (Thailand), 
the collapse of a high-rise building is likely attributable to 
local seismic amplification associated with the geological 
setting, specifically the presence of predominantly loose, 
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unconsolidated sedimentary deposits (Shahzada et  al. 
2025).

The mainshock was followed at 6:32 UTC by a signifi-
cant aftershock of Mw 6.7, whose epicenter was located 
about 34  km SSE of the mainshock. Furthermore, 
between March 28 and April 17, the area was struck by 
numerous aftershocks with magnitudes ranging from 4.1 
to 5.3. The Mw 5.3 aftershock was recorded on April 13 at 
2:24 UTC, approximately 34 km NNE of the city of Meik-
tila and about 94 km from the mainshock (USGSa 2025).

The rupture propagated over approximately 90  s at 
a speed of about 5  km/s, affecting a 460–480  km-long 
segment of the Sagaing Fault, which is one of the long-
est, straightest, and most active and hazardous strike-slip 
faults in Southeast Asia (Bradley & Hubbard 2025; Vera 
et  al. 2025). This unexpected rupture length suggested 
the occurrence of a supershear earthquake, a rare event 
where the rupture propagates along the fault plane (in 
a southerly direction, in this case), moving faster than 
the average shear wave speed (S-waves), resulting in a 
shock wave produced by the cumulative interference of 
S-waves emitted at different stages of rupture propa-
gation. This dynamic can significantly amplify ground 
motion and contribute to more severe structural dam-
age in the affected areas (Scarr et al. 2025). In fact, Vera 
et  al. (2025), based on teleseismic data, confirmed that 
the rupture transitioned from subshear (0–32  s), with 
a velocity of ∼3  km/s (Wei et  al. 2025), to supershear 
(33–78 s), achieving a maximum velocity of > ∼5.3 km/s 
(around 50 s) due to the acceleration in the southern seg-
ment, within the seismic gap of the Sagaing Fault where 
significant elastic strain had concentrated. Additional 
evidence for the supershear rupture is provided by the 
atypically few M > 4 aftershocks, mainly along the south-
ern rupture segment. This supershear event is analogous 
to the 2001 Kunlun and 2002 Denali earthquakes (Vera 
et al. 2025), characterized by rupture velocities exceeding 
5 km/s (Walker & Shearer 2009), and to the 2023 Türkiye 
supershear earthquake (M 7.8), which generated a bilat-
eral rupture of comparable length, approximately 500 km 
(Petersen et  al. 2023), and exhibited similar rupture 
velocities, particularly along the northeastward segment, 
attaining ~ 5.2 km/s (Zeng et al. 2025).

The aim of this study is to retrieve the seismogenic 
source of the Myanmar earthquake, including its fault 
geometry and slip distribution, derived through inverse 
modeling of the coseismic surface displacements. The 
inverse modeling was performed using multiple Senti-
nel-1 datasets derived from different Synthetic Aperture 
Radar (SAR)-based techniques, to account for the pre-
dominantly north–south orientation of the fault. Specifi-
cally, the analysis considered the results integrated from 
Pixel Offset Tracking (POT) (Gray et al. 1998), Multiple 

Aperture Interferometry (MAI) (Bechor & Zebker 2006), 
and conventional two-pass interferometric SAR (InSAR) 
(Massonnet et al. 1993) to enhance sensitivity to displace-
ment components. Furthermore, the Coulomb Failure 
Function (CFF) was computed to evaluate the cause-and-
effect correlation between the Mw 7.7 mainshock and the 
subsequent Mw 6.7 event.

2 � Tectonic settings
Myanmar is located within a complex tectonic collision 
zone between the southeastern margin of the Eurasian 
Plate and the Indian Plate. This geodynamic setting is 
characterized by a network of north–south trending 
faults that cross central Myanmar, accommodating and 
distributing the lateral northward displacement of the 
Burma Microplate relative to the Sunda Plate. Myanmar 
can be geographically subdivided into an eastern sec-
tor, dominated by the Shan Plateau, and a western sec-
tor, corresponding to the Burma Plate, which includes the 
Indo-Burman Ranges (IBR) and the Central Myanmar 
Basin (MCB) (Mitchell et al. 2012; Tha Zin Htet Tin et al. 
2022) (Fig. 1).

The focal mechanism of the mainshock is consistent 
with this tectonic regime and compatible with rupture 
along the Sagaing Fault. This fault is a major right-lat-
eral strike-slip structure, approximately 1200  km long 
and oriented north–south, extending from the Anda-
man Sea in the south to the southeastern Himalayas in 
the north, characterized by a pronounced linear geom-
etry extending for approximately 700  km between lati-
tudes 17°N and 23°N. The Sagaing Fault accommodates 
roughly 18–20  mm/year of the relative motion between 
the Burma and Sunda Plates, which is estimated at 
35–36  mm/year (Socquet et  al. 2006; Tha Zin Htet Tin 
et al. 2022; Vigny et al. 2003; Wang et al. 2014; Xu et al. 
2025).

Applying the geomorphological and seismologi-
cal approach proposed by Wang et  al. (2014), the fault 
can be divided into six segments from south to north, 
with a potential Mw of 7–8 (Fig.  1): Bago Segment 
(~ 170 km), Pyu Segment (~ 130 km), Nay Pyi Taw Seg-
ment (~ 70  km), Meiktila Segment (~ 220  km), Sagaing 
Segment (~ 170 km), Northern Segment (~ 350 km). The 
Sagaing Segment, whose northern limit lies at approxi-
mately 23.5°N, is located where the fault splits into mul-
tiple complex segments. The Northern Segment includes 
four distinct active fault zones that terminate sequentially 
from west to east between approximately 25°N and 27°N. 
Slip rates along the fault have been estimated at approxi-
mately 20  mm/year in the central sections (Sagaing 
and Meiktila segments), consistent with previous geo-
logical and geodetic studies in the region, and at about 
15–16  mm/year along the southernmost portion of the 
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fault (Bago Segment). Furthermore, it is estimated that 
the potential magnitude of earthquakes along these seg-
ments is around 7.4 for the Meiktila Segment and 7.3 for 

both the Sagaing and Bago Segments (Tha Zin Htet Tin 
et al. 2022).

The mainshock occurred in a region that has expe-
rienced multiple large-magnitude events over the last 

Fig. 1  Overview of the geographical setting and seismicity of the Myanmar area. The focal mechanism of the mainshock is shown together 
with the aftershocks and the historical earthquakes (USGSa 2025; USGSb 2025). The active faults are part of the Active Faults of Eurasia Database 
(AFEAD) (Zelenin et al. 2022). Fault segmentation is based on the classification proposed by Wang et al. (2014). The illustrated seismic gaps refer 
to the study by Hurukawa and Maung Maung (2011)
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century. The Sagaing Fault, in particular, was responsi-
ble for eight earthquakes with Mw ≥ 7 starting from 1900 
(USGSb 2025). According to Hurukawa & Maung Maung 
(2011), two seismic gaps were identified as zones with 
the potential to generate large future earthquakes. The 
first gap lies between 19.2°N and 21.5°N (correspond-
ing to Meiktila Segment) in central Myanmar, with an 
estimated length of approximately 260 km and a poten-
tial maximum magnitude of 7.9. According to Bradley & 
Hubbard (2025), the Myanmar earthquake may represent 
a partial rupture of this long-recognized seismic gap. The 
second is located south of 16.6°N, in the Andaman Sea, 
with a length of around 180 km and a predicted magni-
tude of at least 7.7.

3 � Materials and methods
The coseismic ground displacement field induced by the 
Mw 7.7 Myanmar earthquake was estimated using the 
POT (Gray et  al. 1998), the MAI (Bechor and Zebker 
2006), and the InSAR (Massonnet et al. 1993) techniques. 
The POT and MAI techniques were considered due to 
the significant north–south displacement component 
caused by the rupture along the Sagaing Fault and nearly 
undetectable with the conventional InSAR technique 
from near-polar orbiting satellites. To this aim, C-band 
Sentinel-1 SAR images acquired through the Interfero-
metric Wide Swath (IWS) mode were exploited. Differ-
ent tracks of Sentinel-1 data were collected along both 
ascending and descending orbits to cover the wide area 
affected by the coseismic deformation (Table 1).

3.1 � Pixel Offset Tracking (POT)
In this study, we performed an investigation based on the 
POT technique (Casu et  al. 2010) applied to the ampli-
tude of the above-mentioned Sentinel-1 image pairs. This 
technique is based on the exploitation of the intensity 
information of the SAR images, and permits to estimate 
the 2D shifts between corresponding pixels in a pair of 
co-registered SAR images by maximizing the normal-
ized cross-correlation (NCC) within a defined matching 

window. This allows us to retrieve the displacement maps 
along both range and azimuth directions. Since the POT 
displacement measurements depend mainly on the SAR 
images ground resolution, which is 5  m in range and 
20  m in azimuth for Sentinel-1 at full resolution, it is 
possible to achieve an accuracy level of the displacement 
maps of about 0.5 m and 2 m, respectively, in range and 
azimuth, according to the estimate of about 1/10 of the 
resolution proposed by Casu et al. (2011). The outcomes 
were geocoded at a spatial resolution of 30 m.

3.2 � Multiple Aperture Interferometry (MAI)
The MAI technique exploits the SAR interferometry 
principle applied to subapertures of the antenna beam 
to constrain any displacement that occurs along the azi-
muth direction, which is approximately the NS direc-
tion due to the quasi-polar orbits followed by the SAR 
sensors. In particular, two interferograms are estimated 
along the azimuth direction by forward and backward 
shifting the radar squint angle, and the azimuth displace-
ment is estimated from the difference between the two. 
Indeed, considering θ as the radar nominal squint angle 
and β as a small squint-angle shift, the forward-looking 
interferogram is retrieved by using a radar squint angle 
slightly greater than the nominal one, θ + β, and vice 
versa for the backward-looking interferogram (θ-β).

Then, the forward and backward interferograms can be 
expressed as:

where λ is the radar wavelength, Δx is the displace-
ment along the azimuth direction, φtop represents the 
topographic phase, and φerr includes all the noise contri-
butions. The azimuth displacement is estimated by sub-
tracting the two phases:

ϕForward =
−4π�x

�
sin

(

θSQ + β
)

+ ϕtop + ϕerr

ϕBackward =
−4π�x

�
sin

(

θSQ − β
)

+ ϕtop + ϕerr

Table 1  Characteristics of the SAR images and the respective applied techniques (AZ = azimuth, RG = range)

Orbit pass Track Interferogram pair Technique Incidence angle (°) Perpendicular 
baseline (m)

Ascending 70 March 22, 2025 April 03, 2025 POT (RG/AZ)
MAI
InSAR

39 19.5

143 March 27, 2025 April 08, 2025 POT (RG/AZ) 39 23.5

Descending 33 March 19, 2025 March 31, 2025 POT (RG/AZ) 39 96

106 March 24, 2025 April 05, 2025 POT (RG/AZ)
MAI
InSAR

39 160
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where L is the antenna length. Here, the MAI technique 
was applied to two pairs of Sentinel-1 ascending and 
descending data (see Table 1). Forward, backward inter-
ferogram was estimated by applying multilook factors of 
24 by 6, thus reaching a pixel spacing of the displacement 
maps of about 90 m. The final outcomes, i.e., the azimuth 
displacement maps, were geocoded using the 30-m DEM 
acquired by the SRTM mission. The following technique 
achieves centimetric accuracy (Bechor and Zebker 2006; 
Jiang, et al. 2017).

3.3 � InSAR technique
Being the Sagaing Fault oriented along the north–south 
direction, with a strike-slip regime, most of the deforma-
tion is along horizontal axes, with the main deformation 
component occurring along the N-S direction that can be 
underestimated by the InSAR technique due to the quasi-
polar orbits of the satellite. Nevertheless, the InSAR 
technique was still profitably applied to measure the 
coseismic deformation to derive other potential displace-
ment components. We generated coseismic interfero-
grams by removing the topographic component using 
the 30-m resolution ALOS World3D digital elevation 
model (Takaku et al. 2020). To minimize interferometric 
phase noise, an adaptive filtering technique was applied 
(Goldstein & Werner 1998). The resulting phase was then 
unwrapped using the minimum cost flow method (Cos-
tantini 1998), and the data were geocoded at a spatial 
resolution of 30 m. The outcomes provided by the InSAR 
technique are maps showing displacement along the LoS 
with centimetric accuracy (Massonnet & Feigl 1998).

3.4 � Source modeling
The modeling of the source for the Mw 7.7 earthquake 
in Myanmar was carried out using a two-step approach 
consisting of a nonlinear least-squares optimization to 
determine the location (latitude and longitude), depth, 
dimensions (length and width), orientation (strike and 
dip angles), and rupture mechanism and intensity of the 
source (9 parameters for each source segment), followed 

ϕMAI = ϕForward − ϕBackward

=
−4π�x

�
2sin

(

β)cos(θSQ
)

≈
2π

L
�x

by a linear inversion to reconstruct the slip distribution 
and direction along the fault. The source model adopted 
is the finite fault dislocation in an elastic half-space 
proposed by Okada (1985), modified to include topo-
graphic contributions following the approach of Wil-
liams & Wadge (1998) to obtain a more realistic estimate 
of the source depth. In addition to the source param-
eters, orbital ramp parameters for the InSAR datasets 
and a rigid offset for the POT and MAI data were also 
estimated.

With the nonlinear modeling process, the parameters 
of the three source segments, each characterized by uni-
form slip, are estimated. The nonlinear inversion employs 
the Levenberg–Marquardt algorithm (Marquardt 1963) 
to identify the global minimum, implemented with a 
series of restarts to avoid convergence toward local 
minima. Once the best-fit parameters are determined, 
the associated uncertainties are evaluated; in this phase, 
each dataset is artificially perturbed with ad hoc noise 
(spatially correlated in the case of all the datasets) and 
subsequently re-inverted through the same nonlinear 
procedure. Further details on the full nonlinear inver-
sion process are provided in Atzori et al. (2009). To assess 
these sources, 500 inversions were performed: Best-fit 
values and uncertainties are reported in Table  2; histo-
grams and scatter plots with parameter trade-offs and 
a 3D view of the sources derived from this analysis are 
shown in Figs. 2, 3, and 4.

From the values reported in Table  2 and Figs.  2–4, it 
is evident that the geometries of the source segments are 
well constrained by the datasets, though some trade-offs 
(like the usual one between slip and width) are present. 
The 3D graphical representation of the “cloud of solu-
tions” coming from the 500 inversions also provides an 
effective visualization of the robustness of the inversion-
derived solution.

The linear inversion was conducted using the "full-
resolution" algorithm, which divides the fault surface 
into variably sized patches to ensure an almost com-
plete resolving power on each individual element. The 
algorithm is based on the model resolution matrix, 
described in Atzori and Antonioli (2011), and is defined 
as R = G⁻g·G, where G⁻g denotes the generalized inverse 
of the linear system d = G·m, with d representing the 

Table 2  Best-fit values after the nonlinear inversion, with their 1-sigma uncertainty within brackets

* negative values correspond to depth above the sea level

Length [km] Width [km] Depth [km] Dip [deg] Strike [deg] East [deg] North [deg] Rake [deg] Slip [m]

segm. 1 115.8 (1.8) 12.3 (2.6) −0.4* (0.3) 69.2 (5.2) −0.7 (0.4) 96.005 (0.007) 22.044 (0.008) −177.7 (1.4) 3.98 (0.62)

segm. 2 140.3 (2.5) 10.5 (1.4) 0.0 (0.1) 72.7 (3.3) −4.4 (0.1) 96.054 (0.003) 20.876 (0.012) −177.8 (1.2) 4.44 (0.39)

segm. 3 186.4 (3.3) 7.6 (1.5) 0.2 (0.2) 88.2 (3.6) −8.6 (0.2) 96.222 (0.003) 19.426 (0.015) −178.5 (1.3) 4.72 (0.66)
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array of observed data and m the model parameters, i.e., 
the slip values.

In the model resolution matrix R, the diagonal val-
ues range from 0 to 1, thereby quantifying the degree to 
which each element is constrained by the data: 1 indi-
cates a perfectly resolved parameter, whereas 0 denotes 
a completely unresolved one. For a comprehensive 

treatment, the reader is referred to Menke (1989). The 
full-resolution algorithm partitions the fault plane to 
maximize the resolution of each element, that is, main-
taining the resolution matrix as close as possible to the 
identity matrix. During the iterative subdivision process, 
the fault is discretized into elements whose resolution 
values approach unity. Figure 5 illustrates the comparison 

Fig. 2  Uncertainty analysis for Segment 1: best-fit values from the nonlinear inversion, along with the mean values and standard 
deviations obtained from the 50 nonlinear inversions performed for uncertainty estimation. The scatter plots illustrate possible trade-offs 
among the parameters. The 3D figure is a graphical representation of the sources corresponding to each of the 500 solutions
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between the resolution values obtained with the full-reso-
lution algorithm and those from a subdivision into prede-
fined patches of equal size.

Compared to the typical subdivision into predefined-
size patches, the "full-resolution" algorithm offers several 
advantages: (i) it inhibits oversplitting, i.e., the division 
into elements too small to be effectively constrained by 
data; (ii) it makes resolution tests such as the "checker-
board test" unnecessary; (iii) it reduces the importance 

of a priori regularization (damping of the slip distribu-
tion); (iv) it provides more robust uncertainty estimates 
by minimizing off-diagonal terms in the variance–covari-
ance matrix of the estimated parameters; (v) it ensures 
the best fit of the observed data using the minimum 
number of parameters.

All of these advantages are discussed in Atzori et  al. 
(2019) and are particularly relevant in the case of nearly 
vertical faults like the one analyzed here, for which the 

Fig. 3  Same as Fig. 2, referred to Segment 2
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resolving power of the observed data decreases rapidly 
with depth.

Since InSAR, POT, and MAI data are characterized by 
very different uncertainties, both inversions were con-
ducted by assigning weights to each dataset based on an 
analysis of the cost function derived from the chi-squared 

statistic; the criterion for assigning a proper weight to 
each dataset is described in Atzori et al. (2019).

The use of displacement data derived from different 
techniques entails uncertainties that can vary signifi-
cantly. This condition provides the opportunity to recall 
the methodology employed to balance the datasets in 

Fig. 4  Same as Fig. 2, referred to Segment 3. It must be noted that, since the fault is nearly vertical, some of the sources of the 500 tests have a dip 
in the opposite direction, corresponding to the swap between hanging wall and footwall. In the graphs, these solutions are shown with dip > 90°, 
forcing the convention of a dip range (0°−90°), solely for graphical continuity; according to convention, this subset of solutions should have 
dip < 90°, the strike rotated by 180° and a rake mirrored with respect to the horizontal
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the inversion (both nonlinear and linear). For a com-
prehensive discussion, reference can be made to Atzori 
et al. (2019). The datasets used in this study were initially 
introduced into the inversion with an assigned uncer-
tainty (1-sigma) of 0.02  m for InSAR data, 0.25  m for 
MAI, and 0.5 m and 2 m for offset tracking in the range 
and azimuth directions, respectively, corresponding to 
1/10 of the resolution in each direction.

During the inversion, we minimize the following cost 
function, which is the total of the cost functions CF(D) of 
every dataset:

where, for every dataset D, the vector e contains the 
point-by-point difference between observed and pre-
dicted values, N is the number of observations, We is 
a data weighting matrix for the single dataset, and wD 

Costfunction =

∑

CF(D) =
∑

D

(

WD

ND
•

∑

(eTDWe,Ded)

)

is a dataset weighting coefficient. Actually, We is the 
inverse of the full variance–covariance matrix Cov(d) of 
the observed data d for InSAR data, while for the other 
techniques, the covariance is not considered, and We is 
a diagonal matrix with the inverse of the data variance, 
using the sigma values reported above. The weighting 
coefficient wD is initially assumed equal to 1.

In a purely theoretical case, for every dataset, we 
should have that.

but in practice, CF(D) is always ≠ 1, due to the impos-
sibility of a formal assessment of Cov(d) and, as a conse-
quence, of We. After the first inversion, wD is calculated 
to have CF(D)· wD = CF(D)theor = 1. A second inversion 
is then run, introducing wD as the stretching factor of 
Cov(d), according to

A new solution is then obtained, with different residu-
als and a new assessment of wD, which is in turn used as 
the uncertainty stretching factor in the next iteration; in a 
few iterations, wD values get stable, and the cost function 
contribution of every dataset is perfectly balanced.

The final values of the coefficients wD, together with 
other information related to the inverted datasets, are 
reported in Table 3.

The inversion process was carried out using a set of 
points sampled from the 12 SAR-based datasets, total-
ing approximately 70,000 observations, with resolutions 
of 2 km and 5 km for the near- and far-field, respectively. 

CF(D)theor =
1

N
·

∑

(

eTWee
)

= 1

Cov(d)new =
1

WD
Cov(d)

Fig. 5  Distribution of resolution values, extracted from the diagonal 
of the model resolution matrix, for a subdivision into equally sized 
patches of 4 km and for that derived from the full-resolution algorithm

Table 3  Summary of selected parameters of the datasets used in the inversion: orbital direction (ascending/descending), technique 
employed to measure displacements (AZ = azimuth, RG = range, POT = Pixel Offset Tracking, MAI = Multiple Aperture Interferometry), 
number of inverted samples, parameter wD for dataset weighting, RMS of the residuals, and RMS of the observed data (null solution)

Pair Orbit pass Technique Samples wD RMS residuals 
[m]

RMS null [m]

19MAR2025-31MAR2025 D AZ POT 2069 9.78 0.459 0.787

22MAR2025-03APR2025 A AZ POT 5785 2.38 0.941 1.329

24MAR2025-05APR2025 D AZ POT 7118 2.15 0.993 1.295

27MAR2025-02APR2025 A AZ POT 7462 10.19 0.455 1.021

19MAR2025-31MAR2025 D RG POT 1412 15.31 0.121 0.23

22MAR2025-03APR2025 A RG POT 5755 9.78 0.143 0.169

24MAR2025-05APR2025 D RG POT 6971 9.34 0.155 0.187

27MAR2025-02APR2025 A RG POT 6644 33.79 0.082 0.118

22MAR2025-03APR2025 A MAI 5385 0.27 0.425 0.808

24MAR2025-05APR2025 D MAI 6215 0.35 0.378 0.773

22MAR2025-03APR2025 A InSAR 5505 0.17 0.049 0.048

24MAR2025-05APR2025 D InSAR 7102 0.08 0.036 0.135
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Although the fault trace, reaching the surface and clearly 
visible in the displacement maps, is nearly straight and 
oriented north–south, the rupture was modeled using 
three segments to allow the retrieved source to better 
follow the slight deviations from a purely linear feature. 
During the nonlinear inversion phase, all the parameters 
of the three segments (i.e., 27 parameters in total) were 
left unconstrained and simultaneously retrieved; moreo-
ver, the best-fit values reported in Table  2 indicate that 
the subdivision into three segments accommodates the 
curvature of the surface trace. The linear inversion was 
then performed, allowing for variability in the rake angle, 
to account for potential small deviations from the best-fit 
value obtained in the nonlinear inversion. For complete-
ness, see Atzori et  al. (2019) for an analysis of the per-
formance of the "full-resolution" algorithm in the case of 
variable rake inversions.

3.5 � Coulomb Failure Function (CFF) analysis
The variation of static stress (ΔCFF) generated by nat-
ural events can influence the timing of subsequent 
earthquakes (Harris 1998). To analyze the effect of the 
mainshock on the triggering of the Mw 6.7 event, which 
struck 12  min later, we computed the static ΔCFF on 
the aftershock plane. The calculation was based on fault 
parameters provided by USGS (USGSc 2025), selecting 
the plane consistent (strike 177°, dip 56°, and rake −170°) 
with the mainshock rupture geometry and was carried 
out following the definition:

where μ’ = μ (1-β) is the effective friction coefficient, μ is 
the coefficient of friction, and β is the Skempton parame-
ter (Simpson & Reasemberg 1994; Stein et al. 1992). Δτ is 
the shear stress, and Δσ is the normal stress change, and 
the latter is assumed positive for extension. We adopt a 
value of 0.4 for the apparent friction coefficient. We have 
computed the six components of the induced stress ten-
sor from which we calculated the normal, shear, and 
Coulomb stress changes caused by the first subevent on 
the second subevent fault plane, as discussed in the next 
section.

4 � Results and discussion
The resulting Sentinel-1 coseismic ascending and 
descending displacement maps show the extent of the 
surface deformation induced by the earthquake, under-
scoring the intensity and the significance of the event. 
Thanks to the use of different techniques, the coseismic 
displacement field was constrained both along the azi-
muth and the range/Line of Sight (LoS) of the satellite. 
The POT and MAI techniques proved particularly effec-
tive in capturing the widespread displacements along the 

�CFF = �τ + µ′�σ

azimuth direction, consistent with the expected right-lat-
eral strike-slip motion of the north–south-oriented Saga-
ing Fault (Fig. 6). In Fig. 6a–f, positive values correspond 
to ground movements in the azimuth direction, whereas 
negative values indicate movement in the opposite direc-
tion. These techniques well constrain coseismic slip, 
revealing a clear deformation offset across the Sagaing 
Fault, with maximum values up to 5 m  observed along 
the fault trace, even at distant portions from the epicen-
tral area, as highlighted by the transects crossing the fault 
(Fig. 6g, h).

The range/LoS displacement obtained from POT and 
InSAR techniques is shown in Fig.  7a–f. In this case, 
positive values represent deformations toward the satel-
lite (reduction of satellite to ground distance) along the 
range/LoS, whereas a negative value indicates a defor-
mation in the opposite direction. The analysis of multi-
ple transects across the area of maximum displacements 
reveals values up to 0.7 m (Fig. 7g, h), likely indicating a 
combination of vertical, east–west, and a small percent-
age of north–south deformation components. The POT 
results, derived from amplitude-based image correla-
tion, are consistent across all considered tracks and along 
both azimuth and range direction (Fig. 6a–d for azimuth 
and Fig. 7a–d for range), despite the rather low accuracy 
of the technique due to local noise resulting from the 
speckle effect and the limitations of Sentinel-1 azimuth 
resolution. The MAI analysis investigates the azimuth 
phase components only (Fig. 6e. f ), yielding results that 
are in good agreement with those from POT (see cross 
sections in Fig.  6g, h) but providing higher measure-
ment accuracy (Bechor and Zebker 2006). Conversely, 
while InSAR remains the standard technique for quan-
tifying LoS displacements, its effectiveness is reduced 
by the predominantly north–south-oriented strike-slip 
mechanism of the Sagaing Fault. InSAR results are gener-
ally consistent with those from POT in the range direc-
tion, although the ascending-orbit cross section (Fig. 7g) 
reveals a slight difference in near-field range/LoS dis-
placements. This is likely attributable to coherence loss 
near the fault, induced by the significant displacement. 
Nevertheless, the interferometric measurements still 
provide complementary value by capturing minor ver-
tical displacements, potential east–west components, 
and by providing validation of the POT results along the 
range direction. InSAR contribution enhances the over-
all robustness of the displacement characterization when 
jointly interpreted with POT and MAI results.

To confirm the results of the Sentinel-1 processing, 
ALOS-2 ScanSAR interferograms were generated along 
both the ascending and descending orbits (Figure S1 in 
the Supplementary Material). The resulting displacement 
maps, however, exhibit some residual signals. Assuming 
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Fig. 6  Azimuth displacement map derived from the POT technique for a descending track 33, b ascending track 70, c descending track 106, d 
ascending track 143. Azimuth displacement map derived from the MAI technique for e ascending track 70 and f descending track 106. East–west 
profiles for each track along g ascending and h descending orbit are reported in correspondence with the area where the highest deformation 
was detected
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Fig. 7  Range displacement map derived from the POT technique for a descending track 33, b ascending track 70, c descending track 106, d 
ascending track 143. LoS displacement map derived from the InSAR technique for e ascending track 70 and f descending track 106. East–west 
profiles for each track along g ascending and h descending orbit are reported in correspondence with the area where the highest deformation 
was detected
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comparable ionospheric conditions during the two acqui-
sitions (Figure S2 in the Supplementary Material), iono-
spheric effects are expected to be secondary relative to 
other sources of uncertainty, such as orbital-related 
effects. For this reason, the obtained displacement maps 
were excluded from the source modeling inversion.

The 12 datasets were exploited and integrated to derive 
the three-dimensional coseismic displacement field along 
the north–south, east–west, and up–down components. 
The results (Fig. 8) confirm that the dominant deforma-
tion occurred in the north–south direction; however, sig-
nificant contributions are also observed in the east–west 
component and a minor deformation along the vertical 
component. This highlights the importance of integrating 
multiple SAR techniques to achieve a comprehensive and 
robust characterization of the deformation field.

The obtained displacement maps in Figs. 6 and 7 were 
jointly inverted with the “full-resolution” algorithm 
described in the Materials and Methods section, enabling 
a robust retrieval of both the geometry of the seismogenic 
source responsible for the earthquake, as well as its slip 

distribution. The nonlinear inversion provided the geom-
etry of the features involved in the coseismic slip, with 
the best-fit parameters (strike, dip, and rake) reported in 
Table 4. The uncertainties and trade-offs associated with 
such parameters are reported in the Materials and Meth-
ods section. Overall, the best-fit parameters are well con-
strained (Table 2 and Figs. 2, 3, and 4). The fault segments 
(Fig.  9a) show a north–south alignment along a nearly 
vertical dip with a faulting mechanism that is almost 
purely right-lateral for all three segments (Table 4), which 
is consistent with the tectonic regime of the area.

The slip distribution along the three fault segments has 
been constrained by linear inversion. In detail (Fig. 9), the 
maximum slip values of approximately 5 m are located in 
the central part of the fault segment number 2 (Fig. 9b), 
which corresponds to the portion of the Sagaing Fault 
affected by the seismic gap highlighted by Hurukawa 
and Maung Maung (2011) (Fig. 1). Moreover, the source 
modeling shows that the fault rupture is almost confined 
to the upper 15–20  km of the crust and extends over a 
length of approximately 490  km (Fig.  9). According to 
Thingbaijam et  al. (2017), the expected rupture length 
for an Mw 7.7, strike-slip event should be approximately 
300 km. In our case, the computed unusual extent of the 
fault slip distribution is explainable by invoking a supers-
hear rupture, as already suggested by Melgar et al (2025), 
Vera et al (2025), Wei et al. (2025), and Xu et al (2025).

The comparison between the observed and mod-
eled ground displacements is reported in Fig. 10 and 11, 
together with the residuals, showing a good agreement 
across all techniques and confirming the reliability of the 
SAR-based constraints and the robustness of the adopted 
modeling strategy.

Finally, the performed ΔCFF analysis in Fig. 12 reveals 
that the Mw 7.7 mainshock could have triggered the Mw 
6.7 event, which happened 12 min later. Indeed, a strong 
positive static stress transfer, with values up to 1.9 MPa, 

Fig. 8  Three-dimensional representation of coseismic surface 
deformation based on satellite data. These 3D deformation maps 
were derived from Sentinel-1 images acquired between March 
and April 2025 (see Table 1 for more details). a North–south direction 
deformation; b east–west deformation; c up–down deformation. The 
epicenter is indicated by the white star

Table 4  Orientation, rupture mechanism, and seismic moment 
release for the three segments into which the source is modeled. 
The overall moment, magnitude, and focal mechanism are also 
reported

Name Strike Dip Rake Moment (N*m)

Segment 1 −0.7° 69.2° −177.7° 1.70E + 20

Segment 2 −4.4° 72.7° −177.8 1.95E + 20

Segment 3 −8.6° 88.2° −178.5° 1.99E + 20

Overall 5.65E + 20

Magnitude 7.8

Focal mechanism
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is clearly observed on the receiver fault (Fig.  12). This 
suggests a positive correlation between the two events of 
the sequence, thus providing possible evidence of a causal 

link between the two ruptures. The temporal proximity 
between events further supports the hypothesis of stress 
interaction. This result supports the hypothesis that the 

Fig. 9  Modeling of the three segments with the corresponding slip distribution derived from the inversion of InSAR data. a The 2D map view; b 
the slip distribution of each segment, in the strike/dip reference system, with associated 1-sigma uncertainties, represented by ellipses for each cell; 
c the 3D view from the east
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Fig. 10  Comparison between observed and modeled data for POT and MAI techniques along the azimuth direction. For each technique, 
the residual is also displayed
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Fig. 11  Comparison between observed and modeled data for each technique along the range and LoS directions. For each technique, the residual 
is also displayed
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Mw 6.7 aftershock was triggered by static stress changes 
induced by the mainshock through rupture propagation 
and stress concentration along the fault system.

5 � Conclusions
The 2025 Mw 7.7 Myanmar earthquake was one of the 
most significant seismic events in Southeast Asia over 
the past century. Our analysis indicates that the rupture 
extended approximately 490 km along the Sagaing Fault, 
with a maximum coseismic slip of about 5 min the cen-
tral part of the fault, consistent with a supershear rupture 
type. Overall, this study highlights the effectiveness of 
integrating multiple SAR techniques, each characterized 
by a different level of sensitivity and accuracy, for accu-
rately capturing the full deformation field associated with 
such a strong earthquake over a wide area. This approach 
enabled the retrieval of both horizontal (east–west and 
north–south) and vertical displacement components. The 
combined use of different Sentinel-1 datasets enabled full 
spatial coverage of the rupture extent and a robust char-
acterization of the seismogenic source, including its slip 
distribution. This comprehensive approach provides a 
solid analysis for subsequent investigations, including 

stress transfer modeling and assessment of the triggering 
potential of the nearby fault segments.
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