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Abstract—The March 28, 2025 Mandalay Earthquake, with a magnitude Mw = 7.7 and its epicenter near the city
of Mandalay, occurred within the zone of the major N‒S-trending active right-lateral Sagaing Fault. The earth-
quake generated a seismic rupture zone that extended mainly southward from the epicenter along this fault.
Using radar interferometry and subpixel correlation of satellite imagery, the authors determined the parameters
of the rupture zone. Its length is ~460 km, with right-lateral displacement reaching the maximum observed
amplitude of 5.8 m. Given the hypocentral depth of 10 km, the seismic ruptures can be considered the surface
expression of the earthquake source. The Sagaing Fault is associated with the ophiolite belt of Myanmar, which
represents relicts of the Mesotethys paleocean, displaced by Cenozoic tectonic movements. In northern Myan-
mar, where the Mandalay earthquake occurred, the ophiolite belt functions as the magmatic component of the
submeridional northern segment of the Sunda island arc, beneath which the Indian Plate is subducting in the
north-northeast direction. While the subduction surface is gently dipping near the front of the Sunda Plate, it
experiences steep subduction further to the east. The Sagaing Fault lies above the eastern flank of the region of
steep subduction of the Indian Plate. Beneath the region lies a mantle plume that reduces lithospheric thickness
and causes softening of the lower crust. We suggest that the increased extent of the rupture zone of the Mandalay
earthquake is due to the plasticity of the ophiolitic substrate, which facilitates rock slip, while the shallow depth
of the hypocenter is related to the softening of the lower crust and upper mantle under the influence of the man-
tle plume. The significance of these factors is confirmed by comparing the Mandalay earthquake with the stron-
gest earthquakes in Eastern Anatolia over the past 80 years, which occurred under similar tectonic conditions.
These factors should be taken into account when assessing seismic impacts of major earthquakes.
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INTRODUCTION
On March 28, 2025, at 06:20:54 UTC, a destructive

earthquake with magnitude Mw = 7.7 occurred in
Myanmar [68] (hereinafter referred to as the Mandalay
earthquake) on the large right-lateral Sagaing Fault. Its
epicentre was located near Mandalay (22°00′03″ N,
95°55′19″ E), the country’s second largest city with a
population of over 1 mln. The earthquake’s hypocenter
has been determined at a depth of 10 km [68], which
allows us to expect the seismic rupture to have reached
the surface. The earthquake was the strongest to hit
mainland Southeast Asia since an earthquake with
magnitude Ms = 7.8 struck the same fault in 1946 [57].

The aim of the article is to characterize the param-
eters of the seismic rupture, the tectonic position, and
possible geodynamic nature of the earthquake that
occurred. To date, evidence of the surface effects of
the Mandalay earthquake has been extremely scant,
and field work in the region has not been possible.
Therefore, the study is based on deformation mea-
surements using radar interferometry and subpixel

correlation of high-resolution satellite images. The
position of the earthquake source in the geological
structure of the region was determined and compared
with its deep structure, which was reconstructed using
the UU-P07 seismic tomographic model [15, 31, 67].

MATERIALS AND METHODS
Geological Data

The structure of the part of Southeast Asia closest
to the focal area of the Mandalay earthquake has been
determined based on published data [10, 31, 48],
which differ in the level of detail and scale of study and
frequently contradict each other. In this study, we
present what we believe to be the most probable model
of the structure of the region, focusing on the details of
the model that are important to assess the factors that
determined the characteristics of the Mandalay earth-
quake. These factors were compared with the charac-
teristics of the strongest East Anatolian earthquakes of
the last 80 years using data from [8, 9, 11, 63].
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Radar Interferometry
To determine the extent of the seismic rupture zone

and magnitude of surface displacement, radar inter-
ferometry was used, which analyzes the phase differ-
ence of radio signals received by a receiver before and
after seismic displacement of the relief.

The source of the data was radar images in the
C-band obtained from the Sentinel-1 satellite [62].
Since the wavelength of C-band radio waves is approx-
imately 5.6 cm, this method can map even small dis-
placements with an amplitude of less than 1 m. To solve
the formulated problems, radar images in the Interfero-
metric Wide Swath (IW) mode with VV polarization
were selected, covering the studied territory. The size of
the baseline, i.e., the distance between survey points,
did not exceed 100 m, and the interval between
repeated surveys was 12 days. Image processing
included selection of image pairs for the same area
before and after the earthquake, their coregistration,
calculation of interferograms, exclusion of the topo-
graphic component based on the SRTM 1 Arc-Sec-
ond digital elevation model (DEM), filtering using the
Goldstein algorithm [30], and phase unwrapping.

All processing stages are performed in the cloud
software HyP3 (Hybrid Pluggable Processing Pipe-
line) with Vertex image search interface (Alaska State
Science Center, USA). The calculated displacement
values correspond to the direction towards or away
from the satellite. To calculate the displacement along
the fault plane, data on the vertical and horizontal
angles of the direction to the satellite, given in the sur-
vey metadata, were used.

Subpixel Correlation of Optical Satellite Images
To determine the maximum values of horizontal

displacements of the Earth’s surface associated with
the earthquake, the method of subpixel correlation of
optical space images was additionally used. The initial
data used were images from the Sentinel-2C satellite
multi-spectral sensor MSI in the red spectrum zone
with a spatial resolution of 10 m.

Paired images before and after the seismic event
were selected, with minimal cloud cover and similar
terrain illumination, with processing level L2 (radio-
metric correction and orthotransformation per-
formed). Data processing and extraction of displace-
ment vectors were done with the software tool auto-
RIFT (Automated Repeat Image Feature Tracking)—
an automated algorithm for subpixel image matching
that rejects points with low correlation [41].

Seismic Tomography
Currently, a detailed class of seismic tomography

models has been created, calculated using teleseismic
data with a spatial resolution of ~100 to ~50 km in seis-
mically active zones, which significantly complements
the understanding of the velocity structure of the
mantle. In this study, we use the UU-P07 model [15,
31, 67], a specific feature of which is three-dimen-
sional initial approximation of the velocity model,
starting from which calculation and minimization of
the residuals of the arrival times of seismic event sig-
nals at recording stations is performed.

As the initial approximation, researchers for a long
time preferred radially symmetric PREM (Preliminary
Reference Earth Model) [60], but by the end of the
2000s, most of the calculated models on low-frequency
spherical harmonics up to l = 20 ceased to differ signifi-
cantly [19]. This led to the introduction of three-
dimensional initial approximations into practice [15],
which significantly improved the quality of calcula-
tions of velocity variations and the computational
results of the algorithms used.

The UU-P07 model features improved detail of
δVp in the upper mantle in tectonically active seg-
ments of the lithosphere. The UU-P07 model in a
user-friendly form is a three-dimensional matrix
(cube) in space (X, Y, Z) with values δVp in each cell of
the matrix. The cube sections are calculated along
profiles with arbitrary trajectories in the (X, Y) plane,
which are usually laid along and across the studied
structures on the surface of the lithosphere.

TECTONIC ZONING OF INDOCHINA
The following tectonic zones have been identified

in Myanmar and neighboring regions of India, Ban-
gladesh, Thailand, Laos, Vietnam, and Yunnan Prov-
ince in China (from west to east) [1, 5, 10, 48] (Fig. 1):

— Trough of the delta of the Ganges and Brahma-
putra rivers;

— Indo-Burmese Ranges;
— Central Burma Trough;
— Sino-Burmese and Indosinian continental blocks.

Trough of the Delta of the Ganges 
and Brahmaputra Rivers

The 16–20-km-thick sedimentary cover of the Tri-
assic–Quaternary deposits of the Neotethys and delta
of its successor lies on thinned continental crust of the
Indian Platform. In the eastern Bay of Bengal, the
thickness of the cover can reach 30 km, of which at
least 20 km are post-Eocene deltaic deposits [57].

Indo-Burmese Ranges
The ranges are a belt of meridionally elongated

folds 1400 km in length (Fig. 2).
Most researchers consider this belt as an accretion-

ary wedge in front of the magmatic part of the north-
ern segment of the Sunda island arc. Their folds con-
sist of Cretaceous and Paleogene rocks, deformed in
the Late Oligocene and uplifted as ridges in the Mid-
dle Miocene [57]. Along the fold ridges there are faults
GEOTECTONICS  Vol. 59  No. 5  2025
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with a dominant right-lateral displacement compo-
nent (Fig. 3).

In the south of this zone, the 160-km-long
Takhtay-Chaung fault shows right-lateral displace-
ment of the interfluve by up to 11 km in the south of
the fault and up to 5 km in the north. In the north of
the tectonic zone, a right-lateral strike-slip fault of up
to 3 km has been established along the 170-km-long
Churachandpur-Mao fault [72]. To the east of it, on
the boundary with the Central Burma Trough, is the
Kabaw right-lateral oblique fault [49].

In the outer (western) part of the Indo-Burmese
Range zone, the Tripura low-mountain fold belt is dis-
tinguished, 400 km in length, between the Shillong Pla-
teau in the north and the coast of the Bay of Bengal in
the south; it is featured by a less complex fold structure.
The front of the Tripura fold belt has been shown to
extend westward by 11 km over the last 2 Ma [57].

The Indo-Burmes Ranges are bounded in the north
by the Shillong Plateau, a E–W elongated block of the
continental lithosphere of the Indian Platform, rising 1
km above the surface of the delta and characterized by a
crustal thickness of up to 35 km. The block is bounded
by thrust faults dipping towards it. To the north is the
Oldban Fault, buried under young sediments [21], and
in the south, the active Dauki fault. Along it, the sur-
face of Moho boundary under the plateau is raised by
6 km [57]. According to thermochronological data, the
plateau began to rise 15–8 Ma ago [57].

Central Burma Trough

The trough is filled with Maastrichtian–Quater-
nary molasse-type deposits up to 10 km thick, and in
the south, possibly up to 18 km. In the raised axial part
of the trough, widening to the north, rocks of the met-
amorphic basement, ophiolites, and island-arc Plio-
cene–Quaternary volcanics are exposed, allowing this
zone to be considered the magmatic part of the island
arc. In the northern part of the trough, transpressive
right-lateral deformations of the Upper Miocene–Qua-
ternary deposits with the formation of an en echelon
fold–thrust system have been identified [57]. Along the
GEOTECTONICS  Vol. 59  No. 5  2025
eastern edge of the trough extends the largest right-lat-
eral strike-slip fault, the Sagaing (Fig. 3).

The rocks of the sedimentary cover of the Indo-
Burmese Ranges are separated by a detachment sur-
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Fig. 1. Tectonic zones of Western Indochina (according to
[1, 6, 10, 48]). Position of Fig. 2 is shown by rectangle.
1, Areas of oceanic crust of Indian Plate; 2, modern Sunda
island arc; 3, modern back-arc basin of Andaman Sea;
4, area of Late Cenozoic deformations of Indian Platform
(Himalayas); 5–7, zones of sutures and active margins:
5, Neotethys (Indus–Yarlung–Tsangpo zone and Lhasa
block in Tibet); 6, Mesotethys (Bangong–Nojiang suture
and Qiangtang block in Tibet, ophiolite belt of Myanmar,
Sino-Burmese block and their inferred southern continu-
ations in Indochina); 7, Paleotethys (Jinsha Suture and
Songpan Block in Tibet); 8, Paleotethys suture in Indo-
china; 9, Hercynides; 10, Early Paleozoic and Precam-
brian platforms and blocks; 11, ophiolite outcrops;
12, active faults.
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Fig. 2. Geological map of Myanmar and adjacent territories (compiled from data [28, 29, 35]). 1–4, Sedimentary rocks: 1, Plio-
cene-Quaternary; 2, Paleogene‒Neogene; 3, Jurassic–Cretaceous; 4, Permian–Triassic; 5, Mesozoic granitoids; 6, Paleozoic–
Precambrian formations; 7, ophiolites; 8, neotectonic faults.
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Fig. 3. Major active faults of Myanmar, Andaman Sea, and adjacent areas (compiled using data [57]). Active Rifts: ASH, Ayla
Shan; DA, Dawkey; WA, West Andaman; KA, Kabaw; RR, Red River; ON, Oldban; SA, Sagaing; SU, Sumatran; FR, Frontal
Fault of Sunda Arc; CM, Churachandpur-Mao. Pliocene-Quaternary faults: WO, Wonding; LA, Lakhna; MP, Mao Ping;
MS, Mengxing; MC, Mae Chan; NM, Nam Ma; TC, Takhtay–Chaung. Position of Fig. 4 is shown by rectangle). 1, Active faults:
(a) strike-slip faults; (b) thrusts, (c) normal faults, (d) extension faults; 2, Pliocene–Quaternary faults; (a) strike-slip faults,
(b) thrusts, (c) normal faults; 3, inferred continuation of the Frontal Rift; 4, axes of Quaternary folds of Tripura belt; 5, epicenters
of strongest earthquakes with year and magnitude indicated.
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face from the Indian Plate with thinned continental
crust, which has been pushed under them. The
detachment surface and underlying part of the Indian
Plate form a seismic focal zone with gentle seismic slip
surfaces and imbricated thrusts. Under the Tripura
fold belt, the detachment surface is gently dipping to
the east and at a depth of 3–5 km; under the Indo-
Burmese Ranges, the dip angle of the detachment sur-
face increases to 7° and it deepens to ~10 km [49].

Under the high eastern part of the Indo-Burmese
ranges, the seismic focal zone sharply increases its
angle of inclination and plunges 160 km under the
Central Burmese Basin. At the same time, the crust
becomes oceanic. The petrochemistry of Pliocene
andesites, dacites, and rhyolites shows that they
erupted from melts above a subducted slab of oceanic
lithosphere [57].

Ophiolites occur among the sedimentary rocks of
the Indo-Burmese Ranges and the Central Burma
Trough. Hutchison [34] identified two ophiolite belts
in Myanmar:

— Western (Naga Hills Line);
— Eastern (Mandalay Line).
In [33], the eastern belt is divided into two belts by

the Sagaing Fault and Neogene–Quaternary sedi-
ments of the Irrawaddy River valley (Fig. 2); i.e., a
total of three ophiolite belts are distinguished: the
Western, Central and Eastern.

The western belt extends from northeastern India
(Naga Hills) along the eastern edge of the Indo-Bur-
mese Rang zone through all of western Myanmar to
the Andaman Islands (Fig. 1). The Central and East-
ern belts (Mandalay Line) are exposed only in north-
ern Myanmar and are buried under molasses of the
Central Burma Trough to the south.

The belts hosts ultramafic rocks, gabbros, mafic
dikes, basalt pillow lavas, intermediate igneous rocks,
and radiolarites. All three belts are petrochemically
similar with some differences in ore mineralization,
explained by local rock-formation features and subse-
quent alteration [33].

The ophiolites of the Western Belt, which corre-
sponds to the zone of negative gravity anomalies, occur
mainly as rootless subhorizontal bodies, tectonically
overlapping the Eocene‒Oligocene deposits [12].
Apparently, these ophiolites were obducted from the
eastern belts. In the Central and Eastern belts, ophio-
lites often form steeply inclined bodies. The area of
their distribution corresponds to a positive gravita-
tional anomaly [12].

Compelling arguments are presented in favor of the
fact that initially the ophiolites of the Central Belt
were built up by ophiolites of the Eastern Belt to the
north and were were displaced to their present position
later by the right-lateral strike-slip fault along the
Sagaing Fault in connection with the NNE drift of the
Indian Plate. The right-lateral offset is estimated at
400 km [46] or 300 km since the end of the Middle
Miocene [33]. Another estimate of the total displace-
ment along the Sagaing Fault is based on the assump-
tion that the Irrawaddy River formerly f lowed along
the Chinguin River valley and took its current position
as a result of movements along the fault. In this case,
the offset is 360 km [57].

Thus, the ophiolites of the three identified belts are
deformed fragments of a single ophiolite belt of Myan-
mar, formed in the Mesotethys subduction zone and
coinciding with the modern magmatic arc. Oceanic
crust, which served as the material for the ophiolite belt,
was formed in the mid-ocean ridge in the Middle Trias-
sic‒Early Jurassic, later serpentinized, subducted in the
Upper Jurassic, and later underwent various degrees of
metamorphism [17]. The rocks of the ophiolite complex
are adjacent to Triassic–Cretaceous flysch.

The obtained datings of the oceanic crustal rocks
are summarized in [33]:

— ~173 Ma, Aalenian (U‒Pb determinations for
gabbro and diorite from the Eastern Belt [40]);

— 160–176 Ma, Middle Jurassic (U‒Pb determi-
nations for leucogabbro from plagiogranites and
andesite–basalts of the Eastern Belt [75]);

— 158 ± 20 Ma, Middle Jurassic–Valanginian
(K‒Ar determination for pegmatite from the horn-
blendite of the Western Belt [50]);

— ~127 Ma, Barremian (U‒Pb determination for
zircon in rodingite from serpentinite of the Western
Belt [42]).

Numerous datings reflect the alterations of the
Central Belt ophiolites (jadeite, blueschists, eclogite
and amphibolite alterations) that occurred during the
formation of the Mesotethys ophiolite belt and the
subsequent overlay of the Sunda Arc magmatic belt.
These dates range from 152.4 ± 1.5 Ma (Kimmeridg-
ian) through the Aptian, Cenomanian, and Campan-
ian to 44.8 ± 1.1 Ma (Middle Eocene). There is also
evidence for later effects: ~30 Ma (Early Oligocene)
and ~15 Ma (Middle Miocene) [33].

The main features of the modern structure of
Myanmar began to form in the Middle Miocene. It has
been established that from this time onwards there was
an uplift of the Shillong Plateau and Indo-Burmese
Ranges, subsidence of the Central Burma Trough,
strike-slip movements along the Sagaing Fault, and, as
shown below, development of the Shin Plateau faults
and spreading in the Andaman Sea.

Sino-Burmese Continental Block
The main part of the block is located on the terri-

tory of Myanmar (Shin Plateau) [17, 48] (Figs. 1, 2).
Its western boundary is the tectonic contact of the
ophiolites of the Central Burma Trough with meta-
morphic rocks. The Sagaing Fault runs roughly along
this boundary. The block continues north into neigh-
boring China’s Yunnan Province and east into Thai-
GEOTECTONICS  Vol. 59  No. 5  2025
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land. The basement of the block includes the Early
Precambrian (Mogok Complex) [10, 55]. The rocks of
the lower part of the complex were metamorphosed to
granulite facies, and the upper part, to amphibolite
facies. They are classified as Archean and/or Lower
Proterozoic. The Mogok Complex is unconformably
overlain by thick f lyschoid strata, intensely crumpled
but relatively weakly metamorphosed, spanning the
Middle Proterozoic and possibly the lower parts of the
Upper Proterozoic. The strata are intruded by doler-
ites, diorites, and granites, with datings in the range
982–834 Ma [10].

Precambrian rocks are unconformably overlain by
the Upper Cambrian. From this time on, during the
Paleozoic and a significant part of the Mesozoic, the
Sino-Burmese block was covered by a sea in which
thin carbonate–terrigenous sediments accumulated.
In the center of the block, islands occasionally
emerged, serving as sources of debris input. In the
Late Carboniferous–Early Permian, glacial deposits
accumulated, indicating that the block belonged to
continental Gondwana [10]. Later, the Triassic oce-
anic basin, expressed by the Myanmar ophiolites, sep-
arated the Sino-Burmese block from the Hindustan
part of Gondwana.

Indosinian Continental Block

The block is located on the territory of Vietnam,
Cambodia, and Laos and is separated from the South
China continental block by the Vietnamese fold zone,
which inherited the Late Paleozoic suture (Fig. 1). The
Middle Devonian volcanic belt is associated with sub-
duction of the Vietnam oceanic trough. In the Late
Devonian, folding and uplift intensified. In the Late
Triassic, intense Indo-Sinian deformations took
place. Along the northern edge of the fold zone runs
the active Aila Shan–Red River fault system. The
maximum right-lateral displacement along the Red
River fault is estimated at 5.5 [14] to 40 km, of which
16 km fall on the Pliocene–Quaternary [54]. The
Holocene displacement rate is ~5 mm/yr [14, 53].

In the east, the Indosinian block faces the South
China Sea, and in the west and southwest, it is
bounded by ophiolitic relics of the Indosinian [1], or
Yunnan-Malay [10], segment of the Paleotethys. Ophi-
olites that formed prior to and including the Early Tri-
assic are combined with Upper Paleozoic and Triassic
strata, locally including Devonian, that deposited on
the slopes of a deep-sea trough. It closed in the middle
or end of the Late Triassic, when the strata experienced
intense fold–thrust deformations during the Indosinian
orogeny. The fold complexes are unconformably over-
lain by Norian–Jurassic red rocks.

The basement of the Indosinian block, similar to that
of the Sino-Burmese block, outcrops in Vietnam [10].
The oldest, Kannak Complex is represented by rocks
of the granulite facies of metamorphism for volcanics,
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and higher up, for terrigenous–carbonate rocks and
granites. The complex is presumably attributed to the
Archean, since the less deformed Ngoklin Complex is
dated at 2.3 Ga. Early and Middle Proterozoic
metasediments have been altered to amphibolite
facies. They are cut through by granitoids with ages of
1.3–1.0 Ga. In the Late Proterozoic and the first half
of the Paleozoic, uplifts dominated. In the Early Car-
boniferous, subsidence resumed. Permian magmatism
is expressed by terrestrial felsic eruptions and granite
formation. Uplifts and volcanism continued into the
Triassic. In the Late Cretaceous, the Korat Basin
formed in the north of the block, where 1.4 km of salt-
bearing sediments accumulated.

Between the Sagaing right-lateral strike-slip faults
and the Aila Shan–Red River system, in a triangle
encompassing the Sino-Burmese block and the north-
ern part of the Indosinian block, a series of new faults
emerged in Miocene–Quaternary [57] (Fig. 3). It
comprises left-lateral strike-slips with a latitudinal–
northeastern strike (the Wonding, Mengxing, and
Nam Ma faults), arcuate to the south. In northern
Thailand, near the border with Myanmar, the Mae
Chan fault (left-lateral strike-slip (?)) is distinguished.
The total displacement along the left-lateral faults is esti-
mated at 5–24 km over 5–20 Ma according to the dis-
placements of the river valleys [38]. The system of left-
lateral strike-slip faults is locally crosscut by more recti-
linear right-lateral strike-slip faults with a northwestern
strike (e.g., the Mao Ping fault, which is a branch of the
Sagaing Fault). The neotectonic NW-trending faults
continue south into Thailand.

Southern and Northern Continuations 
of the Tectonic Zones of Northern Indochina

The given series of tectonic zones can be traced to
the south. The Indosinian block continues through
the western shallow part of the South China Sea to
Kalimantan Island, in the southwest of which, in the
Shvaner massif, ancient crystalline schists are overlain
by Upper Paleozoic shallow-water deposits of the Juras-
sic and Cretaceous and intruded by Upper Jurassic and
Cretaceous granitoids (153–65 Ma) [10] (Fig. 1). The
southern continuation of the Indosinian suture
obliquely crosses the Malacca Peninsula [1]. The con-
tinuation of the Sino-Burmese block may be the east-
ern shelf of the Andaman back-arc sea, disturbed by a
series of low-active Late Pliocene–Quaternary gra-
bens [57].

The southern extension of the Myanmar ophiolites
is buried by Cenozoic sediments of the Central Burma
Trough. The location of the ophiolites can be esti-
mated from the continuation of the right-lateral
Sagaing strike-slip fault, which in the northern Anda-
man Sea is divided into three branches [57] (Fig. 3). Its
main central branch continues to the southwest, turn-
ing into an en echelon series of southwest-trending
rifts separated by two or three meridional transform
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faults. The series of rifts is bounded in the southwest
by the northern end of the Sumatran right-lateral
strike-slip fault. The rifts form the Central Andaman
Basin with a sediment thickness of ~1 km and repre-
sent a spreading center with an oceanic crust type. The
spreading center opened in the middle Miocene [31].
There is an opinion about its origin ~4 Ma ago, and
at first the spreading was slow, 16 mm/year, but in the
last 0.7 Ma it became fast, 38 mm/year [51]. How-
ever, such a spreading rate contradicts the modern rates
of displacement of ~20 mm/year along the Sagaing
Fault [44, 69] and 23 mm/year along the Sumatran
fault [27]. Therefore, the opinion about the origin of
spreading in the Middle Miocene seems preferable.

The spreading center is bounded in the northwest
by the arcuate western branch of the Sagaing Fault. In
the west, it passes into the West Andaman right-lateral
strike-slip fault, which continues to the southeast as
the Sumatran strike-slip fault (Fig. 3). The inferred
third, meridional continuation of the Sagaing Fault, as
a zone of weakeness, is determined the position of the
East Andaman depression, adjacent to the Sumatran
strike-slip fault in the south. In the trough and on its
boundaries, signs of right-lateral and extensional fault-
ing were revealed, which caused subsidence. An addi-
tional factor in the subsidence was the isostatic reaction
to accumulation of Neogene–Quaternary sediments up
to 8 km thick, transported by the Irrawaddy River [57].

The continuing uncertainty of the southern contin-
uation of the Myanmar ophiolites (Mesotethys
sutures) requires consideration of the nature of the
Andaman segment of the Sunda island arc. It was
shown above that the northern part of the Central
Burma Trough, containing products of Pliocene–
Quaternary island-arc volcanism, represents the mag-
matic part of the modern island arc inherited from the
Mesotethys, and the Indo-Burmese Ranges are an
accretionary wedge before its front. Koko Island, the
northernmost of the Andaman Islands have a similar
structure, where seismic profiling shows that ophio-
lites are thrust from the east onto an accretionary
wedge [57].

To the south, the structure of the arc changes. On
Barren Island in the rear of the arc, plagioclase xeno-
liths from island-arc lava showed an 40Ar/39Ar age of
106 ± 3 Ma (Albian) [52]. Xenoliths originated from
gabbro of the oceanic lower crust. The thickness of the
crust, according to the seismic section, reaches conti-
nental values (24–32 km). In the southern Andaman
Islands, ophiolites lie at the base [50]. Their upper
mantle components—harzburgites and dunites—are
overlain by a cumulative peridotite–gabbro complex,
intrusive rocks of a higher crustal level, and tholeiites.
The upper crust also contains significant andesitic–
dacitic volcanic series, indicating island-arc volcanism
on oceanic crust.

U‒Pb dating of zircons from trondhjemite on the
southern island yielded an age of 95 ± 2 Ma (Ceno-
manian) [50]. Basalt pillow lavas and dikes that cut
through trondhjemite are similar in their trace element
geochemistry to mid-ocean ridge rocks. The presented
data show that the Andaman segment of the volcanic
arc arose on the Albian–Cenomanian ophiolite-oce-
anic crust and is close in age to the ophiolites of the
Indus–Yarlung–Tsangpo zone [13, 43]. According to
[12], the ophiolites of the Andaman Islands were
formed as a result of Late Oligocene collision of the
Indochinese margin of Eurasia with the ensialic arc
that existed within the oceanic part of the Indian
Plate. Relics of this arc do not extend north into the
Indo-Burmese segment of the modern Sunda Arc.

Other tectonic zones of northern Indochina also
have analogues in Tibet and southern China (Fig. 1).
The ophiolite belt of Myanmar is a continuation of
the Bangong–Nojiang suture of Tibet [1, 2, 10, 17,
23, 33, 42]. The Indosinian suture is similar to the Jin-
sha suture, which hosts the Ulan-Ula and Yushu ophi-
olite zones; the closure of these basins began in the
Late Permian and ended in the Triassic [2, 76, 77].
With such a comparison, the Sino-Burmese and
Indosinian blocks correlate, respectively, with the
Qiangtang and Songpan Tibet continental block. At
the same time, the basement of the Sino-Burmese and
Indosinian blocks has features similar to the basement
of the South China block [10].

ACTIVE TECTONICS OF THE TERRITORY 
OF MYANMAR AND ITS SURROUNDINGS

Seismic Activity of the Indo-Burmese Ranges
and Their Surroundings

During the closure of the Neotethys, the conver-
gence rate between India and Eurasia slowed in the
north from 15 to 4 cm/year [47]. The ongoing NNE
movement of the Indian Plate, combined with clock-
wise rotation in Yunnan and Northern Myanmar,
determined the modern oblique subduction of the
Indian Plate under the Indo-Burmese Ranges and the
Central Burma Trough with predominance of the
right-lateral strike-slip component [57].

Modern tectonic activity of the plate boundary was
manifested under the Sunda Arc by the powerful 2004
Sumatra‒Andaman earthquake with Mw = 9.2, which
ruptured 1300 km of the Indian Plate boundary south of
Myanmar. The 1762 Arakan earthquake occurred in the
northernmost Arakan segment of the Sunda Arc (south-
ern Bangladesh) (Fig. 3). At the same time, displace-
ment of 9–16 m could have occurred under the islands,
which may indicate a magnitude of Mw = 8.5 [71].

During the instrumental period, the activity of the
subducting Indian Plate has been expressed under the
Indo-Burmese ridges as weak and rarely strong (the
Tamenglang earthquake of 2016 with Mw = 6.7) upper
crustal seismic events in the near-surface part of the
Indian Plate. The P-axes of the focal mechanisms are
oriented along the ranges, indicating dominance of
GEOTECTONICS  Vol. 59  No. 5  2025
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the strike-slip component [39]. This movement is
transmitted to the allochthonous plate, where the rate
of total modern movement is estimated at 35 mm/yr in
a 10° north-northeast direction [58]. Of these, more
than half are right-lateral displacements along the
Sagaing Fault, which extends over the eastern margin
of the steeply subducting region of the Indian Plate.
The rest occurs further west, mainly in the Indo-Bur-
mese Ranges.

In the Tripura fold belt, GPS measurements have
revealed shortening at a rate of 10–13 mm/year [26, 59].
In the Naga Hills, the shortening rate is 1–4 mm/yr
[68]. In the high part of the Indo-Burmese Ranges,
transverse shortening, if any, is very small, but active
longitudinal right-lateral strike-slip faults have been
detected [72]. GPS monitoring in the area of the Chu-
rachandpur-Mao and Kabaw faults shows right-lateral
displacement at a rate of up to 16 mm/year, of which the
Churachandpur-Mao fault accounts for ~6 mm/year
[45] (Fig. 3). On the Kabaw fault, GPS observations
have established right-lateral dispalcement at a rate of
8.4 ± 3.0 mm/year with transverse shortening at a rate
of 5.7 ± 4.1 mm/year [49].

On the Shillong Plateau, according to GPS data,
the rate of lateral shortening is 3–6 mm/year. The rate
of uplift is determined to be 0.7–1.4 mm/year in the
east of the plateau, where its shortening increases to
5–7 mm/year [68]. The south-dipping hidden Oldban
thrust fault on the northern boundary of the plateau is
associated with the Great Assam earthquake of 1897
with a magnitude of Ms = 8 ± 1 [21]. The earthquake
caused a displacement of 25 ± 5 m. A thick (up to 35 km)
seismogenic layer spanned the entire crust, which
indicates its relationship with the Indian Platform.

Sagaing Fault
The meridional active right-lateral Sagaing strike-

slip fault extends across Myanmar for more than
1500 km (Fig. 4). The fault is clearly visible on the
ground and in satellite images. There are no signifi-
cant curvatures of its line that could cause the forma-
tion of fault uplifts and depressions. In the north, the
fault splits into several branches that transpressively
separate the uplifts of ridges composed of metamor-
phic complexes. In the south, the fault continues into
the Andaman Sea, where it is associated with the
modern spreading center (Fig. 3).
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Fig. 5. Seismic tomography sections of UU-P07 volumetric model of P-wave velocity variations through Myanmar–Yunnan
intramantle plume in Southeast Asia (based on [9, 11, 63]). Yellow star shows position of epicenter of Mandalay event M = 7.5
(March 28, 2025). (a) Submeridional seismic tomography section 1; (b) sublatitudinal seismic tomography section 2; (c) position
of seismic tomography sections: 1, submeridional; 2, sublatitudinal.
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GPS monitoring data showed that in the northern
part of the fault, for 400 km north of Mandalay, the
strike-slip rates consistently range from 18 to
22 mm/year [44, 69]. In the south, the rate was deter-
mined to be 17 mm/year. In the south of the fault, dis-
placement of the walls of a 16th century fort has been
described, which determines the shear rate of 11–
18 mm/year [73]. Further north, displacement of a
lava f low with a K‒Ar age of 0.25–0.3 Ma has been
identified, yielding a shear rate of 10–23 mm/yr [20].

Sources of instrumental earthquakes with M ≥ 7
were distributed along the Sagaing Fault as follows [57]
(Fig. 4):

— In 1930, two earthquakes with Mw = 7.3 occurred
in the south of the fault with the formation of a seis-
mogenic rupture 120 km long with a displacement of
>3 m [64];

— in 1931, an earthquake with Ms = 7.6 occurred at
the northern end of the fault;

— sources of two earthquakes with Mb = 7.5 and
Ms = 7.8, which occurred in 1946, were successively
located south of the 1931 earthquake; in 1991, 1992,
and 2012, three earthquakes with Mw > 6 occurred in
the same area;

— in 1956, further south, but north of Mandalay,
an earthquake with Ms = 7.0 occurred.

In [72], this successive migration of seismic events
was noted and the possibility of an earthquake with
Mw = 7.8–7.9 was predicted on the fault segment
between the 1956 and 1930 earthquakes.

The 2025 Mandalay earthquake occurred on this
segment of the fault, and the resulting seismic rupture
zone closed the interval (Fig. 4). Approximately at the
site of the 2025 seismic rupture, 184 years earlier, the
strongest earthquake occurred in 1839 [39]. This gives
an idea of the possible recurrence interval of earth-
quakes with magnitudes of at least M ≥ 7 in the
Sagaing Fault Zone.

DEEP STRUCTURE OF INDOCHINA 
BASED ON SEISMIC TOMOGRAPHY DATA

The deep structure of Indochina was determined
based on seismic tomography data. Submeridional sec-
tion 1 (Fig. 5), calculated along the Sagaing strike-slip
fault, shows the presence of an upper mantle plume
along it, which in the plane of the section rises from a
depth of ~700 km and expands towards the surface to
the north and south, covering the “cold” volumes of
the mantle and demonstrating, thus, the contrast of
the rheological state of the mantle. To the north of this
region, an intramantle plume is observed, rising from
a depth of ~1500 km and spreading to the surface
under Central Tibet (outside the plane of the section)
and the Khangai Plateau.

South of the Sagaing Fault, a contrasting state of
the mantle is also observed due to the presence of a
slab under the Sunda Arc, which f lattens out under the
root of the upper mantle plume at a latitude of ~17° N.
South of the Sunda Arc, the branches of the African
and Pacific superplumes probably overlap, which in
the Northeast Indian Ocean merge into a single hot
volume [5] with the predominance, most likely, of
material from the Pacific plume. The greatest contrast
in the rheological state of the mantle, in which the
most mobile (hot) and cold volumes of the mantle
interact, is expressed in the central part of the Sagaing
GEOTECTONICS  Vol. 59  No. 5  2025
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Fault. In this geodynamic setting, significant stresses
are expected to accumulate in the transition zone
between mantle volumes of different rheology and be
released in the form of strong seismic events.

Sublatitudinal section 2 (Fig. 5), calculated across
the Sagaing Fault from the epicenter of the Mandalay
earthquake, shows the presence of a sharp contrast in
δVp on flanks of the fault plane. To the west of the epi-
center in the upper mantle is the “cold” Hindustan
lithospheric block, and to the east is the “hot” mobile
block of the Indochina Peninsula, in which the move-
ment of lithospheric masses to the south is clearly evi-
dent, recorded by GPS data [61, 70] and forming the
displacement kinematics. This “hot” anomaly extends
eastward to the eastern border of the Philippines, after
which the structure of the upper mantle changes. Within
the specified segment, plumes with mid-mantle roots
are distinguished, and in the easternmost part of the seg-
ment, “hot” anomalies of the Pacific superplume with
roots at the mantle–core boundary are visible [6].

Sublatitudinal section 2 (Fig. 5) also shows hori-
zontal stratification of the mantle both in “hot” and
“cold” volumes. The most contrast in terms of δVp of
segment 2 corresponds to the Sagaing right-lateral
strike-slip fault, which in the south, near 10° N, forms
the rift segment of the Andaman Sea, the intense seis-
micity of which in the west coincides with the epicen-
ters of the Sunda Arc.

SEISMOTECTONIC MANIFESTATIONS
OF THE MANDALAY EARTHQUAKE

Seismotectonic interpretation of remote sensing
data relies on primary seismological data [66]. The
solution of the earthquake source corresponds to a
strike-slip mechanism with vertical nodal planes
having an azimuth of 270° (left-lateral strike-slip)
and 1° (right-lateral strike-slip). The focal zone, deter-
mined by the distribution of aftershocks, is strictly
confined to the Sagaing Fault and has a general
north–south trend. Eyewitness accounts confirm the
right-lateral shear kinematics of movement without a
significant vertical component [22].

The actual position of the seismic rupture zone was
mapped from an interferogram calculated from Senti-
nel-1 radar images before and after the earthquake
(Fig. 6).

It was found that the rupture line is almost straight
and is located entirely on the previously mapped
Sagaing Fault line [57]. At the northern end of the seis-
mic ruptures, compensatory extension structures have
developed, which are shown in remote sensing data as
subsidence surfaces in the eastern limb of the fault. To
the south of the seismic rupture zone, for 180 km up to
the coastline, a slip of the same sense, but no more than
20 cm in amplitude, can be traced in the interference
pattern. Since seismic events were not recorded in this
area, this displacement is apparently creep.
GEOTECTONICS  Vol. 59  No. 5  2025
The rupture in the earthquake’s source reached the
surface over a distance of 460 km. The displacement val-
ues range from 0 m at the edges of the rupture to 4.2 m
according to interferometry data or up to 5.8 m
according to optical image correlation (Fig. 6). In the
zone of maximum displacements, the interferometry
data are underestimated due to insufficient spatial res-
olution. However, even for optical survey data, the dis-
placement is averaged over a window of about 100 m;
i.e., the maximum displacement measured on the
ground may be even greater. Similar, though less
detailed displacement data have been published by
NASA’s Operational Monitoring Services [16] and the
Japan Aerospace Exploration Agency [25], which
confirms the obtained estimates.

DISCUSSION
Characteristic Features of the Mandalay Earthquake 

and Comparison with the Strongest Earthquakes
in Eastern Anatolia

The Mandalay Earthquake of March 28, 2025,
with a magnitude Mw = 7.7 is characterized by the fol-
lowing features.

— The earthquake’s source is located in a zone of a
large and extended active right-lateral strike-slip fault
in the upper part of the crust. During the earthquake,
right-lateral displacement occurred along this fault.

— The seismogenic rupture zone that emerged
during the earthquake and represented the intersec-
tion of the source with the Earth’s surface has a length
of 460 km, which is anomalously large for the given
magnitude (Fig. 7). In this case, the earthquake’s
source does not extend beyond the upper part of the
crust. The depth of the hypocenter is ~10 km.

— The fault is located in an ophiolite substrate,
which facilitates rock slip.

— The fault zone and earthquake source are
located above a mantle plume, which has reduced the
thickness of the mantle portion of the lithosphere and
caused softening of the lower part of the crust.

The above features of the Mandalay earthquake
show similarities with the three strongest earthquakes
in Eastern Anatolia that have occurred in the last
80 years (Fig. 8):

— the Erzincan earthquake of November 26, 1939
(23:57 UTC);

— the East Anatolian (Pazarcik) earthquake of
Februry 6, 2023 (01:17 UTC);

— the Elbistan earthquake Februry 6, 2023
(10:24 UTC).

The magnitude of the Erzincan earthquake is esti-
mated at Mw = 7.8 [36]. The earthquake created a
360-km-long seismic rupture zone along the North
Anatolian right-lateral fault zone. Along the seismic
faults, right-lateral displacement occurred with an
average amplitude of 3.7 m and up to 7–8 m near the
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Fig. 6. Seismotectonic data obtained on Mandalay earthquake. (a) Position of seismic rupture (white line) on interferogram
obtained from Sentinel-1 images (according to [62]); (b) displacement amplitudes along fault according to radar survey data (blue
line) and optical images (orange line).
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epicenter, where the variable vertical displacement
component reached 2 m [18, 63]. The epicenter was
located near the city of Erzincan; the depth of the
hypocenter was ~20 km.

During the East Anatolian (Pazarcik) earthquake
(Mw = 7.7–7.8 [37, 65]) along the East Anatolian left-
lateral strike-slip fault zone, a 361-km-long seismic
fault zone emerged [11]. The seismic faults also cov-
ered the western and eastern branches of the left-lat-
eral Dead Sea Transform Fault, adjacent to the East
Anatolian zone from the south, over a length of 16 and
41 km, respectively. Along seismic faults over a dis-
tance of 318 km, left-lateral displacement of up to
8.5 m occurred [11].

The mentioned displacement amplitudes during
the earthquakes of February 6, 2023, were established
by field observations of the displacements of natural
and man-made objects on the Earth’s surface. These
amplitudes are close to the strike-slip displacement
estimates based on radar satellite interferometry and
seismology data [4, 24, 65]. According to interferome-
try data [4], during the Pazarcik earthquake, the dis-
placement exceeded 5 m on the Earth’s surface and,
according to the calculated model, could have reached
12.7 m at depth. During the Elbistan earthquake, the
displacement exceeded 7 m on the surface and,
according to the calculated model, could have reached
10 m at depth [4].

During the Elbistan earthquake (Mw = 7.5–7.6 [37,
65]) along the active Chardak and Uluova faults with a
dominant left-lateral displacement component, a seis-
mic rupture zone with a length of 190 km emerged;
along the seismic ruptures, left-lateral displacement
with an amplitude of up to 7.84 m was recorded over a
length of 148 km [9].

Given the significant length of the seismic rupture
zones, the depths of the hypocenters of both earth-
quakes on February 6, 2023, are close to 10 km, and
the depths of hypocenters of the strongest aftershocks
do not exceed 18–20 km [37, 65]. Thus, the focal
GEOTECTONICS  Vol. 59  No. 5  2025
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Fig. 7. Comparison of parameters of Mandalay earthquake
and Erzincan, Pazardzhik, and Elbistan earthquakes with
global intracrustal earthquake statistics (according to [74]).
Shown: ratios of magnitude Mw and length of seismic rup-
ture zone L for individual earthquakes (gray circles); aver-
age statistical curve of Mw and L ratios (solid line); bound-
aries of acceptable deviations from average curve (dotted
line). Mw and L ratios for earthquakes are highlighted in
red: Ma, Mandalay; Pa, Pazarcik; El, Elbistan; Er, Erz-
incan.
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zones of both earthquakes do not extend deeper than
the upper part of the crust.

All three seismic events in Eastern Anatolia are
confined to zones of major strike-slip faults that have
been active since the Pliocene. The resulting seismic
faults represent outcrops of focal zones on the Earth’s
surface. The length of seismic rupture zones exceeds
the permissible deviations from the average statistical
values established in [74] for continental strike-slip
earthquakes (Fig. 7).

Over a significant distance, seismic faults disrupt the
ophiolite substrate. In the North Anatolian fault zone,
the largest ophiolite fields with serpentinized peridotite
bodies coincide with the intersection of the North Ana-
tolian zone and ophiolite suture of the Izmir–Ankara–
Erzincan–Sevan Mesotethys [8] (Fig. 8). The epicenter
of the 1939 earthquake is in the Erzincan depression,
which is the center of this intersection. The ophiolites
extend along the fault zone to the northwest, where
they are possibly complemented by the Paleotethys
ophiolites [56]. Precisely to the northwest, in the
ophiolites, the seismogenic movement of the 1939
seismic event mainly propagated.

The Chardak, Uluova, and East Anatolian fault
zones, activated on February 6, 2023, except for its
segment that ruptured the Arabian Plate, are located
on the ophiolite substrate of the Neotethys subduction
zone, which in this area dips gently and does not
extend beyond the crust [9]. Fragments of the upper
part of the continental crust of the Taurides lie on the
ophiolites. In the focal zone of the 2023 Elbistan
GEOTECTONICS  Vol. 59  No. 5  2025
earthquake, it was established that in the segments
where seismic ruptures intersect or bound the out-
crops of ophiolites, the seismic shear displacement
amplitudes are significantly higher than in neighbor-
ing segments composed of rocks of the continental
crust of the Taurides or its sedimentary cover [9].

A volume of rocks with reduced P-wave velocities
has been identified beneath Eastern Turkey and Arme-
nia, extending from the African superplume at the level
of the upper mantle and tops of the lower mantle [7].
Under the focal zones of the considered earthquakes,
the roof of the rock volume with P-wave velocities
reduced by at least 37% is located no deeper than
30 km [9]. This indicates that not only the upper man-
tle, but also the lower part of the crust here experiences
increased heating and decompaction. We propose that
the softening of the lower crust and upper mantle of
Eastern Anatolia limits the seismogenic layer of the
region to the upper crust. At the same time, the ther-
mal impact of low-velocity volumes on the seismo-
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genic layer reduces its viscosity, leading to an increase
in the amplitudes of seismogenic movements.

The Mandalay earthquake of March 28, 2025, is
similar to the East Anatolian earthquakes considered
above in that it is confined to large active strike-slip
faults, has a strike-slip type of seismogenic movements,
has an increased length of earthquake sources expressed
by seismic rupture zones, and has a shallow focal depth
(10–20 km). The sources of all these earthquakes are
located on an ophiolite substrate, and beneath them,
the lower part of the crust and the remaining part of the
lithospheric mantle are softened by the influence of the
underlying low-velocity mantle.

Serpentine is formed by the interaction of olivine
and enstatite, contained in peridotite, with water and
contains a hydroxyl group. At the same time, in the
process of serpentinization, the fayalite part of olivine
can release molecular hydrogen as a result of the oxi-
dation of divalent iron to trivalent iron. The presence
of water and hydrogen increases the ability of ser-
pentinite to deform under upper crustal conditions.

We believe that it was the presence of a ductile ophi-
olite substrate containing water and molecular hydro-
gen, and the softening of the lower crust and upper man-
tle, that caused the increased extent of seismic rupture
zones with shallow sources that did not extend beyond
the upper part of the crust. At the same time, serpentini-
zation of peridotite increased stresses in the seismogenic
volume due to decompression from 3.2 g/cm3 in peri-
dotite up to 2.2–2.9 g/cm3 in serpentinite [3]. The simi-
larity of the seismotectonic features of the Mandalay
earthquake and distant earthquakes of Eastern Turkey,
and, above all, the increased length of the seismic rup-
ture zones, indicate the universality of the seismogenesis
factors that caused them. These factors should be taken
into account when assessing the seismic impacts of
strong earthquakes.

CONCLUSIONS
1. The Mandalay Earthquake of March 28, 2025,

with magnitude Mw = 7.7 occurred in the meridionally
extending active right-lateral strike-slip Sagaing Fault
Zone in Myanmar. The epicenter of the earthquake is
near the city of Mandalay. The depth of the hypocen-
ter is about 10 km.

2. The Sagaing fault is located in the east of the
Central Burma Trough tectonic zone, where ophio-
lites are common, which are relics of the Mesotethys
paleocean that formed in the Triassic or possibly Late
Permian and closed in the mid-Cretaceous. In the
region’s neotectonic structure, the Central Burma
Trough zone functions as the volcanic portion of the
northernmost segment of the Sunda island arc. The
Indo-Burmese Range zone to the west is the outer part
of the arc—a deformed accretionary wedge under which
the Indian Plate is gently subducting. At the latitude of
Myanmar, the plate has thinned continental crust,
which may be replaced by oceanic crust in the eastern
Indo-Burmese Ranges, where the underthrust surface
is sharply subsiding. The Sagaing Fault is located above
the eastern flank of the steeply dipping plate. Further
east are the Sino-Burmese and Indosinian continental
blocks, separated by the Paleotethys suture.

3. Beneath Myanmar and the more eastern regions
of northern Indochina lies the Myanmar–Yunnan
mantle plume, a volume of low-velocity mantle that
rises from the lower transition layer or upper lower
mantle. The heated and decompressed plume rocks
partially replace the lithospheric mantle and soften its
relics and the lower part of the crust, limiting the seis-
mogenic layer of the Mandalay earthquake zone to the
upper part of the crust.

4. The authors processed remote sensing data
before and after the Mandalay earthquake using radar
interferometry and subpixel correlation of optical satel-
lite images. The processing results showed that during
the earthquake, a seismic rupture zone with a length of
~460 km emerged at the Sagaing Fault, along which
right-lateral displacement with an amplitude of up to
5.8 m occurred. The displacement spread mainly to the
south of the epicenter—to the segment of the Sagaing
Fault unaffected by the previous strongest (Mw ≥ 7)
earthquakes of the instrumental period. The results
obtained are confirmed by seismological data.

5. The length of the seismic rupture zones of the
Mandalay earthquake and the three strongest earth-
quakes in Eastern Anatolia comparable to it is anoma-
lously large for the corresponding magnitudes com-
pared to the average statistical values of this magnitude.
The increased length of seismic rupture zones corre-
sponding to the focal zones of these earthquakes is due
to the fact that they emerged on a ductile ophiolite sub-
strate; the shallow depth of the sources (upper part of
the crust) is associated with softening of the lower part
of the crust and upper mantle under the influence of the
heated and decompressed mantle volumes located
below. These factors should be taken into account when
predicting the seismic impacts of strong earthquakes.
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