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Abstract: The northeastern region of India is one of the six most seismically active conver-
gent plate tectonic areas in the world. The north–south convergence along the Indo-Tibetan
Himalayan Ranges and the east–west subduction within the Indo-Burma Ranges create a
complex stress regime, resulting in significant seismic activity and a history of great/large
earthquakes. The region’s intricate strain patterns, active faults, and potential seismic gaps
underscore the need for detailed subsurface studies to effectively assess seismic hazards
and impending seismicity. Geophysical research is essential for understanding the region’s
geodynamic evolution, seismotectonics, and mineral resources. This manuscript reviews
the geological and tectonic settings of the region and summarizes recent geophysical stud-
ies, including seismic, gravity, magnetic, and magnetotelluric surveys conducted in the
Assam Valley and adjacent areas (within latitudes 24.5–28.5◦ N and longitudes 89–97.5◦ E).
The review highlights key findings on hydrocarbon-bearing sediments, the configuration
of the crystalline basement, the heterogeneous structures of the crust and upper mantle,
and seismic discontinuities. By synthesizing these results, the review aims to enhance
the understanding of seismic hazards in Northeast India, guide mitigation strategies, and
identify key knowledge gaps to direct future research efforts.

Keywords: Northeast India; Assam Valley; Shillong Plateau; crustal structure; geophysical
surveys; seismic hazard assessment

1. Introduction
The Indian subcontinent, with a diverse tectonic setup ranging from stable shields to

active orogenic and subduction zones, experiences intense seismic activity. Most of its major
fault zones are considered active [1], posing substantial risks of large earthquakes. Given
the potential for catastrophic seismic events, especially in densely populated areas, under-
standing and mitigating these risks requires focused, in-depth studies of specific regions to
assess seismic hazards and develop effective mitigation strategies. Such research is essential
for reducing seismic impacts and enhancing our understanding of regional tectonics.

The northeastern region of India, located between the Himalayan collision zone to the
north and the Burmese subduction zone to the east, is characterized by a complex tectonic
framework and stress regime, leading to high seismic activity [2–5]. Since 1869, this region
has experienced two great earthquakes—the Mw ~8.3 1897 Shillong Plateau earthquake [6]
and the Mw ~8.7 1950 Assam earthquake [7]—along with 25 large earthquakes with
magnitudes of 7.0 or greater [8,9]. The entire region is classified as seismic zone V, indicating
the highest seismic hazard level in India [10].
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The region is traversed by the Brahmaputra River, which originates in southern Tibet
and flows for 3410 km through China, India, and Bangladesh before emptying into the
Bay of Bengal [11]. The Brahmaputra Valley in NE India, also known as the Assam Valley,
stretches in an ENE-WSW direction and is flanked by two dynamic and youthful mountain
belts. The valley is divided into three parts: the eastern Upper Assam Valley, the Central
Assam Valley, and the western Lower Assam Valley [12]. The valley, particularly its eastern
part, is known for rich hydrocarbon and mineral resources, underscoring its importance for
economic development and energy production.

While the Assam Valley is a region of ongoing tectonic activity, its seismicity is rel-
atively low compared to other areas in NE India. Notably, minimal seismic activity is
observed in the section extending from the Kopili fault to the Mishmi thrust, known as
the “Assam Gap” [13,14]. Based on the geometry of the source zones and the conventional
definition of seismic gaps, some researchers [15–17] have argued that the “Assam Gap” is
not a true gap in seismicity but rather an “aseismic corridor”, suggesting that significant
earthquakes are unlikely in this region. However, other studies [3,14,18,19] have identified
this area as vulnerable to an impending large earthquake associated with the significant
accumulation of stress energy. These contrasting views emphasize the need for further
research to reassess the seismic risk.

Understanding the crustal and upper mantle structure is essential for comprehending
tectonic evolution, assessing seismic hazards, and guiding resource exploration. This
manuscript reviews the geological and tectonic setting of the region and compiles geophys-
ical studies on the configuration of sedimentary deposits, the crystalline basement, the
heterogeneous crust and upper mantle, and seismic discontinuities. While focusing on the
Assam Valley, the study also considers the broader surrounding area, between latitudes
24.5◦ and 28.5◦ N and longitudes 89◦ and 97.5◦ E (Figure 1). By reviewing existing research
and identifying key knowledge gaps, this work aims to provide a foundation for future
studies that will improve seismic hazard assessments and resource exploration strategies
in the region, contributing to more effective risk management and policy-making.
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2. Regional Geological Setting
The Brahmaputra Basin is uniquely characterized by its polycyclic evolution, tran-

sitioning from a passive margin setting during the Paleocene–Oligocene to a foreland
phase in the Miocene, and subsequently developing into an inter-mountain basin [22]. The
stratigraphy of the basin has been comprehensively reviewed by [23–32]. According to Das
Gupta and Biswas [26], the Assam Valley and its surrounding areas have undergone five
significant phases of deformation throughout their geological history.

The initial phase corresponds to the onset of the plate tectonic cycle, when the study
area, along with India, Tibet, Australia, Antarctica, Africa, and South America, was part of
the Gondwana Supercontinent. During this period, the landmass primarily consisted of
ancient metamorphic rocks from the Archaean to Early Proterozoic age, featuring various
basic, ultrabasic, and acidic intrusions. The oldest rocks reported in the study area are the
Precambrian granites and granite gneisses, which outcrop across the Shillong Plateau and
Mikir Hills [25,27].

Phase two occurred during the Permian period, around ~250 Ma, when the Supercon-
tinent began developing numerous rift valleys where coal-bearing Gondwana sediments
were deposited. Phase three took place in the Late Triassic/Early Jurassic period, as
Southern Tibet drifted away, opening the northern fringe of India to marine sedimentation.

Phase four commenced with the fragmentation of the eastern boundary during the
Late Jurassic–Early Cretaceous period, allowing the southern and eastern shores of Assam
to become exposed to marine sedimentation. This phase also marked the onset of igneous
activity and the formation of basic and ultrabasic intrusions [33,34]. During the Paleocene
sea transgression, the Jaintia Group (Early Paleocene to Late Eocene) was deposited in se-
quences of sandstone, limestone, and shale in shallow shelf environments that transitioned
into marginal marine environments [30,35].

The fifth phase began with the collision of the Indian plate with Tibet to the north
and Sunda to the east around the Early Eocene, initiating multiple phases of mountain
building and the formation of mountain-front basins [36]. As elevations increased and
sea levels receded, the Barail Group of sediments was deposited, ranging from deltaic to
marginal marine environments, paving the way for the formation of significant economic
mineral deposits.

During the Late Oligocene to Early Miocene, the collision of the Indian plate with the
Eurasian plate led to significant tilting of the basin, the development of the Himalayan
foreland, and the closure of remnant ocean basins [25,32]. Throughout the Paleogene to the
Early Neogene epochs, the basinal slope of the Assam Shelf predominantly faced east and
southeast, with the sedimentary column extending towards the Naga–Schuppen belt [37].
During the Lower-Middle Miocene, atop the Barail Group, the Surma Group of rocks was
deposited, comprising intercalations of thin siltstones, sandstones, and shales [27,38].

During the Middle Miocene, the uplift of the Himalayas resulted in extensive erosion
and the deposition of the fluvial Tipam Group of Late Miocene to Early Pliocene age. The
Tipam Group comprises a lower arenaceous sandstone formation and an upper argillaceous
clay formation [30]. During this period in the Assam Valley, significant compressional defor-
mations such as thrusting and folding occurred, alongside the initial stages of exhumation
of the Shillong Plateau [25,39]. The development of the Schuppen Zone, delineated by the
Disang and Naga Thrusts, also took place during this time. By the Late Miocene, ongoing
uplift of the Shillong Plateau caused the Brahmaputra River to shift its course from flowing
east and south of the plateau to its current path along the northern edge [40].

On top of the Tipam Group, the Moran Group was deposited, comprising the
sand–clay alternating sequence of the Namsang Formation from the Plio-Pleistocene age
and the loosely consolidated sandstones with pebbly interbeds of the Dhekiajuli Formation,
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ranging in age from Pleistocene to Recent [27]. Following the deposition of Namsang sedi-
ments, there was a reversal in basinal slope. The Pleistocene to Recent Dihing Formation
unconformably overlies the Moran Group, which itself is unconformably overlain by recent
alluvial deposits. The regional schematic geological section along the Assam Valley and
Shillong Plateau is provided in Figure 2.
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3. Tectonic Setting and Seismicity
The NE Indian region is characterized by a complex tectonic environment resulting

from two primary active processes: north–south convergence along the Himalayan orogenic
belt and east–west subduction along the fold and thrust belts of the Indo-Burma Ranges
(Figure 3). The Indian plate is considered to underthrust the Eurasian plate along a gently
inclined plane [41,42] and subduct beneath the Burmese micro-plate at steeper dip angles
greater than 30◦ [42–45]. These interactions result in a complex triple junction of the three
plates, forming the Eastern Himalayan Syntaxis (EHS) zone [46], with the Assam Syntaxis
identified as an independent part of it [47,48].

The region was classified into distinct seismotectonic zones based on factors such
as tectonic activity, movement direction, movement rate, and fault mechanisms [5,49–52].
The major distinct tectonic domains identified in the region (Figure 3) include the Eastern
Himalaya (Sikkim, Bhutan, Arunachal), the Indo-Burma Ranges, the Assam (Brahmaputra)
valley, the Shillong–Mikir Plateaus, and the Assam Syntaxis [53,54].
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The northern boundary of the ENE-WSW-stretching Assam Valley is delineated by
the Himalayan arc, marked by the Himalayan Frontal Thrust (HFT). To the northeast,
the valley is bordered by the Assam Syntaxis and the southwest-verging thrusts of the
Mishmi block. The southern boundary is defined by the Indo-Burmese Arc to the east
(Naga–Disang thrust) and the Shillong and Mikir plateaus to the southwest (spanning from
90◦ E to 94◦ E longitude).

Compared to other zones in NE India, the Assam Valley experiences relatively low
seismicity (Figure 4), with the Kopili fault zone being the main source of intra-plate earth-
quakes in the area [3]. Notably, the Assam Gap, which spans from the Kopili fault to the
Mishmi thrust, shows minimal seismic activity [13]. While some researchers argue that this
area is aseismic [15–17], others suggest that significant stress accumulation over time could
result in a major earthquake in the near future [3,14,18,19].

GPS (Global Positioning System)-based studies suggest that NE India has a different
pattern of tectonic movement than the Indian shield [54,62–66]. According to Vernant
et al. [63], the Assam Valley has separated from the Indian plate and is rotating clockwise
relative to India around a point located a few hundred kilometers west of the Shillong
Plateau (Figure 4). The Kopili fault divides the valley into two distinct blocks, with the
eastern Assam block moving southward at a slightly faster rate than the western Shillong
block, resulting in 3 mm/yr (or more) of dextral shear across the Kopili fault zone [63,64,66].
This rotation decreases convergence across the Himalaya east of Sikkim from 18 mm/yr
to around 12 mm/yr, while convergence between the Shillong Plateau and Bengal basin
increases from 3 mm/yr to over 8 mm/yr. The southern edge of the Assam block collides
with the Naga Hills at 1–3 mm/yr and descends beneath them. Meanwhile, the Shillong
block is thrust over oceanic crust to the south, tilting gently northward, with significant
deformation occurring only along its southern edge [63]. The western edge of the Mikir
Hills massif appears to be locked to the Assam block, suggesting strain accumulation [64].
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The east-dipping Kopili fault is a 50 km wide, NW-SE-trending active transverse
zone responsible for significant seismic activity, including the Mw 7.4 earthquake in 1869
and the Mw 7.2 earthquake in 1943 [69–72]. It separates the Shillong Plateau from its
fragmented part, the Mikir Hills, and cuts across the Assam Valley, possibly extending from
the HFT on the Himalayan side to the Belt of Schuppen on the Indo-Burman side [4,53,73].
Seismic activity along the Kopili fault extends to depths of ~50 km, with earthquakes
primarily resulting from normal or strike–slip faulting mechanisms [8,74,75]. According
to [75], the fault zone has a slight eastward dip with a dip angle of ~80◦. GPS data
analysis indicates an east–west convergence of ~2 mm/year across the fault, suggesting
its transpressional nature [76]. A best-fit elastic dislocation model estimates a right-lateral
slip rate of 2.62 ± 0.79 mm/year at a locking depth of 3 ± 2 km [76]. This slip contributes
to seismic moment accumulation, suggesting the potential for future earthquakes with
magnitudes of 5.2 [76] or even greater than 7.0 [73,77].

The Bomdila Fault, located east of the Mikir Plateau, is another significant active
fault in the region [58,78]. It dips towards the NNE at an average angle of ~50–55◦ [74]
and may extend in a WNW-ESE direction from the Belt of Schuppen to the Main Central
Thrust. However, its extent remains debated, with varying estimates reported [56,58,60,79]
(Figure 3). The fault is seismogenic, with the northern segment showing higher activity
compared to the southern segment [74]. Strain distribution patterns suggest that the fault
is associated with compressional tectonics, leading to reverse-fault earthquakes [58].

The uplifted horst-like structure of the Shillong Plateau [80,81] and its eastern exten-
sion into the Mikir Hills, located south of the Central Assam Valley, are the sources of
intense seismicity of the region [3,82–84]. Notably, the great 1897 Shillong (Assam) earth-
quake (Mw ~8.3) occurred at the northwest edge of the plateau [6,59]. Earthquakes from
this area exhibit focal depths of up to 50 km [82], likely influenced by pop-up tectonics in-
volving thrust or reverse faulting with a strike–slip component [8]. The east–west-trending,
northward-dipping Dauki fault marks the southern edge of the Shillong Plateau, separating
it from the Bengal Basin [83]. Mitra et al. [85] indicate that this fault can produce a ~20 m
slip, resulting in an Mw ∼8 earthquake. Further investigations are needed to better under-
stand the northern boundary of the plateau, proposed as the Brahmaputra or Oldham fault,
whose existence and geometry remain widely debated [59,86–90].

In the northeastern boundary of the Assam Valley, within the Assam Syntaxis zone,
seismic activity extends to depths of ~40 km. The area’s seismogenesis and geodynamic
evolution are significantly influenced by indentation tectonics and continuum flow models.
According to Hazarika et al. [91], the closely spaced Mishmi, Tidding, and Lohit faults are
steeply dipping thrust sheets that accommodate significant crustal shortening resulting
from indentation and clockwise rotational tectonics. Additionally, the Walong fault exhibits
strike–slip motion, facilitating the clockwise rotation of crustal material around the syntaxis.

4. Mineral Resources
Oil exploration in Assam began with early geological efforts in the 1820s and tran-

sitioned to commercial activity by the late 19th century [92–94]. Advances in seismic
techniques subsequently led to the discovery of over 100 petroleum fields within the Assam
Valley, mainly south and southeast of the Brahmaputra River, with limited investigation
in the northern part [30,95–98]. While parts of the Upper Assam Valley appear to have
reached an intermediate stage of exploration maturity, the Dhansiri Valley shelf, the Hi-
malaya and Mishmi foothills, and the Naga–Schuppen belt remain in the early stages [97].
Consequently, the Assam Valley may still contain substantial untapped oil reserves.

Beyond oil, Assam has modest reserves of natural gas and is notably rich in coal de-
posits, particularly in Upper Assam, the Karbi-Anglong district, and the Sukchar–Singrimari
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area [30,99]. The region also contains a diverse range of minerals, including base metals,
limestone, glass sand, clay, feldspar, mica, beryl, gypsum, iron ore, placer gold, pyrite,
salt, sillimanite, graphite, rare earth elements (REEs), and more. However, the economic
significance of these minerals remains unexplored [30,100].

5. Geophysical Exploration of Sedimentary Deposits
Understanding the sedimentary deposits of the Assam Valley is essential for several

key reasons, with hydrocarbon exploration being a primary focus. Geophysical studies in
the region have mainly employed active seismic surveys and borehole logging. However,
research has predominantly concentrated on the Upper Assam Valley, leaving other areas
relatively underexplored. The following summary highlights several recent significant
studies in this field.

Mandal and Dasgupta [101] utilized regional seismic sections to investigate the dy-
namic evolution and depositional history of the Upper Assam Basin, focusing on the area
from east of Jorhat to the Assam Syntaxis. The seismic images revealed sediment deposition
through three distinct stages of basin development. Their findings validated the previously
proposed basin model [98], indicating that the basin dipped towards the east, southeast, and
south following the collision of the Indian and Burmese plates, with sediments primarily
coming from the north and northeast. During the late Miocene and Pliocene, the basin tilted
towards the north and northeast, with uplift occurring in the central part. Compressional
forces from the north, east, and south—likely driven by ongoing plate motions—continue
to influence neotectonic activity in the basin’s foreland.

Gogoi and Chatterjee [95] assessed petrophysical parameters in the northern Upper
Assam Basin using well logging and seismic data, focusing on sand reservoirs within
the Tipam Sandstones (middle Miocene) and Barail Arenaceous Sandstones (Oligocene).
Their approach involved mapping geological formations, creating a porosity wavelet
from seismic data (as detailed in [102]), generating porosity sections, and applying neural
network modeling to evaluate shale volume and water saturation. The methodology
included well-log analysis, integrating synthetic models with seismic data, and performing
acoustic impedance inversions. The study estimated average porosities of 30% to 36% for
the Tipam Sandstones and 18% to 30% for the Barail Arenaceous Sandstones.

Rai et al. [103] conducted a detailed 3D seismic study on the Upper Assam shelf,
focusing on the area between the Mikir Hills and the Naga Thrust. Their study covered
a 34 km2 area, located between latitudes 26◦14′ N and 26◦22′ N, and longitudes 93◦56′ E
and 94◦2′ E. The analysis of impedance and porosity volumes assessed the hydrocarbon
potential in the Paleocene to lower Oligocene sands and the Precambrian basement. The
study identified potential reservoir rocks in the Sylhet, Kopili, and Barail formations,
with the Sylhet and Kopili formations showing the most significant potential. Near the
Naga Thrust belt, potential reservoirs were also predicted in the Kopili formation, Sylhet
formation, and the fractured basement.

Narayan et al. [32] presented an integrated methodology to delineate the thin and
discrete sand reservoir facies from shale-dominated Kopili formation in the Lakwa oil field
of the Upper Assam Basin. Their approach involved post-stack seismic inversion, predicting
total porosity, and litho-facies. Combining electro-log-based litho-facies interpretation and
analyses of seismic-derived attributes, the study affirmed the presence of thicker sand
facies in the Upper Kopili and thinner, interbedded sand facies in the Lower Kopili. The
lateral and vertical variabilities in reservoir facies distribution identified through reservoir
characterization directly influence estimates of oil and gas reserves.

Kumar et al. [104] utilized 3D seismic reflection data, covering an area of ~370 km2

in the Upper Assam Valley west of Dibrugarh, to obtain precise subsurface imaging and
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characterize the geological evolution and petroleum system framework of the survey region.
Their study delineated the geometry and kinematics of faults, predominantly displaying
an NE-SW orientation. Sinistral strike–slip motion was identified in the southeastern and
southwestern regions. Structural features such as extensional horsetail splay faults, negative
flower structures, and minor transfer faults indicated significant lateral movements along
these faults. The study further noted that tectonic tilting of the basin, coupled with sediment
loading from adjacent fold-and-thrust belts over geological time, has structurally modified
the basin’s configuration, resulting in the observed strike–slip deformations.

6. Geophysical Studies of Basement Configuration
Understanding the configuration of the crystalline basement is essential for regional

mineral resource exploration, seismic hazard assessment, and comprehending the region’s
tectonic evolution. Furthermore, accurate data on sediment structure and thickness are
crucial for effective ground motion modeling and site-specific hazard assessments [105].
However, most boreholes drilled in the region have not reached the basement, so insights
into its depth and structure primarily rely on geophysical studies, predominantly involving
seismic, gravity, and magnetic surveys.

Saikia et al. [12] analyzed receiver functions (RFs) and modeled the shear wave velocity
(Vs) structure using data from ten broadband seismic stations across the Assam Valley. Their
study highlighted significant variations in sedimentary thickness across the valley, Shillong
Plateau, and Himalayan foredeep, ranging from 0.5 to 6.5 km, with thickness increasing
from southwest to northeast (Figure 5). Borgohain et al. [106] performed teleseismic RF
modeling, revealing sedimentary thicknesses of 0.2–0.6 km under the western Shillong
Plateau, 0.2–1.0 km beneath Shillong town, 0.4–3.1 km in the western Assam Valley, and
~4.1–6.2 km beneath the Lesser Himalaya region.
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Further south, Ravi Kumar et al. [43] estimated the basement depth within a broad
part of the NE Indian region using radially averaged power spectral analysis of Bouguer
gravity data. Their findings indicated basement depths ranging from 1.2 km to 6.3 km,
with relatively shallow depths in the Shillong Plateau, moderate to greater depths in the
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Belt of Schuppen, and the deepest basement in the eastern and southeastern parts of the
Indo-Burma Ranges.

Detailed investigations have been carried out in the oil-rich Upper Assam Valley.
Kumar et al. [107] analyzed data from 230 drilled wells, 4550 km2 of 3D seismic surveys,
and 1400 km of 2D seismic surveys to construct a comprehensive basement depth map
east of Dibrugarh town. Their findings revealed that the basement slopes towards the
south, southeast, and northeast, with maximum depths reaching approximately 7 km
in the basin’s shelf region. They also identified two distinct fault systems, Eocene and
post-Eocene, and developed regional geological cross-sections. In the Sadiya Block area
(~450 km2), detailed basement configuration was derived using gravity, magnetic, and
seismic data by Ghosh et al. [108]. The study revealed various positive structural features
that could potentially guide future hydrocarbon exploration efforts. The density model
indicated a fault-controlled undulating subsurface, with basement depths reaching up to
6 km in the southeast and between 4 and 4.5 km in the northwest and northeast.

South from the Upper Assam Valley, within the Schuppen Belt area, Saha [109] inves-
tigated the thick Gondwana sediments and basement structure using gravity, magnetic,
and seismic data. The study indicated a rapid increase in sediment thickness beneath the
Naga Thrust, though additional data were needed for verification due to limited mea-
surement data. Ravi Kumar et al. [110] extended the basement mapping to the broader
Kohima Synclinorium and adjacent inner fold belts, revealing significant variability in the
gravity-derived basement structure. Their 2D gravity modeling, constrained by seismic
data, indicated basement depths ranging from 2.2 to 3.5 km below the Assam Valley and
from 3.5 to 5.5 km beneath the Schuppen Belt.

In the central part of the Brahmaputra basin, the basement configuration of the Kopili
Valley area was studied by Singh [111] through the integration of gravity, magnetic, and
seismic data, estimating a maximum sedimentary thickness of 1.3 km. Pathak et al. [112]
expanded on this by estimating basement depths to range from less than 0.5 km to 1.5 km,
deepening towards the north and northeast. They also identified numerous lineaments and
weak zones prone to intense seismic activity.

To analyze the structural setup of the Shillong Plateau and to construct a basement
depth map of the area, aeromagnetic data were analyzed by Sharma et al. [113]. Their
research identified major geological features, including faults, fractures, contacts, shears,
and magnetic bodies, predominantly within the top two layers, extending to a maximum
depth of 3.7 km below the observation plane. The results revealed a heterogeneous magnetic
basement characterized by undulations and varying depths of uplifts and downthrows.

7. Geophysical Studies of the Crust and Mantle
To comprehend the geodynamic evolution, seismogenesis, and hazard potential of ac-

tive regions, it is crucial to study their crustal and upper mantle configuration. In NE India,
deep geophysical studies have primarily utilized passive seismic methods [114–116] to re-
veal subsurface seismic velocity distributions, Poisson’s ratio variations, and the geometry
of seismic discontinuities. Gravity studies have provided insights into the Moho (Mo-
horovičić discontinuity) depth and the presence of high-density mafic/ultramafic intrusive
bodies. Although limited, magnetotelluric studies have contributed valuable information
about fault geometry and the electrical resistivity properties of the heterogeneous crust.

7.1. Crustal Thickness

The spatial distribution of Moho depth, marking the boundary between the Earth’s
crust and mantle, has been extensively studied in NE India, primarily using passive seismic
techniques. The region’s collision and subduction tectonics have resulted in significant
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variations in crustal thickness. Rai et al. [117] reported Moho depths of 45–49 km beneath
the Shillong Plateau, with a significant thickening beneath the Mikir Hills and the Assam
Valley. In contrast, Kumar et al. [118] identified a relatively uniform crustal thickness of
~35 km for the Assam Valley, Shillong Plateau, and Mikir Hills. Ramesh et al. [119] observed
a northward-dipping Moho starting at Tezpur and reaching depths of around 50 km in
the sub-Himalayas. Mitra et al. [41] found the thinnest crust beneath the Shillong Plateau
at 35–38 km, deepening by 5–7 km in the Assam Valley. Kosarev et al. [120] estimated
a Moho depth of ~35 km near Shillong town. Using inversion of travel-time residuals,
Bora et al. [121] estimated a shallower Moho depth of 33–35 km in the central part of the
Shillong Plateau and a deeper Moho depth of 39–41 km in most parts of the Mikir Hills
and Assam Valley. Using receiver function analysis, Bora et al. [122] observed crustal
thicknesses of 34–38 km beneath the Shillong Plateau, increasing to 37–38 km beneath the
Assam Valley and 46–48 km beneath the Lesser Himalaya. Borah et al. [123] suggested a
crustal thickness of 32–36 km beneath the Shillong Plateau, increasing to ~38–40 km beneath
the Assam Valley and ~44 km beneath the Lesser Himalaya. Anand et al. [124] reported
crustal thicknesses of 30–35 km beneath the Shillong Plateau, 36 km beneath the Mikir Hills,
and 38–41 km beneath the Assam Valley. Mitra et al. [85] suggested a remarkably thin crust
of 30 ± 2 km beneath the central Shillong Plateau and Mikir Hills, with crustal thickness
increasing by 8–10 km towards the Assam Valley (with a ∼30◦ north-dipping Moho flexure)
and by 12–13 km south of the plateau, across the Dauki fault. Agrawal et al. [125] reported
a ∼35.5 km Moho in the westernmost Assam Valley and a gradual E-W increase from 29 to
35 km within the Shillong Plateau. Within the Assam Syntaxis zone, Kundu et al. [126,127]
found that the crustal thickness increases from 47 km beneath the Assam Valley to ~55 km
in the western part of the Lohit complex. Saikia et al. [128] and Bora et al. [129] showed that
within the Naga–Disang thrust, the Moho deepens southwest from ~42 to 50 km. Shukla
et al. [9] confirmed a thinner crust beneath the Shillong Plateau and Mikir Hills (34–36 km)
and an increase in the Assam Valley (~36–42 km), further thickening in the Himalaya and
Mishmi Hills (>45 km) and the Indo-Burma Ranges (up to 54 km). Their map illustrating
the regional variation in crustal thickness, incorporating previously published findings,
is shown in Figure 6. The most recent study by Arora et al. [130] aligns with previous
findings, showing that the Moho deepens gradually from less than 35 km in the center of
the Shillong Plateau to 37–39 km in the western part of the Plateau and in the Assam Valley.
The Moho depth estimates reviewed in this section are summarized in Table 1.
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Table 1. Comparison of Moho depth estimates from various studies.

Region Moho Depth (km) Study Method Reference

Shillong Plateau

45–49 P-arrival times, travel-time residual Rai et al. [117]
~35 RF analysis Kumar et al. [118]

35–38 RF analysis Mitra et al. [41]
~35 RF analysis Kosarev et al. [120]

33–37 Inversion of travel-time residuals Bora et al. [121]
34–38 RF analysis Bora et al. [122]

32–36 Joint inversion of surface wave (SW)
dispersion and RF Borah et al. [123]

30–35 Joint inversion of SW dispersion and RF Anand et al. [124]
~30 Joint inversion of SW dispersion and RF Mitra et al. [85]

29–35 Joint inversion of SW dispersion and RF Agrawal et al. [125]
~33–40 RF analysis Shukla et al. [9]
35–37 RF analysis Arora et al. [130]

Mikir Hills

~33 RF analysis Kumar et al. [118]
37.5–38.5 Inversion of travel-time residuals Bora et al. [121]

36 Joint inversion of SW dispersion and RF Bora et al. [121]
~30 Joint inversion of SW dispersion and RF Mitra et al. [85]

34–36 RF analysis Shukla et al. [9]

Assam Valley

40–60 P-arrival times, travel-time residual Rai et al. [117]
~35 RF analysis Kumar et al. [118]
~35 RF analysis Ramesh et al. [119]

40–42 RF analysis Mitra et al. [41]
35–41 Inversion of travel-time residuals Bora et al. [121]
37–38 RF analysis Bora et al. [122]
38–40 Joint inversion of SW dispersion and RF Borah et al. [123]
38–41 Joint inversion of SW dispersion and RF Anand et al. [124]
36–42 Joint inversion of SW dispersion and RF Mitra et al. [85]
35.5 Joint inversion of SW dispersion and RF Agrawal et al. [125]

36.5–41.5 RF analysis Shukla et al. [9]
37–39 RF analysis Arora et al. [130]

Arunachal
Himalaya

>45 RF analysis Kumar et al. [118]
50 RF analysis Ramesh et al. [119]

~48 RF analysis Mitra et al. [41]
46–48 RF analysis Bora et al. [122]

44 Joint inversion of SW dispersion and RF Borah et al. [123]
~45 RF analysis Shukla et al. [9]

43–45 RF analysis Arora et al. [130]

Assam Syntaxis 50–55 RF analysis Kundu et al. [126,127]

Naga–Disang
thrust

42–50 RF analysis Saikia et al. [128]
42–50 RF analysis Bora et al. [129]
43–46 RF analysis Arora et al. [130]

7.2. Seismic Studies of the Lithosphere

RF analysis [85,123–125,129,133] estimated the average crustal shear wave velocity
beneath the Shillong Plateau, Assam Valley, and Indo-Burma Ranges to be ~3.3–3.5 km/s,
with a slight increase observed in the Lesser Himalaya. This is lower than the 3.75 km/s
average beneath the Indian shield. In the northern Bengal Basin, the average Vs is about
4 km/s [85,132].

Poisson’s ratio in the region varies significantly, ranging from 0.23 to 0.3. The average
Vp/Vs ratio in the Shillong Plateau and Assam Valley is estimated to be between 1.7 and 1.8,
suggesting a felsic or felsic-to-intermediate crustal composition, indicative of a continental
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origin [9,85,123,125]. However, the observed east–west variations across the Assam Valley
and between it and the Shillong Plateau may require further validation [85,130]. Higher
Vp/Vs values are reported in the Lesser Himalaya, Indo-Burma Ranges, and Assam Syn-
taxis [9,123,129], with some extreme values in the Assam Syntaxis indicating the presence
of fluids or partial melt [126]. The combination of high Vs and Vp/Vs values, along with
intermediate crustal thickness in the northern Bengal Basin, is interpreted as evidence of
transitional crust with oceanic affinity [85,130,132].

Beneath the central part of the Shillong Plateau, Mitra et al. [41] identified a high-
velocity layer (Vs ~3.7 km/s) in the upper 10 km, followed by a less prominent ~7 km
thick low-velocity layer (Vs ~3.2 km/s). Subsequent studies [122,123,130] confirmed these
layers and observed their deepening towards the western Plateau and into the western
Assam Valley, with the high-velocity layer potentially extending into the Lesser Himalaya
(Figure 7). Bouguer gravity analysis validated the high-velocity antiformal geometry layer,
modeling it as a high-density structure [130]. This layer is interpreted as a pre-Himalayan
feature deformed by both northward and southward tectonic forces, possibly aiding in the
uplift of the plateau [130]. The low-velocity layer, analyzed with distinct back azimuths
at the central part of the Plateau, was explained by the underthrusting of Bengal Basin
sediments at the Dauki fault zone [122].
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Seismic tomography studies have provided further insights into the 3D lithospheric
structure of the study region. Early research, using limited datasets, revealed strong
heterogeneity in both lateral and vertical directions, corresponding with major tectonic
features [134,135]. The subsequent development of digital broadband station networks has
significantly improved data quality and quantity.

The inversion of P- and S-wave arrival times from local and regional events by Raoof
et al. [42] revealed an NE-SW trending high Vp and Vs structure in the Assam Valley fore-
deep, interpreted as a buckled section of the Indian lithosphere “caught in the vice-like grip”
between the Himalayan and Indo-Burmese arcs (Figure 8). The Shillong–Mikir Plateaus
were identified as the most intense positive velocity anomalies within the crust. Beneath the
Mikir Hills, at depths of ~35–50 km, a narrow low-velocity zone was detected, suggesting
that the top of the buckled lithosphere had fractured and been partially underthrust by
low-velocity material. At ~20 km depth, an NW-SE-trending low-velocity zone was found,
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separating the Mikir Hills from the Upper Assam Valley and aligning with the Bomdila and
Jorhat fault. This anomaly appears to deepen to the northeast, towards the Assam Syntaxis,
potentially explaining the low seismic activity in the Upper Assam Valley due to reduced
resistance to subduction/underthrusting processes. High Vp and low Vs values were
detected in the Assam Syntaxis, consistent with findings from RF analysis [126,127]. The
Eastern Himalayas and Indo-Burma Ranges, bordering the foredeep, were characterized by
dipping Vp and Vs anomalies related to the underthrusting Indian lithosphere.

Kumar et al. [136] employed Rayleigh wave tomography with a 1 × 1◦ grid spacing to
study the NE India region, revealing smooth Vs distributions to a depth of 90 km. Their
results are consistent with previous seismological findings. High-velocity near-surface
crystalline rock bodies were identified in the Shillong–Mikir Plateaus, while the Upper
Assam Valley was characterized by a sediment layer ~4–6 km thick. A sharp velocity
contrast was noted across the Dauki fault. In the Bengal Basin, the sedimentary layer
thickness varied from ∼10 km in the west to ∼21 km in the east. High Vs beneath the
Shillong–Mikir Plateaus suggests an uplifted crust and uppermost mantle, buckled between
the Himalayan and Indo-Burmese arcs.
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Figure 8. Vp tomographic images, adapted from Raoof et al. [42]. The left panel shows a map view
at a depth of 20 km, while the right panels present vertical sections with topography along three
cross-sections. The cross-section locations are marked by purple lines on the map. Seismic stations
are indicated by gray triangles. The Moho and LAB, as estimated by Devi et al. [137], are shown in
the vertical sections with solid and dashed black lines, respectively.

P-wave tomography conducted by Mishra [138] using a comparatively limited dataset
revealed smooth velocity distributions in the NE India and Indo-Burma regions (Figure 9).
Vp anomalies showed a strong correlation with the region’s collision and subduction
tectonics. High-velocity zones indicated the underthrusting of the Indian plate beneath the
Indo-Burmese Arc, while low-velocity zones were linked to thick Bengal Basin sediments,
potentially underthrusting beneath the Shillong Plateau. Additionally, low-Vp zones were
identified in the upper crust along the Dudhnoi, Chedrang, and Kopili faults, as well as the
Barapani shear zone.
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Singh et al. [39] further investigated the subsurface structure beneath the Shillong
Plateau down to a depth of 60 km. By inverting data from 670 events, they revealed
a complex pattern of Vp, Vs, and Poisson’s ratio anomalies. The Dauki fault, Oldham
fault, and Barapani shear zone were correlated with the boundaries of low- and high-
velocity zones. In the uppermost mantle, low seismic velocities and high Poisson’s ratios
were prominent beneath the plateau, aligning with findings by Raoof et al. [42]. Their
results support the pop-up tectonics of the plateau [8,139,140], suggesting that the uplift
occurs between the Dapsi thrust in association with the Dauki fault in the south and the
Brahmaputra fault in the north.

7.3. Seismic Studies of the Upper Mantle

RF analysis indicates that the uppermost mantle Vp beneath the Assam Valley and Shil-
long Plateau ranges from 7.5 to 7.8 km/s, while Vs ranges from 4.0 to 4.4 km/s [85,120,125,133].
Anand et al. [133] observed that the eastern edge of the Assam Valley does not show de-
creased Vs, possibly due to the effects of the uncompensated Shillong Plateau and/or the
Kopili fault. The seismic velocity distributions beneath the Shillong Plateau from [125]
suggest that a stronger crust overlies a weaker, low-density mantle, with erosion and uplift
potentially creating subcrustal voids that allow mantle fluids to rise and form an antiroot at
the base of the plateau.

Anand et al. [124] identified a Vs increase at depths of 56–74 km, interpreted as a
shallow Hales lithospheric mantle discontinuity, suggesting a hot upper mantle beneath the
Shillong Plateau and eastern Assam Valley. In contrast, Chaudhury and Mitra [141] mod-
eled the Hales discontinuity at greater depths: 90–106 km beneath the Assam Valley, with an
11–12% Vs increase, and 86–99 km beneath the Shillong Plateau, with a 6–10% Vs increase.
Additionally, they identified a 2–9% Vs increase at shallower depths of 66–75 km, within
the Shillong Plateau, which they interpreted as another intralithospheric discontinuity.

However, Devi et al. [137] identified the lithosphere–asthenosphere boundary (LAB)
at a depth of 90 km beneath the Shillong Plateau, deepening to 135 km on either side,
suggesting a lithospheric upwarp related to the plateau’s uplift. They also observed that
the lithosphere thickens further north, reaching ~180 km beneath the Eastern Himalaya.
Kumar et al. [142] found a highly variable LAB depth across the region, with depths of
135 km beneath the Shillong Plateau, increasing to 160 km in the Bhutan Himalaya, and
decreasing to ~75 km in the Central Assam Valley. Priestley and McKenzie [143], through
surface wave tomography, revealed smoother lithospheric thickness variations, with the
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thickness ~160 km beneath the Shillong Plateau, increasing northeastward to 240 km in the
Assam Syntaxis (Figure 10). In contrast, the global LITHO1.0 model [144] presents a patchy
picture of the region, indicating a ~200 km thick lithosphere beneath the central Shillong
Plateau, which decreases sharply to ~60 km within the Upper Assam Valley.
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Ramesh et al. [119] identified the 410 km and 660 km discontinuities in the re-
gion, revealing a uniform mantle transition zone from the Shillong Plateau to the Hi-
malayan foothills, indicating no significant thermal anomalies. They also discovered the
X-discontinuity at ~300 km, later confirmed across the Indian shield [145]. Saikia et al. [146]
found the 410 km discontinuity uplifted by ~10 km beneath the Arunachal Himalaya and
Upper Assam Valley and depressed in the Bengal Basin and Assam Syntaxis, with the
660 km discontinuity showing similar variations. Kumar et al. [147] suggested a major
uplift near the Shillong Plateau, with average depths of 373 ± 4 km and 648 ± 6 km for the
410 km and 660 km discontinuities, respectively.

Dubey et al. [44] conducted P- and S-wave travel-time tomography study to image
the subducting Indian plate down to 1000 km depth. Their findings indicate that the plate
extends to the Bangong–Nujiang Suture Zone and steeply descends beyond 200 km below
the Himalayan arc. A southward-plunging detached slab is traceable beyond 600 km,
aligning with a model by Koulakov [148]. The study found no evidence of a southeast-
deflecting Indian lithospheric slab beneath the Burmese arc and observed no gaps between
the northward and eastward subducting plates, restricting the eastward escape of Tibetan
lithospheric material between the Assam Syntaxis and the Sichuan Basin. They also
identified anomalously high Vp and Vs within the Shillong Plateau and Assam Valley
lithosphere.

7.4. Seismic Anisotropy

Seismic anisotropy estimates from shear wave splitting analysis offer insights into
crustal and mantle flow as well as deformation patterns. Singh et al. [149] identified
mantle anisotropy across the region, with E-W orientations in the central Assam Valley and
Lesser Himalaya, NE-SW orientations near the Shillong Plateau, and N-S orientations in
the Indo-Burma Ranges. Subsequent studies [150–153] mainly confirmed these findings,
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attributing the observed anisotropy to tectonic activity and the presence of active faults.
Saikia et al. [154] and Kanaujia and Surve [155] expanded the analysis to include the Upper
Assam Valley, Bengal Basin, and Assam Syntaxis. Mohanty et al. [156] estimated the central
depth of seismic anisotropy to be ~100 km beneath the Shillong Plateau and ~150 km
beneath the Assam Valley. In contrast, Kanaujia and Surve [155] reported greater depths of
160 km for the Eastern Himalaya, 180 km for the Bengal Basin, 240 km for the Indo-Burmese
arc, and 320 km for the Shillong Plateau, noting the presence of two-layer anisotropy in the
Eastern Himalaya, Shillong Plateau, and area southeast of the Dauki fault (Figure 11).
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7.5. Gravity and Magnetic Studies

The crustal structure of the region has been studied through 2D Bouguer gravity
data modeling along several regional profiles. Nayak et al. [88] examined a 350 km N-S
profile across the Shillong Plateau, extending from the Bengal Basin to the Himalayan
foothills. Their modeling, constrained by seismological data and structural assumptions,
identified the south-dipping Oldham fault as the northern boundary of the plateau, with no
conclusive evidence for the Brahmaputra fault. The study determined the Moho depth to be
~35 km beneath the Shillong Plateau, increasing to ~42 km beneath both the Bengal Basin
and the Assam Valley. Ghosh et al. [159], through joint modeling of Euler deconvolution
and 2.5D gravity data, suggested the presence of crustal intrusion and uplift beneath the
Shillong Plateau. Their findings also indicated that the basement is uplifted near the Dauki
fault and dips southward into the Bengal Basin.

Ravi Kumar et al. [43,160] conducted 2D gravity modeling, supported by seismic
velocity models and 3D Euler deconvolution, along several regional profiles in NE India.
They identified significant high-density mafic/ultramafic intrusive bodies beneath the
Shillong–Mikir Plateaus and the Indo-Burma Ranges, likely associated with underplating
processes. These intrusions are suggested to contribute to compressive stress and brittle
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deformation at shallow depths and to weaken the lower crust. The high-density materials
beneath the Shillong–Mikir Plateau may be associated with a Kerguelen plume mantle
source [34,161]. Additionally, the study identified aseismic zones north of the Shillong
Plateau, south of the Mikir Hills, and along the NE-SW-trending Belt of Schuppen, which
may indicate potential future seismic sources.

Gravity data from the region were also analyzed to locate thrusts and faults using
techniques such as the source edge detection technique, tilt derivative, Cos(θ) analysis [162],
and curvature interpretation [163]. This analysis uncovered several previously unmapped
faults. The Brahmaputra Thrust, Dauki fault, Naga Thrust, Disang Thrust, and Kopili fault
were found to be significant contributors to high seismicity and tectonic activity, causing
uplift, subsidence, and anticlockwise rotation in the region.

Jiao et al. [164] inverted EMAG2 crustal magnetic anomaly data to construct a 3D
magnetic model of the EHS area. By combining magnetic structures with rock suscepti-
bilities, they delineated the crust’s lithological composition and proposed a simplified
two-stage evolution model. Their findings reveal a strong magnetic body near Namche
Barwa and Gyala Peri Peaks, which may indicate a higher risk of significant earthquakes.
The study suggests that material is being uplifted laterally from the deep crust, moving
southeastward from the Tibetan Plateau’s interior toward the surface.

Abramova et al. [165] analyzed the distribution of lithospheric magnetic anomalies
(LMAs) across a wide region using satellite data collected over several years. Their results
highlight the most intense positive anomaly in the Indo-Burma Ranges, which gradually
decreases northward through the Assam Valley, reaching negative values in the Eastern
Himalayas. This gradient zone may indicate the area where ferromagnetic materials in the
lower crust are losing their magnetic properties due to mantle heating of the asthenosphere.
Rawat et al. [166] developed an LMA model for the Indian subcontinent using seven years
of magnetic data from Swarm satellites at an average altitude of 440 km. Their findings
confirm that the Indo-Burma Ranges show the strongest positive LMA, while the Himalayas
exhibit negative LMA.

7.6. Magnetotelluric Studies

Magnetotelluric (MT) studies provide insights into the Earth’s crust and upper mantle
by imaging electrical conductivity from near-surface levels to depths of several hundred
kilometers [167–169]. This technique can offer information on subsurface composition,
thermal conditions, fluid content, and the geometry of active faults [168,170,171]. However,
in NE India, the application of MT studies has been limited [172,173], which restricts a
comprehensive understanding of the region’s complex tectonic and geological features.

Gokarn et al. [86] conducted MT soundings along a north–south profile across the
Shillong Plateau and Assam Valley. Their 2D inversion results [86,174], extending to depths
of 50 km, identified the Dauki fault as an NE-SW thrust zone with a dip of ~30◦ (Figure 12).
This zone was associated with the subduction of low-resistivity Bengal sediments and
underlying oceanic crust. In the Assam Valley, a parallel thrust zone, corresponding to
the Brahmaputra Fault, was interpreted as an intracratonic thrust within the Indian plate.
The study suggests that the Shillong Plateau and adjacent sedimentary layers act as a
supracrustal block, not directly involved in the subduction process. Additionally, the
findings indicate that the NE Indian crust responds differently to compressive forces at
various depths, influenced by rheological factors. The study conclusions are supported by
subsequent passive seismic studies [122,123,130] and gravity modeling [43].
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Figure 12. Geoelectric cross-section across the Assam Valley and Shillong Plateau, highlighting
identified tectonic elements and rock types, adapted from Gokarn et al. [86]. The panel on the right
shows the locations of MT sites, marked with triangles. Red lines indicate the location and dip
directions of earthquake focal plane solutions [87].

In 2016–17, NEHU and GEMRC IPE RAS carried out MT measurements along the EHS-
IND profile in the Central and Upper Assam Valley, supported by a joint DST/RFBR grant.
Initial analysis by Varentsov et al. [175,176] revealed a deep crustal structure with high
resistivity beneath the Upper Assam Valley, contrasting with highly conductive Tibetan
blocks and a moderately conductive zone near the Shillong Plateau. The total sediment
conductance was found to reach 400 S in the Upper Assam Valley, decreasing to less than
100 S westward (Figure 13). Distinct resistivity changes highlighted the Bomdila and Kopili
fault zones. The presence of resistive crustal–mantle blocks suggests general geodynamic
stability in the EHS zone, while resistivity variations may indicate areas with potential
increased seismicity.
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Rawat and Luirei [55] conducted MT soundings along a profile in the Lohit Valley,
within the Assam Syntaxis zone. Their 2D inversion of impedance (TM polarization) and
tipper data identified a low-angle, northeast-dipping, intracrustal low-resistivity layer,
interpreted as the Main Himalayan Thrust. They imaged the Lesser Himalaya and Lohit
Plutonic Complex as resistive features, with a conductive zone between them indicating the
Tidding Suture Zone. Major thrusts separating different tectonic zones across the profile
aligned with the dipping conductive features. Further northeast, a 2D+ joint inversion of
MT and magnetovariational data by Varentsov and Bai [177] revealed the continuation and
deepening of the crustal anomalies, consistent with the subduction of the Indian plate.

8. Discussion
The northeastern region of India, characterized by its complex geodynamics, provides

a unique environment for geophysical research. The studies reviewed in this manuscript,
including seismic, gravity, magnetic, and magnetotelluric surveys, reveal a highly hetero-
geneous subsurface structure shaped by active tectonic processes. Despite many findings
being consistent, notable discrepancies challenge a unified understanding of the region’s
geodynamic evolution, seismic sources, and earthquake risk. Several gaps remain in our
understanding, including the following:

• Geophysical studies have identified significant variations in sedimentary thickness
across the Assam Valley, ranging from 0.5 to 6.5 km, with thickness increasing from
southwest to northeast. However, research has primarily focused on the Upper Assam
Valley, south of the Brahmaputra River. Further detailed exploration in the Eastern
Himalayan and Mishmi foothills, Naga–Schuppen belt, and southward along the
Assam–Arakan Fold Belt could offer new insights into hydrocarbon and mineral ex-
ploration potential. Additionally, refining shallow structural details could improve
earthquake localization, enhance ground motion simulations, and better assess poten-
tial damage from impending large earthquakes.

• The relative seismic quietness of the Upper Assam Basin raises questions. The concept
of the “Assam Gap”, which suggests a zone of high accumulated stress that could lead
to a future great earthquake, requires further validation through deep geophysical
and paleoseismological studies.

• Limited research has been conducted on the 1897 Shillong Plateau earthquake area
and the hidden Oldham Fault, whose location and geometry remain debated. Further
investigation is needed to clarify the northern boundary of the Shillong Plateau,
which may be defined by the Brahmaputra or Oldham Fault. Understanding these
features could provide insights into the uplift mechanisms of the Shillong Plateau.
Additionally, comprehensive studies of the Dauki fault, the southern boundary of the
Shillong Plateau, are necessary to understand its kinematics, east–west variations, and
the potential underthrusting of Bengal Basin sediments beneath the plateau.

• The Kopili fault, one of the most active and hazardous zones within the Assam Valley,
requires detailed study of its deep roots and geometry. Additionally, the differing
interpretations of the extent and position of the Bomdila Fault across various studies
highlight the need for further investigation.

• Studies on crustal and upper mantle velocity structures are essential for enhancing our
understanding of tectonic evolution and seismic activity. Passive seismological studies
indicate a thinner crust beneath the Shillong Plateau and Mikir Hills (33–37 km), with
an increase in thickness in the Assam Valley (35–42 km) and further thickening in the
Himalaya and Assam Syntaxis (40–43 km) and the Indo-Burma Ranges (42–50 km).
However, the geometry and spatial extent of localized crustal anomalies, identified
by variations in seismic velocities, require further study. Additionally, estimates of
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mantle seismic discontinuities, including the depth of the lithosphere–asthenosphere
boundary and its significant uplift beneath the Shillong Plateau, show varying results.
Despite a robust seismic network in NE India, increased station coverage may be
necessary to address the region’s complexity.

• Recent gravity studies in the region have provided promising results. Further analysis
of high-precision gravity and magnetic surveys at a scale of 1:50,000, currently being
conducted by the Geological Survey of India, will provide deeper insights into the
region’s subsurface structure.

• Many of the identified gaps could be addressed through large-scale broadband and
long-period MT studies, which are currently limited in the region. By providing
detailed electrical resistivity models across a wide range of depths, these studies can
offer valuable insights into subsurface lithology, fluid content, thermal state, and deep
fault geometry.

9. Conclusions
NE India is one of the most seismically active regions in the world, having experienced

major earthquakes in recent history. Understanding its subsurface configuration is essential
for assessing seismic hazards, mitigating risks, and guiding resource exploration. This
manuscript reviews the geological and tectonic settings of the region and summarizes
recent advances in geophysical studies, with a particular focus on the Assam Valley and
surrounding areas. Through this review, several critical knowledge gaps have been iden-
tified in the existing literature. Despite substantial research efforts, current geophysical
coverage remains insufficient to capture the full complexity of the region. Addressing
these gaps will require further studies, both region-wide and focused on high-priority
areas. This review provides a foundation for future research, aimed at improving seismic
hazard assessments, refining resource exploration strategies, and supporting sustainable
development in the region.
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