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Abstract

Knowledge of seimotectonics of Arunachal Himalaya holds the key to comprehend the
complex deformation scenario in the eastern Himalayan syntaxial (EHS) zone comprising India,
Eurasia and Burma plates. Data from a network of 41 broadband seismic stations operated from 2009
December to 2016 March in a hitherto unmonitored zone, enabled us to investigate the distribution of
local seismicity and 3-D crustal velocity structure. Seismicity trends reveal that the western Arunachal
and the EHS zone are seismically active compared to central Arunachal. Seismicity in western
Arunachal extends to the south of Mikir Hills in the Foreland, where it is associated with a WNW-ESE
trending dextral fault in the Indian crust. While the entire crust is seismically active in the syntaxial
zone, earthquakes in central Arunachal are confined to the upper 20 km. Further, low Vp (~5.2-5.4
km/s) values in the sub-Himalaya indicate 5-6 km thick sediments. Low Vp/Vs (1.6-1.70) values in
the mid-to-lower crustal depths may be associated with crustal anisotropy. Velocity images along with
seismicity reveal a gently dipping Main Himalayan Thrust (MHT) without a clear signature of a mid
crustal ramp in the region. The seismically less active flat portion of the MHT in central Arunachal
region might be related to a partially creeping segment or less deformation at the Himalayan front.

Key Words: Arunachal Himalaya, Seismicity, Main Himalyan Thrust, Seismic tomography, 3-D
velocity structure .



1 Introduction

The India-Eurasia collision in the Cenozoic lead to a spectacular, convex orogeny, the ~2500
km long Himalayan mountain range (Rajendran et al., 2017). The continual accumulation of strain due
to shallow angle thrusting of the Indian plate beneath the Eurasian plate at a convergence rate of 15-
30 mm/yr (Jade et al., 2017 ) also resulted in many devastating large magnitude earthquakes along the
Himalayan arc (Fig. 1a). Study of geodetic rates and earthquake distribution clearly indicates a non-
uniform distribution and partitioning of strain, demarcating many seismic gaps along the Himalayan
arc (Bilham & England, 2001; Avouac et al., 2015; Stevens and Avouac, 2016; Rajendran et al., 2017).
A recent review also emphasized that several segments of the Himalaya are overdue for devastating
earthquakes (Bilham, 2019). Previously, Hetenyi et al. (2016a) documented lateral variations along
the Himalayan arc and segmented it into four distinct tectonic regions, namely the northwestern, Nepal,
Bhutan and northeastern Himalaya, based on arc parallel gravity anomalies and topography.

The Arunachal region constitutes the easternmost part of Himalaya, between 26°N to 29°N
and 91°E to 97°E. The region is subjected to complex stress accumulation owing to its proximity to
the triple-junction of India, Eurasia and Burmese plates. Also, the region is bounded in the
southwestern foreland by the Shillong plateau, Mikir hills and the Kopili fault (KF) (Fig.1b). These
three intra-plate regions are seismically very active. The Mikir massif is believed to be a part of
Shillong plateau that shifted northeast and presently separated by a ~400 km long and 100 km wide
NW-SE trending KF, that probably extends into the Bhutan Himalaya. The KF is one of the most
seismically active faults in the Assam valley (Nandy, 2001, Bhattacharya et al., 2008; Kayal et al.,
2012). Results from GPS studies (Vernant et al., 2014, Barman et al., 2017) suggest that KF distinctly
partitions the Assam valley into the Shillong and Assam blocks. A 2-3 mm/yr dextral slip occurs along

this fault due to clockwise rotation of the Shillong block (Vernant et al., 2014; Barman et al., 2017.)
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Figure 1. (a) Topographic map of the Himalayan arc showing rupture zones of large and great historical
earthquakes from 18 century A.D. (after Pandey et al., 2021; Diehl et al., 2017; Bilham 2019), and the Arunachal
seismic gap (blue ellipse). Blue rectangular box represents the study region (b) Seismicity map with major fault
zones in the study region. Inverted triangles represent broadband seismological stations whose data is utilized
in the current study and open circles indicate moderate to major earthquakes (M > 4.5) from 1976 to 2021
(Source: USGS, 2017). Continuous lines trace the major thrusts viz., MFT: Main Frontal Thrust; MCT: Main
Central Thrust; MBT: Main Boundary Thrust ; ITSZ: Indus-Tsangpo Suture Zone; TDT: Tidding thrust ; MT:
Mishmi Thrust; LT: Lohith Thrust; WT: Walong Thrust. SH: Sub-Himalaya; LH: Lower Himalaya; HH: Higher
Himalaya; EHS: Eastern Himalayan Syntaxis; BF: Bomdila Fault; BML: Bhairabkunda-Mazbat Lineament.



The Arunachal region experienced two large magnitude earthquakes, the M 8.6 1950 great
Assam earthquake near the India, Eurasia and Burma plate junction and the M 7.7 1947 earthquake
(Fig. 1b) in north central Arunachal (Chen & Molnar, 1977). This region is also located within the
Assam seismic gap proposed by Khattri et al. (1983). A recent paleo seismic study along the Main
Frontal Thrust (MFT) provided evidence for surface rupture of the 1697 Sadiya earthquake (Fig. 1a)
in Arunachal, with its magnitude estimated in the range of Mw 7.7-8.1 (Pandey et al., 2021).
Considering the fact that no great earthquakes occurred since 1697, a seismic gap has been postulated
between the 1714 Bhutan and the 1947 Arunachal earthquakes, cabale of hosting a  Mw 8.4
earthquake (Hetényi, et al., 2016b; Bilham, 2019). Bilham (2019) also stated that the region between
the 1947 Arunachal and the 1950 Assam earthquakes has the potential to slip and produce an
earthquake of Mw > 7.7 akin to the 2015 Gorkha earthquake in Nepal.

The subduction of the Indian plate beneath Tibet is accommodated by the Main Himalayan
Thrust (MHT), which is a source of megathrust earthquakes in the Himalaya (Seeber and Armbuster,
1981). Seismic images and seismicity distribution enabled detection of the MHT, mid-crustal ramp
and constraining their geometry (Ni and Barazangi, 1984; Pandey et al., 1995; Schulte-Pelkum et al.,
2005; Nabelek et al., 2009; Singer et al., 2017a). Since seismic hazard due to large magnitude
Himalayan earthquakes mainly depends on the geometry of the MHT ( Gupta et al., 2022; Dal Zilio et

al., 2019), it is essential to decipher its variation along different segments of the Himalayan arc.

Numerous studies to comprehend the seismotectonics and crustal structure are conducted in
the Himalayan region using data from temporary and permanent seismological networks. The focal
depths of earthquakes in the Nepal Himalaya indicate a bimodal seismicity distribution, attributed to
brittle deformation of the continental upper crust and upper mantle (Monsalve et al., 2006). Dal Zilio
et al. (2019) attributed this bimodal seismicity to strong friction and complex non-planar geometry of
the MHT. In contrast, results from northwestern (Mahesh et al., 2013), Sikkim (Hazarika et al., 2010)
and Bhutan Himalaya (Diehl et al., 2017) reveal that the entire crust is seismogenic. Further,
dominance of strike-slip earthquakes in Sikkim and Bhutan Himalayas indicates the active role of
transverse tectonics (Hazarika et al., 2010, Diehl et al., 2017). Seismicity, moment tensor and local
earthquake tomography studies corroborated a thick crust in western Bhutan, with dominance of
transverse tectonics and a flat, silently creeping MHT in eastern Bhutan (Diehl et al., 2017). They also
suggested that the transverse Dhubri-Chungthang fault (DCF), a potential feature that marks the
western boundary of the Shillong block might cut across the MHT between Nepal and Bhutan. Results

of ambient noise tomography from Bhutan show high shear wave velocity anomalies associated with



the local geometry of MHT indicating localized quartzite dominated rocks with duplex structures
(Singer, et al., 2017b).

Compared to other parts of the Himalaya, very few seismological studies were conducted in
the Arunachal region, mostly using data from a few stations. Kayal et al. (1993) studied the nature of
seismicity in the vicinity of the Main Boundary Thrust (MBT) in Arunachal, using sparse networks of
temporary stations operated during April-June 1986 and March-December 1990. They reported
subcrustal earthquakes to the south of MBT down to a depth of 80 km and indication of transverse
tectonics based on composite focal mechanisms that show strike-slip faulting. Kundu et al. (2020)
studied variations in crustal thickness and composition using broadband data from a network of 11
seismic stations operated in the Lohit Valley in the Eastern Syntaxis during January 2007 and June
2008. This study reported earthquakes down to a depth of 35 km and a variation in crustal thickness
from ~46 km beneath the Brahmaputra valley to ~55 km in the Lohit Plutonic Complex. Yadav et al.
(2021) studied the seismicity pattern in Siang valley in the EHS using local earthquake data from a
network of 8 broadband seismic stations and reported earthquakes down to a depth of 40 km. Shear
velocity structure of northeast India, including Arunachal Himalaya and EHS, derived using data from
20 broadband seismic stations operated by the India Meteorological Department (IMD, India) during
2011-2013, revealed significant variation in crustal thickness within the EHS, suggesting complex
crustal deformation (Kumar et al., 2021). Receiver function (RF) images of the crust beneath the
Arunachal Himalaya constructed using data from 32 broadband seismic stations operated during 2010-
2016, brought out a less complex crust and a mechanically weak middle crust, without prominent
signatures of a mid-crustal ramp (Singh et al., 2021). Recently, Shukla et al. (2022) derived crustal
thickness and Poisson's ratio in the northeastern Indian region using RF analysis of data from 19
broadband seismic stations operated by National Center for Seismology (NCS, India). This study
correlated the high Poisson’s ratio values in the Tiding suture zone of EHS with partially serpentinized

rocks in the ophiolitic mélange complex.

The Arunachal region is hithertho less investigated and the following important questions
remain relevant: i) what is the correlation of local seismicity distribution with the major Himalayan
thrust faults? ii) do earthquakes in this region follow a bimodal depth distribution implying brittle
strength in the crust and upper mantle, or, is the whole crust seismogenic? iii) does the KF extend
beneath the Himalaya? iv) is the tectonics of the Arunachal Himalaya distinct compared to the other
segments of the Himalayan arc? With an aim to address the above issues, we present maiden results of

local seismicity and 3D Vp (P- wave velocity) and Ve/Vs images of the Arunachal Himalaya using



arrival time data of P and S waves recorded by a local seismic network of 41 broadband stations
(Fig.1b) operated from 2009 to 2016.

2. Geology and Tectonics of the Arunachal Himalaya

The most prominent tectonic features in Arunachal are the Main Central Thrust (MCT), Main
Boundary Thrust (MBT) and the Main Frontal Thrust (MFT) (Fig.1b). The MCT represents the
boundary between the Lower Himalayan (LH) sequence in the south and the Higher Himalayan (HH)
crystalline rocks in the north. The MBT separates the sub-Himalaya (SH) and the Lower Himalaya.
Interestingly, both the MBT and MFT are nearly parallel in the Arunachal Himalaya and the trend of
MCT is undulating (Yin et al.,2010). The region is bounded by the Shillong Plateau to the southwest
which is dominated by thrust faulting (Chen & Molnar, 1990) and pop-up tectonics (Rao and Kumar,
1997, Bilham & England, 2001), followed by a NW-SE trending transverse KF and Bomdila Fault
(BF). Rakshit and Rakshit (2022) reported a WNW-ESE trending Bhairabkunda-Mazbat Lineament
(BML) in the KF zone, that is tranvserse to KF. To the east, the Eastern Himalayan syntaxis (EHS)
(Fig. 1b) marks a change in the tectonic regime from collision along the Himalaya to strike-slip faulting
in south-eastern Tibet (Holt et al., 1991). The NW-SE trending Mishmi thrust (MT), Tidding thrust
(TDT), Lohith thrust (LT) and theWalong thrust (WT) are the other major faults in this region, that are
in proximity to the source zone of the 1950 M 8.6 earthquake. The Tidding suture in the Mishmi region
is an extension of the Indus-Tsangpo Suture Zone (ITSZ) and marks the region where the MBT takes
a sharp bend southwards and connects to the Indo-Burma Ranges. The NE-SW trending Naga Thrust
to the south terminates near the NW-SE trending Mishmi Thrust which merges further with the Sagaing

fault to the east of the Burma micro-plate (Pandey et al., 2017).

The Arunachal Himalaya is a region of great geological significance within a broader
Himalayan mountain range. The lithological assembly of the region, characterized by complex
tectonic processes, constitutes the Tethyan Sedimentary Sequence, Higher Himalayan Sequence,
Lower Himalayan Sequence and the Siwalik Group, that have a bearing on the geological evolution of
the area (Gansser 1964; Yin et al., 2010; Webb et al., 2013; DeCelles et al., 2016). Sedimentary rocks
deposited in this marine environment during the Mesozoic and early Cenozoic era form the Tethyan
Sedimentary Sequence consisting of shale, sandstone, limestone, and flysch deposits, indicating a
once-vast oceanic basin (Gansser, 1964). The Higher Himalayan Sequence represents the crystalline
core of the Himalayas and is composed of high-grade metamorphic rocks, including kyanite-
sillimanite-bearing gneiss/ schist, migmatite, leucogranite, and amphibolites (Gururajan & Choudhary
2003; Yin et al., 2010; Webb et al., 2013; DeCelles et al., 2016). The Lower Himalaya, between the

MBT and the MCT, is tectonically complex. The rocks in this region are a mix of Lower Himalayan

6


javascript:;
javascript:;

Sedimentary Sequences (LHSS) and Lower Himalayan Crystallines (LHC). LHSS consists of
sandstone, shale, and limestone, that were deposited on the northern margin of the Indian plate prior
to its collision with Eurasia. The LHC is composed of quartzites, phyllites, schists, and granitoids. The
sub-Himalaya contains Siwalik group rocks, a prominent unit in Arunachal Himalaya, composed
primarily of clastic sedimentary rocks like sandstone, siltstone, and conglomerate, deposited during
the late Cenozoic in the foreland basin that formed due to the uplift of Himalayas. The Siwalik group
preserves a record of tectonic and climatic changes in the region during the Himalayan uplift (Gansser,
1964; Kumar 2016). This group in Arunachal forms a ~5-6 km thick upward coarsening succession of
fluvial and alluvial fan deposits (Decells 2016). The syntaxis is generally geologically referred to as a
tectonic intersection point where many faults converge. In the study region, the Eastern Himalayan
syntaxis is where all the three major tectonic units; the Sub-Himalaya (Siwaliks), Lesser Himalaya
(including the Gondwana Group) and Higher Himalaya (Gansser, 1964) converge. These units are
mainly situated on the western side (limb) of the syntaxis. On the eastern limb, two major units namely
the Tidding Suture Zone and the Lohit Plutonic Complex are found, accompanied by a sequence of
Eocene-age sedimentary rocks intermingled with basic volcanic rocks (Singh, 1993). The Tidding
Suture Zone overriding the Mishmi crystalline, equivalent of the Higher Himalayan Crystalline on the
southwest and bounded by the Lohit thrust on the northeast, contains rich preserves of ophiolitic
mélange of mainly garnetiferous metavolcanics, marble bands, serpentinite, and graphitic-garnet schit
(Gururajan & Choudhary 2003). The Lohit Plutonic Complex is further subdivided into the western
and eastern belts separated by the Walong thrust (Gururajan & Choudhary 2003).

The Mikir Hills surrounded by Tertiary rocks with faulted contacts, located southwest of the
Arunachal Himalaya, represent the final exposures of shield rocks and share similarities with the
Shillong plateau. Drilling investigations in the northeast part of Mikir Hills indicate a highly faulted
basement with approximately 3800 m of Tertiary and Quaternary sedimentary deposits (Mathur and
Kohli, 1963).

3 Seismological Network and single event earthquake locations

The CSIR-National Geophysical Research Institute (NGRI), Hyderabad, India has operated a
seismological network comprising 41 stations, from December 2009 to March 2017 (Fig. 1b), spanning
91.5°E to 96°E and 27°N to 29.5°N, from Tawang in the West to lower Dibang valley in the East.
Owing to the rugged topography and poor road conditions, installation of such a dense network in an
area like Arunachal has been a very challenging task. For the present study, data from December 2009
to March 2016 is utilized. The stations are a combination of REFTEK-151 seismometers with
REFTEK 130 data acquisition systems (DAS), Trillium 120P seismometers with Taurus data loggers
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and CMG-3T seismometers connected to REFTEK 130 data acquisition systems. The ground motion
is recorded at 50 samples per second. The stations were installed in phases and the details are given in

supplementary information (Table S1).

The first arrival times of P- and S-phases were picked manually, using the earthquake analysis
software SEISAN (Havskov & Ottemdller, 2003). The average initial picking accuracy for the P-
arrivals is 0.15 s and S- arrivals is 0.3 s. The local magnitude (M.) is computed from the amplitudes
of the horizontal components of seismograms. Initially, the hypocentral locations of individual events
having at least 5 P- and 3 S- arrivals, were obtained using the HYPOCENTER program (Lienert &
Havskov, 1995). Since no published velocity model exists for the study region, we tested 5 different
models proposed for the NE Himalaya and nearby Nepal Himalaya. These are Gupta (1984) model
(model-1), the P-wave velocity model (model-2) of De & Kayal, (1990), the local earthquake
tomography model (model-3) of Bhattacharya, et al. (2010), the improved 1D velocity model for Nepal
Himalaya (model-4) by McNamara et al. (2017) and the 1D velocity model (model-5) for Bhutan
Himalaya derived by inversion of local earthquake data (Singer et al., 2017a). An average Vp/Vs value
of 1.72 is used for estimation of initial hypocenter locationparameters. The errors in the estimated
hypocental parameters using each of the above velocity models are shown in supplementary
information (Fig. S1). It is found that the lateral distribution of earthquakes remains similar irrespective
of the velocity models used for location. However, noticeable changes are observed in hypocentral
depths, which tend to change from shallow to deep or vice-versa with change in the velocity models.
The root mean square (RMS) errors corresponding to all the five models are mostly <1 s (Fig. S1).
However, the largest value of the RMS error reaches 2 s, when the earthquake location parameters are
estimated using model-1 and model-2. The least RMS is observed for velocity model-3 proposed by
Bhattacharya, et al. (2010). A thorough analysis clearly reveals that this a priori model not only reduces
the RMS value, but also improves the location errors to <5 km in latitude. Therefore, model-3 is used
as the initial velocity model for preliminary location of earthquakes. A total of 1420 (Fig. S2)
earthquakes in the magnitude range of M 1.0 to 5.2 are located in Arunachal and nearby regions. The
frequency-magnitude distribution of seismicity indicates an Mc of 2.2 (Fig. S3). Many recorded events
fall outside the network. It is well established that the precision of earthquake locations depends on the
distribution of the recording stations, accurate phase arrival times and use of an appropriate velocity
model between the sources and stations, especially in areas with large lateral heterogeneities (Okada
et al., 1970). Therefore, apart from a minimum of 8 phase arrivals, we considered only those events
for further analysis that have at least one nearest recording station within 150 km epicentral distance.



4 Minimum 1D velocity model

A subset of 121 (Fig. S4) earthquakes having an azimuthal gap < 180° and recorded by at least
6 stations (minimum10 phases marked; 6 P and 4 S picks) is considered to determine a reliable velocity
model using the VELEST program (Kissling, 1988; 1995). The simultaneous inversion scheme is used
to invert for both the hypocenters and 1D velocity model with station corrections, using the five
different velocity models mentioned above, as initial models (Fig. 2a). However, since the inversion
results from model-3 produced the least RMS, we used this model as the initial one to compute the
final minimum 1D velocity model. We divided this model into 2 km thick layers and also varied the
Vp/Vs value from 1.72 to 1.74 to invert for both Vp and Vs simultaneously. In every iteration, layers
having similar velocities were merged as a single layer and the inversion is repeated until the least
RMS is obtained for all the earthquakes. The models (Fig. 2b) obtained from inversion are seen to
resolve layers only to a depth of 40 km, owing to lack of head waves and hypocenters within deeper
layers. The ray path and depth distribution of earthquakes are shown in Figures 2c,d. The final model

(model 6) also reduces the average RMS error from 0.3 s to 0.2 s (Fig. S1).
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Figure 2. (a) Initial , (b) final velocity models, (c) ray path distribution in depth along latitude and
longitude and (d) depth distribution of earthquakes relocated with the new minimum 1D model.

5 Relocated earthquakes and distribution of seismicity

The new 1D velocity model was then used to relocate 1418 earthquakes that are initially located
(Fig. S2) using the HYPOCENTER program inbuilt in SEISAN (Havskov & Ottemdller, 2003). The
earthquakes relocated using the velocity model obtained by VELEST along with their errors in latitude,
longitude, depth and RMS time residuals are shown in Figure 3. The local magnitudes (M) of these

earthquakes vary from 1.0 to 5.2. Two moderate magnitude earthquakes (ML>5.0) are recorded during
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the study period. The earthquake locations were further constrained by relocating them with the double
difference algorithm hypoDD (Waldhauser & Ellsworth, 2000). The double-difference (DD) technique
utilizes the differential travel time data to solve for hypocentral locations and origin times of events.
The advantage of this method is that it improves the relative location accuracy by minimizing errors
arising from the unmodelled velocity structure. While relocating the earthquakes, it is ensured that the
maximum epicentral distance is 200 km, the separation between a pair of events is less than 20 km and
the number of neighbours per event does not exceed 8. For relocation, we used both the P and S phase
data from the local earthquake catalog. A total of 759 clustered events are considered for relocation
after discarding a few isolated ones that are not sufficiently linked with their neighbors. The DD
relocated earthquakes are shown in Figure 4. The reliability of the relocated earthquakes is assessed
using bootstrap analysis (Waldhauser & Ellsworth, 2000). The details are given in supplementary text
and Figure S5.

11



30°

Ooo 3 ;—.:—:—.km

(©)

— ] 0 %o 0 100
o PARR i S SN R

0 25 50 75 100 0711/ 097 N

Depth (km)

29°
28°
27°
Magnitude (ML)
%o o -
I 806 1.0-2.0
o S aRY =80
ySlzil@ng 3 : v Q3.1'=40
S Plateat : ! O4.1-49
o 25
- [ ]
91° 97°
500 P S Y AR M VO T O IR TR TR G DN TSN S S | | | .
@ ‘
L 400 - - - =
(]
=]
S 300 S [— - - - - =
=
3 200 - - - -
“6. I | T 1
S 100 s I S ‘ P S ‘ .
. = | |
T e e - —
0 5 10 O 5 10 0 5 10 0.0 0.2 04 06 0.8
Error in latitude (km) Error in longitude (km) Error in depth (km) RMS (sec)

Figure 3. (a) Epicentral distribution of the 806 earthquakes (closed cirlces) located with an updated
1D velocity model obtained using VELEST. Open circles denote earthquakes which are not used for
further analysis. Yellow inverted triangles are broadband seismological stations. Beach balls are the
focal mechanism solutions of two earthquakes computed in the present study. The tectonic faults are
the same as in Figure 1b. (b) Histograms show errors in hypocenters (km) and time residuals (s).
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We also determined the focal mechanism solutions of two moderate magnitude earthquakes
(ML >5.0, shown as stars in Fig. 3). To determine the moment tensor solutions, we adopted the full
waveform inversion scheme in ISOLA code (Sokos and Zahradnik, 2008; 2013). The focal
mechanisms of these earthquakes are listed in Table S2 and plotted in Figures 3&4. The match

between the synthetic and observed waveform data is shown as an example in Figure S6.

The relocated earthquakes reveal three prominent clusters of seismicity (Figs. 3&4), C1
(Western Arunachal), C2 (Central Arunachal) and C3 (Eastern Arunachal). In general, the seismicity
seems to be concentrated mainly in the west (C1) and the syntaxial zone in the east (C3). The central
portion of Arunachal (C2) appears less active compared to the adjacent zones (C1 & C3). Depth
sections of the single event and hypoDD relocations along three arc normal cross sections (AB, CD
and EF as shown in Figs. 3&4) are shown in Figure 5, with error bars. The depth sections derived from
both the methods show a similar pattern, except for a few deeper events which are discarded in DD
relocations. Seismicity in the depth section along profile CD (Fig.5a) in the central portion indicates
that deformation is mainly restricted to the orogenic wedge above the MHT, a scenario typical of the
Himalayan arc (Seeber et al., 1981; Ni & Barazangi, 1984). The majority of deeper events in profile
AB are to the south of the MFT in the Assam Valley, aligned in the WNW-ESE direction. These deeper
earthquakes are attributed to transverse tectonics rather than Himalayan thrusting owing to its
proximity to the strike-slip environment. Also, there is no evidence for a significant change in
topography in this region. Further, the lateral extent of seismicity indicates a broad zone of
deformation. Seismicity along the other profile EF located in the EHS is associated with the NW-SE
trending thrust faults (TDT, MT, LT, WT). Even though the majority of earthquakes along this profile
occurred in the upper 20 km of the crust, few earthquakes are also found down to 40 km depth along
TDT.
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Figure 5. (a) Depth distribution of all the earthquakes located using the single event (VELEST), and
(b) double-difference (hypoDD) methods, along profiles AB, CD & EF (Figures 3a, 4a). Closed circles
represent earthquakes within 50 km on either side of the profile. The geometry of the MHT and Moho
are marked based on the results of receiver function modelling (Singh et al., 2021). The variation of
topography and the intersection of major tectonic faults along each profile are shown above each depth
section. Error bars indicate the single event (absolute errors) (a) and double difference (relative errors)
(b) locations, respectively.

6 3-D velocity tomography

Local earthquake tomography has been carried out to determine the 3D seismic P- wave
velocity (Vp) and P- to S- velocity ratio (Ve/Vs) beneath the Arunachal Himalaya. Further, an attempt
is made to find a plausible relation between seismicity and crustal velocity structure. The following
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criteria have been used to select the data for tomography: (1) an event should have at least 6 P- and 4
S- arrivals, (2) the epicentral distance to the nearest recording station should be less than 150 km, and
(c) the travel time residual should not exceed 0.3 s. The selected data set comprises12,522 picks, which
includes 6537 P- and 5985 S- phases from 787 earthquakes (on an average 17 picks/event). We used
some out of network events which enable a better resolution of the velocity anomalies at deeper depths
(Koulakov, 2009). In the present work, we applied the travel time inversion algorithm SIMUL2000
(Thurber, 1983, 1997; Eberhart-Phillips, 1986), which simultaneously determines hypocentral
parameters and 3-D variations in P-wave velocity(Vp) and Vp/Vs by inverting P- arrival and S-P times,

using a damped least square inversion.

We define the model space within 26.2-29.5°N, 91.5-96.0°E and 0-60 km (depth range). We
use a flexible 3-D grid parameterization with grid nodes having an uneven spacing with linear velocity
gradients between the nodes. The initial parametrization is done using the 1-D velocity model obtained
with VELEST and a Ve/Vs value of 1.72. The seismic ray path distribution (Fig. S7) shows that the
study region is well covered and the ray path density is spatially variable. We performed a number of
inversions with variable horizontal (10 km to 50 km) and vertical (3 km to 15 km) grid spacing. Based
on resolution parameters and seismic ray path distribution, the final horizontal grid spacing is fixed
as 30 km at the centre of the model volume and 40 km for the remaining model space on each plane,
at depths of -5, 0, 5, 10, 15, 20, 30, 40, 50 and 60 km. Since the study area is mountainous and a few
seismic stations are located at altitudes around 4 km, one layer of the grid is kept at -5 km depth.
Empirically determined optimal damping parameters are used (Eberhart-Phillips, 1986). To select the
optimal damping value, a trade-off curve between the data and model variances is constructed by
performing many one step inversions with the damping parameter values ranging from 25 to 500 (Fig.
S8). The final damping value used for inversion is 100. After the inversion, we noticed a variance
reduction of 65% for P-arrival time residuals and 55% for the S-P times.The average weighted RMS

for travel times decreases from 0.25 s to 0.15 s.
6.1 Assessment of solution quality

This inversion algorithm provides spatial resolution parameters like ray density (KHIT),
Derivative Weighted Sum (DWS) and Resolution Diagonal Element (RDE) of the resolution matrix
for both Vp and Vp/Vs (Evans et al., 1994). DWS is more representative of the spatial sampling of
model space than KHIT (Haslinger et al., 1999). RDE enables the fastest assessment of the solution
and indicates the degree of independence of model parameters. The values of RDE for Vp and Vp/Vs
are shown in Figure 6. Husen et al. (2004) demonstrated that relatively high ( 0.5) values of RDE

imply a small amount of horizontal smearing. The RDE values (Fig. 6) across our seismic network
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reveal that the smearing is small down to 50 km. The distribution of KHIT and DWS for Vp and Vp/Vs
(Figs. S9&S10), shows that these model parameters are well constrained at various depths in our study

region.

A Checkerboard Resolution Test (CRT) is also carried out to further evaluate the quality of the
determined model parameters. We constructed two checkerboard models (Fig. S11), each consisting
of alternating high and low anomalies spanning over two grid nodes in the X- and Y- directions. One
grid node was left open between the anomalies to test for horizontal velocity smearing. Amplitudes of
the input anomalies were set at = 8% for both the Vp and Vp/Vs models. While the anomalies were
placed at 5.0, 15.0, 30.0 and 50.0 km depths in the first checkerboard model (Fig. S11a,b), they were
placed at 10.0, 20.0, 40.0 and 60.0 km depth in the second. Contrary to the regular checker board

models, layers in between were left open to test for vertical smearing.

Along the span of our seismic network (Fig. 1b), the resolution of Vp and Vp/Vs models is
good down to 50 km depth. However, major vertical smearing is noticable between 50.0 and 60.0 km
depth (Fig. S1la,c and S11b,d). The recovered results show that the computed Vp & Vp/Vs are well
resolved for most of the modelled space down to 50 km depth (Fig. S11). The reliability of the retrieved
model can be quantitatively measured by computing the DWS, RDE values and analyzing the
checkerboard test. It can be seen from the DWS 500 and RDE 0.2 contours drawn in the checker boards
(Fig. S11) that the nodes with DWS>500 and RDE >0.2 are well recovered. Based on these evaluation
parameters, we consider that all the nodes with DWS > 500, RDE >0.2, are in general well recovered

in the checkerboard.
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Figure 6. Variation of Resolution Diagonal Element (RDE) at different depths for a) Vp and
b)Vp/Vs.
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6.2 Tomography Results

Variations in the absolute values of Vpand Vp/Vsin different depth layers reveal small-scale
heterogeneities down to 20 km (Figs. 7&8). In general, the absolute values of Vpand Vp/FVs lie in the
range of 4.8-8.0 km/s and 1.60-1.85, respectively down to 50 km depth. These images reveal a few
pockets of low Vp down to 20 km depth. A horizontal extension of the 6-km-thick low- Vp layer
beneath sub-Himalaya is noticed (Fig. 7). Further, to decipher the linkage between crustal structure
and earthquake occurrence in the study region, we plotted the absolute values of Vpand Vp/Vsalong
three vertical cross-sections (I1-12, J1-J2 and K1-K2 in Fig. 7) across the main subdivisions and major
faults of the Himalaya, along profiles where the migrated receiver functions were shown earlier (Singh
et al., 2021). Earthquakes within 50 km on either side of the three profiles are superimposed on the
velocity images (Figs. 9-11).
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(DWS<500 and RDE<0.2) are masked with gray colour. Open circles denote events that occurred

during 2009-2016, within 2 km of each depth slice. White triangles are broadband seismological
stations.
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Distinct velocity layers in the crust are well identified beneath all the profiles. Overall, the uppermost
crust (down to ~10 km depth) beneath Arunachal Himalaya is characterised by Vp values in the range
of ~5.6-5.9 km/s and Vp/Vsbetween ~1.60 and 1.71 (Figs. 9-11). Similar Ve values are noticed in the
upper crust of Bhutan (Diehl et al., 2017). The top ~6 km thick layer beneath the sub-Himalaya (SH)
between the MFT and MBT (S in Figs. 9-11) has low Vp (~5.2-5.4 km/s) values. Figures 9-11 shows
that the upper crust between 10- 20 km has Vp in the range of 5.9 - 6.3km/s and Vp/Vs in the range of
1.65 - 1.72. Velocities in the lower crust to upper most mantle (20- 50 km depth) vary from 6.4 to 8.0
km/s (Vp) and the corresponding Vp/Vsis 1.72-1.85. Although the broad Vp structure remains the same,
slight variations are observed in the depth profiles. In spite of the lateral variations, in general, we
observed low Vp/Vsvalues down to mid-crustal (30 km) depths and higher V»/Vs at lower crustal depths
(30-50 km) (Figs. 9-11), except along the western section (I1-12). Zandt & Ammon (1995) also
reported higher V»/Vs values for the lower crust. We observe low Vp/Vsvalues (1.60-1.71) in the
western section (11-12, in Fig. 9). With a slight variation in depth, the obtained velocity variations
correspond well with the geometry of the MHT and Moho marked in the migrated receiver function
images (Singh et al., 2021). The velocity images show a gently dipping MHT, without significant
signatures of a mid-crustal ramp in the Arunachal region. The receiver function results also reveal a
simple crust and a gently dipping MHT (Singh et al., 2021). We do not find any specific relation
between the distribution of seismicity and velocity variations except in the central Arunachal region.
In the central portion of Arunachal, majority of the earthquakes are distributed sub-horizontally in the

high Vp/Vs zone (L in Fig. 10) located above the MHT.

Further, to check the reliability of the main features in the tomographic images, we conduted restoring
resolution test (RRT) (Zhao et al., 1992) and characteristic test. In the RRT, synthetic phase data is
generated with the final derived 3D model as the input model and random errors with a standard
deviation of 0.2 s are added to these. This synthetic data is inverted using the same inversion parametes
used in the final inversion. The RRT results (Fig. S12) reveal that the main features in the velocity
images are well recovered. In the synthetic test, we generate phase data using a synthetic model having
a defined anomaly. We find significant anomalies (L & R in Fig. 10b) in the Vp/Vs along profile J1-J2.
Therefore, we conduct this test for Vp/Vs along profile J1-J2. We designed the synthetic model using
Vp/Vs values between 1.65 and 1.8 in the 5-15 km depth range and used a fixed value of 1.72 for the
remaing area (Fig. S13a). After inversion, we noticed that the main features (L & R) were well recoverd

(Fig. S13b).
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Figure 9. (a, b) Tomographic images of Vp and Vp/Vs along profile 11-12 (as marked in Fig. 7).
Regions which are not well resolved (DWS<500 and RDE<0.2) are masked with gray colour. Open
circles represent earthquakes within 50 km on either side of the profile. The geometry of MHT and
Moho are marked based on the results from receiver function modelling (Singh et al., 2021). Please

see the text for details of the inferred features (‘S’ and ‘R”). Topography variation along the profile is
shown on top.
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Figure 10. (a, b) Tomographic images of Vp and Vp/Vs along profile J1-J2 (as marked in Fig. 7).
Regions which are not well resolved (DWS<500 and RDE<0.2) are masked with gray colour. Open
circles represent earthquakes within 50 km on either side of the profile. Please see the text for details
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Figure 11. (a, b) Tomographic images of Vp and Vp/Vs along profile K1-K2 (as marked in Fig. 7).
Regions which are not well resolved (DWS<500 and RDE<0.2) are masked with gray colour. Open
circles represent earthquakes within 50 km on either side of the profile. Please see the text for details
of the inferred features (‘S” and ‘R”). Other details are the same as in Fig. 9.

7 Discussion
7.1 Seismicity

The seismotectonic regime in the Arunachal Himalaya seems to be very complex and is
summarized in Figure 12. The central portion (C2 in Figs. 3, 4 &12) appears less active in terms of
instrumental seismicity (Mc=2.2) compared to the adjacent regions (C1 & C3), over 7 years of our
recording period (2009 December to 2016 March). Most of the local seismicity is concentrated in the
western and eastern zones (C1 & C3 in Figs. 3&4). As reported by Diehl et al. (2017) in the Bhutan
Himalaya, the observed seismicity extends far south of the major Himalayan thrust faults in western
Arunachal, where seismicity extends to south of the Mikir Massif (C1 in Figs. 3&4). The NW-SE
trending KF and BF are the major reported faults in the foreland (Nandy, 2001, Bhattacharya et al.,
2008; Kayal et al., 2012). Further, the earthquakes are not just clustered close to KF, but are spread
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~100 km on either side, indicating a broad deformation zone. However the observed seismicity north
of the Kopili fault zone (KFZ) in the foreland is distributed in the WNW-ESE direction, conjugate to
KF. To confirm the distribution of seismicity in the foreland, we also compared our earthquake catalog
with the regional catalog prepared based on data from the Indian National Network operated by
National Center for Seismology (NCS) and USGS catalog (Fig. S14). The NCS epicenters indicate
similar, E-W strike of that cluster (but offset by about 40 km to the south). Rakshit and Rakshit (2022)
reported that the WNW-ESE trending Bhairabkunda-Mazbat Lineament (BML) to the north of KFZ
is seismically active and it may be the causative fault for the 28" April, 2021 Mw 6.0 earthquake in
this region (Fig. 12). Rakshit and Rakshit (2022) also argued for a strike-slip nature of the KF and
diferential stress conditions due to the various stress zones present adjacent to the KFZ, like the (most
dominant) Shillong Plateau, in the west and the relatively less seismically active Assam Valley in the
east (Angelier and Baruah, 2009 ). These could also indicate transverse features in the region, such
as the BML. The present study also shows that seismicity to the north of KFZ is associated with BML,
which is conjugate to KF. In other regions of Arunachal, the seismicity (C2 & C3) lies between MBT
and MCT. Focal depths of majority of earthquakes in the Assam valley are located in the Indian lower
crust (35-50 km) and the depths decrease to 25 km, mostly above the MHT, beneath the Himalaya (as
shown along profile AB in Fig. 5b).

Based on seismicity and moment tensor solutions, Diehl et al. (2017) reported that the dextral DCF,
a feature that potentially marks the western boundary of the Shillong block, might cut across the MHT
between Nepal and Bhutan. Similarly, previous studies (Bhattacharya et al., 2008, 2010; Kayal et al.,
2006, 2010;2012; Vernant et al., 2014 ) proposed that KF extends into the Himalaya up to the MCT
and is capable of generating M7 earthquakes in the eastern Himalaya and the Foreland basin. To
examine the nature of faulting in the study region and to examine the possibility of continuation of KF
into the Himalaya, we studied the mement tensor solutions (Fig. 12) determined in the present study,
from regional data (Kayal et al., 2012) and those from the global catalog (gCMT). The moment tensor
solutions of earthquakes computed in the present study reveal that the earthquake (M5.1, 2015)
located just south of the MFT (at a hallow depth of 17 km) has a thrust mechanism and the deeper
event (M5.3, 2012) (45 km focal depth) located east of KF is a strike-slip (Fig. 12). The largest
recent event (Mw6.0 2021) to the north of KFZ in the foreland (shown in Figure 12), is associated
with a strike slip mechanism. The M6.1 2009 earthquake in the Himalaya has a thrust mechanism (Fig.
12). The seismicity distribution & focal mechanism solutions in the western Arunachal inferred from
the present study and global catalogs cannot unambiguously resolve the continuation of KF into

Himalaya.
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However, the foreland seismicity seems to be associated with a strike slip regime, as also revealed
by the moement tensor solution of the 2012 M5.3 earthquake computed in this study and other
earthquakes from global catalogs (Fig. 12) . The strike of one of the nodal planes of the Mw6.0 2021
earthquake which is located in our observed seismicity cluster (Fig. 12) matches with the WNW-ESE
strike of the seismicity distribution. This prompts us to postulate that the seismicity in the foreland is
associated with the WNW-ESE oriented fault/shear zone in the Indian crust, probably BML, that is
conjugate to the KF. The dense seismic network in the Assam valley and further geological studies can

throw better light on this newly identified fault.
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Figure 12. Seismotectonic scenario of the Arunachal Himalaya. Closed circles indicate earthquakes
with magnitudes > Mc located in the present study. The focal mechanisms are taken from the gCMT
catalog (Pink beach balls), present study (Purple beach balls) and the 1950 earthquake (dark green
beach ball) (Ben-Menahem et al., 1974). The locations of M 7.7 (1869) and M 7.2 (1943) earthquakes
are taken from Kayal et. al (2012).
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In central Arunachal, seismicity follows the general trend of earthquakes along the Himalayan
arc with deformation limited to a depth of 20 km, above the MHT. Most of the seismicity is sub-
horizontal between MBT and MCT. However, we also noticed a few earthquakes in the sub-Himalaya
between MBT & MFT and a small cluster of earthquakes north of MCT in the Higher Himalaya, in the
vicinity of 1947 earthquake (Fig. 12). During our recording period, we have recorded only one
earthquake of M >4.0, four of Mi> 3.0 & <4 and all the remaining earthquakes have magnitudes
<3.0. The relatively lower seismicity in central Arunachal Himalaya is also apparently observed in the
global catalogs (Fig. 1b, Fig. S14). Also, Rajendran & Rajendran, (2011) reported low seismicity
between the Mikir Hills and Mishmi Thrust. The convergence rates derived from GPS are also not well
defined in this segment and therefore not conclusive to explain the low seismicity. This region is the
only segment of the Himalayan arc with no known big event and the smallest level of interseismic
coupling (Hetényi, et al., 2016b; Stevens & Avouac, 2016). The Mw 7.7 (1947) earthquake in the north
central part of Arunachal was insufficient to rupture the entire MHT and might have occurred on an
out-of-sequence thrust (Chen & Molnar, 1977). The low seismicity may either be due to a fully locked
zone with strain accumulation, low deformation or aseismic slip in this part of Arunachal Himalaya.
Further, Cattin & Avouac, (2000) suggested that the strain accumulation in the interseismic period
results in small to moderate sized earthquakes in the downdip verge of the MHT in the lesser Himalaya
of Nepal and very low to no seismicity in the updip region. The mid-crustal seismicity clusters
associated with the locked zones in the down dip edge of the MHT are well known in the Nepal,
Garhwal and Bhutan Himalaya (Monsalve et al., 2006; Mahesh et al., 2013; Diehl et al., 2017). In
western Bhutan, the observed seismicity cluster in the Higher Himalayan front was correlated with the
3500 m topography contour and locked to creep transition, indicating stress build-up along a fully
locked MHT (Diehl, et al., 2017). Similar models were also proposed for the observed seismicity
clusters in the high Himalayan seismic belt of Nepal and northwestern Himalaya (Cattin & Avouac,
2000; Paul et al., 2001; Bollinger et al., 2004). With the existing data, we find a small cluster at mid-
crustal levels along the down dip part of MHT beneath the higher Himalaya (Fig. 5a) and the seismicity
is even lower than that in the adjoining Himalayan regions. Receiver function (Singh et al., 2021) and
tomography images along with seismicity patterns, reveal a flat seismogenic portion of the MHT
between 70 and 130 km north of the MFT (Fig. 10b) in this region (Fig. 10). Diehl et al. (2017) also
observed a flat, seismogenic MHT in eastern Bhutan, abetting our study region in the west. On the
basis of slip rates computed from GPS (Marechal et al., 2016), they related the flat seismogenic MHT
to a partially creeping segment or to increased background seismicity. In the Arunachal region, the
GPS data is very sparse and there are no slip rate models available to constrain the results. In view of

the smallest level of interseismic coupling in this region (Stevens & Avouac, 2016), we hypothesize
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that the observed ~60 km long flat seismogenic part of the MHT might be correlated with a partial
creeping segment. The stress redistribution throughout the seismic cycle may lead to a creeping
segment that is slipping at rates smaller or larger than the long-term rate (Avouac, 2015). Avouac
(2015) described the favorable factors which enable creep in terms of “fluid pressure, temperature,
chemical environment, fault geometry and sudden stress changes from nearby earthquakes™. In the
next section, we will discuss about fluids along the MHT near the assumed partial creeping segment.
The creeping faults or a segment of the fault which is creeping slowly can still produce a large
earthquake similar to locked faults (Harris, 2017; Chen & Biirgmann, 2017). The slip rate models
derived from GPS data in this segment can provide better information regarding the proposed partial
creeping hypothesis. Whether or not the imaged seismogenic segment is related to a partially creeping

MHT, the central Arunachal region, which is in the seismic gap can host M8 earthquakes.

The syntaxial zone in the east is the other sector where earthquakes cluster. The area of Mishmi
Massif to the east of Arunachal Himalaya is host to a number of NW-SE trending thrust faults. This
region is tectonically and geologically complex, owing to a triple junction. The region also experienced
many aftershocks of the 1950 Assam earthquake, suggesting rejuvenation of neo-tectonic activities in
the area, even far away from the region of the mainshock (Poddar, 1950). The current analysis shows
that very few earthquakes are located in the vicinity of the 1950 earthquake and southeast of it,
indicating that the southeastern part of Mishmi and Lohith thrusts may not be currently very active.
The shortening rates computed from GPS get smaller from the NW to SE parts of the Mishmi and
Lohith thrusts, indicating a locked portion of these faults, which was activated during the 1950
earthquake (Gupta et al., 2015). The entire crust is seismically active in the EHS region. Kundu et al.
(2020) and Yadav et al. (2021) also reported that earthquakes in this region are deeper down to 40 km.

7.2 Crustal structure, geometry of the MHT and Moho

In the sub-Himalaya, the uppermost crust (0-6 km depth) has low Vp(~5.2-5.4 km/s) values (S
in Figs. 9-11), indicating sediments. The velocity reduction (at shallow depths) may result from a
combination of various factors such as large sediment thickness, high pore-pressure and active strain.
The low Vp/Vsbelow the surface trace of the MCT (R in Figs. 9-11) might be a signature of felsic
migmatites, kyanite-bearing paragneiss and leucogranite in the upper crust, as correlated with surface
geology of western Arunachal (Gururajan & Choudhary 2003; Yin et al., 2010; DeCelles et al., 2016).
The general occurrence of rocks such as quartzites, quartz arenite, phyllites, granitic augen
orthogneiss and schists (Yin et al., 2010; Webb et al., 2013; DeCelles et al., 2016) in the upper crust
also supports a felsic crust in this region. Further, laboratory based studies indicate that the quartzite

and quartz dominated metamorphic rocks have low Vp/Vs values (Christensen, 1996). A similar kind
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of low Vp/Vs has also been reported for the upper crust beneath the Bhutan Himalaya (Singer et al.,
2017b) and upper and middle crust below the Higher Himalaya in eastern Nepal and southern Tibet
(Monsalve et al., 2008).

Along the western profile, majority of the seismicity is located within 20 km of the crust and
low Vp/Vsvalues (1.60-1.71) are noticed in the entire crust ( Fig. 9). Low values in the mid to lower
crustal levels may be due to high porosity, presence of fluids (or gas) (Kaypak, 2008) and anisotropy
(Wang et al., 2009). Due to high lithostatic pressure in the deeper part of the crust, high pore pressure
is required to maintain high porosity, which is unlikely. Wang et al. (2009) have shown that 5% of P-
and S-wave anisotropy is sufficient to change an average Vp/Vsvalue of 1.78 for continental
crust (Zandt & Ammon, 1995), making it an important factor while interpreting the crustal
composition using Vp/Vs values. Singh et al. (2021) presented evidence for anisotropy at mid- to-
lower crustal levels beneath the Arunachal region, which is especially stronger along this profile.
Hence, the observed low Vp/Vsvalues down to lower crustal levels can be attributed to anisotropy in
the mid-to-lower crustal depths. Anisotropy at mid-crustal depths is also reported from other segments
of the Himalaya (Singh et al., 2010; Schulte-Pelkum et al., 2005; N ab"elek et al., 2009; Singer, et al.,
2017b).

In the central Arunachal region, the imaged velocity structure along with seismicity, reveals a
gently dipping MHT (Fig. 10). We do not observe any signatures of a sharp mid-crustal ramp in this
region and the crustal structure seems to be less complex compared to the adjacent Himalayan reions.
The obtained velocity variations/anomalies correlate well with the geometry of the MHT and Moho
mapped using Receiver Functions (Singh et al., 2021). The geometry of the MHT is not clear in the
western (I1-12) and eastern (K1-K2) sections as also observed by Singh et al. (2021). We find that most
of the seismicity is sub-horizontal between MBT and MCT and located above a flat portion of the
MHT, lying in a high Vp/Vszone (L in Fig. 10). The observed sub-horizontal high Vr/Vs zone extends
~70- and 130- km north of the MFT, between 7-13 km depth. The high Vp/Vs is due to a low velocity
zone (LVZ) in that depth range. A LVVZ along the MHT was also observed in Nepal Himalaya (Nabélek
etal., 2009; Duputel et al., 2016; Subedi, et al., 2018), Garhwal Himalaya (Caldwell et al., 2013, Gupta
et al., 2022) and northwest Himalaya (Hazarika et al., 2017). The observed LVZ above the MHT is due
to possible presence of fluids (partial melt, aqueous fluids or both) resulting from metamorphic
dehydration of the underthrusting Indian plate below the MHT. The presence of fluids may enable
creep (Avoc, 2015) along this segment of MHT.

Along the eastern profile, the entire crust is seismically active (Fig. 11). The moderate to high

Vp (5.4-5.7) and low to moderate Vr/Vs (1.69 — 1.71) values in the uppermost crust (0-6 km depth)
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beneath the Eastern Himalayan Synaxis might be signatures of Mishmi crystalline and ophiolitic
mélange mainly comprising garnetiferous metavolcanics, marble bands, and graphitic-garnet schit, as
correlated with the complex surface geology of EHS (Gururajan & Choudhary 2003). The high Vp/Vs
values below the MHT represent the underlying Indian lower crustal material (Zandt & Ammon, 1995).
Pockets of low Vp/Vs values down to mid-crustal levels are due to anisotropy at these depths (Singh
et al., 2021). The Vp/Vs for most of the crust is less than 1.78, a value that corresponds to a Poisson
solid. Thus, it signifies that the entire crust behaves in a rigid manner and is capable of accumilating

strain energy which can be released to produce earthquakes throughout the crust.
8 Conclusions

The present study provides the first detailed information about seismicity and 3-D velocity
structure of Arunachal Himalaya, using earthquake data recorded by a dense seismic network of 41
broadband stations operated during December 2009 to March 2016. A total of 1418 earthquakes having
magnitudes in the range of ML 1.0 to 5.2 are located during the recording period. The western
Arunachal region and the syntaxial zone in the east are seismically active compared to the central
Arunachal portion. The seismicity in western Arunachal extends to south of the Mikir Hills in the
Foreland. In the 0-50 km depth range, the absolute Ve and Vp/Vs values vary between 4.8-8.2 km/s
and 1.60-1.85, respectively. The seismic images exhibit signatures of sediments in the sub-Himalayas.
The low Vp/Vs in the mid-to-lower crustal depths can be associated with crustal anisotropy. The
velocity images along with seismicity reveal a gently dipping seismogenic MHT in central Arunachal.
The ~ 60 km long seismogenic flat portion of the MHT in the central Arunachal region might be related

to a partial creeping segment.
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