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Abstract: The Siang Valley of northeast Himalaya is one of the most seismotectonically active area that lies within the
Eastern Himalayan Syntaxis (EHS). In this study the Focal Mechanism Solutions (FMSs) are determined and estimated
FMSs are used to understand the existing stress field in the region. The depth distribution of seismicity ranges up to a focal
depth of 60 kilometers, with a higher concentration in the upper crustal part. We estimated 18 FMSs using P-wave first
motion for the events having a magnitude (M, ) ranging from 3.5 to 5.4, showing normal, thrust and a combination of strike-
slip mechanism which follows the major tectonic feature/faults in the region. From the analysis of stress inversion, it is
observed that the direction of the highest compression (P) axis is SSE, indicating the presence of a radial compressional
stress regime in the western part of Siang Valley. In the eastern part of Siang Valley, a predominant transtension stress regime
is observed and P axis is oriented in the SSW direction. The Siang Valley and adjoining region, the estimated maximum
principal stress (1) shows a trend towards the SSW direction. The stress regime index (R’) indicates a strike slip with
reverse faulting occurring in this region. The FMSs and stress tensor outlined in our study provide valuable insights for
developing a more comprehensive understanding of the seismotectonic implications in this area. This information is

beneficial for evaluating seismic hazards and related geodynamic activities.
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INTRODUCTION

The Eastern Himalayan Syntaxis (EHS) of Arunachal
Pradesh, NE India, is one of the most seismotectonically
dynamic region. In Northeast India, a convergence was
observed among three significant tectonic plates, namely
Indian, Eurasian, and Burmese. This phenomenon
encompasses the presence of two primary mountain ranges; in
the north are the Himalayas, and in the southeast are the Indo-
Burmese Ranges, accompanied by a significant intraplate area
in Northeast India. There is an agreement on the presence of
north-south compression triggered by the collision of plates
between India and Eurasia. The specifics regarding the
directional variations in compression and the nature of
alignments of seismotectonic stress patterns, still need to be
more adequately understood. The absence of clarity is notably
evident in the Assam syntaxis region, where the meeting point
of the two primary mountain ranges occurs near the
coordinates 28°N and 96°E. Previous studies have emphasized
the importance of continental collision in this scenario
(Molnar & Tapponnier 1975; Mitchell 1981; Curray et al.
1982; Tapponnier et al. 1982, 1986). The Himalayan range
represents the largest orogenic belt globally, where one
continental crust subducts beneath another continental crust.
This geological phenomenon has been extensively studied (Le
Fort 1975; Nandy 2001; Zhao ef al. 1993; Mitra et al. 2005).
The amalgamating structures constituting a complex geo-
tectonic framework (Curray et al. 1982) exert pressure on the
northeastern sector of the Indian plate, resulting in
deformation (Chen and Molnar 1990; Kayal 1991; Bilham &
England 2001). From a broader perspective, the Arunachal
Himalaya encompasses the furthest eastern section of the
Himalaya, situated between longitudes 91°30 E and 96°E,
encompassing the EHS. The Indian plate is gently dipping to
the north beneath the Himalayas (Zhao et al. 1993; Mitra et al.
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2005). The northeastern syntaxis of the Himalaya delineates
the region in which the Himalayan arc undergoes a significant
southward trend, situated proximate to the eastern boundary
shared by India and China. Seismic activity is notably
influenced by the intraplate deformation within northeastern
India and the eastern Himalayan syntaxis caused by the
collision of India with Eurasia and the subduction of India
beneath Burma. Earlier studies (Bilham 2006; Thingbaijam et
al. 2008; Kayal et al. 2006) have documented that Namche
Barwa massif (NB), a prominent dome-shaped formation
marking the termination of the Himalayan Arc in the east,
exhibits substantial seismicity (Khattri et al. 1983). This
region is seismically active (Das Gupta & Nandy 1982; Gupta
etal. 1984; Kayal & De Reena 1991; Baruah et al. 1997; Kayal
1998; Rajendran et al. 2004; Bilham 2006; Kayal et al. 2006;
Thingbaijam et al. 2008), with the remarkable exception of the
Assam Gap (Khattri et al. 1983).

EHS and its surrounding area have encountered two big
seismic events namely, 1947 Ms 7.7 Lang earthquake and
1950 Ms 8.6 Zayu earthquake along with several minor
tremors, predominantly clustered in the northeastern region
which were mainly concentrated in the north eastern part of
the EHS. In contrast, fewer earthquakes have occurred in the
western part of the EHS and in the Namche Barwa (NB) area
(Yang et al. 2018). The spatial distribution and characteristics
of the shallow and intermediate earthquakes suggest
subduction and collision of the crust in the upper part of the
Himalayan arcuate range (Priestley et al. 2008). Therefore,
studying of these earthquake will provide more insights of
seismicity around EHS. Seismicity is usually concentrated in a
narrow zone of about 50-70 kilometers wide, traversing along
the Main Central Thrust (MCT) in EHS, which is one of the
major fault systems in the Himalayas. The other two are the
Main Boundary Thrust (MBT) and the Himalayan Frontal



Thrust (HFT) in this region (Ni & Barazangi 1984). The
geometry and friction of the Main Himalayan Thrust (MHT)
play a significant role in controlling seismic ruptures and
stress interactions. The seismic activity in the Siang Valley is
notable, with earthquakes manifesting in various zones at
depths ranging from 5 to 45 km (Rai et al. 2024). The
determination of seismotectonic stress regimes within a
region is performed through the analysis of FMSs of
earthquakes. This analysis provides new perspectives on the
active tectonics of the region and facilitates the evaluation of
geodynamic implications. Typically, the focal mechanism
solution pertains to the fault orientation, the seismic slip with
respect to the plate motion and stress release patterns. Rastogi
et al. (1973) ascertained 11 FMSs for earthquakes that
occurred in the Assam-Myanmar region by utilizing P-wave
first-motion direction data. Their findings indicated that the
primary modes of deformation observed in the region are
associated with thrust faulting. Chandra (1978) calculated a
total of eighteen FMSs for the seismic events in the Himalayan
region by employing P-wave first motion data. The findings
revealed a predominant thrust faulting pattern in the northeast
region of India. Pal et al. (2024a) studied the source parameter
and seismotectonic analysis in the Siang Valley region of
northeastern Himalaya. The investigation into the focal
mechanism solution by Hazarika et al. (2022) and the stress
inversion study by Kamra et al. (2023) was executed in the
northeastern sector of the eastern Himalayan Syntaxis.

In our present study, using the recently acquired seismic
data, i.e. more data compared with previous studies,
evaluation of FMSs using P- wave first polarity method with
the depth section across the Siang window and stress tensor
inversion has been applied using focal mechanisms of events
that occurred in the Siang Valley, NE Himalayas. We focused
on investigating the trend of the primary stress axes to
comprehend the local-regional stress field in the region which
are divided into two sub-region.

GEOLOGY AND TECTONICS

Siang Valley is located in the eastern part of the Himalayas,
where the Himalayan arc bends sharply southward. The
tectonic setting of Siang Valley is complex and involves
different tectonic units and fault systems. A large antiform
structure called the Siang antiform, dominates the Siang
Valley, which exposes the Lesser Himalayan Crystalline
Sequence (LHCS) (Fig. 1) The LHCS is a representation of a
metamorphic belt consisting of gneisses, schists, quartzites
and marbles, situated within the eastern flank of the Siang
antiform (Gururajan & Choudhuri 2003; Misra 2009); the
LHCS's boundaries are delineated by Trans-Himalayan
tectonic units, specifically the Tidding suture zone and the
Lohit plutonic complex (LPC). The centre of the Siang
antiform is characterized by sedimentary rocks of the
Mesozoic era (Singh 1993). In the Siyom Valley, which is a
tributary of the Siang River, the LHCS is structurally detached
from the Lesser Himalayan Sequence (LHS) by the Main
Central Thrust-I (MCT-I) at a lower structural level;
nevertheless, it is in juxtaposition with the Higher Himalayan
Crystalline Sequence (HHCS) along Main Central Thrust-II
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(MCT-1I) at a higher structural level. MCT-1 and MCT-II are
prominent thrust faults responsible for accommodating crustal
shortening and thickening in the Himalayan region. The MCT
and MBT depict the primary tectonic characteristics observed
in the Eastern Himalayan region. The Main Central Thrust
(MCT) has been identified as a significant intracontinental
ductile shear zone, which is linked to an inverted metamorphic
zone that is thought to have formed since the mid-Tertiary
period, shows minor recent movements as well (Valdiya
1980). Acting as a demarcation line, the MCT divides two
distinctive geological terrains - the Lesser Himalaya situated
to the south and in the north higher Himalayan Crystallines.
The primary geological division differentiates the lesser and
sub-Himalayan areas by the Main Boundary Thrust (MBT),
acknowledged for its continuous high seismic activity leading
to devastating earthquakes. This prominent thrust belt
emerged during the Pliocene epoch and remained dynamic
throughout the Pleistocene era (Valdiya 1980). The Assam
syntaxis zone is situated within the easternmost part of the
Himalayas, representing a significant tectonic region where
the convergence of the Himalayan arc, Burmese arc, and
Mishmi block occurs, featuring thrust trends in the NW-SE
direction as evidenced by the Lohit and Mishmi thrusts (Fig.
1). It is worth noting that this particular zone was the focal
point of the major earthquake of 1950 as documented (Poddar
1950).

METHODOLOGY
Seismic Network and Data

The Wadia Institute of Himalayan Geology (WIHG)
Dehradun has installed a network comprising 8 broad-band
Seismic (BBS) stations in the Siang Valley, Northeast India,
with the primary objective of investigating the Seismotectonic
attributes of the region. The initiation of the seismic stations'
operations occurred in December 2018, as documented by
Yadav et al. (2021). Positioned on top of Granitoids rocks, the
Gelling (GLNG) seismic station is the most northerly station,
while the Jengging (JNGG) station is located on the gneissic
rocks of the Lesser Himalayas. The Mariyang (MRNG) and
Yingkiong (YINK) seismic stations are positioned on the
Yingkiong formation (Acharyya & Saha 2013). The Along
(ALON) station is located on the sequences of the Lesser
Himalayas, whereas the Padu (PADU) and Boleng (BLNG)
stations are found on the Miri Quartzite. The Pasighat (PASI)
seismic station, the station furthest to the south, is situated on
the alluvial sediments of the Brahmaputra River Basin. The
BBS stations are furnished with a three-component Trillium
Compact-120 sensor and Centaur digitizer. The instrument is
configured with a compact flash memory card intended for the
continuous recording of data of 100 samples per second (SPS).
A sensitivity of 1500 V/m/s is demonstrated by the digitizer.
These seismic stations operate independently and are
furnished with GPS receivers to ensure accurate time
synchronization.

The SEISAN analysis software by Havskov & Ottemoller
(1999) was utilized to examine and distinguish the P and S-
phases for the purpose of determining the hypocentral
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Fig. 1. Geology and Tectonic map of the Siang Valley in the Eastern Himalayan Syntaxis of the northeast Himalaya (modified after Yadav et al. 2021). The
installation of broad band Seismic stations by WIHG is denoted by red triangles on the map. Various significant tectonic features such as the MBT, MCT,
STDS, ITSZ, Lohit Thrust, Walong Thrust, and Mishmi Thrust can be identified in the region. The rivers in the area are represented by blue lines.

parameters of the earthquake. The hypocentral parameters are
computed using the HYPO71 software, which was created by
Lee & Lahr (1975). For the computational studies of seismic
events, a five-layer velocity model (Table 1) introduced by
Raoof et al. (2017) with Vp/Vs ratio of 1.74 is employed. The
seismic events are identified, processed, and relocated to
produce a Seismological catalogue of Siang Valley within the
geographical coordinates of 27.75°- 29.25°N Latitude and
94.5°-96°E Longitude (Fig. 2). The uncertainties in epicenter
locations range approximately =5 km, with the Root Mean
Square (RMS) value varying from 0.2 to 0.5 seconds.

Focal Mechanism Solution

FMSs are determined from the P wave first motion polarity
using the FOCMEC application, as elaborated by Snoke ef al.
(1984). The package contains programs for determining and
displaying double-couple earthquake focal mechanism. Input
data are polarities (P, SV, SH) and/or amplitude ratios (SV/P,
SH/P, SV/SH). The application performs an efficient,
systematic search of the focal sphere. Application have been
made to finding best constrained fault plane solutions for suits
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of earthquakes recorded at local to regional distances and
using recorded polarities and relative amplitudes to produce
waveforms synthetics (Snoke 2003). Employing the lower
hemisphere equal area projection, the P and T axes
correspondingly represent the directions of compression and
tension. Within this framework, the compressional quadrant is
illustrated by the shaded region on the focal sphere, while the
dilatational quadrant remains unshaded. The determination of
fault geometry by employing P-wave first motion data using
FMS presents a direct approach, hinging on the polarity

Table 1. 1D velocity model of northeast India used for the
present study (Raoofetal. 2017).

Depth to the bottom layer Vp(km/s) Vs(km/s)
0 5.57 3.18
5 5.65 3.22
10 5.78 3.30
20 6.25 3.57
30 6.89 3.93
40 791 4.52
50 8.30 4.74
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Fig. 2a. Plot depicting seismicity in and around Siang window and Focal Mechanism Solutions of selected events. Depth cross-section along A-B. Green triangles

are BBS station. Varying red dots are corresponding size of earthquake events and green dots are earthquake events used for focal mechanism solutions
(beach balls). The major tectonic characteristics depicted on the map include the North Pasighat Thrust (NPT), Main Frontal Thrust (MFT), Main

Boundry Thrust (MBT), Main Central Thrust (MCT), Bomdo Thrust (BT), Ramgarh Thrust (RT) and Lohit Thrust (LT).
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Fig.2b. Plot(modified after Salvi er al. 2021) depicting Depth projected FMSs along section line A-B, highlighting the seismicity with respective depth. Tectonic
features are Main Frontal Thrust (MFT), Main Boundry Thrust (MBT), Main Central Thrust (MCT), Ramgarh Thrust (RT).
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variation displayed by the initial P-wave arrival across seismic
stations positioned in distinct back azimuth relative to an
earthquake. Specifically, the first motion can manifest as
either compression, indicating movement towards the station,
or dilatation, signifying movement away from it. The initial
movement could be observed as compression, denoting an
approach towards the station, or as dilatation, indicating a
departure from it. Subsequently, upon arrival of a P wave at a
seismograph station from beneath the Earth, the vertical
component of the seismogram records an initial motion that is
either rising or falling, representing compression or dilatation,
respectively. The data necessary for determining the focal
mechanism is gathered by collecting information on the first-
arrival polarities and their azimuth from various recording
stations. The process of establishing the solution for the focal
mechanism using data on the first-arrival polarities needs a
back-azimuthally distributed stations. In this study, eighteen
events, as showing the data for representative catalogue in
table 2, are selected with high-precision location parameters, a
clear record of P-wave first motion polarity and a number of
seismic stations.

Stress Tensor Inversion

Stress inversions of earthquake events were primarily
conducted based on the distribution of FMSs, through which
we get two sub-regions. For the stress inversion analysis 46
focal mechanisms, with magnitudes ranging from 3.2 to 8.7
were utilized. The construction of the database commenced
with the collection of focal mechanisms derived from
waveform modelling and the P-wave first polarity method, as
documented in Pal et al. (2024b) along with ISC data
(http://www.isc.ac.uk/isc-(ISC - EHB) data (ehb/) by Engdahl
(1998) for an additional solution in the present study,
culminating in the compilation of the earthquake focal
mechanism database. Earthquake focal mechanism solutions
were evaluated for the events recorded in the vicinity of Siang
Antiform. Stress tensor analysis serves as a technique
employed to examine the stress state in rocks by utilizing

fault-slip data or earthquake focal mechanisms. This approach
facilitates the comprehension of the tectonic evolution and
deformation history of a specific area. The methodology for
determining stress orientations was conducted following the
Vavrycuk (2014) technique (STRESSINVERSE code), which
builds upon the works of Michael (1984, 1987). His method is
linear and iterative stress inversion and used in MATLAB
environment. To deduce the regional stress tensor from
earthquake FMSs (strike, dip, and rake) in the area, with the
optimal stress tensors determined through stress inversion
methodology. The current studies focus on delineating the
alignment of the 3 primary stress axes, i.e. 61, 62, and 63, with
a hierarchical relationship of 61 > 62 > 63. The assessment of
stress attributes via focal mechanism inversion is based on the
hypothesis of stress homogeneity across the source region,
enabling the evaluation of the prevailing stress status within
the study region. The methodology involves determining the
optimal fit of regional principal stress orientations. The
optimal stress tensor alignment can be determined (Gephart &
Forsyth 1984) by assuming fault slip occurs along the
direction of maximum resolved shear stress at the time of an
earthquake (Bott 1959). The shape ratio R is characterized as
the relationship between the intermediate stresses considered
about the maximum and minimum horizontal stresses, thereby
influencing the configuration of the stress ellipsoid.
Therefore, we determined the orientations of the three
principal stress directions 61, 62, and 63, along with the shape
ratio R, which characterizes the configuration of the stress
ellipsoid as:

62 - o3
o=

" 6l- o3

All stress inversions are designed to determine the
optimal stress tensor that corresponds to the provided focal
mechanisms. This stress tensor is symmetric, which means it
consists of only six independent components. The inversion
technique introduced by Vavrycuk (2014) incorporates a

Table 2. Computed parameters of focal mechanism solutions for the events used in the present study. NSS: Normal with Strike-
Slip Fault, RSS: Reverse with strike-slip Fault, N: Normal Fault, SS: Strike-Slip fault, R: Reverse Fault.

S.  Date Time Latitude Longitude Depth Magnitude Strike Dip Rake P-axis (°) T-axis (°) Type of
No. (dd/mm/yyyy) (h:m:s) (°N) (°E) (Km) M,) ©) ©) ©) Az. PL Az. PL fault
1 17/01/2019 04:47.6 28.62 94.84 28.9 3.5 218 52 -37 904 504 934 57 NSS
2 15/03/2019 30:20.5 28.9 95.2 30.7 3.5 240 33 42 1839 19.6 587 582 RSS
3 02/07/2019 08:35.7 27.85 95.16 40.6 5.4 180 28 -89 2675 729 892 17 N
4 14/07/2019 48:20.2 28.11 95.09 108.8 3.7 132 68 36 257.1 69 3531 405 RSS
5 10/12/2019 16:51.3 28.23 95.53 32.8 3.6 85 68 55 199.9 157 3122 533 RSS
6 02/02/2020 27:06.0 29.02 94.72 10 4.2 354 82 50 114.3 26 228 394 RSS
7 26/02/2020 50:17.2 28.42 95.1 9.2 3.7 60 60 90 150 15 330 75 R
8 18/03/2020 20:28.1 28.95 94.7 4.1 3.9 251 82 50 11.4 26 125 394 DSS
9 17/04/2020 23:03.5 28.48 95.22 15.2 3.5 240 62 -89 1524 73 3292 17 N
10 29/04/2020 41:51.9 28.91 94.77 10 3.8 180 60 -89 92.7 75 2092 15 N
11 09/09/2020 42:48.0 28.58 95.2 9.8 3.8 252 70 -89 170 85 3412 5 N
12 04/11/2020 21:57.1 28.53 95.25 32 3.5 240 71 30 8 6 102.1 343 SS
13 10/12/2020 29:52.5 28.42 94.8 48.6 3.5 240 66 -89 152 69 3292 21 N
14 06/05/2021 38:42.5 28.7 94.91 42.6 4.6 65 54 37 9.4 4.1 2746 494 SS
15 06/05/2021 10:14:53  28.54 94.76 3255 43 255 80 35 22 16 1222 314 SS
16 14/10/2021 36:27.1 28.54 95.02 21 4.4 96 78 -31 50.5 302 1476 12 NSS
17 31/10/2021 38:07.3 28.44 94.98 36.3 4 276 77 -62  217.1  50.1 344.1 26.6 NSS
18 10/12/2021 03:29.5 28.87 95.04 37.8 43 188 52 -89 103.7 83 2772 7 N
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constraint for fault instability to differentiate actual fault slips
from the provided data and to assess fault orientations;
consequently, it requires multiple iteration steps. Throughout
the iterations, the inversion evaluates the given auxiliary nodal
planes, and utilizing the Mohr-Coulomb criterion, the
identification of the true fault planes is conducted (Michael
1984; Zoback 2010; VavryCuk 2014). It identifies the most
unstable nodal plane as the true fault plane. This method of
stress inversion can select the real fault plane based on the
constraints of fault instability, thereby defines an optimal
stress tensor. Typically, it requires 3 to 4 iterations. Initially,
the inversion assesses the orientations of principal stresses and
the shape ratio without any predefined fault planes,
subsequently identifying the actual fault planes using the
Mohr-Coulomb criterion. These processes are reiterated until
the outcome aligns with the most accurate solution. The
inversion results encompass a stereogram that illustrates P and
T axes, a stereogram that depicts primary stress axes along
with their precision, a graphical depiction of R values, and a
visualization of Mohr circles (Figs. 3, 4 and 5). We
investigated the tectonic style further using the stress regime
index (R’) values. The R’ values come from shape ratios
depending on which principal axes have the largest plunges.
The aim of this investigation was to identify the dominant
tectonic regime related with the seismic events in the area and
ascertain the direction of the stress field in two specific zones

O sigma 1
X sigma 2
- sigma 3

® sigma1
® sigma2
® sigma3

located on the eastern and western limbs of the Siang antiform,
where seismic activities are more prevalent in the western
sector. Additionally, we combined the dataset from these two
regions and identified the overall prevailing stress regime in
Siang Valley and surrounding area in the EHS.

RESULTS AND DISCUSSIONS
Focal Mechanism Solutions

Table 2 lists the FMSs, and the plotted beach balls in figure 2a.
In the Siang Valley and adjoining region, the FMSs primarily
exhibit thrust mechanisms along with a combination of strike-
slip mechanisms; the dipping planes oriented in the northeast
exhibit similarities with the orientations of the primary
tectonic faults and the subduction of the Indian plate. Despite
this, the FMS of certain seismic events indicates extensional
deformation within a compressional setting, implying a
complex subsurface deformation pattern. In the eastern part of
the Siang Antiform (Table 2, Fig. 2a), event no. 2 is located
near the Lohit thrust, exhibiting a reverse with a strike-slip
mechanism. Event no. 5 occurred north of the Pasighat thrust,
also showing a reverse with a strike-slip mechanism, while
event no. 9 is situated near the Bomdo thrust in the core of the
Siang window, this event displays a low dipping normal fault
mechanism with a focal depth of 15.2 kilometers. The source
zone of the 1950 earthquake indicates a dextral strike-slip
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Fig.3. Plot depicting outcomes of stress analysis performed in the western limb of Siang Window, (a) Plot showing P and T- axes with principal stress axes, the
red circles marked the P- axes and T- axes by the blue cross; (b) Mohr's circles with position of fault instability (blue plus signs); (c) red, green, blue circles
representing confidence limit of principle stresses sigma 1, 2, 3 direction, respectively; (d) histogram of shape ratioi.e. R.
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Fig.4. Plot depicting outcomes of stress analysis performed in eastern limb of Siang Window, (a) Plot showing P and T- axes with principal stress axes, the red
circles marked the P- axes and T- axes by the blue cross; (b) Mohr's circles with position of fault instability (blue plus signs); (c) red, green, blue circles
representing confidence limit of principle stresses 61, 62 and 63 direction, respectively; (d) histogram of shape ratioi.e. R.
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Fig.5. Plot depicting outcomes of overall stress analysis performed in Siang Window, (a) Plot showing P- and T- axes with principal stress axes, the red circles
marked the P- axes and T- axes by the blue cross; (b) Mohr's circles with position of fault instability (blue plus signs); (c) red, green, blue circles
representing confidence limit of principle stresses sigma 1, 2, 3 direction, respectively; (d) histogram of shape ratio R.
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movement of the plate to the north of the Lohit thrust on the
eastern side of the Siang Valley (Ben-Menahem ef al. 1974).
Events no. 11 and 12 are close to each other and show dipping
normal fault and strike-slip with reverse faulting, yet there is a
significant difference in focal depth of 15.2 km and 3.2 km,
respectively. Event no. 18 is comparatively deeper, showing
normal faulting with a 37.8 km focal depth. The epicentre of
Event no. 6 and 8 occurred north of the Siang antiform which
shows reverse with strike slip mechanism with varying focal
depth, while Event no. 10 shows low dipping normal faulting.
The western part of the Siang window, which is more
seismically active than the eastern part, has more number of
earthquakes (events no. 1, 4, 7, 13, 15, 16 and 17, Table 2).
Events no. 16 and 7 lie in the core of the Siang antiform, and
show normal fault with strike slip and reverse fault mechanism
while these epicentres are far away from each other. The
deepper event 4 demonstrates a reverse with a strike slip fault
mechanism. In contrast event number 17 exhibits a shallow
focus normal with strike slip mechanism, both event (4 & 17)
located on the Bomdo thrust with varying epicentre positions.
Events 1 and 13 are situated along the Ramgarh thrust,
displaying normal faulting at different focal depths. Event 15,
along the MCT, displays a strike-slip mechanism up to a focal
depth of 32.5 kilometers. Event 3, close to the MFT,
showcases normal faulting. Chouhan & Srivastava (1975)
analyzed the FMSs of seismic events in the northeastern
region of India. Utilizing data on first-arrival polarities, they
specifically focused on two-years. The findings of the study
suggested the presence of strike slip faulting in the northern
part and thrust type faulting in the southern part of the
Myanmar ranges. According to Panthi et al (2013), the
dominant seismotectonic state in the Eastern Syntaxis regions
displays a thrust mechanism, with instances of both normal
and strike-slip faulting indicating compressional forces in the
vicinity. Additionally, the present study results show that the
main mechanism of energy release in the Eastern Himalayan
region is mainly linked to thrust faulting, along with a
combination of strike-slip mechanisms. The determination of
the orientations of the P and T axes is derived from focal
mechanism solutions (Table 2), facilitating the understanding
of the stress distribution in the Siang Valley. By analyzing
FMS, it is possible to ascertain the azimuth and dip angles of
both the P- and T- axes.

Depth distribution of seismicity

The Northeastern Himalayan region exhibits a wide
occurrence of seismic events ranging from moderate to high
magnitude earthquakes within the crust (0-60 km depth). An
identifiable grouping of seismic occurrences is specifically
observed in the western part of Siang Antiform and Namche
Barwa region. A detailed analysis of the depth distribution of
earthquake epicentres has been carried out beneath this
specific region by employing a north-south-oriented profile
A-B (Fig. 2a & b) that divide the Siang Antiform into two
sections and traverse through tectonic structures such as the
Walong thrust, Lohit thrust, MCT, MBT, Bomdo thrust,
Ramgarh Thrust, and the main frontal thrust. The depth
distribution of earthquakes along section A-B is graphically
represented with depth-projected FMSs along with major
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tectonic features and faults (Fig. 2b). The MCT, MBT, and
MFT exhibit a dip in the northwest. Seismic activity is
predominantly situated between the MFT and MBT within the
depth section, while a noticeable cluster of earthquakes is
evident in the upper crust extending up to a depth of 40 km.
Earthquakes in the Eastern Himalayan region exhibit a high
concentration within a specific area delineated by the MFT
and MCT, thereby unveiling complex imbricate configuration
in the frontal part of the Arunachal Himalaya. The frequency
of earthquakes in the lesser Himalayan domain is closely tied
to predominantly thrust motions along the MBT and MFT
(Gupta et al. 2015). The spatial distribution of hypocenters at
various depths aligns with previous research, indicating
significant seismic activity in the western and eastern part of
Siang Antiform, and Namche Barwa regions, respectively.
Seismicity in the western portion of the Siang Valley is more
pronounced in comparison to the other parts of the valley (Pal
et al. 2024a). In the depth projection view (Fig. 2b), FMS
close to the tectonic feature RT (event 10) shows strike-slip
fault and near MBT, events 7, 9, 16 and 1 are normal and
reverse with a combination of strike-slip mechanisms. Deeper
earthquakes (events 5, 17, 14, 2 and 18) show thrust with
strike-slip combination.

Stress Tensor Inversions Analysis

Stress Inversion is carried out on both the Western and Eastern
sides of the Siang window in the Siang Valley, Arunachal
Himalaya. The current stress distribution in this area is
determined by utilizing focal mechanism data from these two
distinct regions. In the process of inversion insights of
significant value regarding the alignment of the primary axes
of maximum compression (P), extension (T), and neutral (B)
are elucidated through the utilization of inversion parameters.
The outcomes derived from the inversion procedure, as
depicted in figures 3, 4 & 5, encompass four distinct elements
denoted as a, b, ¢, & d. These components exhibit the focal
sphere that showcases the P and T axes, the optimal principal
stresses, the Mohr circle, the stereographic projection
portraying the principal stresses alongside their associated
uncertainties, and a histogram that presents the shape ratios.
The Mohr circle diagram's depiction helps to demonstrate the
reliability of the results and the results of the stress inversion
(Fig. 3b, 4b & 5b). Blue crosses were assigned to the possible
orientations of fault slips (one slip direction belongs to each
seismic event). If these crosses were located near the largest
Mohr circle, that is between o1 and 63, their corresponding
direction could be considered unstable and identified as that of
the real fault plane. These solutions must be analyzed in
relation to the P axes that are perpendicular to the dilatational
quadrants. If the orientations of the 1 and P axes align, then
S, Vectors can be identified. Consequently, we can infer the
type of tectonic regime that may be associated with the
earthquakes.

In the western portion of the Siang Valley region, twenty-
five focal mechanism solutions were utilized for the inversion,
where three events, including the Mw 5.9 Mechuka
Earthquake (Yadav ef al. 2021), occurred along the MCT
resulting in extensive surface ruptures. The primary alignment
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Fig. 6. (a) The plot depicts the FMS results of events used in the stress inversion analysis and the seismicity in and around Siang Valley. Cyan triangles represent
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SSW, respectively. (b) The direction of Sh, in the Siang Valley of Arunachal Himalaya indicated by a Blue arrow, i.e. SSW.

the BBS station locations of recorded events. The maximum horizontal
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of the maximum compression (P) axis is oriented towards the
SSE direction (represented by red circles), with the azimuth of
ol identified as N176.30 (approximately towards the South),
illustrated in figure 3a, c. Upon utilizing the obtained
inclinations of o1 (red dots), 62 (green dots), and 63 (blue
dots), the dominant tectonic regime is established. In the
western portion of the Siang Valley region, the plunges of 1,
02, and 63 measured approximately 41.6°, 4.5°, and 47.9°,
respectively. These values suggest that the 61 axis tends to be
oriented nearer to the horizontal plane and the 62 axis is
horizontal, while the 63 axis is near to the vertical, indicating a
prevailing compressional stress regime within the area. A
histogram depicting shape ratios has been developed based on
the realizations (Fig. 3d). The peak observed in this histogram
represents the optimal R-value, determined to be 0.82 for the
western part of Siang Valley region. Through the assessment
of the stress regime index (R’), incorporating the maximum
plunge axes and R-value, valuable insights can be gained
regarding the primary regional tectonic stress regime
currently active in this geographical area (Delvaux et al. 1997;
Czirok 2016). Three relations can be provided:

1. If ol is oriented vertically, the resultant R’ equals R,

demonstrating an extensional tectonic stress regime.

If 62 is oriented vertically, the resultant R’ equals 2 - R,
suggesting a strike-slip or transverse tectonic stress regime.

. 1If 63 is oriented vertically, the resultant R’ equals 2 + R,
indicating a compressional tectonic stress regime.

Consequently, the value of R is ascertained with
variations falling within the 0-3 range, indicating a radial
extension at 0 to radial compression, at 3, tectonic conditions.
Thus, R equals 2.82, signifying the presence of a reverse type
of faults and a radial compression tectonic setting. The
determination of the predominant horizontal stress S,...
orientation is dependent on the azimuth and plunge of the
principal stress axes (Zoback 1992). The S, azimuth in this
area is calculated at 176.30°N (P-axes azimuth). Therefore,
we conclude from here that earthquakes in the western part of
Siang region are mostly exposed to thrust with strike-slip
faulting, and the direction of S, is towards almost south (Fig. 6a).

hmax

In the eastern part of the Siang Valley region, twenty-one
fault plane solutions were used in the inversion process. The
focal mechanism of the 1950 earthquake in Assam signifies
the presence of a single strike-slip fault system, while
subsequent seismic events suggest a combination of oblique
motion-thrust faulting alongside a notable strike-slip
component. In the eastern region, 1 and ¢3 exhibit nearly
horizontal orientations, as indicated in Fig. 4c, with azimuths
of 205.30° and 295.70°, respectively, while 62 is positioned
close to vertical. The calculated shape ratio values R (0.73)
(Fig. 4d) and R’ (1.27) propose the prevailing strike-slip
tectonic regime in this area. The azimuth of the maximum
horizontal stress, S,,,, in this zone, is N 205.30°,
corresponding to a south-southwest orientation (Fig. 6a).

We further amalgamated the moment tensors of the
eastern and western sections of the Siang Valley region and
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conducted stress inversion analysis on the complete dataset.
Our results (Fig. 5, Table 3) indicate that the 1 (37.2°) and 63
(20.8°) axes are oriented close to the horizontal, while the 62
(45.4°) axis shows more proximity to the vertical position
(with the highest plunge angle), suggesting a prevailing strike-
slip regime within the Siang Valley area. The principal stress
ratio (R) calculated for the integrated dataset equates to 0.75,
whereas the R’ value is determined to be 1.25. The combined
dataset examination shows that the region is largely
characterized by prominent strike-slip movements, with the
primary stress direction ¢l pointing towards N194.30°
(SSW), almost due south. The direction of S, . is SSW in this
case (Fig. 6b). All the stress inversion parameters for the
western, eastern and combined analysis of the study area are
listed in Table 3. In contrast to the findings of Kamra et al.
(2023), distinct patterns can be observed in the S, values
across different tectonic regions. Specifically, in the Shillong
Plateau, a predominant northerly orientation indicates evident
compressional forces. Conversely, the Mikir Hills display a
northeast trend, suggesting a transtension regime. Moving to
the eastern Himalayan zone, the S, . orientation shifts to
SSW, indicating a prominent strike-slip regime and in the
Indo-Burma zone, the S,,. values align in a northeast
direction, highlighting a clear compression regime.

CONCLUSIONS

The studies of FMS and stress inversion in seismically active
regions of the Siang Valley within the EHS are conducted.
This study was prompted by the occurrence of swarm
earthquakes almost annually in the EHS locality. The spatial
distribution of seismicity indicates groupings in the eastern
and western parts of the Siang valley, as well as in the Namche
Barwa vicinity within EHS, reaching depths of up to 60 km.
The region of the Eastern Himalayas is primarily
distinguished by the prevalence of reverse, strike-slip and a
combination of both fault types. In the western sector of the
Siang Valley, reverse faulting has a prevalence of with strike-
slip characteristics. These faults are characterized by dip
angles ranging from low to moderate. The data derived from
the FMSs is utilized to gain insights into widespread
contemporary tectonic regime in the area. In the NE Himalaya,
stress tensor analysis has been applied to various structures,
such as the MBT, MCT and Lohit thrust. The region is
subdivided into two subareas, and forty-six fault plane
solutions were used. It is found that the western side of the
Siang Valley region shows radial compression; however, the
eastern side shows a clear strike-slip regime. The azimuth of
S, 18 N176.3° on the western side and N205.3° on the eastern
side. The inversion of the combined data set shows the clear
strike-slip with maximum principal stress (c1) oriented in
N194.3°. The stress regime in the region is predominantly
transverse, with a sub-horizontal maximum principal stress
axis (c1) oriented to SSW, consistent with the India-Eurasia
plate convergence. The elevated seismicity observed in this
area is attributed to the northward and eastward displacement
of the Indian plate towards the Eurasian and Burmese plates,
respectively.
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