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Abstract

The western India-Eurasia collision zone (IECZ) has experienced devastating
earthquakes in the past century and continues to be seismically active. However, the Stress
regime and Seismotectonics of the region remains poorly understood. In view of this, we
carried out iterative, joint stress inversions of 245 well-constrained earthquake focal
mechanisms to constrain the stress regime and its spatial variability in the region and dwell
upon their implications for earthquake generation. Salient new findings from the study are, (i)
the Kangra-Chamba-Kishtwar region shows arc-oblique horizontal maximum compressive
stress (o1, WSW-ENE) in contrast to arc-normal (NNE-SSW) in other regions of the
Himalaya, (ii) the Kashmir earthquake sequence (in 2005) and its epicentral region i.e. the
Hazara Syntaxis show similar stress patterns with that of the Central Himalaya, (iii) Nanga
Parbat Syntaxis experiences pure extension, and (iv) Kaurik Chango Rift, with N-S trending
ol, probably extends deep into the Karakoram fault. Based on these findings, we categorize
the region into six state of stress fields consistent with geology and plate motion models. The
magnitudes for these stress fields show a decreasing trend from 0.90 in the southeast
(Garhwal-Kumaun-Shimla) to 0.46 in the northwest (Hazara Syntaxis) and 0.39 in the
northeast (Karakoram) suggesting multiple tectonic forces in northwestern and northeastern
regions. The study reveals heterogeneity in the stress field within the western IECZ, induced

by tectonic forces and structural variability.

1. Introduction
India-Eurasia Collision Zone (IECZ), predominantly compressional in nature, was

formed by a continent-continent collision during the Eocene period, not more than 57 Ma ago
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(Molnar & Tapponnier, 1977; Leech et al., 2005). The region has a diverse tectonic setting
spanning the great Himalayan intra-crustal thrusts to the normal faults in the Tethyan-Tibetan
regions and numerous transverse structures of the region (Molnar & Tapponnier, 1977
Tapponnier et al., 1981). The IECZ has experienced a number of destructive earthquakes such
as, My, 8.2 Bihar-Nepal earthquake (1934), M,, 7.6 Kashmir earthquake (2005) and M,, 7.8
Nepal earthquake (2015) owing to the continuing plate convergence of 37-44 mm/yr (Arora et
al., 2017; Avouac et al, 2006; Banerjee & Birgmann, 2002; Sapkota et al., 2013). In the
western IECZ, the majority of the earthquakes occur along a linear trend known as Himalayan
Seismic Belt (HSB). The HSB is positioned around two intra-crustal boundary thrusts, viz., the
Main Central Thrust and the Main Boundary Thrust. Besides, two major structures in the Tibetan
Plateau, viz., the Karakoram Fault, a dextral fault and the Kaurik Chango Rift (KCR), a
transverse and trans-tensional structure located between Karakoram Fault and the Himalayan
wedge are also experiencing moderate earthquake activity (Gahalaut & Kundu, 2012; Ni &

Barazangi, 1984).

Imaging the crustal stress field using double-couple earthquake focal mechanisms
(FM) could provide crucial information to understand the tectonic stress regime, its variation
and the role of local and transverse tectonics that are responsible for earthquake generation
and help constrain the kinematics, earthquake nucleation processes and hazard estimation. A
few earlier studies have attempted to image the stress field of the region utilizing the available
FM solutions in small patches (Gahalaut & Rao, 2009; Mahesh et al., 2015; Prasath et al.,
2017; Yadav et al., 2016; Yadav et al., 2017). However, some of these studies were based on
the FM solutions of micro-earthquakes of magnitudes 1.5<M<3.0 with low azimuthal

coverage and less polarity readings. Recent advancements in the seismic networks of this
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region and advanced inversion techniques developed in the 21% century have helped in
achieving more stable and reliable moment tensor solutions as small as M,, 3.0 (D'Amico,
2018; see also Prasath et al., 2017). In the present study, we utilize a catalog of 245 reliable
FM solutions for earthquakes with magnitudes of 3.0<M<7.6 to image the current stress field,
its variability and to understand the dominant forces and Seismotectonics of the western IECZ

(Figures 1 and 2; Supplementary Tables S1-S3).

2. Structural Framework

The structural framework of the study area is highly complex, which comprises of the
western Himalayan Syntaxial zone, Western Himalaya, Garhwal-Kumaun sector of the
Central Himalaya and the western Tibetan region. The Himalayan wedge (western and central
Himalaya), which is sandwiched between the southern Tibet in the north and the Indo
Gangetic plains in the south, comprises of major intra-crustal boundary faults viz., (i) the
Himalayan Frontal Thrust (HFT), (ii) Main Boundary Thrust (MBT), (iii) Main Central Thrust
(MCT), (iv) Southern Tibetan Detachment (STD) and (v) Indus Tsangpo Suture (ITS) (Figure
1) (Gansser, 1964). These northward dipping structures are dividing the region into different
litho-tectonic zones viz., (from south to north), Sub Himalaya (SH), Lesser Himalaya (LH),
Higher Himalayan Crystallines (HHC) and Tethyan Himalaya (TH) (Figure 1) (Gansser,
1964). Other significant structural features in the Himalayan wedge are the Kishtwar Window

(KW), the Kullu-Larji-Rampur Window (KLRW) and the Almora Klippen (AK) (Figure 1).

The Western Himalayan Syntaxial zone comprising of (i) Salt Range Thrust (SRT, an

equivalent to the HFT), (ii) Main Mantle Thrust (MMT, aka Shyok Suture zone, which is an
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equivalent to the ITS) and (iii) Main Karakorum Thrust (MKT). This zone also includes
Nanga Parbat Syntaxis in its northwest and Hazara Syntaxis in its core, where the M, 7.6
Kashmir earthquake of 2005 had occurred. The other significant geological features in this
part of the region are (i) Balakot Bagh Fault (BBF) and (ii) Jhelum Fault (JF) and (iii) the
Srinagar Basin (SB), in which the Srinagar basin demonstrate very less seismicity in

comparison to the adjacent regions (Figure 1).

The major faults of the Himalayan wedge are sole to a shallow and north dipping basal
detachment aka the Main Himalayan Thrust (MHT) located between the depths of 10 and 20
km beneath the region (Ni & Barazangi, 1984). The MHT is locked along the plate interface
with 100-120 km coupling width, however the Syntaxial zone have the broader width of 140-

180 km (Li et al., 2018 and references there in).

The northeastern part of the study region i.e. the western Tibet is occupied by the
Karakoram Fault (KF), a dextral fault of ~800 km long, dividing the Tibetan plateau into two
parts (Leech, 2008; Phillips et al., 2004). This region also comprises of two major sinistral
faults viz., Longmu Gozha Fault (LGF, an equivalent to the MKT), and Karakax Fault (KXF)
(Figure 1). The convergence rate along the Leh-Ladakh region is 17.8£1 mm/yr., while the
Western Himalaya and the Garhwal-Kumaun sector of the Central Himalaya are having less
convergence, at the rate of ~15 mm/yr. (Banerjee et al., 2008; Banerjee & Burgmann, 2002;
Jade et al., 2014, 2017; Mondal et al., 2016 and references there in). South of the KF, lies the
Kaurik Chango Rift (KCR), a transverse structure, which is suggested to have a seismogenic
relationship to the earthquakes of the Garhwal Himalaya located south of this rift (Arora et

al., 2012). The KCR have also been linked to an inherited basement structure that exists
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beneath the Garhwal Himalaya i.e. the Delhi-Haridwar Ridge (DHR), trending NE-SW,

almost perpendicular to the major Himalayan structures.

3. Data and Methodology

The FM data have been compiled from 25 different sources comprising of various
literature that also includes the solutions from Global Centroid Moment Tensor (GCMT)
catalog (Baranowski et al., 1984; Chandra et al., 1974; Das Gupta et al., 1982; Dziewonski et
al., 1981; Ekstrom et al., 2012; Gahalaut & Rao, 2009; Hazarika et al., 2017; Kanna et al.,
2018; Mahesh et al., 2015; Negi et al., 2017; Parija et al., 2018; Paul et al., 2018; Prasath et
al., 2017; Ram et al., 2005; Rastogi, 1974; Singh et al., 2018; Srinagesh et al., 2018; Kumar et
al., 2009; Molnar & Chen, 1983; Molnar & Lyon-Caent, 1989; Srivastava et al., 1987; Tandon
& Srivastava, 1975; Verma and Sekhar, 1986; Verma et al., 2015; Yadav et al., 2016)
(Supplementary Tables S1-S3). Initially, more than 320 solutions were considered, however
only 245 FM solutions which passed our quality criteria have been chosen. The primary
criterion was to select crustal earthquakes with magnitude M>3.0. Majority of those (N=210)
are located in the upper crust in the 0-25 km depth range with maximum depth being 66 km.
Due weightage was given to quality of the solutions, viz., (i) the technique used, (ii) the
availability of local network data, and (iii) well constrained results with minimal errors. In the
instance of multiple solutions with moment tensors against other type of FM solutions such as
FOCMEC and INVRAD, the moment tensor solutions were preferred due to their reliability
and better constraints. Also, in case of multiple solutions with similar techniques, only those
obtained using local networks and with larger number of station records were chosen; e.g., in

the case of the M. 5.5 Dharamshala earthquake (1986) which has multiple solutions, the one
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that utilized the local network data and has better azimuthal coverage was chosen (Ram et al.,
2005). In the resultant catalog of 245 solutions, 186 are from the moment tensor inversion
techniques, while the remaining are from a combination of one or more of the following, (i)
Body-wave synthetic matching, (i) P-wave first motion polarity readings and (iii) Amplitude
inversions.

We used an iterative joint inversion technique to obtain stress and fault orientations,
which is based on the inversion method of Michael (1987). The inversion was performed in
MATLAB environment using the program STRESSINVERSE (Vavrycuk, 2014). It produces
three principle stress directions (c1- 63) and stress magnitude aka shape ratio ‘R’ (R-value)

using the following relation (Gephart & Forsyth, 1984).

1—-o02
R=C170 01— 0 -

The program makes use of both the nodal planes of each FM solutions and identifies
the faults using an instability analysis. The instability analysis was performed with the
nominal values of 0 to 1 and the maximum value being the maximum possibility for being
ruptured. While carrying out the instability analysis, the friction coefficient (FC) ‘u’ is
estimated. The identified faults were plotted on a Mohr circle diagram to identify the optimal
planes.

To address the local variations in stress field, we have divided the region into nine
seismotectonic zones based on its geology, tectonics, faulting type and geographical
proximity of the FM solutions, viz., Garhwal-Kumaun Himalaya (GKH), Shimla Hills,
Kangra-Chamba, Kishtwar, epicentral region of the Kashmir earthquake (Hazara Syntaxis),

Nanga Parbat Syntaxis, Northwest KF, Southeast KF and KCR (Figure 2). Besides, the
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inversion has also been performed separately for the aftershocks of the 2005 Kashmir
earthquake to understand its stress pattern.

Since the available FM solutions show a spatial variability, we further categorized the
data into two sets, viz., (i) HSB with thrust-type solutions, and (ii) north of HSB with strike-
slip and normal fault type solutions. Further, we performed an inversion for the complete
dataset (Table 1). For each inversion, we compute the best-fitting stress field vectors, viz.,
compressive (c1), intermediate (¢2) and tensile (c3), the shape ratio aka the stress magnitude
(R-value), Coefficient of Friction (FC) and Optimally Oriented Fault planes (hereafter
referred to as optimal planes), which governs the susceptibility of a fault to be ruptured under

the given stress conditions.

4. Results and Discussion

The overall stress inversion for the western IECZ shows a compressional tectonic
regime with dominant 1 oriented towards NE-SW and R-value of 0.7 (Figure 3, Table 1, and
Supplementary Figure S1). However, the zone-wise results obtained show varying tectonic
stress regimes and orientations for different zones suggesting significant heterogeneity in the

stress field of the region. These are explained below.

4.1 Compressional stress regime

The GKH and Shimla regions show compressional stress regime with sub-horizontal
and arc-normal o1 (NE-SW), in good agreement with the direction of relative motion of
Indian plate (Figure 3). The high R-value of 0.93 and 0.85 for GKH and Shimla, respectively

show that the generation of seismogenic stress in these regions is controlled predominantly by
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ol (Table 1). The plunge of o1 for both the regions are found to be 19° consistent with the
preferred nodal planes of optimal planes (25° and 26°, respectively), which suggests active
deformation along the mid-crustal ramp of the detachment having a shallow dip of <25° (Ni &
Barazangi, 1984). Besides, the low FC obtained for both the regions (0.66 and 0.7 for GKH
and Shimla, respectively) along with low b-value and the occurrence of low-velocity zones
reported in the literature suggest the presence of fluids and their role in earthquake generation

processes (Mahajan et al., 2010; Prasath et al., 2017; Rawat et al, 2014).

Despite having similar (compressional) stress regimes, the Kangra-Chamba and
Kishtwar regions show arc-oblique principle compressive stress (o1#90° to the Himalayan
Arc, ~65° in this context) in comparison to the arc-normal principle compressive stress
(01=90° to the Arc) for GKH and Shimla regions (Figure 3). Further, the moderate R-value
(0.62 and 0.78, respectively) and relatively high FC (0.85 and 1.2) estimated for these regions
are different than the GKH and Shimla regions (Table 1). Previous studies based on the
erosional rates, thermo-chronology, topography, geomorphogical indicators and earthquake
moment tensors have proposed the 77° N longitude, which separates GKH and Shimla Hills
zones from Kangra-Chamba and Kishtwar zones, as a transition between contradictory
tectonic settings on either side (Eugster et al., 2018; Nennewitz et al., 2018). Also, Seeber &
Pécher (1998) proposed that the India-Eurasia convergence is arc-normal in the central
Himalaya and becomes arc-oblique in the western Himalaya, which is consistent with the
recent plate motion models by Kundu et al. (2014), where slip vectors mark the arc-normal
convergence in Central Himalaya (including GKH and Shimla zones) and oblique
convergence in Western Himalaya (Kangra-Chamba, Kishtwar and Kashmir zones). The

oblique convergence along western Himalaya produces pure-shear along the KF, located
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northeast of this region and thrusting along the Himalayan intra-crustal thrusts. This is well
correlated with the arc-oblique stress orientations for Kangra-Chamba and Kishtwar zones in
the present study. Apparently, the change in convergence perturbs the regional stress field and

produces the arc-oblique stress field in the region.

The inversion of FM solutions in the epicentral region of 2005 Kashmir earthquake
(Hazara Syntaxis) and separately for its aftershocks shows little difference, suggestive of
similar stress orientations before, during and after the Kashmir earthquake (Figure 3,
Supplementary Figure S1). The stress orientations for the surrounding regions are not
compatible with this region, viz., WSW-ENE oriented compressional regime in the Kangra-
Chamba and Kishtwar regions and NNE-SSW oriented compressional regime in Hindu Kush
and NE-SW oriented strike-slip tectonics in Pamir region (Gahalaut & Rao, 2009). In an
earlier study, the stress orientations of the Kashmir earthquake and Hazara Syntaxis were
compared with that of the Himalaya, leading to apprehension over its origin being a
Himalayan earthquake (Gahalaut & Rao, 2009). However, those studies used earthquake FM
solutions for the entire Himalayan Arc that includes the earthquakes from Central and Eastern
Himalaya as well. In the present study, the stress orientations for the Kashmir earthquake
sequence and Hazara Syntaxis are found to be similar to that of the Central Himalaya (GKH
and Shimla zones), which strongly suggests that the Kashmir earthquake to be a Himalayan
earthquake. The optimal planes for the Hazara Syntaxis and for the aftershock sequence
(N=84) of Kashmir earthquake show shallow dip angles (21° and 22°, respectively), similar to
the mid-crustal ramp of the Central Himalaya (<25°) (Table 1) (Gahalaut & Kalpna, 2001;
Prasath et al., 2017, 2019; Seeber et al., 1981). Further, the low R-value (0.4) for Hazara

Syntaxis and moderate value (0.6) for the aftershock sequence reveal a major role of ol
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during the aftershock activity and also suggest an interplay of the varying tectonic settings on
earthquake generation mechanisms in the region (Hindu Kush, Pamir and the Himalaya). The
low FC values (0.4-0.45) suggest that the faults in this region are weak and support the
presence of fluids, which is generally believed to affect the large earthquake generation

processes and control the aftershock genesis (Yu et al., 2019).

4.2. Strike-slip and extensional stress regimes

The stress fields in HSB and Western Tibet regions show distinctive stress regimes
with compressional and strike-slip tectonics, respectively with varying R-values (0.91 and 0.4,
respectively), suggesting predominant role of plate motion driven tectonic forces in HSB and
multiple tectonic forces in Western Tibet (Table 1). The optimal planes suggest that the faults
are steeper in Tibetan region with near-vertical dip angles in contrast to the faults with
shallow dip angle in HSB. The friction on the faults along HSB as well as Tibetan region have
been estimated to be ~0.7 and 0.64, which suggest the role of fluids in earthquake generation
and nucleation in IECZ (Table 1) (Prasath et al., 2017, 2019; Rawat et al., 2014; Kumar et al.,

2013, 2019).

The seismicity in the regions around KF is concentrated in the northwestern zone but
diffuse in the southeastern zone. We perform inversions separately for these two zones in
order to understand the stress distribution along this fault. The northwestern zone show strike-
slip tectonics with NE-SW oriented o1 similar to that of the Himalayan regions and suggests
active nature of KF. However, the southeastern zone shows strike-slip tectonics with nearly
N-S oriented sub-horizontal o1. Similarly, the R-value found to be varying from 0.39 in
northwest to 0.65 in southeast, consistent with the slip rates estimated for northwestern (5

mm/yr.) and southeastern (3.6 mm/yr.) parts of KF (Kundu et al., 2014). The data therefore
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suggests the complex nature of stress field along KF, owing potentially to the association of
local and regional faults, viz., KCR, Karakax fault, Main Karakoram thrust and Longmu
Gozha fault. The FC values for northwestern and southeastern zones (0.71 and 0.82,
respectively) are close to the values estimated for Himalayan regions such as Kishtwar and
GKH (Table 1). The stress orientations along KCR show that the region is currently
experiencing oblique-slip tectonics with near-vertical 62 and N-S oriented, sub-horizontal o1,
which is compatible with that of geological, seismological and plate motion models,
suggesting that the KCR region is experiencing E-W directed trans-tension (DiPietro et al.,
2000; Dziewonski et al., 1981; Gahalaut and Kundu., 2012; Jade et al., 2014; Tapponnier et al.,
1981). Moreover, the moderate R-value (0.53) suggests involvement of multiple tectonic
forces in generation of earthquakes around this rift. The southeast KF and KCR zones are
found to be consistent as the inversion yields almost similar results and supports the previous
claims that the KCR may be extending deep into KF and segmenting it””. Hence, we
categorize these two zones as a single stress field. The Nanga Parbat Syntaxis, which is
located between the Kohistan Arc and Ladakh Arc show predominantly extensional tectonics,
ruling out any role of the Main Mantle Thrust (MMT) in generation of seismicity in this
region. Moreover, the optimal planes suggest the causative fault to be normal with steep dip
(~60°), further suggesting that the stress regime is controlled by the normal faulting along the
Kohistan Arc (DiPietro et al., 2000; Seeber & Pécher, 1998). The moderate R-value (0.63)
suggests the reasonable involvement of multiple tectonic stresses (Table 1) similar to the

Hazara Syntaxis.
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4.3. State of stress fields

Based on the detailed analysis of stress orientations, we classify the western IECZ into
six state of stress fields consistent with geomorphology, geology and plate motion models
(Figure 3). These are, (1) GKH-Shimla (ID 14), (1) Kangra-Chamba-Kishtwar (ID 15), (111)
Hazara Syntaxis (ID 5), (IV) Nanga Parbat Syntaxis (ID 7), (V) northwest KF (ID 8) and (VI)
southeast KF-KCR (ID 16) (Figures 3 and 4 and Supplementary Figure S1). Despite their
different tectonic setup, the stress fields | and 111 share similar properties with compressional
regime and arc-normal horizontal compressive stresses. However, their stress magnitudes
differ substantially (0.9 and 0.42 for GHK-Shimla and Hazara Syntaxis, respectively) owing
to their structural and tectonic association, where the Hazara Syntaxis located in the terminal
end of the Himalaya surrounded by Hindu Kush and Pamir regions in contrast to the GHK-
Shimla regions that are located entirely within the Himalaya. In contrast to these stress fields,
the stress field 11 shows compressional regime with arc-oblique horizontal stress field. The
stress field 1V, i.e. Nanga Parbat Syntaxis shows predominantly extensional regime. While the
stress fields V and VI show strike-slip tectonic regime, the relative plate motion is the
dominant force in these regions too. The spatial distribution of stress fields shows a
decreasing trend in stress magnitude (R-value) from southeast (0.90 in GKH-Shimla) to
Kangra-Chamba-Kishtwar (0.72) and northwest (0.46 in Hazara Syntaxis). A similar trend has
been observed in the northeast with 0.52 for southeast KF-KCR and 0.39 for northeast KF.
The low stress magnitudes coincide with the regions having multiple tectonic forces involving
Hindu Kush, Pamir and the Himalaya in the northwestern end of the region (Hazara Syntaxis)
and local and regional faults, viz., KF, KXF and LGF in the northeastern part (Karakoram

Ranges).
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5. Conclusion

Our study confirms that the western IECZ is characterized by a heterogeneous stress
field. This heterogeneity exists mainly because of the variation in the India-Eurasia
convergence, local and regional structures, multiple tectonic forces and the presence of fluids
in the region. Zone-wise analysis of focal mechanism solutions provide the following new
insights: (i) Arc-normal compression in Garhwal-Kumaun-Shimla region and arc-oblique
compression in Kangra-Chamba-Kishtwar region, (ii) Himalayan-type stress orientations for
Kashmir earthquake (2005) and Hazara Syntaxis, (iii) Pure extension at Nanga Parbat
Syntaxis, and (iv) Extension of the transverse feature KCR, with N-S trending o1, deep into
KF. From these inferences, we categorize the region into six state of stress fields. The
decreasing trend in stress magnitudes from the southeast to the northwest suggests the
presence of multiple tectonic forces towards northwestern (Hazara Syntaxis) and northeastern
(Karakoram) regions. The new results will be useful for simulation of geodynamic stress field,

earthquake nucleation processes and seismic hazard assessments.
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Figure Legends

Figure 1. The western India-Eurasia Collision Zone, its Structure, Tectonics and
Seismicity. (a) Map of the study area along with the major geological structure and tectonic
elements (Thakur, 1992; Thakur & Jayamgondaperumal, 2005; Wallis & Searle, 2019). (b)
Epicentral locations of FM solutions used in the present study with the background seismicity
from the catalog of International Seismological Center (ISC). Acronyms: AK-Almora
Klippen, BBF- Balakot Bagh Fault, HFT-Himalayan Frontal Thrust, HHC-Higher Himalayan
Crystallines, HS-Hazara Syntaxis, IGP-Indo Gangetic Plains, ITS-Indus Tsangpo Suture, JF-
Jhelum Fault, KB-Kashmir Basin, KCR-Kaurik Chango Rift, KF-Karakoram Fault, KLRW-
Kullu-Larji-Rampur Window, KW-Kishtwar Window, KXF-Karakax Fault, LGF-Longmu
Gozha Fault, LH-Lesser Himalaya, MBT-Main Boundary Thrust, MCT-Main Central Thrust,

MKT-Main Karakoram Thrust, MMT-Main Mantle Thrust, NPS-Nanga Parbat Syntaxis, SH-
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Sub Himalaya, SRT-Salt Range Thrust, STD-Southern Tibetan Detachment, TH-Tethyan

Himalaya, TP-Tibetan Plateau.

Figure 2. Earthquake Focal Mechanism solutions used in the present study. Figure shows
the Earthquake FM solutions along with the seismotectonic zones, viz., (1) Garhwal-Kumaun
Himalaya, (2) Shimla, (3) Kangra-Chamba, (4) Kishtwar, (5) Hazara Syntaxis, (6) Nanga
Parbat Syntaxis, (7) Northwest Karakoram Fault, (8) Southeast Karakoram Fault and (9)

Kaurik Chango Rift. Acronyms are similar to those given in Fig. 1

Figure 3. Major results of the study. (a) Principle stress axes from the stress inversions
plotted with the respective zones. Inset-A shows the classification of stress fields (1-6) for the

western IECZ. Acronyms are similar to as given in Fig. 1

Figure 4. Stress inversion plots for six stress fields categorized in the present study. (a)
Principle stress and P/T axes, (b) Confidence of the stress axes, (¢) Mohr circle diagram and

(d) Shape ratio ‘R’.
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Table(s)

Table 1. Results of stress inversions using earthquake focal mechanisms in the western IECZ.

7 Nodal Stress Orientations (Az/PI Principle FMs
ID ng: Zone planes *Error*) S1/D1/R1, R U
used | Sigma 1 | Sigma 2 | Sigma3 | S2/D2/R2}
. . CawalKuman o 21219 11423 33760  095/53/060, 093 .
Himalaya 1055 4256 4253 004/25/162 019
. 208/19  109/25  331/58  088/52/058,  0.85%
2 2 Shimla 40 +05.7 +19.1 +19.1 004/26/166 017 070
24802 157712  346/78  130/25/060,  0.62+
3 3 Kangra-Chamba 54 +11.1 +17.3 +17.2 009/22/124 011 20
. . 23310 32408  092/78  155/35/103,  0.78%
4 4 Khistwar Window 66 1033 068 4067 200/17/064 006 O
. 212710  121/06  360/78  115/450081,  0.46%
5  5a  HazaraSyntaxis 114 000 053 4035 315/25/105 004 040
6 &  Afeshocksof o 21942 127/03 02578 125450085, 060
2005 Kashmir EQ 1072 4133 +137 315/21/098 007
, 5 Nanga Parbat L4 08383 240007 33002 24560007, 063+ .o
Syntaxis 1235 4206 4207 073/57/-082 028
221/50  040/40  130/01  022/70/-134,  0.39%
8 ! Northwest KF 26 1385 375 4244 230/69/-046 029 71
18517  067/57  284/28  039/73/029,  0.65%
9 8 Southeast KF 26 +09.6  +096  +06.4 34557175 010 082
358/30 19559  092/07  023/85/-031,  0.53%
10 9 KCR 28 +101 4377 4376 161/72/-155 015 0%
Himalayan 21019 110727  331/56  086/51/055,  0.91%
11 HSB Seismic Belt 266 1031 #155 4155 015/26/175 007 992
North of HSB 205006 047/83  296/03  234/89/-007,  0.40%
12 NHSB (Tibet) 16 o724 072 039 357/851-176 006 O3
All . 21413 121711 35373 108/41/073,  0.87+
13 gataset  Wholeregion 40 000 #1333 +133 34217132 003 077
Garhwal- 210/19  110/27  331/56  086/51/055,  0.90%
14 *2 imaun-shimla % 1030  #200 201 01527176 008 O
Kangra-Chamba- 237/08  146/04  032/81  140/32/083,  0.72+
15 3+ Khistwar 1200 Jo35  :078  +07.0 330/16/104 003 0%
Southeast-KF and 180/06  057/79  271/09  030/850010, 052+
16 8+ KCR 54 +139  +158  +9.04 33279179 009 84

Az-Azimuth, PI-Plunge, S1/S2-Strike 1 and 2, D1/D2-Dip 1 and 2, R1/R2-Rake 1 and 2, R-Shape ratio and p-

Friction Coefficient. *Errors are common for both Azimuth and Plunge values.
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