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ABSTRACT
This study presents the seismotectonics of the Hazara-Kashmir Syntaxis and the surroundings. The detailed 
description of the origin, geology and structures of the Hazara-Kashmir Syntaxis is presented. The structural 
alignment of the Hazara-Kashmir Syntaxis is explained to be resulted by the shift in the motion pattern 
of the Indian plate from translational to translational-cum-rotational with the shift of the main boundary 
front from Main Mantle Thrust to Main Boundary Thrust.  The crustal shortening in between the two 
limbs of the Hazara-Kashmir Syntaxis is accommodated by the out-of-sequence faults like the reverse 
Balakot-Bagh fault. The occurrence of the recent 8 October 2005 Kashmir Earthquake of Mw 7.6 has shown 
that these out-of-sequence faults are capable of triggering disastrous earthquakes. The same tectonic setup 
is observed in the northwestern part of the Kashmir Valley, a dominantly thrust type lineament named 
Drangbal-Laridora Fault, which is identified and delineated by characteristic morphotectonic indicators. A 
detailed seismicity analysis of the catalogue from 1937-2012 is also presented. The seismicity in the region 
is dominantly shallow (0-35 km) with a b-value of 0.88, which infers a high stress regime.  Three methods 
are adopted to estimate the Maximum Credible Earthquake for the terrain, the probabilistic estimate based 
on earthquake catalogue, fault parameter approach and the convergence rates from GPS measurements. The 
Maximum Credible Earthquake estimated by the above discussed methodologies is Mw 8.1, Mw 7.7 and Mw 
8.4 respectively. These estimates speak about the seismic hazard vulnerability of the region and demand a 
detailed seismic hazard assessment of the region.

Key words: Hazara-KashmirSyntaxis, morphotectonics, seismic hazard, seismicity analysis, maximum 
credible earthquake

INTRODUCTION

The Himalayas were formed as a result of suturing of 
the Indian and Eurasian plates (Dewey and Bird, 1970). 
Presently, the overall convergence vector of India, relative 
to Eurasia is oriented approximately NNW-SSE around 
the pole at 16.2°N 26.4°E with a magnitude of 45mm/
yr and a slow anticlockwise rotation (Sella et al., 2002). 
This simultaneous rotation and translation results in 
the left-lateral transform slip in Balochistan at the rate 
of approximately 42mm/yr and right-lateral slip relative 
to Asia in the Indo-Burmese ranges at 55mm/yr. The 
northernwestern and eastern boundaries of the Himalayas 
are tectonically so complex that these subducting velocities 
are not observed along a single fault system (Bilham, 
2004). The Paleomagnetic and structural studies suggest 
that the bulk vector is divided, with approximately 75% 
accommodated by north of the Indus Kohistan Seismic 
Zone (IKSZ), deformation in Asia and east-west extension 
of Tibet and 25% in the south (Molnar and Tapponnier 
1975). This reduces the convergence of the Indian landmass 
to only 18mm/yr (Wang et al., 2001). Also, Indian landmass 
is not moving as a single unit; it is divided into multiple 
blocks. Thus, the northward movement of India accounts 
not only for crustal shortening, but also for the change in 

the motions of the assemblages of plates, leading to the 
large strike-slip faulting and rotation of individual plates. 
These microplates diverge away from the Indian wedge, 
which results in the sub-latitudinal and sub-meridonial 
strike-slip faults to the east and west of the Pamir Knot. 
Thus, the origin of the Hindu Kush and the Himalayan 
ranges as well as Pamir and Tibetan plateau is related to the 
plate convergence in front of the Pamir and India (Molnar 
and Tapponnier, 1975; Sborshchikov et al., 1981).

These structural and tectonic complexities have 
resulted in the hair-pin or knee bend like structures called 
syntaxes by Wadia (1931) at the northwest and eastern 
terminals of the Himalayan range. These transverse 
syntaxial bends are named after the highest peaks formed 
at the core viz. Namche Barwa in the east and Nanga 
Parbat in the northwest (Gansser, 1964). The Hazara-
Kashmir syntaxis in Pakistan (Bossart et al., 1988) is the 
southern continuation of the Nanga Parbat syntaxis (Burg 
and Podladchikov, 2000), which is the focus of the present 
discussion. Post the 8 October 2005 Kashmir earthquake 
geodetic GPS were used to measure the convergence rates 
in the Kashmir Himalaya and surroundings. The latest 
measurements show an overall convergence rate of 13 (±1) 
mm/yr (Kundu et al., 2014).Using these convergence rates, 
tectonic setup (Kundu et al., 2014; Bendick et al., 2015) 
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and seismic hazard scenario (Schiffman et al., 2013) of the 
Kashmir Himalaya were discussed. As such, it is felt that 
this complex syntaxis has seismotectonic implications on 
the NW part of the Kashmir valley (Figure 1). 

Origin and Evolution

Bendick and Ehlers (2014) sum up the characteristics of 
well identified syntaxes as: rapid erosion rates (>3mm/yr), 
high grade metamorphism, high temperature gradients, 
spatially localized deformation (~100km in any direction) 
and a combination of kinematic shortening and shear. The 
NW Himalayan syntaxes exhibit all the above mentioned 
characteristics. Infact, the NW Himalaya differs from the 
main Himalayan chain for three main reasons. Here, the 
Asian and the Indian plates are separated by the Kohistan 
Island arc, whereas the peak metamorphism was in Eocene 
rather than the Miocene while the southward thrust 
systems are deformed by the Western Himalayan syntaxes 
i.e. the Nanga Parbat Syntaxis and the Hazara-Kashmir 
Syntaxis (Khan et al., 2000). Wadia (1931) termed the 
latter as syntaxis of the NW Himalaya while Calkins et 
al., (1975) referred to it as the Hazara-Kashmir Syntaxis 
(HKS). It is one of the mega-geotectonic features of the 
NW Himalaya (Tahirkheli, 2010).

Wadia (1931) attributed the formation of HKS to the 
molding of the Himalayan orogen as it emerged from 
the Tethys, around the ‘tongue-like projection’ of the 
Gondwana massif of Deccan shield. However, in a broader 
perspective, the HKS may be thought of as formed due to 
a large scale folding of the Pamir arc (Crawford, 1974). 
Wadia’s (1931) assumptions are similar to the plausible 
plate tectonic hypothesis except that he assumed an 
absolute movement southwards in the form of under-
thrusting instead of absolute over-thrusting northwards 
as proposed by Calkins et al., (1975). On the other hand, 
Burg and Podladchikov (2000) proposed that the northwest 
and eastern syntaxes are formed as a result of crustal 
shortening in the Himalayan arc, thus advocating large 
scale folding as a plausible mechanism of continental 
shortening and lithospheric buckling as a basic mountain 
building mechanism in response to the regional shortening 
envisaged in the NW Himalaya. The compression had 
been directed nearly orthogonal to the axial traces of all 
the syntaxes viz, the Nanga Parbat Syntaxis, the Namche 
Barwa Syntaxis and the Hazara-Kashmir Syntaxis (Bossart 
et al.,1988; Burg et al., 1998) which is also evidenced by 
the focal mechanisms of all the seismic events triggered in  
the NW Himalaya (Verma et al., 1980; Avouac et al., 2006) 
and also in the eastern Himalaya (Burg and Podladchikov, 

Figure 1. (a) Tectonic  sketch map of the Himalayan orogen, showing the Hazara-Kashmir Syntaxis (HKS) and Nanga Parbat 
Syntaxis (NPS) in west, Namche Barwa Syntaxis (NBS) in east, and  Kohistan Island Arc (KIA), Pamir Knot with Altyn Tagh, 
Kun Lun, Chaman, Karakoram faults and the main Himalayan boundary faults: Main Mantle Thrust (MMT), Main Central 
Thrust (MCT), Main Boundary Thrust (MBT)  and Himalayan Frontal Thrust (HFT). (b) Seismotectonic map of the  Kashmir 
Himalaya showing main tectonic features: Main Mantle Thrust (MMT), Main Crystalline Thrust (MCT), Main Boundary Thrust 
(MBT), Kishtwar Fault (KF), Panjal Thrust (PT), Reasi Thrust (RT), Jhelum Fault (JF), Bagh-Balakot Fault (B-BF), Hazara Thrust 
System (HTS), Balapur Fault (BF), Drangbal-Laridora Fault (DL), Hazara-Kashmir Syntaxis (HKS). Faults are from Dasgupta 
et al., (2000), BF from Ahmad et al., (2014) and DL from this study. Star represents the epicenter of 8 October 2005 Kashmir 
earthquake (Mw 7.6).
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2000). Treloar et al., (1991) and Seeber and Pecher (1998) 
suggested that this orogen-parallel compression involved 
in the syntaxis formation process is due to a regional 
effect of strain concentration and interactions at the tips 
of the arcuate Himalayan thrusts. While Indian landmass 
moved northwards, the Hazara-Kashmir terrain was forced 
northwards.This has resulted in simultaneous development 
of surface features  by southward mass transport of the 
sediments (Calkins et al., 1975). 

To sum up, the Hazara-Kashmir Syntaxis is the 
southern extension of the Nanga Parbat Syntaxis and at the 
crustal scale, it is a north-trending antiformal geotectonic 
structure, which is also considered a half window (Burg 
and Podladchikov, 2000). This Syntaxis deforms Murree 
Thrust (MBT) and Panjal Thrust (PT) within its core, 
while tectonically uplifting the foreland basin sediments at 
the footwall of the Main Boundary Thrust (MBT). Around 
the syntaxis, the Paleogene tethyan suture is folded and 
subsequently deformed in the Neogene period (Khan et al., 
2000). Bendick and Ehlers (2014) have developed a model 
for deformation and exhumation at the syntaxes, suggesting 
that endogenic (tectonic) and exogenic (surface) processes 
collectively produce the observed deformation and erosion 
pattern at the syntaxes (Figure 1b).  

Geology and Structure

The Hazara-Kashmir Syntaxis (HKS) can be divided 
structurally into three parts: the eastern limb, the syntaxial 
apex and the western limb. It emanates from the Pir Panjal 
Range in Kashmir and extends northwards till Balakot, 
where its western limb takes a loop to the southwest and 
extends with this trend towards Muzaffarabad (Calkins 
et al., 1975). Most of the strata within the HKS are deep 
seated Murree formation evidencing the development of 
the HKS extending into the post-Miocene time (Bossart 
et al., 1988). To the south of Muzaffarabad, the Murree 
formation is overlain by Kamlial formation and to further 
south by younger formation of Siwalik group of Miocene-
Pleistocene age. Near Muzaffarabad and extending north 
to Balakot and south to Kotli, the Murree Formation is 
underlain by Marine Paleocene strata and the Precambrian 
Muzaffarabad Limestone (Calkins et al.,  1975).

The eastern arm of HKS is traversed by the Panjal 
Thrust (PT) and the Main Boundary Thrust (MBT). The 
former is older involving Precambrian rock formations, 
whereas, the latter is young and involves the formations 
of Oligocene-Miocene age (Tahirkheli, 2010). At the apex 
of the HKS, the rock stratum in the vicinity of Balakot is 
deformed to tight isoclinal folds with the limbs dipping 

steeply or vertically to the west. On the eastern limb of the 
HKS, the Panjal Thrust and Murree Thrust, which is an 
equivalent of MBT in the Hazara-Kashmir Terrain separates 
the Carboniferous to Eocene rock formations from the older 
Salkhala rocks on the east and Murree rocks on the west. 

In the area between the Panjal Thrust and Murree 
Thrust, the prominent geological structure is the south 
plunging Garhi Habibullah syncline. On the western 
limb of the syntaxis, the Murree Thrust along with the 
Hazara Thrust System (HTS) separates the rock strata of 
the eastern flank of the GarhiHabibullah syncline (GHS) 
from the prime younger formations in the axial zone of the 
syntaxis (Calkins et al., 1975; Seeber et al., 1981). 

To the north of the syntaxis, the Main Mantle Thrust 
(MMT) demarcates the India-Eurasia plate boundary, which 
extends westwards across the projection of the HKS and is 
not seen to be folded. However, MMT bows northwards at 
the Indus River in the Indus Syntaxis (DiPietro and Pogue, 
2004), giving an impression that it might still be active in 
this part of the Hazara-Kashmir Terrain (Figure 2). 

Two very important faults that need mention in the 
present context are the northeast dipping out-of-sequence 
Balakot-Bagh reverse fault (B-BF) and the north-south 
trending strike-slip Jhelum Fault (JF) (Nakata et al., 
1991). B-BF is the source of the 8 October 2005 Kashmir 
Earthquake of magnitude (Mw) 7.6. This fault does not 
show any expression in the Miocene-Pleistocene Siwalik 
Group but offsets late Pleistocene terrace surfaces in the 
Pakistan Administered Kashmir (Kaneda et al., 2008). 
Also, towards the northwest of HKS,  there is no surface 
expression of this fault, but, towards the Indus Kohistan 
Seismic Zone steeper stream gradients (Seeber and Gornitz, 
1983) continue as far as the Indus River indicating active 
tectonics in the region (Hussain et al., 2008). 

To the southeast of HKS the Riasi Thrust (RT) cuts 
across the southwest flank of an anticline exposing the 
Precambrian Limestone formation. This thrust juxtaposes 
Murree Formation against Dhok Pathan Formation 
(Hussain et al., 2008). Further to the south in the Indian 
Administered Kashmir, Holocene activity has been reported 
on the Riasi Thrust (Thakur et al., 2010).

The Hazara Thrust System (HTS) comprises three 
isolated thrusts extending to the west of the HKS. The 
Precambrian Hazara slates, Cambrian dolomitic limestones 
of Abbottabad Group and Paleocene–Eocene limestone 
formations are included in this thrust system with the two 
former formations thrust over the latter ones (Tahirkheli, 
2010). The detailed geological map and the  stratigraphy 
of the Hazara Kashmir Terrain are illustrated in Figure 2 
and 3, respectively.
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Tectonic Framework

The tectonic domain of the HKS and NPS comprises the 
eastern boundary of NW Himalayan Fold and Thrust Belt 

(NWHFTB), a prominent tectonic division of the NW 
Himalaya (Kazmi and Jan, 1997). On the basis of seismic 
data, Seeber et al., (1981) delineated two major deformation 
anomalies at crustal level referred to as the Detachment 

Figure 2. Lithology map of the Hazara Kashmir terrain (modified after Kaneda et al., 2008).

Figure 3. Stratigraphy of the Hazara-Kashmir Syntaxis and the adjoining areas (after Calkins et al., 1975).
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fault and the Basement fault. This region of NW Himalaya 
is tectonically complex with active convergence and 
transpressional tectonic setup (MonaLisa et al., 2008) and 
is not only traversed by the main boundary faults, but also 
by a number of subsurface faults. Figure 1b illustrates the 
tectonic setup in the Hazara-Kashmir Terrain and the 
surroundings.

The HKS is defined by Main Boundary Thrust and the 
Panjal Thrust having parallel trends with respect to each 
other. The roots of the MBT are tangled in the Detachment, 
making it a major recipient of the south migrating stress. 
The Panjal Thrust constitutes an important tectonic 
boundary, which played an active role in the tectonic 
evolution of the Hazara- Kashmir Terrain. This thrust 
is located on the receiving end of the northwest directed 
stress  induced by the Himalayan boundary faults. The 
resulting stress is being transported towards the west, 
which is accumulating along the western limb of the HKS 
(Tahirkheli, 2010).

The Indus Kohistan Seismic Zone, IKSZ (Figure 2) is 
one of the most clearly defined deep seated, seismically 
active crustal structures in this part of the Himalaya. This 
structure located between the Main Mantle Thrust and the 
apex of the HKS is geologically unmapped and is believed 
to be covered by a 12km thick sediment cover (Gornitz and 
Seeber, 1981). On the basis of focal mechanism solutions, 
the IKSZ is defined as a thrust dipping to the NW and 
covering an area of about 120km in length and 25km in 
width (Seeber et al., 1981).  Its strike is aligned parallel to 
the Main Boundary Thrust. However, the Main Boundary 
Thrust is defined as the northern boundary of the clastic 
deposits in the frontal trough, which is not the case for 
IKSZ. Based on the Coulomb Stress change due to the 
8 October 2005 Kashmir Earthquake, Gahalaut (2006) 
suggests intense tectonic activity along IKSZ as compared to 
the Main Boundary Thrust and the Hazara Thrust System. 
Although the tectonic relationship between the IKSZ and 
the Main Mantle Thrust is not well defined, it is believed 
that the increased seismicity close to its northern end may 
be attributed to its interaction with the active part of the 
Main Mantle Thrust (Tahirkheli, 2010). The strike of the 
surface structures in the Hazara arc region contrasts sharply 
with the Indus Kohistan Seismic Zone and Hazara Lower 
Seismic Zone (Armbruster et al., 1978). 

A synoptic observation of the NW Himalayan syntaxes 
reveals that the axis of the NPS and HKS are aligned almost 
at right angle to each other, with a prominent dent on the 
western limb of the later (Figure 2). As the active front 
shifted from the Main Mantle Thrust to Main Boundary 
Thrust the northward advance of the Indian plate had a 
dominant translational factor. However, when the Main 
Boundary Thrust acted as the main facilitator of the 
tectonic interactions between the Indian plate and the 
Tibetan plateau, the northward translational movement 

had a pronounced rotational effect as well; which probably 
resulted in the northwest tilt in the apex of HKS with 
reference to the NPS.

Apart from the main boundary faults, the out-of-
sequence faults (Avouac et al., 2006) accommodate the 
crustal shortening in-between the limbs of the HKS. In the 
NW Kashmir Valley, the River Jhelum breaches through 
the Pir Panjal Range. From the Wular Lake, Jhelum River 
changes its course abruptly by ~90° forming a huge 
lineament from Wular Lake to the point where it enters 
into the Pakistan Administered Kashmir through Baramulla 
gorge. This lineament was investigated near Baramulla and 
prominent morphotectonic evidences like the sudden offset 
of the river bed near Kichhama and a sharp bend in its 
course have been observed, indicative of an active tectonic 
regime. The investigated part of the lineament, which 
shows a dominant thrust character  is named Drangbal-
Laridora Fault (DL) after the villages located at its ends. 
From the brief geological field investigation of the area, we 
identified a system of small criss-crossing lineaments across 
and along the River Jhelum. It is important to mention 
that this part of the Kashmir Valley was the worst affected 
area during the 30th May 1885 Kashmir Earthquake (Jones, 
1885; Ahmad et al., 2014). The Khadanyar and Laridora 
villages, which lie along the trajectory of this lineament 
are said to have suffered the most during this earthquake.

Seismicity of the Hazara Kashmir Terrain

A brief account of the seismogenic sources and the 
seismicity analysis of the terrain is presented below:

Seismogenic Sources 

As discussed earlier the Detachment fault and the Basement 
fault are the main source of seismicity in the Hazara-
Kashmir Terrain (Seeber et al., 1981). The seismic activity 
in the Hazara Thrust System and Hazara-Kashmir Syntaxis 
has, however, reduced from the time of granitization and 
metamorphism in this region (Armbruster et al., 1978). 
On the contrary the 8 October 2005 Kashmir event has 
shown that the HKS and the Crystalline Nappe Zone have 
been tectonically activated (MonaLisa et al., 2008). Almost 
every fault in or around the HKS has triggered disastrous 
earthquakes as is discussed below.

The Main Mantle Thrust  is seismically active and 
besides being the source of continuous low to moderate 
seismic events within its zone, has also triggered a few 
major earthquakes with epicenters located in Malakand, 
Astore and Pattan in Kohistan. The Pattan event of 1974 
(mb 6.0) is the largest event recorded in the MMT zone 
adjacent to the Hazara-Kashmir Terrain (Chandra, 1975; 
Ambraseys, 1981). The Main Boundary Thrust has the 
potential of generating large earthquakes all along the entire 
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Himalayan arc. Its earthquake history reveals several major 
events spread all along its course in the Himalayan domain 
(Bilham, 2004). The Panjal Thrust along the eastern 
limb of the syntaxis shows a cluster of epicenters of the 
seismic events of local magnitude (ML) varying between 4 
to 5. Several events of Mw>5 and two aftershocks of the 
8 October 2005 Earthquake of Mw 6 and 6.4 are the new 
additions in  the seismic domain of the eastern limb of the 
syntaxis that  is traversed by both the Panjal Thrust and 
the Main Boundary Thrust (Tahirkheli, 2010).

As far as the seismic activity along the Indus Kohistan 
Seismic Zone (IKSZ) is concerned, recorded seismicity  
adheres to two distinct levels, an upper part extending up 
to a depth of 10km and the lower part in which earthquakes 
mostly occur within a depth range of 10-25km. The 8 
October 2005 Kashmir Earthquake and its aftershock 
distribution follow a pattern similar to IKSZ even within 
the HKS, thereby indicating the extension of the IKSZ in 
this part of the syntaxis (MonaLisa et al., 2008). Also, 
the aftershock activity of the 8 October 2005 Kashmir 
Earthquake exhibited that the stress is migrating towards 
the northern part of the apex of the syntaxis. It appears 
that these shocks are responsible for activating the IKSZ. 
Out of an approximate 1800 aftershocks, a good number 
of events ranging between Mw 4 to 5 had been recorded in 
this zone (Tahirkheli, 2010)

Seismicity Analysis

The most important characteristic factor of seismicity of an 
area is the b-value, defined by Gutenberg-Richter ( 1944):

  (1)

Where 'N' is the cumulative number of earthquakes with 
magnitude ≥ M. Physically, the lower b-value signifies a 
higher stress regime and a greater probability of occurrence 
of high magnitude earthquake and vice versa (Schorlemmer 
et al., 2005). In the present study b-value has been 
calculated by the Maximum-Likelihood estimation method 
given as,

  (2)

where 'Mmean' is the average magnitude and 'Dm' is the 
magnitude bin size (Aki, 1965; Bender, 1983) using ZMAP 
(Weimer, 2001).

The Maximum Credible Earthquake is the largest 
possible event expected to occur in a region with a 
particular seismotectonic set-up. In the Hazara Kashmir 
Terrain, the Maximum Credible Earthquake was estimated 
by the maximum-likelihood method of Kijko (2004). The 

technique employs a Bayesian-based equation of frequency 
and magnitude distribution. The basic assumption of 
this method is that the earthquakes follow a Poisson 
distribution.

  (3)

  

Where, Mn is the largest observed magnitude, denoted 
also as with cumulative distribution function (CDF), mmax

is the maximum credible earthquake,
After integrating,

 (4)

Seismic Hazard Perspective

Taking the complex tectonic setup of the Hazara-Kashmir 
Terrain and surroundings into consideration, Sana and Nath 
(unpublished) carried out the seismic source zoning of the 
region (Figure 4). As seen in the Figure 4, Hazara-Kashmir 
syntaxis seismic source zone is a prominent source zone 
of the Kashmir Himalaya, which is representative of the 
Hazara-Kashmir Terrain. We present the seismicity analysis 
of this seismic source zone along with the probabilistic 
estimate of the maximum credible earthquake (Mmax). The 
Mmax estimate of the main faults of the Hazara-Kashmir 
Terrain using the fault parameter approach of Wells and 
Coppersmith (1994) is also carried out, shown in Table 1.
The earthquake catalogue used in the present study spans 
from December 1937 to March 2012.It is retrieved from 
the International Seismological Centre (http://www.isc.
co.uk) and the United States Geological Survey (http://www.
neic.usgs.gov). Figures 5 (a and b) depict the magnitude 
histogram and depth-wise distribution of earthquakes in 
the study region. The magnitude of completeness, Mc of 
the catalogue is found to be Mw 4.0 (±0.05). 
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The estimated b-value of 0.88 (Figure 6a and 6b) for 
the Hazara-Kashmir Terrain thus calculated indicates a 
high stress regime in this tectonic province. The maximum 
credible earthquake (Mmax) evaluated using the above 
discussed method is 8.1 (±0.36). The Mmax of the main 
faults viz. Hazara Thrust System (HTS), Main Boundary 
Thrust (MBT), Main Mantle Thrust (MMT), Panjal Thrust 
(PT) and Reasi Thrust (RT) in the terrain is estimated 
to be Mw 7.2, 7.4, 7.7, 7.4 and 7.0 (±0.28) respectively 
using the fault parameter approach. As discussed earlier, 
Schiffman et al., (2013) also estimated Mmax for Kashmir 
Himalaya using the convergence rates calculated from 
GPS measurements which varies from Mw 7.4 to 9.0 
varying with the assumed rupture length. Using these 
convergence rates, for the Hazara-Kashmir terrain, Sana 
and Nath (unpublished) have estimated the Mmax to be 
8.4 assuming a rupture length of 150km. Historically, the 
Hazara-Kashmir terrain and surroundings are known for 
the occurrence of destructive earthquakes, the 30 May 1885 
Kashmir (Baramulla) earthquake (Mw 6.3), 28 December 
1974 Pattan earthquake (mb 6.0) and the 8 October 2005 
Kashmir earthquake (Mw) 7.6 are the well documented 
examples. The Mmax estimation speaks about the seismic 
hazard vulnerability of the terrain necessitating systematic 

vulnerability and risk estimation for earthquake induced 
disaster mitigation and management.

DISCUSSION AND CONCLUSION

We have discussed the seismotectonic setup of the 
Hazara Kashmir Terrain in detail with emphasis on the 
Hazara-Kashmir Syntaxis. The structural alignment of 
the Hazara-Kashmir Syntaxis at right angle to the Nanga 
Parbat Syntaxis can be thought of as a consequence of the 
shift from dominantly translational to translational-cum-
rotational northward advancement of the Indian plate, 
as the active front shifted from the Main Mantle Thrust 
to the Main Boundary Thrust. The crustal shortening in 
between the two limbs of the Hazara-Kashmir Syntaxis is 
accommodated by the out-of-sequence Balakot-Bagh Fault 
(B-BF), the causative fault of 8 October 2005 Kashmir 
Earthquake of Mw 7.6. The same tectonic setup extends 
eastwards across the Pir Panjal Range into the NW of 
Kashmir Valley. A dominantly thrust type lineament 
named Drangbal-Laridora Fault (DL), was delineated by 
characteristic morphotectonic indicators. This part of the 
Kashmir Valley is historically known for the 30 May 1885 
Kashmir (Baramulla) Earthquake (Mw 6.3).

Figure 4. The five seismogenic zones of the Greater Kashmir region delineated by Sana and Nath (unpublished) are: Hazara-
Kashmir Syntaxis Seismic Zone (HKS-SZ), Nanga Parbat Syntaxis Seismic Zone (NPS-SZ), SE Kashmir-Seismic Zone (SEK-SZ), 
Kohistan Seismic Zone (KH-SZ) and Karakorum Seismic Zone (KM-SZ).

Table 1. Fault parameters and Mmax of all the major faults in the Hazara-Kashmir Terrain. SRL is the surface rupture length.

Fault Fault Type Fault Length 
(Km)

SRL
(Km)

Mmax

(±0.28)

HTS Reverse 203.79 67.93 7.2

MBT Reverse 284.67 94.89 7.4

MMT Reverse 522.82 174.27 7.7

Panjal Thrust Reverse 282.51 94.17 7.4

Reasi Thrust Reverse 130.03 43.34 7.0
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The seismicity of this terrain, from 1937-2012 is 
dominantly shallow focused (0-35 km). However, relatively 
deep focus earthquakes occur as we move towards the NW 
Kashmir Valley. The b-value calculated for the region is 
0.88, which infers a high stress regime indicative of the 
possibility of the occurrence of high magnitude earthquakes. 
The estimated Maximum Credible Earthquake (Mmax) for the 

Hazara-Kashmir Terrain following probabilistic approach, 
fault parameter approach and from the convergence rates 
calculated from GPS measurements is estimated to be Mw 

8.1 (±0.36), 7.7 (±0.36) and 8.4, respectively. This study 
highlights the necessity of  systematic seismic hazard analysis 
of the region with an emphasis to microzone the vulnerability 
and potential risk of the Hazara-Kashmir Terrain.

Figure 5. (a) Magnitude Histogram showing Mc 4.0 as the magnitude of completeness and (b) Magnitude histogram showing 
12 Km and 32 Km as the main seismogenic depths.

Figure 6. (a) Depth (Km) Vs b-value showing the most diverse range at 12km due to the 8 October 2005 (Mw 7.6) Kashmir 
Earthquake aftershocks. (b) the estimation of b-value also showing Mc 4.0 as the Magnitude of completeness. The empty squares 
represent the cumulative numbers while as the small full triangles represent the number of events in each magnitude bin.
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