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Abstract
Kashmir basin is considered to be tectonically active where damaging earthquakes (historical and instrumental) and landslides have
occurred. These geologic catastrophes make Kashmir valley prone to hazards. The fault bound Kashmir basin is marked by two
mountain fronts: MF1 associated with the Panjal Thrust (PT) and Balapor Fault (BF) and MF2 associated with the Zanskar Thrust.
These two structural units make Kashmir valley very susceptible to earthquakes. With this in view the whole basin was divided into 22
sub-basins. However only nine extreme north and south sub basins (�ve extreme southern and four northern extreme north) were
studied to carry out relative tectonic activity of these two tectonic units. With the help of K-mean clustering of eight basin-related
geomorphic indices (Hypsometric integral (Hi), Asymmetry factor (Af), Mountain front sinuosity (Smf), Basin shape (Circularity ratio (KA)
and Elongation ratio (Eb)), Form factor (Ff), Bifurcation ratio (Rb) and Sinuosity index (Si) were calculated. The results of the
geomorphic indices were correlated with the structural and seismic data after that they were grouped into low three (Class1), moderate
(class2) and high (class3) relative tectonic activity zones based on the quanti�ed geomorphic indices, earthquake data, structural data
and �eld observations. The overall results infer the tectonic activity dies out towards the north of the Kashmir Valley. It was observed
that the highest tectonic activity mostly corresponds to the sub basins in vicinity of the PT and BF stretching 100 Km from Shopian to
Baramulla. The least tectonic activity was found to be associated with the ZT lying to the north and northeast part of the Kashmir
Valley. The seismic frequency and the overall data analysis infer that the south and Southwestern side of the Kashmir has potential of
moderate earthquake in future.

Introduction
Tectonic geomorphology deals with the relation between tectonics and geomorphic processes shaping areas of active deformations
(Burbank and Anderson, 2012; Decaillau et al.,1998; Molin et al.,1998).As the landscape contains an important evidence of the rate and
spatial distribution of deformation. Therefore, geomorphic investigation in regions of tectonic deformation is a powerful tool for studies
of tectonic geomorphology (Kirbby and Whipple, 2001). In order to measure and quantify the landscape change, evolution of geological
structures, Seismic hazard assessment and study of landscape evolution, the calculation of geomorphic indices serves as a basic tool
(Keller, 1986; Keller and Pinter, 2002).

Several authors have proposed different tectonic activity classes based on individual geomorphic indices (e.g., Taloor et al., 2017; Dey et
al., 2016; Faghih et al., 2015; Khabazi et al., 2012; Dehbozorgi et al., 2010; El-Hamdouni et al., 2008; Silva et al., 2003; Raj et al.,1999,
2003; Chamyal et al., 2002; Rockwell et al., 1985; Bull and McFadden, 1977). Some of these classi�cations have concentrated on
speci�c indices at speci�c site e.g., Kusky et al., 2010, 2016; Silva et al., 2003; Rockwell et al., 1985; Bull and McFadden, 1977. Moreover,
El-Hamdouni et al. (2008) introduced a relative tectonic activity index (IAT) which is an arbitrary division of geomorphic indices into four
different classes based on the summation and average of index values. The aim of this paper is to test a data mining technique of
geomorphic indices to produce a single index that can be used to characterize relative active tectonics. For this purpose, one of the data
mining methods known as “K means clustering” has been used for dividing geomorphic index values into homogeneous clusters
followed by a discussion of the active tectonics based upon �eld-based structural evidences, earthquake frequency data and
geomorphic observation.

The present study area is characterized by NW-SE trending faults, part of the MCT systems I,e Panjal Thrust and Zanskar Thrust (Fig. 1a
&1b) (Calkins et al., 1975; Bossart et al., 1988; Searle and Rex, 1989; Stephenson, et al.,1997; Bhat,1982). In the Southwestern part,
subsidiary thrusts of the MCT system, namely the Panjal Thrust and out of sequence Balapora Fault cut through the Quarternary
succession (Ahmed et al., 2013). As the result of the thrust motion and subsequent erosion, signi�cant deformation in the form of
beheaded streams, upliftment of terraces (Veshav, Sasara, Romushi and Rambiara), triangular facets, fault scarps have been preserved
in response to the Panjal thrust and Balapora fault movement.

In the present study the tectonic geomorphology of the nine sub basins �ve from the Pir Panjal Range (PPR) and four from the Great
Himalayan Range (GHR) have been studied. The tectonic geomorphology have been studied to characterize the relative tectonic activity
of Pir Panjal sub-basins and the Great Himalayan sub-basins which have been effected by the Panjal Thrust (PT) and Zanskar Thrust
(ZT) respectively.

Geological And Tectonic Setting
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The tectonically active Himalayan fold thrust belt stretching east to west over a length of 2500 km, formed as a result of the oblique
convergence and ongoing collision of the Indian and the Eurasian plate 5 cm/Yr (Gansser,1964; Lyon-Caen and Molnar, 1985; Avouac
and Tapponnier, 1993; Schiffman et al.,2013; Kundu et al.,2014). The vertical and lateral growth of the Himalaya has been
accommodated by several major south verging thrust systems. From north to south, these include the Zanskar thrust (ZT), Main Central
Thrust (MCT/ PT), Balapora fault (BF), the Main Boundary Thrust (MBT), the Madlicottt Wadia Thrust (MWT) and the Main Frontal
Thrust (MFT) (Figure. 1b) [Gansser, 1964; DeCelles et al., 2001; Schiffman et al., 2013; Wani and Bali, 2017]. All of these north dipping
structures are rooted in the basal décollement, the Main Himalayan Thrust (MHT) (Ni and Barazangi, 1984; Nábělek et al., 2009; Dey et
al., 2016). Although these thrust systems have propagated southward in an overall in-sequence pattern, however some out-of-sequence
deformation has been reported. Wobus et al. (2005) proposed active out-of-sequence thrusting along the region known as the
physiographic transition, south of the MCT in central Nepal. Out-of-sequence faults have also been reported by Ahmed and Bhat (2012)
in Quarternary deposits Karewas of Kashmir, Mukul et al. (2007) in the Darjeeling Sub-Himalaya, by Thakur et al. (2007) between the
MBT and the MFT near Dehradun, and by Powers et al. (1998) in the Kangra reentrant and the Jwalamukhi thrust in Shiwaliks of
Himachal pradesh by Dey et al., (2016) of the NW Himalaya.

Kashmir valley is bounded by two major thrusts namely Main Central Thrust (MCT/PT) in the south and Zanskar Thrust (ZT) in the
north (Bhat, 1982; Jaiswal et al., 2009). The Main Central Thrust/Panjal Thrust is steeply northeast dipping crustal shear zone, which is
formed as a result of southward emplacement of a part of deeply rooted crust over the less metamorphosed sedimentary units of the
Lesser Himalaya (Valdiya, 1980; Bhattacharya and Weber, 2004) and separates lesser Himalaya (a thick sequence of highly folded
upper Precambrian sedimentary units with few outcrops of crystalline rocks) from tertiary Siwalik group towards south (Nakata,1989;
Goswami and Pant,2007).Gently southwest-dipping Zanskar Thrust demarcating the north most boundary of the study area separates
Kashmir valley from the Ladakh valley, the shear zone separates late Precambrian–Early Cambrian sedimentary sequence (Phe
Formation) from the underlying crystalline basement (Zanskar Crystalline unit) (Herren,1987). In between these two tectonic domains
lies the valley of Kashmir with 1300 m thick pile of Plio-Pleistocene sediments generally called Karewas dipping almost 400 degrees
towards the Northeast direction (Wadia, 1975; Bhat,1982; Burbank and Johnson, 1982).

The present study encompasses three major geotectonic domains I,e Greater Himalayan Range, Pir Panjal Range and the Valley �oor,
encompassing distinct lithological composition and structural pattern. The Great Himalayan range consists of Phyllite, Schists,
Limestones, Panjal Traps, Graintes (Qazinag, Hant, Kangan), Agglomeratic slates whereas the Pir Panjal range consists the rock
formations Especially Panjal Traps, Agglomeratic slates, Syringithyris limestones, Muth Quartzites and the Valley �oor is mainly covered
by the Plio-Pleistocene deposits (Karewas) and recent alluvium with major faults like balapora fault and already identi�ed small faults.
(Middlemiss,1911; Gnasser,1964; Ganju and Khar,1984; Sharma,1997; Thakur and Rawat,2002; Ahmed et al.,2013,2014; Bali et al.,2016;
Ahmad et al,2017).

Materials And Methods
Geomorphic responses to tectonic activity were studied by analyzing geomorphic indices in addition drainage density and drainage
anomalies were studied. Fault, fold growth and consequential interactions with the geomorphology of the area were studied through
�eld observations. In this study we combine ArcGIS 10.1 (ESRI), Global mapper (16.0) for morphometric computing and IBM SPSS (21)
and statistics for clustering analysis of morphometric parameters. Six geomorphic indices have been commonly employed by various
workers (Keller and Pinter, 2002) to describe the tectonic deformation of an area. These are mountain front sinuosity ratio (Smf) (Bull,
1977, 1978; Bull and McFadden,1977), asymmetry factor (Af) (Hare and Gardner, 1985; Cox, 1994), hypsometric integral (Hi) (Strahler,
1952), Transverse topography symmetry(T)(Cox,1994), Stream length gradient index (Sl) (Hack,1973) and Valley �oor width to height
ratio (Vf) (Keller and Pinter,1996). In the present study, eight geomorphic indices for nine watersheds were employed to infer the tectonic
behavior of thrusts in the Kashmir Valley.

In order to describe the relative tectonic activity, we evaluate a data mining technique known as K-means clustering to �nd
homogeneous clusters based on selected characteristics of geomorphic indices, earthquake data and �eld observations (Clare and
Cohen, 2001; Pirkle et al., 1984). On the basis of K-clustering grouping the basins having same values were grouped under similar
classes of tectonic activity. In order to represent how the procedure of clustering is done here we present the input and output tables of
IBM SPSS (V-21) software processing for one of the calculated indices (Table1). At the �rst step the algorithm randomly chooses initial
cluster centers for the 3 classes. Then the algorithm iteratively runs to attain cluster centers with no or small changes in cluster centers
and they have maximum Euclidian distances from each other. In the next step the software has 7 output tables for clustering of each
index, including initial cluster centers, iteration history, cluster membership, �nal cluster centers, distances between �nal cluster centers,
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ANOVA (analysis of variance) and number of cases in each cluster (Table 2). Also the �eld evidences, earthquake data and structural
data was related to different classes for further inferences.

Results
The purpose of the present research is to examine the relative tectonic activities of the Kashmir Valley/Jhelum drainage basin with
quantitative approach. In this regard, by doing research and exploring related literature, we found out that most researchers have
investigated such parameters as mountain front sinuosity (Smf), the proportion of valley foot (Vf) to its height, percentage of
continuous mountain fronts (Eu) and drainage networks analysis indices such as stream length (SL) gradient, asymmetry factor (AF) of
the basin, and topography (T) asymmetry factor. Hence, the authors have attempted to use indices less used before. With respect to the
credibility of geomorphic indices in geomorphologic studies, Mountain front sinuosity(Smf), Elongation ratio(Eb),Circularity ratio (Ka),
Bifurcation ratio (Rb), hypsometrical integral (Hi), Assymetry factor(Af), Form factor(Ff) and mountain front sinuosity (Smf) indices
have been calculated to evaluate the relative tectonic  activities of Kashmir basin. 

Basin Asymmetry Factor (Af)

The basin asymmetry factor gives the tilting direction of the basin and is expressed as(Hare and Gardner,1985)

Af=100*Ar/At

Where Ar is the area of the basin to the right side of the trunk stream and At is the total area of the basin. Low values of Af=50 generally
are associated with symmetric basins whereas asymmetric basins are characterized by high Af>50or Af<50 values (Giaconia et al.,
2012). The obtained Af values varies between 70% (for sub-basin Veshaw) and 21% (for sub-basin Veshaw) in the study area. According
to the K- means clustering, calculated Af values were clustered into three classes of high (4 sub-basins), moderate (2 sub-basins) and
low (3 sub-basins) relative tectonic activity (Table 1). The values of the Af shows the tilting direction of the basin the values >50 indicate
the sub-basins have shifted up to the right side whereas the values <50 infer that the sub-basins have shifted up to the left side. The Af
values in the study area shows majority of the sub-basins have been in�uenced by tectonic activity. As the basins have either shifted up
to the right side or shifted up to left side. The tectonic activity has developed unpaired river terraces with the Af values either >50 or <50.
These inferences are well supported by the �eld investigations: presence of long and large tributaries to the tilted up side, development
of unpaired river terraces and shifting of the trunk streams towards tilted down side of the basin.

Hypsometric Integral (Hi)

This index is de�ned as the area below the hypsometric curve and it varies from 0 to 1.  The HI is expressed as:

HI=H Mean – HMin/ HMax – HMin

Hi values close to 0 infer highly eroded basins and values close to unity indicate less erosion activity. The resulting values of Hi range
from 0.23 (for sub-basins Doodhganga and Pohru) to 0.51 (for sub-basin Veshaw). The obtained values were clustered into three
classes of high, moderate and low relative tectonic activity (Fig.  4). Four sub-basins falls under high risk and three sub basin comes
under moderate and two sub basins were classi�es into low classes with moderate and low risk in terms of erosion an tectonic activity.
The calculated values for Hi index in the study area show that about 64.5% of the sub-basins are possibly related to highly active
tectonics with high erosion risk.

Mountain Front Sinuosity (Smf)

Mountain front sinuosity (Smf) is an index which shows the balance and equilibrium between climatic conditions, erosive forces and
tectonic forces which is the cause of straight mountain front which are correspondent with mutant mountains with active fault.
Sinuosity of mountain front is de�ned as below;

Smf = Lmf /Ls

 Smf: sinuosity of mountain front Lmf: length of mountain front along piedmont LS: length of the straight-line tangential to mountain
front. Sinuosity index captures the struggle between erosive forces that try to erode mountain front in sinuous form and the tectonic
force which creates a straight fronts. If erosive forces overcome, Smf produces a high rate, whereas when
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tectonic forces are active, Smf gives a lower value. In quantitative terms, the Smf index is between 1 and 1.6 for tectonically very active
regions and is between 3 and 1.8 for regions with average activity and between 3 and higher for inactive mountain front (Madadi et al.,
1983; Keller and Pinter, 1986, 2002; Wani et al., 2020). After clustering of the Smf results it was found that �ve sub-basins belong to the
class 3 of tectonic activity with low values of Smf and linear mountain fronts, two sub-basins belong to class 2 of relative tectonic
activity and two sub-basins belong to the class 1 of tectonic activity with higher values of Smf and irregular mountain fronts.

Elongation ratio (Eb)

Elongation ratio (Eb) is the ratio between the diameter (Ab) of a circle of the same area as the drainage basin and basin length (Lb)
(Schumm, 1956), and is calculated as:

Eb=2√Ab/π/Lb

Where Ab is the diameter of the circle having same area as that of the basin and Lb is the length of basin. The values of elongation ratio
vary from zero (highly elongated shape) to one (circular shape). Values close to 1.0 are typical of regions of very low relief whereas that
of high values are associated with circular basins (Strahler, 1964). The EB of the sub-basins ranges from is 0.09 (Sindh sub-basin) to
0.17 (Erin and Pohru). The lower values of Eb indicates the elongated character of the sub-basins with high relief and steep slopes. The
value of Eb for the sub-basins is shown in Table 1. The K-mean clustering of the sub-basins shows two sub-basins belong to the class1
of tectonic activity with circular shape and �ve basins belong to the class 3 with more elongate shape and only 2 sub-basins belong to
the class 2 of relative tectonic activity.

Circularity ratio (Ka)

The circulatory ratio (Ka) has been used as a quantitative measure and is expressed as the ratio of the basin area (A) to the area of a
circle having the same perimeter as the basin (Miller, 1953;

 

Strahler, 1964) and is expressed as:

Ka=4πA/P2

Where A = area of the basin and P = perimeter of the basin. The values of circularity index varies from zero (for a line) to unity i.e. one
(for a circle). The higher is the value of Ka, the more circular is the shape of the basin. The circulatory ratio is influenced by length,
frequency of streams (Fs), geological structures, landcover, climate, relief and slope of the basin. It is significant ratio, which indicates
the stage of the basin. Its low, medium and high values are indicative of the youth, mature and old stages of the lifecycles of the basins
(Sreedevi et al., 2005, 2009). The Ka of the sub-basins ranges between 0.24 (Romushi sub-basin) and 0.57 (Pohru sub-basin) (Table
1).From the clustering of the Ka, it was found out of nine sub-basins �ve belong to class 3, two belong to the class 2 and two sub-basins
belong to class 1 of relative tectonic activity. The lower values correspond to the elongate and youthful basins and higher values
correspond to the circular basins which are in old stage of development.

Bifurcation ratio

Bifurcation is referred to the ratio of the number of streams of given order to the number of streams of the higher degree The higher the
bifurcation ratio value, the more tectonically active and the younger is the basin. These conditions result in multiplication of lower
degree drainages. Lower bifurcation ratio is characteristic of basins with less structural agitation and whose drainage pattern is not
unnatural. This index is obtained from relation

Rb=Nu/Nu+1

Where Nu is the number of streams of given order and Nu+1 is the number of streams of next higher order. According to the
calculations, the sub-basin of Kashmir basin with the highest bifurcation ratio of 5.10 (Romushi) is the most active sub-basin and the
Kashmir basin with lowest bifurcation ratio of 3.08(Erin) is considered the least tectonically active sub-basin. A perusal of structural
map ascertains the above points because the southern sub basins are recognized as the most active sub basin as an important faults
(Balapora fault) passes through them. As a playa, the sub-basins of Jhelum river towards north which contains no important structures
are relatively less active than southern sub basins.
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Form factor (Ff)

The Ff of a drainage basin is expressed as a ratio between the area of the basin (A) and the square of the basin length (L2) (Horton,
1945), and is expressed as:

Ff = A/L2

The value of form factor is always towards higher side (for a perfectly circular basin). Smaller the value of form factor, more elongated
is the basin. The Ff of the sub-basins ranges from 0.20 to 0.70 (Table 1).The pohru and Erin sub-basin with high Ff indicating circular
shape comes under class 1 of lat have lowest tectonic activity, whereas elongated sub-basins with low form factor have highest tectonic
activity of class2 and 3 (Chopra et al., 2005; Bali et al.,2012;Bali et al.,2016).

The lowest values of the form factor of the sub-basins from the Pir Panjal side indicate that the basins are highly elongate and
tectonically more active than the sub-basins from the great Himalayan side. The highest value of Ff (0.70) was found in the Pohru sub-
basin and the lowest value of Ff (0.19) was found in the Rambaria sub-basin. From the K–mean clustering it was found that 3 sub
basins belong to the class 1, three sub-basins belong to class 3 and only one sub basin comes under class 2 of relative tectonic active
class.

 

Sinuosity index (Si)

The river sinuosity is de�ned as a ratio of the actual length of the channel to the length of a straight line measured from source to the
mouth of a river. The river sinuosity can be considered to e�ciently re�ect the local bending degree (Bai & Yang, 2011). It is expressed
as:

SI=CL/VL

Where CL is the channel length and VL is the valley length. The values of SI less than 1.5 indicates straight rivers, 1.5 represents braided
pattern and >1.5 shows meandering pattern (Keller and Pinter, 1986). The higher values of river sinuosity are found from the southern
side (Pir Panjal Range) showing highest bending degree or meandering pattern. However the low values of river sinuosity is found
towards the northern side of the Kashmir valley (Great Himalayan Range). The higher values towards the southern side may possibly be
because of the Balapora fault which crosses the Rambaria, Veshaw, Romushi and Doodhganga (Ahmed et al.,2013, 2014). The fault
has offset the rivers at many places which change the course of rivers from straight to meandering type, the rivers have also preserved
the braided bars below the fault intersection with the rivers. However the presence of hard rock and the high gradient of the rivers
towards the northern side of the Kashmir valley have conserved the straight course of these rivers (Raza et al., 1978; Bali et al., 2016;
Wani et al.,2019).

 

Seismicity

The study area comes under the Zone V in the Seismic Zonation map of India (1996). As the area is bound by two well-known fault
systems, i.e. by Panjal thrust on the southern side and Zanskar Thrust on the northern side (Bhat, 1982; Walker et al., 2001). Moreover,
the area is dissected by a number of smaller faults and thrusts, Balapora fault and other faults identi�ed by Middlemiss making the
area prone to earthquakes, as the Balapora fault has not shown any activity in the past therefore the area is under high seismic risk
(Middlemiss,1910, 1911; Hough et al., 2009; Madden et al., 2011;Ahmed et al.,2014). The neotectonic activity in the area is well
documented by the occurrence of a number of seismic events in the form of earthquakes and neotectonic features (Faults) and
liquefaction features present in the Karewa deposits of Plio-Pleistocene age. Historic and recorded (1972-2016 from NEIC catalogue)
seismic activity of the region in and around the study area, reveals that the region has experienced a number of low magnitude (<5 mb)
high frequency seismic events and historical earthquakes which have destructed the Kashmir valley time to time e.g. Baramulla
earthquake of 1885, Nilnag Budgam 1885, Kondabal earthquake of 1887 and the Wular/Sandimatnagar earthquake of 2082-2041 BC
(Fig.2) (Ahmad et al., 2009,2014, 2015; Bilham,et al.,2010; Bilham and Bali, 2013).  The seismic pattern in the southern part of the
Kashmir valley makes it more vulnerable to earthquakes and seismically at high risk with potential for moderate earthquake in future.
These 1500 m disposed Karewa deposits above the valley floor shows tilting 400 due northeast (Fig.5A&B). Such a disruption of the

http://www.tandfonline.com/doi/full/10.1080/09853111.2014.979533?scroll=top&needAccess=true
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bedding is being attributed to neotectonic activity due to Panjal thrust in the area. At Balapora village, the Rambaria River shows
braiding and beheaded pattern with the development of unpaired river terraces (Ahmed et al, 2013). Also the fault has been identi�ed
near the Raithan area of Budgam which has preserved number of geomorphic features like Opposite dipping karewa beds, Braiding of
river, Meander in this part of the river and unpaired river terraces (Fig. 7A, B, C & D). Moreover, near Tangmarg village,
asymmetrica/unpaired river terraces are present on the sides of the Veshaw river (Fig. 5C &D). In the Southwestern part of the study area
many small faults have also been observed in the Pleistocene Karewa deposits indicating the neotectonic activity in the area
(Fig.6a,b,c,d). These neotectonic features and the Balapora fault makes the southern and southwestern part of the Kashmir Valley more
susceptible to seismic hazards.

Discussion
The statistical summary of obtained values for each of the indices is presented in Table 1&2. The average of the eight measured
geomorphic indices (Smf, SI, Af, Hi, Rb, Ka, Ff and Eb) was used to evaluate the distribution of relative tectonic and hazard activity. The
values of the index were divided into three classes to de�ne the degree of tectonic activity: 1-low, 2-Moderate and 3-high by averaging
the eight geomorphic indices (El Hamdouni et al., 2008; Wani and Bali, 2017). The distribution of these three classes is shown in (Fig. 4).
In high relative tectonic and hazard class following seismicity parameters and tectonogeomorphic features were observed: high
frequency small magnitude earthquakes, presence of large magnitude historical earthquakes (Fig. 3), class 3 of Iat, presence of high
angle thrust fault (Balapora fault) which is almost silent in historical records, unpaired river terraces in the Veshaw (Fig. 5C&D),
Rambaria and Sasara river basins. In addition to the unpaired river terraces the presence of the highly elongated river basins, with
convex up longitudinal pro�les, parallel drainage pattern with offset streams near Balapora, Tangmarg and Raithan are the factors
responsible for the high tectonic activity in this part of the Kashmir valley. In addition to the above tectonogeomorphic features the
braided streams, incised valleys, linear mountain fronts, elongate basins, low bifurcation and elongation ratio in the southern part of the
area and presence of faults (Panjal thrust, Balapora fault and other small faults) which have formed important anticlines and fault
scarp near Shopian, beheaded and offset streams above Shopian town (Ahmed et al.,2012, 2013). Also the Balapora fault has thrusted
9 m Pampur member over the Shopian member which is clearly visible near Balapora village (Ahmed et al., 2013). The uplift along the
Panjal thrust has deformed the Karewa beds towards northeast at an angle of 400 (Fig. 5A&B). Balapora fault and other small faults in
the Karewas with the development of tectonogeomorphic features can be a reason for the increase in relative tectonic activity towards
the southern fringe of the study area. High tectonic activity based on Iat, already published literature and �eld observations suggest high
tectonic activity widespread towards the southern ans southwestern part of the area. Based on Arian and Hashemi (2008), this area is
under high seismic risk, with the chance of moderate earthquake in future. Because the area contains some smaller faults like tangmarg
and Raithan faults which were identi�ed in the �eld by preserving some geomorphic features like meandering, braiding and offset
stream near tangmarg and opposite dipping karewa beds near Raithan. The beds dip towards the SW and NE on the right and left side
of the fault plane facing South.

However in the north part of the area, the less elongate basins with moderate smf values, low bifurcation ratio values, high form factor
and least frequency earthquakes and lesser number structures in the form of faults, folds, incised valleys and straight river course led to
decrease in the relative tectonic activity to moderate and low classes. The reason may be because of the presence of inactive/less
active Zanskar Thrustin the vicinity of the great Himalayan basins.

Conclusions
After the calculation and classi�cation of geomorphic indices on the basis of K-mean clustering. It seems that the calculated
geomorphic indices are suitable for assessment of the tectonic activity of the study area. The geomorphic indices such as drainage
basin asymmetry (Af), hypsometric integral (Hi), elongation and circulatory ratio, form factor, sinuosity index and mountain-front
sinuosity (Smf) are calculated for nine sub basins of the Kashmir valley. The geomorphic analysis for nine basins: �ve from Pir Panjal
Range and four from Great Himalayan Range was carried out, then all of the indices were divided into three classes: high, moderate, and
low based on the quanti�cation of geomorphic indices (K-mean clustering), seismic activity and �eld evidences. Afterwards, eight
measured indices for each sub-basin were compounded and a unit index was obtained as the relative tectonic activity (lat). The area
and occupation percentage for each class of index were calculated. As can be seen in (Table 2E), most of the high percentages in the
area are located in class 3, which shows high tectonic activity. The total area under class 3 (Iat) covers an area of about 3394 km2

(47%), class 2 (Iat) with an area of about 2053 km2 (28%), class 1 (Iat) with an area of about 2070 km2 (25%). It was observed that the
Class 3 is located in vicinity of Panjal thrust, Balapora fault, identi�ed faults near Raithan, and Tangmarg and some major anticlines,
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class 2 is Scattered to the north-eastern part of the Himalayan range, class 1 is con�ned to the northern border of the study area. Most
of the areas with high tectonic activity values of lat are located in the vicinity of the Panjal thrust and Balapora fault has high
seismic/earthquake frequency. Seismic pattern and occurrence of low magnitude high frequency earthquakes in the region implies the
area has potential for moderate earthquake in future. Thus all the research concludes the area or the sub basins with class 3 of lat is
under high seismic risk. The statistical results infer that the Eb and Ka has highest positive correlation followed by Ff and Ka and Eb
and Ff. The highest negative correlation was observed in Ff and Hi followed by Si and Rb. From the ANOVA analysis highest
signi�cance level is found in Af and least signi�cance level is observed in Si. Also the results of this paper con�rm previous research in
this region.
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Tables
Table 1. Calculated eight geomorphic indices for 9 sub-basins and statistical summary of obtained values of them.

SNo. Smf Hi Af Rb Ka Eb Si Ff

Sandran 1.13 0.40 48 4.50 0.30 0.12 1.14 0.20

Veshaw 1.09 0.49 70 3.60 0.38 0.15 1.40 0.34

Rambria 1.14 0.51 61.2 3.56 0.30 0.11 1.20 0.19

Romushi 1.15 0.38 63.3 3.08 0.24 0.11 1.32 0.28

Doodhganga 1.10 0.23 21.62 3.78 0.31 0.13 1.30 0.41

Pohru 1.30 0.23 47 4.25 0.57 0.17 1.36 0.70

Madhumati 1.25 0.49 68.52 4.60 0.41 0.15 1.12 0.33

Erin 1.20 0.46 32 5.10 0.46 0.17 1.12 0.34

Sindh 1.29 0.40 62.7 4.18 0.24 0.09 1.28 0.23

 

 

 Table 2: The output tables of K-means clustering processes by IBM SPSS 21 for Smf index. (A) Initial cluster centers; (B) iteration history of the clustering; (C) final cluster centers; (D)
analysis of variance; (E) number of cases in each cluster.

(A)Initial Cluster Centers

  Cluster

  1 2 3

Smf 1.30 1.20 1.09
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(E)Number of Cases in each Cluster

Cluster 1 2

2 2

3 5.000 

Valid 9.000

Missing .000

(B)Iteration History

Iteration

Change in Cluster Centers

1 2 3

1 .000 .025 .005

2 .000 .007 .015

3 .000 .000 .000

    

(C)Final Cluster Centers

  Cluster

  1 2 3

Smf 1.28 1.20 1.12

(D)ANOVA

  Cluster Error

F Sig.  Mean Square df Mean Square df

Smf .024 2 .001 6 34.647 .001

 

Table3: (A) The Pearson correlation  (B) ANOVA output tables of clustering related to obtaining IRTA index.

1. Pearson Correlation

     
Smf Hi Af Rb Ka Eb SI Ff

 

  Smf  

1              

 

  Hi  

-0.164 1            

 

  Af  

0.149 0.608 1          

 

  Rb  

0.464 0.094 -0.342 1        

 

  Ka  

0.412 -0.206 -0.222 0.519 1      

 

  Eb  

0.172 -0.134 -0.319 0.562 .922** 1    

 

  SI  

-0.106 -0.442 0.151 -.667* 0.018 -0.042 1  

 

  Ff  

0.41 -.669* -0.308 0.137 .813** .697* 0.449 1

 

            

*Correlation is significant at the 0.05 level        ** Correlation is significant at the 0.01 level 

(B) ANOVA

  Cluster Error F Sig.

  Mean Square df Mean Square df

Ff .024 2 .024 6 .994 .424

Smf .002 2 .008 6 .270 .772

Hi .018 2 .009 6 1.912 .228

Af 1084.465 2 19.046 6 56.938 .000

Rb .407 2 .384 6 1.060 .403

Ka .011 2 .012 6 .952 .437

Eb .001 2 .001 6 1.063 .403

Si .002 2 .015 6 .144 .869

 

Fi
g
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Figure 1

Study area map with major mountain Ranges (GHR and PPR) and tectonic elements: PT/Panjal Thrust and ZSZ Zanskar Shear Zone.
Fig. 1b: Crossection of the faults (in and out of sequence) surrounding the Kashmir valley(ZT ; Zanskar Thrust, BF; Balapora Fault,
MCT/PT; Main Central Thrust/Panjal Thrust, MBT; Main Boundary Thrust, MWT; Medlicott Wadia Thrust, MFT; Main Frontal Thrust)
(after Wani and Bali, 2018). Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any country, territory, city or area or
of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 2
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Note: The designations employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or area or of its authorities, or
concerning the delimitation of its frontiers or boundaries. This map has been provided by the authors.Earthquake frequency and
Historical earthquake event map after National Earthquake Information Catalogue [(NEIC); Ahmad and Muzamil, 2014; Ahmad et al.,
2009].

Figure 3

Lineament and fault map of the Kashmir valley after, Ahmed et al., 2013; Shah,2013; Ganju and Khar,1984;Datta,1983 (Red arrow
indicate Balapora fault and blue arrows indicates Inferred faults). Note: The designations employed and the presentation of the material
on this map do not imply the expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.

Figure 4

Classi�cation map of the IRTA (index of relative tectonic activity) in the sub-basins along the ZSZ and PT; BF. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion whatsoever on the part of
Research Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.
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Figure 5

a) Dipping Karewa beds near Kuil, Chandpora (A&B), Unpaired river terraces near Tangmarg (5C&D) Where RD and LD are right bank and
Left bank drainage divides respectively, Blue arrow indicates �ow direction and red ellipse shows offset Veshaw river.

Figure 6

(A) Normal fault near Chandpora with 20 feet offset of boulder bed (B) Reverse fault with 2.5 feet offset (C) Normal fault near
Gundipora with 1.5 feet offset (D) inset of reverse fault shown on (B).

Figure 7
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A) Northeast dipping karewa beds near Arigam (B) Southwest dipping Karewa beds near Raithan and offset stream indicated by green
line (C) Un paired river terraces and meandering of river (D) Braided bar deposit above fault plane (Black arrow indicate �ow direction)


