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Abstract 
Chaman fault is a seismically active fault running over 850km in western region of Pakistan 
and Afghanistan. It is a major geological structure between Indian and Eurasian plates. 
Chaman fault is a strike slip fault which is slipping nearly at the rate of 10mm p
research includes the evaluation of lithological processes and neotectonics activity using 
Hypsometric Integral (HI). We calculated values of hypsometric integral using SRTM DEM 
with 90m spatial resolution in active region of Chaman Fault (CF
analyzed different mean, minimum and maximum elevations using regular square grids and 
measured the degree of spatial distribution of HI using Local Indices (LI) of Spatial 
Autocorrelation (LISA). LISA provides auto correlation fo
and cold spots of HI values to discriminate uplifted and eroded regions.
Keywords:  Chaman fault, LISA, DEM, Strike slip, Hypsometric integral, Neotectonics, 
Pakistan. 
Introduction 
The Chaman Fault is a seismically active
structures that tectonically discriminates Eurasian plate from Indo
the most tectonically active fault of Pakistan having almost 200km displacement in Northern 
region of Afghanistan. In this region the convergence occur which causes the slip 
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fault is a seismically active fault running over 850km in western region of Pakistan 
and Afghanistan. It is a major geological structure between Indian and Eurasian plates. 
Chaman fault is a strike slip fault which is slipping nearly at the rate of 10mm per year. This 
research includes the evaluation of lithological processes and neotectonics activity using 
Hypsometric Integral (HI). We calculated values of hypsometric integral using SRTM DEM 
with 90m spatial resolution in active region of Chaman Fault (CF) and in its locality. We 
analyzed different mean, minimum and maximum elevations using regular square grids and 
measured the degree of spatial distribution of HI using Local Indices (LI) of Spatial 
Autocorrelation (LISA). LISA provides auto correlation for the cluster analysis of hotspots 
and cold spots of HI values to discriminate uplifted and eroded regions. 

Chaman fault, LISA, DEM, Strike slip, Hypsometric integral, Neotectonics, 

is a seismically active sinisterly fault. It is an arrangement of geological 
structures that tectonically discriminates Eurasian plate from Indo-Australian plate [1]. It is 
the most tectonically active fault of Pakistan having almost 200km displacement in Northern 

anistan. In this region the convergence occur which causes the slip 
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displacement of Chaman fault. The Chaman fault is the strike
links Makran and Himalayan subduction zones [2]. These subduction zones are spatially 
originated by the collision of Indian and Eurasian plates. This is the largest seismically active 
strike slip fault. The shear zone is the most prominent strain zone located between the 
western alluvial and eastern meta sediment region of the fault [3].
The basin of Chaman fault is a ~80 × 20 km arc which is asymmetrical basin comprising of 
alluvial deposits and discontinuous spatial drainage network. The basin has developed in the 
response of relative uplift in Khojak Pass Mountains [4] in eastern region of fault. Th
southern edge of Chaman basin consists of complex erosional structures while the eastern 
edge of basin consists of strike slip and second order thrust fault [5].
The northern edge of Indian plate facing the Eurasian plate is vulnerable to noticeable 
seismic activity resulting in tectonic landmarks. These landmarks comprise of the frontal 
Himalayan northern arc, in the northern west of Chaman fault [6]. The two major tectonic 
structures of Pakistan include the Main Karakorum Thrust (MKT) and Main mantle Th
(MMT). Thus, the western and northern regions of Pakistan are more vulnerable to the 
earthquakes, which reside along the Iranian, Afghan and Indian micro plates [7].
The study of distribution of earthquakes in regions having faults is significant. Thu
main objective of this study is to investigate the seismically active segments of faults and 
geomorphic features hosting future earthquakes. The study reveals the geomorphic and 
geodic features of Chaman fault to investigate its spatial variations [
have wide range of applications in geo sciences. The topographic features of earth comprise 
of erosion, tectonics and climatic changes. The geology of any region plays a vital role in the 
determination of variations in that region 
give rise to uniform uplift while the heterogeneous rocks are the cause of varying rates of 
uplift. Thus, Hypsometric Index (HI) can accurately analyse different developmental stages 
of geomorphic features of any region. In this study geomorphic features and remote sensing 
technology was used to study the tectonic characteristics of Chaman fault. The northern 
region of Chaman fault indicates slip rates ranging from 5.2
The analyses of geomorphic features indicate the slip velocities which may cause earthquakes 
in future. The seismic faults are more vulnerable to floods. Electric strains can cause seismic 
slip which may generate earthquakes [12]. These faults exhibit sliding behavior within
depths of 10 to 15 km, during an inter
strength. Identification of spatial rates of distribution and depths of faults provides data 
about the seismic activity, mechanical conditions and slip of fault th
analysis [13]. 
In this study, we used SRTM DEM to investigate the features of aseismic faults. The 
aseismic faults lie along the southern and central region of Afghanistan and Pakistan [14]. 
The Chaman fault lies in the neighborhood of
earthquakes. The SRTM DEM also investigates the heterogeneous fault creeps along the 
Chaman fault. The HI is used to investigate distribution of plain areas concerning to the 
variations in elevation. The landform 
HI technique [15, 16].  The hypsometry index also analyzes the elevation and geometry of 
basin along the drainage network. 
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displacement of Chaman fault. The Chaman fault is the strike-slip left lateral fault which 
links Makran and Himalayan subduction zones [2]. These subduction zones are spatially 

by the collision of Indian and Eurasian plates. This is the largest seismically active 
strike slip fault. The shear zone is the most prominent strain zone located between the 
western alluvial and eastern meta sediment region of the fault [3]. 

Chaman fault is a ~80 × 20 km arc which is asymmetrical basin comprising of 
alluvial deposits and discontinuous spatial drainage network. The basin has developed in the 
response of relative uplift in Khojak Pass Mountains [4] in eastern region of fault. Th
southern edge of Chaman basin consists of complex erosional structures while the eastern 
edge of basin consists of strike slip and second order thrust fault [5]. 
The northern edge of Indian plate facing the Eurasian plate is vulnerable to noticeable 

mic activity resulting in tectonic landmarks. These landmarks comprise of the frontal 
Himalayan northern arc, in the northern west of Chaman fault [6]. The two major tectonic 
structures of Pakistan include the Main Karakorum Thrust (MKT) and Main mantle Th
(MMT). Thus, the western and northern regions of Pakistan are more vulnerable to the 
earthquakes, which reside along the Iranian, Afghan and Indian micro plates [7]. 
The study of distribution of earthquakes in regions having faults is significant. Thu
main objective of this study is to investigate the seismically active segments of faults and 
geomorphic features hosting future earthquakes. The study reveals the geomorphic and 
geodic features of Chaman fault to investigate its spatial variations [8].Study of neotectonics 
have wide range of applications in geo sciences. The topographic features of earth comprise 
of erosion, tectonics and climatic changes. The geology of any region plays a vital role in the 
determination of variations in that region [9]. The regions comprising of homogenous rocks 
give rise to uniform uplift while the heterogeneous rocks are the cause of varying rates of 
uplift. Thus, Hypsometric Index (HI) can accurately analyse different developmental stages 

any region. In this study geomorphic features and remote sensing 
technology was used to study the tectonic characteristics of Chaman fault. The northern 
region of Chaman fault indicates slip rates ranging from 5.2-18.1mm per year [11]. 

morphic features indicate the slip velocities which may cause earthquakes 
in future. The seismic faults are more vulnerable to floods. Electric strains can cause seismic 
slip which may generate earthquakes [12]. These faults exhibit sliding behavior within
depths of 10 to 15 km, during an inter-seismic period of fault having static frictional 
strength. Identification of spatial rates of distribution and depths of faults provides data 
about the seismic activity, mechanical conditions and slip of fault through seismic hazard 

In this study, we used SRTM DEM to investigate the features of aseismic faults. The 
aseismic faults lie along the southern and central region of Afghanistan and Pakistan [14]. 
The Chaman fault lies in the neighborhood of Ghazaband fault and has exhibited notable 
earthquakes. The SRTM DEM also investigates the heterogeneous fault creeps along the 
Chaman fault. The HI is used to investigate distribution of plain areas concerning to the 
variations in elevation. The landform age and its characterization can also be evaluated using 

The hypsometry index also analyzes the elevation and geometry of 
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Study Area 
The Chaman Fault is a seismically active major strike slip and la
hosted major earthquakes. This fault extends from Kharan to Kabul in northern boundary 
and extends toward Indian plate in western boundary. It links Makran to Himalayan 
convergence region. The fault gouge comprises of the volca
[17]. The left lateral has moved up to 450 km along the Chaman fault. In the middle of the 
Chaman and BhallaDhor fault, there lies a transform fault region ranging from 30 to 60 km. 
This transform fault extends for nearly 975
northern direction [18]. 
Materials And Methods 
We used grid analysis to evaluate HI values for equal squares over DEMs with 90m and 30m 
resolution. We obtained ASTER GDEM from
resolution. We obtained accurate data related to HI values through DEM SRTM 90m. The 
HI values indicate variations along lithological and tectonic boundaries [19].
Global Spatial Autocorrelation (Moran’s I)
Spatial autocorrelation evaluates the distribution of HI values in different spatial patterns. 
The spatial statistical analysis evaluate autocorrelation in geo referenced data and spatial 
association. The global spatial autoco
dispersed cell value.  In this tool none of observations are represented by N and weight of 
each observation is recorded by SWM [20, 21]. Figure1. Shows the value of Moran which 
indicate positive and negative correlation. Its value may not be zero but it may be near to 
zero. 

 
Figure1. The value of Moran remains between 
correlation and -1 gives the negative correlation.
DEM resolution and HI computation
The value of HI for Chaman fault and its surrounding can be calculated using SRTM DEM 
with 30m and 90m resolution. The drainage channels of Hindukush are less wide than 1km 
so we used grid of 1 km for analysis. The grids of different sizes were used for th
dependency of distribution of HI values on scale.
HI value is mainly calculated through this equation.
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The Chaman Fault is a seismically active major strike slip and laterally left fault which has 
hosted major earthquakes. This fault extends from Kharan to Kabul in northern boundary 
and extends toward Indian plate in western boundary. It links Makran to Himalayan 
convergence region. The fault gouge comprises of the volcanic rocks and limestone clasts 
[17]. The left lateral has moved up to 450 km along the Chaman fault. In the middle of the 
Chaman and BhallaDhor fault, there lies a transform fault region ranging from 30 to 60 km. 
This transform fault extends for nearly 975km between Garruk and Qila Abdullah in 

We used grid analysis to evaluate HI values for equal squares over DEMs with 90m and 30m 
resolution. We obtained ASTER GDEM from http://www.ersdac.or.jp/GDEM 
resolution. We obtained accurate data related to HI values through DEM SRTM 90m. The 
HI values indicate variations along lithological and tectonic boundaries [19]. 

l Autocorrelation (Moran’s I) 
Spatial autocorrelation evaluates the distribution of HI values in different spatial patterns. 
The spatial statistical analysis evaluate autocorrelation in geo referenced data and spatial 
association. The global spatial autocorrelation tool can evaluate clustered, random and 

In this tool none of observations are represented by N and weight of 
each observation is recorded by SWM [20, 21]. Figure1. Shows the value of Moran which 

ve correlation. Its value may not be zero but it may be near to 

Figure1. The value of Moran remains between -1 to +1, where +1 indicates the positive 
1 gives the negative correlation. 

DEM resolution and HI computation 
The value of HI for Chaman fault and its surrounding can be calculated using SRTM DEM 
with 30m and 90m resolution. The drainage channels of Hindukush are less wide than 1km 
so we used grid of 1 km for analysis. The grids of different sizes were used for the analysis of 
dependency of distribution of HI values on scale. 
HI value is mainly calculated through this equation. 
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Topographic Surface roughness (TSR)
The texture of surface can be evaluated through topographic surface roughness method. 
This tool is quite helpful in study of terrain as it displays various geographical features which 
include erosion, crenulations allocation and features of landform. The ratio of surface area to 
plane area is known as surface coarseness which is used for the analysis of 
structures. We computed the surface coarseness using SRTM DEM surface tools v. 2.1.254 
for ArcGIS [22]. 
Results and Discussions 
Chaman is a seismically active fault, hosting a number of Earthquakes having magnitude 
ranging from 7 to 8.1. According to Pakistan’s geological survey, the acceleration ranged 
from 0.24 to 0.4 for Chaman fault system. SRTM data suggests that the four faults of 
Chaman face variation up to 110 km which is nearly 7.8mm per year. The SRTM DEM 
investigation indicates that northern region of Chaman fault is experiencing aseismic slip 
movement. 
The results show that the northern region of Chaman fault indicates slip rates ranging from 
5.2-18.1mm per year. The HI GI* Hot spots extracted through SRTM DEM are shown in 
Figure 2-7, the slope and TSR is mapped in Figure 8,9.
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Fig. 4.1 Hi values distributions from SRTM 
DEM for 1 Km grid

Fig. 4.3 HI GI* Hot spots and cold spots 
for 3000 m forn1 km 
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Fig. 4.1 Hi values distributions from SRTM 

DEM for 1 Km grid 
Fig. 4.2  Hi values distributions 

from SRTM DEM for 500 m grid 

 
Fig. 4.3 HI GI* Hot spots and cold spots Fig. 4.4 HI GI* Hot spots and 

cold spots for 3000 m for 500 m.
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Fig. 4.2  Hi values distributions 

from SRTM DEM for 500 m grid  
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Fig. 4.5  HI GI* Hot spots and 
cold spots for 6000 m 500m.
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Fig. 4.5  HI GI* Hot spots and 
cold spots for 6000 m 500m. 

Fig. 4.6 HI GI* Hot spots and 
cold spots for 6000 m for 1 km. 
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Fig. 4.6 HI GI* Hot spots and 

cold spots for 6000 m for 1 km.  
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Fig. 4.7 Slope map for the study 
area.  

The global Moran index (GMI) statistics demonstrate that the HI
correlated and show high positive z
similar DEM, the z-scores reduce; indicating that the spatially disseminated autocorrelation 
patterns are dependent on scale.DEM spatial resolution also influences the z
SRTM data, z-scores are reduced in contrary to values from GDEM data; though, these 
changes are small. 
The hotspot investigations made with different DEMs and the similar grid size are 
comparable, but when the square grid size is increased the resolution of the hot spot is also 
lost (e.g., the spatial resolution of hotspots for a grid size of 1 km, 2 k
dissimilar). As a result, we can say that GMI and Gi* investigations of HI values are scale 
dependent but are more robust with increasing DEM spatial resolution. The hot spots are 
spatially distributed along almost NE
adjoining regions. The CF and its plays are generally NE
the general pattern of younger recent faults is being transformed from NE to the NW, 
cutting across the NE-trending older faults. The noticeable v
directing faults and the younger N to NW
deformation style has occurred, from an preliminary stage of shortening to a more recent 
phase of shearing and NW-directed crustal extrusion a
of broad deformation is consistent as found in the slope and topographic surface maps as 
well (Figures 8 and 9.) 
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of broad deformation is consistent as found in the slope and topographic surface maps as 
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Conclusions 
Chaman fault is a seismically active fault running over 850km in western region of Pakistan 
and Afghanistan. We calculated values of hypsometric integral using SRTM DEM with 90m 
spatial resolution in active region of Chaman Fault (CF) and in its locality. The re
that the northern region of Chaman fault indicates slip rates ranging from 5.2
year. 
The results depend upon the techniques and methods applied on Chaman fault. 
calculated values of hypsometric integral using SRTM DEM with 90m spa
active region of Chaman Fault (CF) and in its locality. High and low HI values and global 
Moran’s Index are tools used to evaluate geomorphic structures of Chaman fault and its 
vicinity. These tools identify and calculate the spatial pat
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