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1. INTRODUCTION 

Nanga Parbat Haramosh Massif (NPHM) lies on the western margin of Himalayas, which is one of the most active regions in 
the world [1]. The devastating earthquakes of 5.3 and 6.2 Mb on 1st and 20th November, 2002 and their aftershock 
distribution suggest that the area is tectonically active [2]. The stream profile analysis was applied on the extracted drainage
network to calculate geomorphic indices [3]. The seismic activity of the area was investigated using focal mechanism 
solutions (FMS), source characterization and event sequence [4-6]. The anomalous drainage patterns, drainage 
discontinuities and spatially variable distribution of geomorphic indices were correlated with the seismic activity in the area.

2. STUDY AREA 

NPHM is the part of north-western Himalayan Fold and Thrust Belt (NWHFTB)[1] which was produced due to the thrusting 
of the Indian plate beneath the Eurasian plate during Himalayan orogeny. This massif consists of gneisses and schists with 
complex fault system. The recent seismic activity lies on an active seismic zone between Sassi and Raikot from north to 
south and is called as Raikot - Sassi fault zone. This zone consists of complex faults with Raikot and Shahbatot faults as 
major areas of interest. Indus River flow along this massif in east-west direction and cuts these faults. The drainage pattern of 
the area is disconnected and linearized at various locations. This massif is characterized by uplift rates of greater than 
7mm/yr with high seismicity [1, 2, 7]. 

3. METHODLOGY 

3.1. Drainage Network Analysis 

The drainage network of the area was extracted from Shuttle Radar Digital Elevation Models (SRTM 90m DEMs). We used 
D8 algorithm [8] on each pixel location and then used a least cost algorithm to calculate flow paths. The network consists of 
extracted streams with elevation and area as function of spatial location. The extracted network is under steady state 
condition and was analyzed using stream profile analysis. The spatial distribution of geomorphic indices i.e. concavity and 
steepness indices was prepared using the results from each stream profile. We used steepness index map to prepare a relative 
uplift rate map of the area [3, 9, 10]. 

3.2. Seismological Analysis

Seismological analysis is an important tool in tectonic investigations. We compiled an earthquake catalog of the study area 
using data from USGS, HMT, ISC and local resources. The Focal mechanism Solutions (FMS) were calculated using Beach 
Ball Calculator (BBC) [6]. The seismicity is observed along all parts of NPHM and especially in Raikot – Sassi fault zone. 
We identified group of earthquakes with similar orientation using the method proposed by Frohlich [4]. The earthquake 
sequence pattern with similar orientation was further analyzed using fractal dimension approach [5]. We used box counting 
method to calculate the fractal dimension [11].  



4. RESULTS AND DISCUSSION 

Drainage pattern of NPHM is disconnected at different location especially along the active Raikot-Sassi fault zone. The 
stream profile analysis of Indus River in the massif revealed four different locations of active faults.  The spatial distribution 
of geomorphic indices suggests that the western portion of the massif is more deformed as compare to any other location. We 
observed variable relative uplift rates of 7 – 13 mm/yr in different locations with higher rates in the area along Raikot fault.
The FMS and source characterization suggests that the active faults are mostly strike slip with major thrust component. The 
lower fractal dimension values suggest that the events have failed to fill up the plane in source zone. The heterogeneous 
drainage pattern, stream profile analysis and seismological characteristics suggest the active nature of the area. We found that
the western portion of the massif is highly deformed and relates to strike slip dominated thrusting. 
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