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ABSTRACT: 
 
The Himalayan region has experienced a number of  large magnitude earthquakes in the past. Seismicity is mainly due to tectonic 
activity along the thrust faults that trend parallel to the Himalayan mountain belt. In order to study the ongoing tectonic process, 
we report Global Positioning System (GPS) measurements of crustal deformation in the Garhwal-Kumaun Himalaya through two 
continuous and 21 campaign stations. We collect GPS data since 2013 and analyze with the GAMIT/GLOBK suite of post-
processing software. Our estimated surface velocities in ITRF2008, India-fixed, and Eurasia-fixed reference frame lie in the 
range of 42−52 mm/yr, 1−6 mm/yr, and 31−37 mm/yr, respectively. We observe insignificant slip rate (~1 mm/yr) of HFT that 
indicates its locking behavior. The slip rates of MBT and MCT, however, are consistent with the seismic activity of the study 
region. 

 
1. INTRODUCTION  

The Indian plate seated at the northwestern end of the Indo-
Australian plate has been continuously colliding with the 
Eurasian plate since 50 Ma. The Himalayan syntaxis 
located just above this plate boundary forms an arc that 
extends ∼2400 km across the continent, starting from 
Kashmir Himalaya to Northeast India. This persistent 
collision breaks the Himalayan subcontinent into three 
active thrust faults, namely the Main Central Thrust 
(MCT), Main Boundary Thrust (MBT),1and the Himalayan 
Frontal Thrust (HFT). It is believed that these three major 
faults meet into another thrust fault beneath the Himalaya, 
known as the Main Himalayan Thrust (MHT). This thrust 
system hosts many moderate to great hazardous 
earthquakes viz. 1905 Kangra earthquake (Mw 7.8), 1934 
Bihar-Nepal earthquake (Mw 8.2), 1950 Assam earthquake 
(Mw 8.4), 2005 Kashmir earthquake (Mw 7.6), and 2015 
Gorkha earthquake (Mw 7.8). The occurrence of these 
disastrous earthquakes is a testimony to the ongoing 
tectonic process along the Himalayan arc. To study this 
tectonic activity many of geologic and geodetic studies 
have been undertaken. These studies suggest that the Indian 
plate is converging towards the Eurasian plate at a rate of 
~50 mm/yr. However, 50% of this convergence rate is 
accommodated in the Himalayan arc itself (England and 
Molnar, 1997; Holt et al., 2000; Wang et al., 2001). 

                                                           
1 Corresponding author 

The GPS measurements across the Himalaya in Nepal 
suggest a shortening rate of ~20 mm/yr (Bilham et al., 
1997; Jouanne et al., 1999, 2004; Larson et al., 1999; 
Bettinelli et al., 2006). These GPS measured convergence 
rates are comparable with the long-term geological 
convergence rates. The HFT is the southernmost, youngest 
member of the Himalayan fold and thrust belt. A shortening 
rate of 21±1.5 mm/yr along the HFT in the Nepal Himalaya 
inferred from fluvial terraces (Lave and Avouac, 2000). In 
further North of the HFT near MCT, the shortening rate 
estimated in the range of 7−19 mm/yr (Schelling et al., 
1991). In the NW Himalaya across the Kangra region, 14±2 
mm/yr shortening rate was estimated from balanced cross 
section (Powers et al., 1998) and slip deficit rate of 14±1 
mm/yr on the HFT deduced from GPS measurements 
(Banerjee and Burgmann, 2002). In the Dehradun region of 
Garhwal Himalaya, the long-term shortening rate of 11±5 
mm/yr across the HFT was estimated (Powers et al., 1998; 
Wesnousky et al., 1999).  Convergence rate of 15 mm/yr 
was inferred from GPS observations across the Kumaun 
Himalaya (Ponraj et al., 2010). Further, for the MHT, the 
slip rate was estimated to be 10 mm/yr (Ponraj et al., 2011) 
and the slip deficit rate was estimated to be 18 mm/yr 
(Gautam et al., 2017) from GPS measurements. 

2. GPS DATA ACQUISITION AND ANALYSIS 

Our study area is the Garhwal-Kumaun region in the 
Northwest Himalaya (Figure 1). In this region two GPS 
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networks were established in 2013. The first network 
comprises two permanent stations THKD (29:1486°N; 
78:8569°E) and DHLC (29:6741°N; 79:7870°E) along with 
eight campaign sites (NYGN, GTGH, MNGL, NATL, 
RAGT, CHRA, JNVN, ALMR) lying arc normal to the 
Himalayan foothills. The other network comprises 13 
campaign sites (I001, I002, I006, I007, I009, I010, I011, 
I013, I015, I016, I017, I018, I019) along the Himalayan 
arc. Each permanent station is constructed on  a concrete 
pillar on top of which the GPS antenna is mounted. The 
GPS receiver, connecting cables, solar panels, an 
uninterrupted power supply (UPS) for the power back up, 
and internal batteries for an emergency are placed to 
complete the site establishment. All of the campaign sites 
are chosen on the Reinforced Cement Concrete (RCC) 
government/private building rooftops with a clear sky 
visibility. The major geological fault lines passing through 
this GPS network are HFT (near Kaladungi, in between 
NYGN and GTGH), MBT (near Bajoon, close to I001), and 
Almora thrust (in between JNVN and ALMR). We extend 
our study region using published results in further north up 
to MCT to analyze the crustal deformation of  whole 
Garhwal-Kumaun Himalaya. 

 
 
Figure 1. Study area in Garhwal-Kumaun Himalaya (Ponraj 
et al., 2010). 
 
We use the GPS observation from two permanent and 21 
campaign stations from 2013 to 2017. The GPS surveys are 
generally carried out annually for the permanent stations. 
All the campaign stations are occupied for 2−3 days twice 
or thrice in a year for data collection. The GPS data are 
process using the GAMIT/GLOBK suite of post-processing 
software (Herring et al., 2010) with International GPS 
Service (IGS) fiducial sites surrounding the Indian plate, 
namely, CHUM, COCO, DARW, DGAR, GUAO, HYDE, 
IISC, KIT3, LCK2, LHAZ, POL2, SHAO, SOLA, TEHN, 
URUM, and WUHN. In GAMIT, double difference carrier 
phase observations of GPS were used to estimate the 

station co-ordinates, receiver clock parameters, zenith 
delay, atmospheric delay, and orbital and Earth rotation 
parameters. To reduce errors in GPS-derived positions, 
solid Earth tides and ocean loading effect were taken into 
account by using the global tide model FES2004, which is 
a pure hydrodynamic tide model turned to fit tide gauges 
globally. The loosely constrained daily solutions (from 
GAMIT) of all regional stations are combined in GLOBK 
with the corresponding IGS daily solutions processed and 
archived at the Scripps Orbital and permanent Array Center 
(SOPAC). The repeated coordinates of GLOBK were 
plotted in a time-series plot using Generic Mapping Tool 
(GMT) and the GG-MATLAB (GAMIT-GLOBK 
MATLAB) toolbox for better visualization of the site 
movement. 

3. RESULTS 
 

Horizontal velocities estimated in International Terrestrial 
Reference Frame 2008 (ITRF2008) are observed to lie in 
the range of 42−52 mm/yr with an uncertainty level of 
about 2 mm. In addition, to analyze the deformational 
patterns in a regional scale, we re-calculate these velocities 
in India-fixed reference frame that lie in the range of 1−6 
mm/yr with an uncertainty level of 3 mm. These velocities 
in the Eurasia-fixed reference frame lie in the range of 
31−37 mm/yr with an uncertainty level of 2 mm. 
 

 
Figure 2.  Surface velocities in ITRF08 of the Garhwal-
Kumaun Himalaya with major fault lines. 

Surface velocities of the two premanent stations estimated 
as 49 mm/yr (THKD) and 47 mm/yr (DHLC), whereas the 
velocities of all the campaign stations varies between 43 
mm/yr to 52 mm/yr in ITRF2008 reference frame.  The 
regional surface velocities are now used to estimate the 
underneath slip distribution and fault potential in the study 
region. In this regard, we have used a two-dimensional 
dislocation model inversion in an elastic, homogeneous and 
isotropic half-space (Okada, 1985, 1992). The initial fault 
parameters values for this dislocation model are provided 
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from the available geological studies. In order to derive 
more detailed velocity field along Himalayan arc, many of 
the published velocity fields are combined so that they are 
consistent at the common reference frame (Banerjee et al., 
2008; Ponraj et al., 2010; Kundu et al., 2014; Jade et al., 
2017;  Gautam et al., 2017). 

 

Figure 3. Fault-normal (red) along N40°E and Fault-
Parallel component (blue) across N40°E after fixing THKD 
station along the N290°E fault strike of the Himalayan arc. 

We choose a N40°E profile across N290°E fault strike of 
the Himalayan arc. We fix the THKD station to see the 
relative movement of other sites. Fault-normal component 
along this profile varies from −2 mm/yr to 16 mm/yr 
(Figure 3). This pattern of velocity gradient indicates 
dominant thrust faulting in the study region. Near the HFT 
fault-normal component does not show much variation in 
the relative movement with respect to fixed THKD station. 
We estimate the slip rate of HFT as ~1 mm/yr with the dip 
angle N22°E. Our estimation shows that the MBT is 
dipping at N23°E with a slip rate of ~10 mm/yr. In the 
further north of MBT near MCT, the fault normal 
component varies between 2 mm/yr to 16 mm/yr (Figure 
3). The slip rate of MCT observe ~6 mm/yr with the dip 
angle N29°E. 

 

Figure 4. Fit to the Fault-Normal and Fault-Parallel 
component after fixing THKD station. 

The fault-parallel component is fluctuates between −5 
mm/yr to 5 mm/yr. After fitting the GPS data, we observe 
that fault-parallel component shows a linear trend of 
velocity gradient (Figure 4). 

4. DISCUSSION  

The GPS measurements spanning five years (2013-2017) 
provide well-constrained present-day deformation rates in 
the Garhwal-Kumaun Himalaya. The slip rate of ~1 mm/yr  
for HFT show that it is locked and will eventually fail in 
future great earthquakes. This concept of locking of HFT is 
also consistent with some previous studies (Banerjee and 
Burgmann, 2002; Bettinelli et al., 2006; Ponraj et al., 2010; 
Jade et al., 2014; Dumka et al., 2014; Gautam et al., 2017). 
We found that in the further north of HFT, the MCT is 
seismically more active and release the strain energy over 
the time (Ponraj et al., 2011; Dumka et al., 2014, 2018; 
Jade et al., 2014). Finally, 2D modeling and strain 
accumulation studies with additional data sets will be carry 
out in the future study for improving our understanding of 
crustal deformation in the Garhwal-Kumaun Himalaya. 
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