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INTRODUCTION 
 
Natural hazards like earthquakes, landslides, cloudburst and flash floods, snow avalanches 
and mass movements have affected the Himalaya for the past many centuries but their 
intensity has increased many folds in the past few decades. The hazards have claimed many 
lives and damaged many villages. The rocks of Garhwal Group and Central Crystalline, prone 
to mass wasting, dissected by thrusts, the sub-surfacial geomorphic feature DHHR (Delhi-
Haridwar-Harsil Ridge), which is an extension of Aravalli basement below the Garhwal 
Himalaya, and number of transverse faults.  
 
Adding further to the fragile set up of the area, the anthropogenic activities like change in 
the angle of repose of slopes, due to use of high explosives for road constructions are 
aggravating the mass movements.  
 
The cause of Varunavat slides, Kalindi slides and Debrani slide are linked to subsidence. The 
Varunavat mountain at Uttarkashi is lately known for its landslides which threatened the 
township and ancient temple of Vishwanath and nearly the flow of Bhagirathi to the west of 
the confluence of Bhagirathi and Indravati rivers.  
 
Actually, the mass movements in Varunavat include three types of features, 1 – the 
subsidence in the hill giving rise to cave formations and slumping en block right on top, 
engulfing thick dense forest of pine, 2 – rock fall of this slided mass due to gravity, and, 3- 
erosion by rainy water along channels on a steep slope of 45 to 70 degree. The area is 
seismically active and was affected by a moderate earthquake of 6.6 on Richter’s Scale on 
20th October, 1991 which formed wide cracks on Varunavat from Gyansu in the Bhagirathi 
course to the top of Varunavat and Sangrali-Pata village in the NE slopes. This may be 
attributed to the activity of Delhi-Hardwar-Harsil-Ridge (DHHR), the sub surface geomorphic 
feature passing through in the area in NNE direction. 
 
GEOLOGY AND TECTONIC SET UP OF THE AREA 
 
The rocks of the area have been grouped into Lesser Himalaya and Central Crystallines 
separated by the Main Central Thrust (MCT), running in NW-SE direction (Bhatt,1963; 
Jain,1971; Gupta & Dave, 1982; Saklani, 1972; Saklani & Nainwal, 1986; Purohit & Thakur, 
1988). The stratigraphic sequence of the area is given in the following table (Table 1), shows 
the lithotectonic units of the area. 
 
Table 1 
Joti Formation Staurolite-Kyanite- 
 
CENTRAL (upper Crystallines) Vaikrita Thrust Sillimanite schists and porphyroblastic 
Bhatwari Formation gneisses Migmatite, porphyroblastic 
gneisses, biotite schists. 
 



CRYSTALLINES (Middle Crystallines) Budhakedar Granite gneisses and sericite schists with 
Formation(Lower Crystallines) intercalated quartzite and basic intrusives. 
 
GARHWAL GROUP MCT Pratapnagar Quartzite Formation Quartzites, Slates, Phyllites and 
metabasics. 
 
Pratapnagar quartzite covers the Uttarkashi area and is exposed in many places like 
Lambgaon, Dhauntri, Bagi, Kamad, Thandi, in Jalkur valley; Chaurangikhal, Kishanpur, 
Manpur, Dhanpur, Mastari in Indravativalley; Uttro Bhankoli, Agora, Kalyani in Asiganga 
Valley and Uttarkashi, Hinna, Maneri, Sanj and Bazkoti hills in Bhagirathi. They have been 
intruded by metabasics near Maneri and Dedsari. The metabsics are greenish in colour and 
range in the composition from dolerite to epidorite. The crystalline rocks in Bhagirathi and 
Bhilangana valleys are constituted mainly by sericite schist, granite gneisses, chlorite schists 
and gneisses, biotite schists and gneisses, staurolite – kynaite – sillimanite schists and 
porphyroblastic gneisses and migmatites. The migmatites are gneisses, amphibolite and 
calcic. 
 
In the study area the MCT passes through Uttro – Nald (Asi Ganga Valley), Gossali-Sainj – 
Mallan (Bhagirathi Valley), Chhatera-Budhakedar (Balganga Valley) and Kanda-Mahar-Thela-
Chirbatia Khal (Bhilangana Valley) (Saklani, 1993). The subsurfacial ridge (DHHR), is the 
prime cause of earthquakes in this area (Pal 1993, 1995, 1997, and Pal et. al., 1998). This 
ridge is northward extension of Aravalli basement, which is extending from Amba Mata in 
Gujarat to Deri, Ajmer and Alwar in Rajasthan, Faridabad-Sohna in Haryana and at Delhi. 
 
Upto northern part of Delhi, this ridge is exposed on surface and becomes underground 
beyond Wazirabad bridge on Yamuna. It continues below the Gangetic alluvium in Sonepat, 
Bagpat-Meerut, Panipat-Kandhla- Muzaffar Nagar, Yamuna Nagar- Saharanpur-Roorkee and 
finally below Dehradun, Tehri, Uttarkashi and Kinnaur and beyond into Tibet (China). This 
ridge is gradually sliding towards north. This ridge remained positive across the Himalayan 
basin. Therefore, the geological continuity of various formations is not seen across this ridge 
(Pal et. al., 2000). The DHHR coincides with the Trans Himalaya conductor of Arora et al. 
(1993),Trans-Asiatic Lineament of Raiverman (1992) along Yamuna and Tin-Tungstan line of 
Misra (1996). 
It is from the experience of Uttarkashi quake of (20th October, 1991) that maximum impact 
was felt on the DHHR up to Delhi and even in northeastern parts of Rajsthan. Similarly the 
Chamoli quake of 1999, Shankar 
and Narula (1998) have shown isoseismal map where isoseist show VI intensity zone of MSK 
scale at Delhi, i.e., same as in the Garhwal area. This southerly bulging of isoseist is following 
a definite trend of DHHR, i.e., from Faridabad (Haryana) to Shipki La (Kinnaur border area) in 
NNE-SSW direction. 
Most of the landforms in the lesser Himalaya like Mussoorie and Uttarkashi hills remained 
active since Precambrian. Two well developed sedimentary belts in the lesser Himalaya are 
Krol in the south and Calc zone of Tejam and Pithoragarh in north. These are also known as 
Gangolihats and Deobans. So, the lesser Himalaya is equivalent to Vindhyas and the 
Vindhyas are underlained by Aravallis. Deobans of Chakrata area can be extended eastwards 
to Varunavat of Uttarkashi and Lameri of Rudraprayag in Alaknanda valley. In the western 
side of DHHR the Banded gneissic complex (BGC) is the basement and represented by 



Wangtu gneisses in Himachal Pradesh. On the contrary, in the eastern part, the 
Bundelkhand granite is the basement for Aravallis and represented by Amritpur granite near 
Nainital. In Uttarkashi area, Damtas are basements for Deobans and lithologically are slates 
and quartzites. So, which groups of rocks are underlying Damtas, only Aravallis is the 
possible answer. 
 
FACTORS LEADING TO VARUNAVAT SLIDE 
 
Causative factors of slope instability process were identified. Ground slope along the dip 
slope of foliation plane, weathering along joints, toe cutting of the slides due to degradation 
in the river bed, heavy rainfall and human interferences in the form of constructions of 
roads, buildings and other indiscriminate construction activities across the slope are some of 
the factors contributing to the destabilization of slopes. Reactivation of DHHR is among the 
important factors for the cause of mass movements. Besides this, the fracture planes 
parallel to the MCT in the NW-SE direction are further aggravating the slope failure. 
 
Neotectonic activities in the form of downward gradual movement of Delhi-Haridwar-Harsil 
Ridge (DHHR), an extension of Aravalli basement are directly linked to frequent seismic 
tremors and the landslides like Varunavat in the Uttarkashi area (Fig 3). This made the slope 
more prone to failure. Downward movement of DHHR gives rise to creation of cavities/open 
spaces between the Aravallies and overlying Lesser and Higher Hiamalaya. The sinking and 
adjustment of base finally leads to cave in subsiding and slumping of hills. This happened in 
the case of Varunavat slide, in spite of the fact that the hill was clad with thick forest. 
Sometimes, energy gets trapped below Himalaya and above the basement of the Aravalli, 
and gradually gets released in the form of shocks from a much less depth, i.e., 4-6 km. The 
subsidence was noticeable in first phase by cracks in houses, fissures in ground and wide 
cracks in open areas like on the top of Varunavat. 
 
Other important causes leading to slope failures are old landslide zones in the area. All these 
slides are developed on a large old landslide zone of Varunavat mountain on the northern 
flank of Uttarkashi. The idea of old landslide zone is supported by the fact that the lower 
trunks of pine trees are bend outwards at about 1-1.2 feet above the ground and bends are 
away from the slope. This uniform pattern of bending may be attributed to mass wasting 
process at the early growing stage. Moreover, around 25 meter thick debris with boulders of 
phyllite, quartzites and sometimes metabasics are lying in the crown and upslope area of 
slide zone supports the idea of old slide . 
 
Uttarkashi is situated exactly at the crest of Delhi-Hardwar-Harsil ridge (DHHR). Along the 
crest of ridge tension is predominant and this leads to slope failure and mass wasting. 
Lithologically Varunavat hill comprises quartzite, phyllite, metabasics, and limestone. The 
boulders and cobbles of these rocks are forming a loose deposit of colluvial nature with high 
clay content. The Uttarkashi earthquake of 1991 left fissures or cracks in the crown of this 
old landslide zone. Their width ranges from a few cm to a meter. In addition to this, phyllites 
and quartzites are exposed in the active scarps of these slides have four sets of open joints 
(Uniyal, A., and Pande, et. al.,2003). 
 



The wide cracks and joints have acted as avenues for the percolation of rain water and 
surface run-off. The heavy rain in the monsoon of 2003, 652.03 mm in the month of July 
and 602.30 mm in August, enhanced the seepage in already loose nature of deposits with 
old slide debris as the over burden. The increase pore water pressure further exerted 
thrust on the driving forces along the slope and resisting forces decreased due to cutting 
by the river Bhagirathi and unplanned construction along the base. The angle of repose of 
slope material was changed by constructions of roads and buildings. Sometimes the 
modified slope became steeper to the extent of 80° or more that exceeded the angle of 
repose. Using powerful explosives in the constructions of dams and tunnels in the 
surrounding area is disturbing the already fragile setup.  
 
Further, the unlined hanging horizontal smaller drains on Varunavat in the crown area may 
have led to seepage of water into the fractured rock mass. All these factors and their 
cumulative effects led to emerging of two large complex slides, first being the Ramlila 
Maidan slide and the second is the Masjid- Mohalla and Horticulture Colony slide, the latter 
one again splits into two at its base. Its right flank is affecting Masjid Mohalla and 
Horticulture Colony, whereas the left may effect Jal Sansthan and Collectorate Colony in the 
events of rains. The high clay content on Varunavat further aggravated the landslides as 
there is expansion and shrinkage along its cliff. 
  
In Uttarkashi area, there are two sets of joints or cracks in rocks. First ones are those are 
parallel to DHHR or NE 30-40 degree and second set joints 130-140 degree or NW-SE cracks. 
Sometimes there is a set of joints in between them and lie exactly in N-S position. Major 
streams in the area follow exactly the NW-SE direction. 
 
Joints parallel in NW-SE direction can be termed as bedding joints since the major bedding 
in limestone and slate in the area are in NW-SE direction. Major landslides in and around 
Uttarkashi area are result of these joints. The very presence of the NW-SE joints is well 
supported by the course of river Bhagirathi in the area. 
 
The moment it crosses Uttarkashi and flows further in downstream direction it follows a 
north-westerly courses at Gyansu, Badethi and Matli areas at a regular intervals of almost a 
Km. This particular course or channel at regular intervals support the presence of joints in 
the same direction. 
 
SUGGESTIONS AND PRECAUTIONS 
 
The fragile set up of Himalaya and ever increasing impact of slope instability requires 
scientific hazard management plan. In addition to this, the seismic tremors and flash 
floods are further aggravating the landslide processes. Interdisciplinary approaches would 
be more effective to control and manage landslides and that too on region to region basis. 
Prevention of large landslide like Varunavat is difficult but common sense and good 
engineering practice can do much to minimize the hazard. 
 
Retaining walls constructed from concrete cribbing, gabions (stone-filled wire baskets), or 
piles (long concrete, steel or wooden beams driven into the ground) can be designed to 
provide support at the base. These supports should be provided with drain holes to reduce 



the chances of water pressure building in the slope. The slope can be cut into a series of 
benches or steps. Surface and subsurface drainage control measures may be more effective 
in the case of Varunavat slide as there was a unlined canal at the top of crown for irrigation 
purpose where percolation of water could have taken place and led to instability of the 
slope. Surface water can be diverted around the slope by a series of drains. The amount of 
water infiltrating the slope can also be controlled by covering slope with an impermeable 
layer, such as soil-cement, asphalt or even plastic material. An air-bridge can be installed 
from slide zone to river, so, the debris can directly go to the river. 
 
Some of the precautions should strictly be taken in future are given below: 
 
1. New settlements in the area should be done in consultation with geologists and 
geophysicists. 
 
2. No settlements should be allowed on the slopes of more than 55° and building codes and 
laws must be followed in the landslides prone areas. 
 
3. The effected and other places in the area are situated on the colluvial fans, morainic 
deposits and thrust zones should be shifted to safer regions. 
 
4. Building construction along the banks of river should be avoided. 
 
5. Early Warning System must be installed in the landslide prone areas as it gives the 
information of slide a couple of hours before. 
 
As there are plans to construct new roads at national and state level and widening of 
existing highways, detailed geological and geo-morphological, surfacial and sub-surfacial 
surveys are needed in Uttarakhand. 
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