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1. Introduction
A landslide occurred on 19.05.2017 in the afternoon, along Badrinath route on the
National Highway-58 near Vishnuprayag, Chamoli district, Uttarakhand. The slide occurred
on the southern slope of a ridge locally known as Hathi Parvat during the peak yatra season
which left thousands of pilgrims stranded on both side of the landslide as per the media
reports. Consequently, the vehicular traffic was affected for a night. There was no report of
any loss of lives/ injury and property. Considering the magnitude and urgency of the event,
the SU: Uttarakhand immediately constituted a team of two officers for carrying out postdisaster geotechnical studies of affected areas and to suggest immediate remedial measures.
The landslide is located at latitude 30º 33ʹ 48.4", longitude 79º 34ʹ 08"and falls in
parts of Survey of India Toposheet number 53N/10. The landslide occurred about 10.5 km
away from Joshimath town towards Badrinath on the right bank of the Alaknanda River,
about 800 m downstream of Vishnuprayag (Fig. 1; Photo: 4).
The study area can be approached by the National Highway No. 58 (NH-58) which
connects Rishikesh with Joshimath. Joshimath is the main township near the study area. The
nearest railhead is at Rishikesh which is about 270 km and the nearest airport is at Dehradun
which is about 300 km away from Joshimath.
The team, comprising Shri Dharmendra Kumar and Miss Vinay, Geologists, State
Unit: Uttarakhand, GSI, Dehradun, studied the landslide on 22.05.2017 with an objective to
1) evaluate the landslide affected area by recording morphometric, geomorphologic,
geological parameters, damage and risk to various elements and causative factors, etc., 2) to
suggest site specific short-term remedial measures for restoration of the stability of affected
areas.
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Fig. 1: Location map of Hathi Parvat Landslide

The study of multi-temporal images of google earth reveals that the landslide in the
area first occurred after the year 2014 and the slide material has shifted the river course
towards the left bank which in turn has triggered a debris slide on left bank due to the toe
cutting and scouring by the Alaknanda river (Photo: 8). The area has already been mapped as
part of GSI’s National Landslide Susceptibility Mapping (NLSM) Programme during Field
Season 2014-15 and the location of this particular landslide falls in “High” Susceptible Zone.
It’s worth mentioning here that on the same stretch of road, about 600 m downstream
of Vishnuprayag bridge site, on 6th July 2004, at 4 P.M., while the road clearing operation by
BRO was in progress, a rock fall from upslope took place and the rock blocks hit the parked
vehicles on the road. One bus was severely hit by the shooting rock blocks and the bus
plunged in the swirling waters of Alaknanda. Other two vehicles were also severely damaged
by the shooting rock blocks causing the death of occupants (Rawat and Singh, 2004).
2. Regional Geology
The Hathi Parvat slide area is located within the Uttarakhand segment of the Main
Himalayan Belt. The Main Himalayan Belt is restricted by a number of linear elastic shear
zones fragmenting it into numerous tectonic slices of variable dimensions. The Himalayan
Metamorphic Belt is one such tectonic slice of regional magnitude within the Main
Himalayan Belt, comprising the Central Crystalline Group of rocks with syn- to postPage 2 of 16

granitoids, basic rocks and migmatisation. The regional geological setup of the area is
shownin Table 1. The area exposes Central Crystalline Group of rocks which are thrusted
over the Garhwal Group of rocks represented by the Chamoli and the Pipalkoti Formations,
along a northerly dipping major tectonic discontinuity known as Main Central Thrust (MCT)
passing south of the study area (GSI Special Publ. 26, 1989; Kumar, G, 2005).

1. Physiography and Drainage
The Alaknanda river, draining an area of 12,173 sq. km, is the main river in the area
which originates from Satopanth-Bhagat Kharak group of glaciers. The major tributaries of
Alaknanda are Dhauliganga, Patalganga, Nandakini, Mandakini and Pindar. The area is
covered by closely spaced network of channels, tributaries, streams fed by spring water. The
drainage patterns are both tectonically and lithologically controlled in this active Himalayan
Fold-Thrust-Belt (FTB). The antecedent higher order streamsflow transverse to the structural
axes in deeply incised channel with irregularly terraced patches of Quaternary gravelly and
sandy deposits along its path in the Himalayan belt. Most of the geomorphic features in this
terrain are attributed to polycyclic, endogenic and exogenic processes of varying magnitudes,
influenced largely by the active tectonism of the Himalayan FTB. The valleys are deep, steep,
narrow, and, channel gradient is high. The channel material mostly comprises of pebbles,
cobbles, boulders in a sandy matrix resting over rocky floor. Fluvial terraces consist of
cobbles, boulders, pebbles, sandy clay and thick sand horizon preserved on the river banks.
The mountain range on either sides of the river forms high craggy smooth surfaces due to
snow action and rise above 3000 m MSL. The geomorphic cycle is in youthful stage and
hence the denudational processes are operating at a faster rate with highest energy that is
why, mass wasting processes are so dominant and common phenomenon in this fragile
terrain.
2. Seismicity
Uttarakhand being part of Himalayan FTB also lies in a seismologically active zone.
The epicentres of the main and aftershocks of the seismic events of Uttarkashi Earthquake of
20th October 1991 and the Chamoli Earthquake of 29th March 1999 show clustering close to
MCT (Kayal et al. 1992; Narula et al. 2000). The study area falls under seismic Zone V of
Seismic Zoning map of India (IS8493:2002) corresponding to zone factors of 0.36g (effective
peak ground acceleration) of seismic intensities VIII (MSK-64 scale). All the above referred
major earthquakes also triggered/ induced many landslides in this terrain.
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Table No. 1

Litho Stratigraphic Succession
(After GSI Special Publ. 26, 1989; Kumar, G, 2005)
Formation/member

Group

Quaternary

Undifferentiated Terrace Alluvium and Colluvium

Age
Holocene

---------------------Unconformity-------------------Undifferentiated Debris aprons

Holocene Pleistocene?

--------------------Unconformity------------------Quartzite, Slate, Mica Schist,
Basic
rocks,
Limestone,
Dolomite, minor Magnesite
Quartzite, Calc-Slate, Dolomite, Meso - Proterozoic
Pipalkoti
Limestone, minor Magnesite,
(1600 – 1000 Ma)
Formation
Talc
Pt2
------------------------MCT--------------------------Pandukeshwar
Quartzite, Garnetiferous Quartz
Formation
Biotite Gneiss/Schist, Quartzofelspathic Gneiss with Quartzite
intercalations
Joshimath
Streaky Banded/Augen Gneiss,
Formation
Garnetiferous Mica Schist, Palaeo - Proterozoic
(2500 – 1600 Ma)
Kyanite Mica Schist, minor
Pt1
Marble and Quartzite

Central Crystalline Group

Garhwal Group

Chamoli
Formation

Helang Formation

Quartz Mica Schist, Chlorite
Schist, Augen Gneiss, Quartzite,
minor

Calc-Silicate

Rock,

Marble and Basic Rocks
Archean

Not exposed

3. Site Geology
The rock exposed near the Hathi Parvat landslide area Quartzo-felspathic gneiss with
lenticular bands of quartzite showing well developed foliation/ gneissosity (Photo: 2) and
schistose interbands. The rock mass is hard, compact and jointed (Photo: 7), with
foliation/gneissosity exhibits dipping into hill i.e. 55o towards N5oW. In addition to

Page 4 of 16

foliation/gneissosity, the rock mass has also been traversed by five sets of prominent and one
random joints.
4. Description of Landslide
This particular landslideis a rock slide (Photo: 1&2), occurred along steep/
escarpment slope having angle more than 45o. The general ground slope in the area is about
570 toward S100W. The rock slide has a width of about 100 m, length ~150 m and height ~80
m. The area is mostly barren with sparse vegetation cover at places. The gneissic rock massis
exposed all along the road section as well as in upper reach with thin mica schist bands. The
material involved in the slide comprises of angular rock blocks and fragments (Photo: 5&6)
of gneisses and mica schist. The slided materials are accumulated on road side (Photo: 5) as
well as below the road level i.e. on right bank of river. The triggering factor seems to be
rainfall and uncontrolled blasting, un-scientific and unplanned road widening activities
without any proper slope protection measures have loosened the rock mass and reduced its
shearing strength which accentuated the failure during first phase of heavy rainfall there. As
per media report, the area has been receiving moderate to heavy rainfall and hailstorm
intermittently.
5. Geotechnical assessment
Based on the preliminary assessment, it seems that the landslide has occurred due to
planar failure (Photo: 2) along valley dipping joint (J2) and few wedge failures; in
combination with road cutting activities. For appreciating the geo-scientific cause, the joint
data (Photo: 3) have been collected and analysed kinematically, which are shown in Fig.2&3.
Table-1: Characteristic of Joints
SL.
No.

Joint
No.

Attitude
Dip
Dip
amount
Direction

1.

J1

550

N3550

2-60

Continuit
y/
Persisten
ce
>6m

2.

J2

550

N1850

5-200

> 8m

3.

J3

650

N3000

5-30

< 2m

4.

J4

720

N2750

25-100

>6m

Spacing
(in cm)

Characteristics
Apertu Condition
re/Ope
ning
Tight

MSP-RU

Open
>5cm
Tight
to open
0.5mm1cm
Tight

SP-MSP
RU

SP-MSP

Remarks

Foliation, hillside
dipping
Valley
side
dipping
Oblique,
downstream
dipping
Downstream
dipping,
Slickensided
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5

J5

650

N1400

5-20

>1m

Tight
to open
<
0.5mm

MSP-RU

Oblique,
Upstream dipping

6

J6

770

N1050

5-300

>5m

tight

RU

Oblique,
Upstream dipping

Remarks: RU: Rough Undulatory, MSP: Moderately Smooth Planar, SP: Smooth Planar

The kinematic analysis (Fig. 1 and 2) shows that, the joint J2 is most crucial planar
fabric in rock mass which attributed to planar failure in unstable zone-I (Fig. 1). This has also
been observed in field, along which the rock mass got slided. In addition to this marginal
wedge failure has also been observed due to intersections of some other prominent joint
planes. The stereographic projection (Fig. 2) shows that the intersections of joints J4 & J5
and Joints J2 & J3 are falling on margin of unstable zone. The analysis however, shows no
toppling failure (Fig.3). Since, rock mass is jointed,having opening more than 5cm at places
and dislodged, the valley dipping joints are loosened furtherdue to blasting,fluctuation
intemperature and ingress of water due to sudden spurt in rainfall in the area. The surface
runoffwhilepassing through these joint planes results in decrease ofshear strength of rock
mass which leads to sliding along unfavourably-oriented joint planes (Figs. 2 & 3).

Fig 2 & 3: Stereographic projections of Joint planes and Topography showing their mutual
kinematic relations
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6. Causative Factors
1. Rainfall and uncontrolled blasting, unplanned and un-designed road widening
activities without any immediate and proper slope protection measures have
loosened the rock mass and reduced its shearing strength which accentuated the
failure during first phase of heavy rainfall there.
2. Planar failure along steep valley dipping joint planes (Joint J2) and also the wedge
failure due to the intersection of the various joints (J2 & J3 and J4 & J5). Based on
the field geological observations and kinematic analysis of the joints, prima facie,
planar failure is the primary mode of failure.
3. Toe cutting and negative slope have been formed during unplanned/ undesignedroad widening, which facilitated daylighting of valley dipping joint planes,
which became instrumental and vital reasons for such type of failure on steep slopes.
4. Mica schist bands on saturation easily lose its shearing strength and acts as a
lubricating medium for down slope moving mass. Schistose rocks are also prone to
weathering and erosion too which also weakens the rockmass.
5. As the foliations are dipping into hill and intercepted by valley dipping joints. On
saturation, detachment along mica schist bands and subsequent sliding of big rock
blocks along such day-lighted valley dipping joints became instrumental for this
rockslide.
6. The valley dipping joint planes (e.g., J2) are also wide open at places (more than 5
cm even). During rains, percolation of water along these joint planes led to lowering
of shear strength of the rock mass resulting failure.
7. Recommendations
1. Removal of overhangs and precarious rock blocks on the slope.
2. Rock bolts of adequate length (as per design specification) to stitch the jointed rock
mass. Rock bolts should be inserted at the right angle to the foliation joints and
valley dipping joint planes.
3. Layer of shotcrete with wire mesh on the freshly exposed rock face to seal the
opened joints as well as to prevent the percolation of water along joint planes and
weathering action.
4. Removal of slide material and construction of concrete breast wall at the inner edge
of the road along the affected stretch.
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5. RCC retaining wall on the right bank of Alaknanda river to protect road at affected
stretch and its foundation should be anchored below the scour depth, preferably on
bedrock. Top of the RCC wall should be kept above H.F.L.
6. Uncontrolled blasting would lead to widening of joints and detachment of distressed
rock mass, therefore controlled and designed blasting techniques depending on the
rock mass conditions needs to be adopted.
7. Near this location, there is a debris slide on the left bank (Photo 8) which also needs
immediate treatment. Sliding debris mass would shift the river flow towards right
bank, causing damage to the retaining structures and in turn damage to road
(National Highway) located on upslope area. Gabion wall would be effective to
arrest the moving debris mass as well as for the left bank protection.
8. As this road is proposed for widening and open excavation would lead to number of
landslides along this stretch. Therefore, an option of underground tunnel may be
explored to negotiate this stretch, which prima-facie appears to be feasible.
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Annexeure-1
DETAILED GEO-PARAMETRIC ATTRIBUTES OF LANDSLIDE
Sl. No Field
Description
1
2
3
4
5
6

Slide No.
State
District
Toposheet No.
Name of Slide
NH/SH/Locality

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Latitude
Longitude
Length (m)
Width (m)
Height (m)
Area (m2)
Depth (m)
Volume (m3)
Run out distance
(m)
Type of material
Type of movement
Rate of movement
Activity
Distribution
Style
Failure Mechanism
History
Geomorphology
Geology

26

Structure

27
28
29

Landuse/Landcover
Hydo-geological
condition
Triggering factors

30
31

Death of persons
People affected

UK_CHAM_NH_01 (Hathi Parvat)
Uttarakhand
Chamoli
53N/10
Hathi Parvat Slide
NH-58, About 1km upstream of Marwari bridge on Alaknanda
River
300 33’48.4”
Elevation
0
±1453m
79 34’08.0”
~150m
~100m
~80m
Approx. 15,000 sq. m.
~3 – 4m
-Big blocks of gneisses with mica schist.
Rock Slide
Very Rapid
Reactivated
Retrogressive and widening
Single
Dominantly Planar failure but wedge failure also.
After 2014 and May-2017
Escarpment, highly dissected, steep obsequent valley slope
Streaky & banded, augen gneiss, migmatites, kyanite & sillimanite
bearing schists and gneiss with bands of quartzite associated with
garnetiferous mica schist of Central crystalline.
J1 (Fol.): 500-550/N3550, J2: 500-600/N1750-1850 (valley dipping,
J3: 600-650/N3000, J4: 700-750/N2700-275, J5:75-80/N100-110
Barren
Dry at time of study
Rainfall and anthropogenic activity such as road cutting and
blasting.
Nil
Nil
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32
33

Livestock loss
Communication

34
35

Infrastructure
Agriculture/Forest/
Barren
Geo-scientific
causes

36

Nil
Rishikesh-Badrinath National Highway (NH-58) blocked for
overnight.
---Barren
1. Rainfall and uncontrolled blasting, unplanned and undesigned road widening activities without any immediate and
proper slope protection measures have loosened the rock
mass and reduced its shearing strength which accentuated the
failure during first phase of heavy rainfall there.
2. Planar failure along steep valley dipping joint planes (Joint
J2) and also the wedge failure due to the intersection of the
various joints (J2 & J3 and J4 & J5). Based on the field
geological observations and kinematic analysis of the joints,
prima facie, planar failure is the primary mode of failure.
3. Toe cutting and negative slope have been formed during
unplanned/ un-designed road widening, which facilitated daylighting of valley dipping joint planes, which became
instrumental and vital reasons for such type of failure on
steep slopes.
4. Mica schist bands on saturation easily lose its shearing
strength and acts as a lubricating medium for down slope
moving mass. Schistose rocks are also prone to weathering
and erosion too which also weakens the rock mass.
5. As the foliations are dipping into hill and intercepted by
valley dipping joints. On saturation, detachment along mica
schist bands and subsequent sliding of big rock blocks along
such day-lighted valley dipping joints became instrumental
for this rockslide.
6. The valley dipping joint planes (e.g., J2) are also wide open at
places (more than 5 cm even). During rains, percolation of
water along these joint planes led to lowering of shear
strength of the rock mass resulting failure.
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37

Remedial measures

1. Removal of overhangs and precarious rock blocks on the
slope.
2. Rock bolts of adequate length (as per design specification) to
stitch the jointed rock mass. Rock bolts should be inserted at
the right angle to the foliation joints and valley dipping joint
planes.
3. Layer of shotcrete with wire mesh on the freshly exposed
rock face to seal the opened joints as well as to prevent the
percolation of water along joint planes and weathering action.
4. Removal of slide material and construction of concrete breast
wall at the inner edge of the road along the affected stretch.
5. RCC retaining wall on the right bank of Alaknanda river to
protect road at affected stretch and its foundation should be
anchored below the scour depth, preferably on bedrock. Top
of the RCC wall should be kept above H.F.L.
6. Uncontrolled blasting would lead to widening of joints and
detachment of distressed rock mass, therefore controlled and
designed blasting techniques depending on the rock mass
conditions needs to be adopted.
7. Near this location, there is a debris slide on the left bank
(Photo 8) which also needs immediate treatment. Sliding
debris mass would shift the river flow towards right bank,
causing damage to the retaining structures and in turn damage
to road (National Highway) located on upslope area. Gabion
wall would be effective to arrest the moving debris mass as
well as for the left bank protection.
8. As this road is proposed for widening and open excavation
would lead to number of landslides along this stretch.
Therefore, an option of underground tunnel may be explored
to negotiate this stretch, which prima-facie appears to be
feasible

38

Renmarks

The study of multi-temporal images of google earth reveals that
the landslide in the area first occurred after the year 2014 and the
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slidematerial has shifted the river course towards the left bank
which in turn has triggered a debris slide on left bank due to the
toe cutting and scouring by the Alaknanda river.Therefore, there
should be provision of flood protection wall to protect bank
erosion.
39

Photographs.

Photo: 1- 8
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FIELD PHOTOGRAPHS OF HATHI PARVAT LANDSLIDE ON 19.05.2017

Photo 1: Hathi Parvat slide along National highway (NH-58)

Photo 2: Synoptic view of Hathi Parvat slide (from opposite end)
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Photo 3: Different Jointsets observed at Hathi Parvat slide

Photo 4: Upstream view of the Hathi Parvat slide
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Photo 5: View of the slidedrock blocks

Photo 6: Closer view of the Hathi Parvat slide

Page 15 of 16

Photo 7: Hard, compact and jointed augen gneiss observed in the study area

Photo 8: Run-out/slide material falling in the Alkananda river (downstream view)
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