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Structural configuration of rotational earthslide at Syuchatar
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ABSTRACT

After a period of prolonged rain from 9 to 12 September 2005, a large rotational earthslide occurred on 16 September 2005
at Syuchatar in the Kathmandu valley. The horizontal fluvio-lacustrine strata constituting about 47 m high and 106 m long
cliff as well as about 50 m wide upper flatland with paddy cultivation slipped towards the Manamati River and dammed it
for about 8 hours. Later, its watercourse was restored by excavating a channel through the landslide debris. The earthslide
also produced two minor scarps: the upper one with a rotation angle of 38º and the lower one with a rotation angle of 47º.
A stereographic plot of poles to displaced coherent blocks forming the two minor scarps and dispersed fragmented blocks
showed that the former had slid towards the northeast (N34ºE and N40ºE), and the latter had dispersed between the
azimuths N13ºW and N60ºE.  Though the in-situ infiltration test of the ground gave rather low rates, they were enough to
produce a positive porewater pressure for triggering such a type of failure.

INTRODUCTION

Rapid urbanisation during the last decade in the
Kathmandu valley has resulted in a haphazard growth of
buildings and infrastructures. It is also responsible for
significant changes in the landscape as well as encroachment
of the floodplain and riverbed. Such anthropogenic activities
have not only polluted the natural environment but also
accelerated streambank erosion and mass movements
(Tamrakar 2004). The landslide of Syuchatar (Fig. 1) is one of
such examples.

A large rotational earthslide occurred about 2.5 km NW
of Kalanki in the Manamati River valley (in the Syuchatar
VDC, near Durga Nagar Colony) at the midnight of 16
September 2005 after a period of continuous rainfall from 9
to 12 September 2005. During the landslide event, the
horizontal fluvio-lacustrine strata constituting about 47 m
high and 106 m long cliff as well as about 50 m wide upper
flatland with paddy cultivation slipped towards the Manamati
River. The earthslide dammed the river for about 8 hours.
Later, its watercourse was restored by excavating a channel
through the landslide debris. Though no human casualty
was recorded, a large portion of fertile land with paddy was
destroyed. The landslide also endangered a few houses
located near its crown.

The Manamati watershed is located in the southwest of
Kathmandu. It is a forth-order stream of the Bishnumati River
(Fig. 1). The watershed is surrounded from the north, west,
and south by the topographic heights with elevations of

2000, 1500, and 1700 m, respectively. These divides are
composed of metasedimentary rocks belonging to the
Phulchauwki Group (Stöcklin and Bhattarai 1977; DMG 1998).

The watershed is elongated in the NW–SE direction and
contains gently dipping terraces composed of fluvio-
lacustrine sediments of the Lukundol Formation (Yoshida
and Igarashi 1984) comprising thick black clay, gravel, sand,
and silt beds. The relative relief of these terraces varies from
10 (upstream) to 60 m (downstream).

The Manamati River is incised into the terrace deposits.
The incision is prominent in the areas upstream from the
landslide. The crown of the landslide is 47 m high. In the
landslide region, the river is slightly entrenched with a
relatively high flow capable of scouring its riverbanks. It is a
perennial river that can carry cobbles and pebbles during a
high flow.

TOPOGRAPHY OF LANDSLIDE AREA

A detailed (1:500) topographic survey of the landslide
area was carried out on 1October 2005 to reveal its
morphology. At the same time, detailed field investigations
were also done to assess its failure mechanism.

The hillslope in the vicinity of the landslide was classified
following Young (1964). The natural slope on the left flank
of the landslide has an upper steep slope (29º) and a lower
moderately steep slope (13º). The slope angle decreases
gradually from the middle to the lower part (Fig. 2). The
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Fig. 1:Topography and drainage system of the Manamati watershed showing location of the landslide

natural slope on the right flank has an upper very steep
slope (37º), a middle moderately steep slope (10º–18º), and a
lower moderate slope (10º). The middle and lower slopes are
the artificially modified surfaces.

The crown is almost a level surface (Fig. 2). Cracks are
well developed in the vicinity of the crown. The main scarp
has a very steep slope (43º), while the head has a steep
slope (21º). Two minor scarps are found close to each other
and are prominent towards the left flank. They also exhibit a
very steep slope of about 35º. On the right flank of the
landslide, the slope is moderately steep and forms a spur.
On the left flank of the landslide, a minor scarp has a steep
slope of about 26º. Some small-scale slump scars are located
between the main and minor scarps. A transverse depression
exists north of the minor scarp, whereas a radial depression
occurs to the northwest of the spur on the right flank.
Numerous narrow depressions also exist at the head and the
zone of depletion adjacent to the minor scarp (Fig. 2). Between
this depression and the foot of the landslide, there are
respectively very gentle and moderate (13º) concave slopes
exhibiting a slight bulge. But, locally there exist many
irregularities due to the presence of blocks of debris. Further

down, the foot of the slope has a narrow mound-like feature
parallel to the river, produced during the excavation of a
channel through the landslide dam. The landslide toe is very
gentle and is located on the left bank of the Manamati River.

After the first survey, the landslide was monitored to
obtain information on its activity.

The area between the minor scarp and foot as well as
from the middle to lower slope on the right flank are being
modified due to slow mass movements and anthropogenic
activities. A large quantity of spoil is accumulated on the
right flank. Two minor scarps are still clearly visible on the
left flank of the landslide, but they are buried towards the
right flank by the spoil.

Lithology
The original slope before failure was composed of

stratified yellowish grey, light grey to dark grey mud with
plant fossils and pebbly sand (Fig. 4). Most of the main
scarp is made up of mud beds (Fig. 5a), which are coherent.
Some pebbly sand beds of 0.2 to 1.5 m thickness are
intercalated with mud beds at depths between 8 and 12 m (Fig. 4).
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Fig. 2: Topographic map of the first surveyed landslide area in 2005

In the landslide area, the main scarp and flanks exhibit
the original stratified deposits (Fig. 3). The minor scarps
(Figs. 3, 5b) exhibit somewhat coherent strata dipping
southwards or towards the uphill direction. Utterly
fragmented blocks of the cohesive strata containing the relicts
of stratification are dispersed in the area between the minor
scarp and the foot (Fig. 5c). Smaller cohesive blocks of clay

and silt are dispersed further down, up to the tip of the
landslide. The foot contains a jumble of landslide debris,
river channel sediments, plant debris, and pieces of concrete wall.

Seepage is extensive in the vicinity of main and minor
scarps (Figs. 2, 3). Seepage is also observed on the natural
slopes also.  Owing to the land modification and construction
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Fig. 3: Geological map of landslide area monitored in 2006

of concrete walls (Fig. 5d), subsurface as well as overland
flows were checked and directed towards the foot of the
slope and could have triggered the slide.

Landslide geometry
Following Cruden and Varnes (1996), a longitudinal profile

(Fig. 6) and a topographic map (Fig. 2) of the landslide area
were used to obtain its dimensional parameters (Table 1).
The zone of depletion extends for about 45 m. The zone of

accumulation of the main body is about 85 m long. The span
between inferred slip surface and toe is about 70 m. A
graphical reconstruction of the minor scarps to their original
slope configuration allowed the estimation of a depth of slip
surface at 27 m. The volume of depleted mass (volume of
displaced material that overlies the surface of rupture but
underlies the original ground surface) was 21.00x104 m3. The
volume of displaced material (material displaced from its
original position on slope and constituting both depleted
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Fig. 4: Litholog of the original strata in the vicinity of landslide

and accumulated masses) was 26.48x104 m3. The displaced
material could have been dilated and then partly removed
by erosion. The length and height of the landslide were
203 m and 47 m, respectively. In 2006, a small slope failure
occurred on the main scarp, and the length of landslide
changed from 203 m to 219 m.

CAUSES AND MECHANISMS OF FAILURE

The hillslopes of the Manamati watershed are subject to
valley rebound due to the river incision. Toe erosion of the
hillslope and removal of lateral support contributed to the
instability.

Prior to the landslide event, there was a precipitation of
29.3 mm on 9 September 2005 (DHM 2005). Then, a prolonged
rainfall (up to 12 September) had contributed to a cumulative
precipitation of 50.7 mm. The rainwater infiltrated into and
percolated through the strata to reach the shallow water
table lying at a depth of 12 m. Consequently, the resulting
porewater pressure triggered the failure.

A double-ring infiltrometer was used to determine the
permeability of soils in the crown. Though the measured

infiltration rate (Fig. 7) was quite slow (i.e. 0.53 x 10–2 m/hr), it
was responsible to produce a positive porewater pressure.

A housing company had reclaimed the slope by
constructing a masonry wall on the right bank of the river,
which presumably hindered the drainage system and
adversely affected the north-facing slopes in September
2005. Consequently, the overland flow infiltrated into and
percolated through the ground was obstructed by the
concrete masonry wall, and had ultimately concentrated
towards the foot of the slope. It increased the porewater
pressures leading to sliding.

The huge rotational earthslide appeared with two minor
scarps and several fragmented blocks. The slip surface of
the first minor scarp extended from the crown to the foot of
the earthslide. The second minor scarp was produced due
to successive slumping in the body of the first slumped
mass. The dip directions and amounts of the first and second
minor scarps were 34º/35º and 40º/26º, respectively.

The scattered plots of fragmented blocks (Fig. 8a) signify
a burst phenomenon. The poles to the strata constituting
the minor scarps and fragmented blocks (up to 2 m in length)
show that the major direction of dispersal of blocks varied
between N13ºW and N60ºE (Fig. 8b). Two directional trends
of rotation of blocks forming the first and second minor
scarps were 34º and 40º, respectively. Similarly, the rotation
angles of the beds constituting the two minor scarps were
respectively 38º and 47º.

Present status of earthslide
After the main event of 2005, a number of small slope

failures were observed around its main scarp in the monsoon
season, indicating a retrogressive tendency of the earthslide.
A recent monitoring has revealed a number of shallow
mudflows from the landslide head and scarps (Fig. 9).
Furthermore, the housing company has continued
landscaping the slopes on the right flank of the earthslide
and it has piled up the spoil without considering the slope
stability. Since there are numerous cracks in the crown (Fig. 9)
and a portion of it still continues to slide, the landslide may
reactivate in the future.

Table 1: Dimensional parameters of the Syuchatar Landslide

*Geometric parameters of landslide value 

Length of surface of rupture, Lr (m)  127.78 
Depth of surface of rupture, Dr (m) 27.05 

Width of surface of rupture, W r (m)  116.00 
Volume of depleted mass, V r =  ( ? Lr.Wr.Dr)/6  (m3) 21.00x104 
Length of displaced mass, Ld (m) 149.91 
Depth of displaced mass, Dd (m) 29.08 
Width of displaced mass, Wd (m) 116.00 
Volume of displaced material, Vd =  ( ? Ld.Wd.Dd)/6  (m3) 26.48x104 
Total length, L (m) 202.68 
Total height, H (m)  46.45 

*Definition of parameters is after Cruden and Varnes (1996)
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Fig. 6: Profile along A-A’ showing the landslide topography and its various elements

Fig. 5: Photographs showing: (a) Main scarp and strata; (b) Two minor scarps (dashed lines); (c) View of landslide from its
crown depicting the decreasing size of debris down the slope (white and black arrows represent a small pond formed after
sliding); (d) A close eastern view from the right flank showing three motorable lanes and concrete walls across the slope
(note the modification of slope and narrowing down of riverbank)

a b

c d
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Fig. 7: Plot of infiltration rate and amount against time (data from double-ring infiltration test)

Fig. 8(a):  Stereographic projection of attitudes (poles) showing direction of landsliding and pattern of dispersal of debris in
landslide area (b) Kinematic analyses of blocks.
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CONCLUSIONS

The volume of the depleted mass and that of the displaced
material after the landsliding were 21.00x104 and 26.48x104

m3, respectively. The landslide is a large-scale rotational
earthslide that experienced successive sliding and gave rise
to two minor scarps.

Valley rebound and anthropogenic disturbances of slope
were the major causes, and rainfall was the trigger of the
rotational earthslide. The in-situ filtration rate at the flat-
topped crown was 0.53x10–2 m/hr of low infiltration rate that
was responsible to produce positive pore water pressure
laterally.

The trend and plunge of two main scarps were
respectively 34º/35º and 40º/26º with the difference of both
direction of rotation and degree of rotation. The
stereographic projection of poles to the original strata and
the dispersed huge blocks forming minor scarps showed
that the blocks slid towards N34ºE and N40ºE, and rotated
respectively to 38º and 47º. The fragmented blocks had
dispersed between N13ºW and N60ºE.
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