
CHAPTER 6 

LANDSLIDE : PROBUEM AND STRATEGIES FOR ITS CONTROL. 

6.1. bitroductjoii 

Landslide is the most pervasive of natural problems that undermine the economic 

and cuHurai development of Oarjeeling Himalaya in general, and the Baiason 

basin in particular. Chrortological studies reveal that there has k>een a sharp 

increase in the rate of devastating landslide since 1849, leading to great loss of 

life and heavy damage to land and property. The situation has further deteriorated 

in recent years, the last two decades having witiiessed as many as 42 devastating 

landslides in the Baiason basin. 

Extensive heedless deforestation, tea plantation, haphazard construction and 

inadequate drainage have led to the establishment of a vicious cycle of 

degradation. Heavy and concentrated rain^ll aggravates the problem further. At 

present, therefore, suggestion of remedial measures and their active 

implementation is of vital concern, both for the region and the nation as a whole, 

for the preservation of delicate ecological balance and geo-political stability of this 

exti-emely sensitive region. 

A number of case studies on landslide and associated problems of the Oarjeeling 

Himalaya have been carried out at both personal and Government levels from 

time to time (Griesbach, 1899-1900, Ghosh, 1950; Nautiyal, 1951 and 1966; 

Dutta, 1966; Sondhi, 1966; Ray & Senshamna 1967; Basu, 1969-1970; Paul, 

1973; Sinha et al 1975; Venna, 1978; Basu and Saricar, 1985 and 1987, 

Froehlich, et al, 1991, Sarkar, 1999). The present investigator has attempted to 

identify the landslide prone areas, to provide corrective measures and to ensure 

an all round protection against the menace. Suitable case studies have also been 

undertaken. 

The methodology employed in this study comprises of tiie quantitative 
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detemnination of instability factors of slope, analysis of slope materials, geological 

structure and geomorphological processes, together with the study of human 

interference. Survey of India topographical maps (1:50,000), have been used for 

preparing the detailed groundwork for the present study. Detailed geological maps 

published by the Geological Survey of India, have been consulted to collect the 

relevant infbrmation about the lithology and structure. The identification of the 

landslide prone areas has been done with the help of a checklist Afber studying 

the location of the landslide prone area, the investigator has selected a fiew 

landslides for detailed analysis. 

6.2. The Occiurences of Landslides 

With rapid modernization, the Balason basin at present is experiencing a 

phenomenal growth in population (456% during the last hundred years in the 

Darjeeling hills). To cater to such an overwhelming population increase, pressure 

on the land is ever increasing. Foreste have gradually been eliminated, steep 

slopes generally unsuitable for human habitations and arable use, have already 

been occupied. As a result, the sfaidy area has, of late, tumed into a highly 

vulnerable region, without paying any heed to its ecological imk)alance. 

From the available records (Griesbach, 1899-90), it may be said that the first 

recorded disastrous landslide occurred on September 24*''. 1899, following 

unprecedented rainfall and caused the loss of 72 human lives within Darjeeling 

town and many unconfirmed deaths and widespread destruction of property, in the 

sunrounding areas. Many episodes of disastrous landslides occurred during the 

following years (Ghosh, 1950; Naut i l i , 1951,1966; Paul, 1973; Roy & Sen 

Shamria, 1986; Sart<ar, 1999). 

Since 1980 onwards, K has fc)een found that almost every year, some parts of the 

t>asin have t)een suffering from major or minor landslides. Landslides have 

beconrfe an integral part of the life of the hill people (Sarkar, 1999). Table 6.1 and 

figure 6.1 show the major incidences of landslides and their impact in the Balason 

basin. 
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Table 6.1. 
Dccuirences of major land^des in the Balasoa basin 

M ^ r events and ramfai\ 
S^>ten4>er 24" -25" , 1899 
Ran^H: 1065.5 mm. 
From September 22^ to 
25* 

January 15". 1934. 
BStar-aengal esrthqudte. 
June 11" and 12", 1950 
R^#e«: 8^.0 mm. 
From June 11* -13* . 

Octol)er3"' to5". 1968. 
Rainfall: 1121.4 mm., 
FromOctober2'^ to5* . 

Septembers" to 4" , 1980. 
RainfaH: 299.1 mm 
From September 3"* to 5* 
September 16". 1991. 
RaintiaU: 462.5 mm. 
From September 15* to 
16* 
July 13". 1993. 
Rainfalf: 211.3 mm., 
From July 11* to 13* 
August 10". 1993 
Rainfall: 115rran., 
August 8 * -10 * 

August 26", 1994 
Rainfall: 56.3 mm. in 1 hour 
35 minutes 

July 15", 1995 
Rainfall: 25.5 mm in 48 
hours 
Ju^13*to15* 1995 
14* July. 1998 
Rainfall: 76.4 mm in 24 
hours 
July 13*-15*. 1998 
2™". September, 2000. 

Rainfall: 54 cm. 
30* Aug.-2"* Sept.. 2000 

15" September, 2000. 

Continuous rainfall on 14* 
and 15*. September, 2000. 

AffBdedarea 
Karsiyang. Ghoom. Tmdharia. 

Sonada, Sukhiapokhri. Karsiyang. 

Ttnd^ham, Karsiyang eito, and the 
hiH remain cut-off from the rest of 
the country for five days 

Amtx)otia. 

Sukhiapokhri. Sonada, Tindharia, 
Ambootia 

Tindharia 

Rangtong, Tindharia, Panldiabari, 
Ambootia, Gayabari etc. 

Kalimati Landslide, Tindharia, 
26.5 km from SHiguri. left hand 
skie of Tenzing Norgay Road 

Hill slope on the right side of 
Tenzing k̂>̂ gay Road, 4.2 km 
firom Karsiyang towards 
Darjeeling 
HSI stope, 1.5 km north of Mink by 
the right side of the Siliguri Mrrik 
road. 

Hill stope and crest at Panl^abari 
approximately 3.6 kms from 
Karsiyang 

Neezgoan and Payundana 
Division in Oaks Tea Estate, 
Sonada 

Bangsghari landslkie at 
Margarets Hope 

Retnaaks 
72 lives tost in DarjeeUng tomi. 
HfXises along the eastern 
^lofms and atong the 
Observatory hiH were nK>stly 
destroyed. 
Few destruction were reported 

127 lives lost, tiiousands of 
people were rendered 
hometess: sTKles breached 
many arterial roads. 

Hill Cart road and N.H. 31 
were completely wiped out 
heavy tose of life and property 
espedtrily in Ambootia. 
Over 215 ttves lost, property 
amounting to Rs.lOO million 
destroyed. 
2 people killed. Rail connection 
between Siliguri and Darjeeling 
was snapped for five months 

15 lives lost at Mongpu. 

Darje^ing Himalayan Railway 
line and T.N. Road disrupted 
for a ooi«>le of days. (This was 
the reactivation of tiie landslide 
that began in Sept 91984. 
Traffic between Karsiyang and 
Daijeeiii^ disrupted. 

Road link t>etween Mirik arwl 
the hospifal was disrupted. 

Communication between 
Karsiyang and Darjeeling was 
disrupted. 

About 3000 matured bushed 
were washed away, 31 latxnir 
houses were completely 
demolished at Neezgoan and 
Payundara. 
The Bangsghari labour village 
was cut off from the rest of the 
garden. 15 families were 
shrfted to nearest rescue 
shelter This landslide was 
dormant for past years. 
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6.3. Nature and Processes: 

An intensive survey of major landslides in the study area revealed certain 

topographic, geological and landuse influences. Table 6.2 and figure 6.1 shows 

the intrinsic influences exerted by these factors. 

Table 6.2. 

Landslides registered in di^erent gecdogical, topografdiical and 
land-use types 

Rocks 
types 

Sandstone 

Shale 

Phyllites 

Schists 

Slate 

Felspathic 
rocks 
Granite & 
gneiss 
Complex 

Not known 

Number 
of 

sUdes 
3 

2 

12 

10 

1 

1 

6 

5 

2 

Slope 
angle 

and length 
>50» & > 
500m 
>50<» & < 
500 m 
40" - 50° & 
>500m 
40«'-50°& 
<500m 
30» - 40" & 
>500m 
30° - 40° & 
<500m 
20°-30° & 
>500m 
2(y - 30° & 
<500m 
10° - 20° & 
>500m 
10° - 20° & 
<500m 
Below 10° 

Number 
of 

slides 
8 

4 

11 

7 

7 

2 

1 

1 

1 

0 

0 

Land-use 
types 

Banen& 
nodcy 
Barren & 
talus 
Degraded 

Graang 

Tea garden 

Arable land 

Urban aneas 

Semi-urban 

Rural 

Construction 
Sites 
Dense natural 
forest 

Number 
of 

sUdes 
0 

2 

5 

1 

7 

6 

1 

2 

3 

13 

2 

Relief 
types 

Ridge 

Spur 
(upper) 
Spur 
(middle) 
Spur 
(lower) 
Valley 
(upper) 
Valley 
(middle) 
Valley 
(lower) 
Along 
streams 
Complex 

Number 
of 

sMes 
0 

6 

5 

1 

3 

4 

6 

12 

5 

Generally, deforested tracte, tea ganjens, urban and other settled areas are more 

susceptible than the natural forested tracts. Geologically, the Daling rocks 

(phyllite, slates, schists, feldspar etc.) and Damuda rocks (sandstones, shales, 

etc) are more susceptible to landslide. 

Landslides occur on almost all ̂ ^es of slopes, which are composed of various 

rocks in the Balason basin (table 6.2) Composite slides also take place, involving 

soil or talus and underiying rocks. Slope fiailure is caused by shearing, where the 
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plane of shears, taking the form of an arc of a circle in section leaving a parabolic 

outline of the slipped portion (Dutfca, 1966). The most common occurrence of 

landslide is found along the spring (locally known as Jhora), where rock debris 

gets detached finom their parent body along the slope and fbnri channel. 

Such channels, later, while canrying drainage M»ter, are gradually widened by 

lateral erosion. Innumerable nalas (drainage channels) on hill slopes develop due 

to slope failure and many landslides in tea gardens and for^ts exhibit scars firom 

a distance. 

Landslides on rocky surfaces seem to be primarily influenced by the structural 

elements of the parent rock. Sliding also occurs in bedding and foliation in rocks 

with prominent joints and shear planes along the slope. 

Observations in the soil-covered slopes reveal that slopes having angle below 30*̂  

were not generally affected by slides. The talus materials are fonrted due to the 

weathering and loosening of rocks along the joints and foliation planes of the 

parent rocks. Such materials when dry or in permanentiy drained state, are stable 

at an angle of even 45*» and the stability are not necessarily impaired by 

occasional wet spells. Slope failure in such materials, however, occurs by 

seepage pressure of percolating water during heavy precipitation. 

The tea garden slopes are generally fonmed of talus materials with thin soil cover. 

Most of the slides have aflfiected tiie materials, but at some places, slides along 

the joints of undertying rocks have also been observed. Generally, the displaced 

materials scour long channels down the slope, which are visible as scratched 

scars on hill slopes. The widtii of these scoured channels originally does not 

exceed more than 25 metî e or so, but they are furtiier widened by subsequent 

erosion. Thus, once landslide occun^ed, it generally remains a permanent feature 

and increases in dimension. 

6.4. Major Types of Slope Failure 

The Baiason basin exhibits a great variety of landslides from small terracettes, 
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indicating soil creep, to larige landslide i.e. the Ambootia landslide - the largest in 

India. It has been observed that each landslide is peculiar in itself, therefore it is 

important to organize these various types of slope fiailures into f&M major types for 

better understanding. The following are the important types of landslide and 

related slope instability that has been recognized in the study area: 

6.4.1. Creep may develop on the slope fomned of unconsolidated materials such 

as residua! soil or rock debris. Creeping is found to occur most frequently in 

areas composed of former landslide debris. The study area peases many 

types of field evidence to show the existence of creep including outcrop 

curvature, tree curvature, tilting of structures and cracks. Creeps are found 

near Rongtong, Toong and Tindharia (photo 6.1). 

6.4.2. Sheet slides are denoted by the displacement of shallow slope debris, and 

weathered materials on the surface of the bedrock (Zaruba, 1982). This 

type of slide can be of large areal extent, but they are generally of small 

thickness, not more than a metre. The disturt>ed slopes can exhibit several 

stages of instability, ranging from the initial Assuring of the surface layer to 

advanced forms, with several generations piled one on top of another. 

Sheet slides generally occur after a heavy shower. A typical example of 

such sheet slide is found at Gourigaon Railway Colony at Tindharia. 

6.4.3. Soil slips occur in small magnitude mainly along the lower slopes. Such 

slips are very common and are found almost everywhere within the study 

area, particulariy in Bamonpokhri along the Rakti river, which is an 

important tributary of the Balason. 

6.4.4. Debris slides are more extensive and occur on a large scale. These 

slides are quite common and devastating as well. Debris slides occur along 

the weak plane, even when they have gentler inclination than the angle of 

sliding frictions due to the reduction of cohesion and the rise of plezometric 

head. Most of the slides found in the study area are of this type. Ambootia 

landslide, Mirik landslide etc. are the examples. The materials involved in 

94 



Photo 6. i 
Soil creep along the Hill Cart Road near Rangbull 

^^^^ 

^^^^'^4"$^ 

'd 
. . . . 

Photo 6.2. 
Mud-Rock flow atong Rinchintong khola 

Photo 6.3. 
Debris ftow caused by Toe-erosion 

along the Balason valley 

Photo 6 4. 
Pankhabah Landslide 



debris slides are a mixture of soils and rock fragments. The debris collects 

at the foothill or the base of the valleys and fomns tongue- like talus cones. 

6.4.5. Slimq> generally has curved failure planes, and involves rotational 

movements of soil and rock materials. Slumping along many roads within 

the study area may be either due to the removal of basal support by water 

action or by overioading. Another potent cause of such slumping in the 

urban centre is due to human carelessness i.e. leakage of water pipe line 

etc. Perhaps, the best example of slumping is found near Karsiyang town 

along the Hill-Cart Road. 

6.4.6. Mud-rock f l o ^ found in the study area, are confined to the slopes, 

formed of talus material and where the slope angle is more than 30** due to 

seepage pressure of percolating water as a result of heavy rainstorm. After 

a slip starts, the saturated material rushes down, transporting big blocks of 

rock and, eroding its own channel. These are known as mud rock flows. 

This type of landslide is very common in and around the Lower Balason 

Basin, particulariy along tiie natLinai and artificial waten^rays (photo 6.2). 

6.4.7. Debris f low is another common form of landslide, found in the Balason 

basin. During heavy and incessant rainstorm, over-saturation of slope 

materials causes liquefaction. The slope materials i.e., debris rush down-

slope very rapidly under the influence of gravitational pull. Debris flow often 

causes heavy loss to human life and property. Landslides around Tindharia 

and Marma valley are typical examples (photo 6.3). 

6.5. Identiiicatioii of Landslide Prone Areas 

In order to identify landslip-prone areas, it is relevant to distinguish between the 

environs and the site. Those environs where landslips may be expected to occur 

have been identified from 1:50,000, Survey of India topographical maps (Sheet 

Nos.: 78A/4, 78A/8, 78A/1, 78A/5 and 78B/6).), along witti the Geological Survey 

of India maps and from the past incidences. Site on the other hand, refers to the 
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exact location of a particular landslip along a specific slope. The present 

investigator has attempted site analysis using checklists that enables a systematic 

consideration to be given to tiie main factors associated with landslides, at each 

site under investigation. 

In the present study, however, the excavation position and depth, drainage 

diversion acrx>ss the hills, loading of the upper slopes and valleys, cutting up of 

basal support, unsdentilic construction, tenractng, defor^tation, legadesfromtiie 

past siqse movements, relief, drainage, materials eto, have been accounted for in 

the 'check-Hsf (appendix 6.1). Data for such investigation has been collected from 

the direct field observations as well as from otiier secondary sources and a map 

of the landslide prone a r ^ s has been prepared (figure 6.2), in which ttie following 

zones have t)een identified: 

Class L Exceptionally high landslide prcHie area: 
This zone extends in a nanow elongated patch in a north-south direction over the 

middle part of the hiil tract and extends towards the cistern t>oundary of tiie basin 

towards Tindharia. The area is mostly composed of Dalings and Gondwana group 

of rocks. In these areas landslides are very common, and almost every year, after 

every tonential rain, these tinacts experience silps. Ambootia - one of the biggest 

landslides of the countiy, is situated witiiin this tie\t The ottier importent sikles of 

this belt are located in and around Makaibari-Singell area. Occurrences of 

landslide in these area are of greater concern, because, not only do they cause 

heavy damage to land, property and human life, but they also disrupt the 

communication link between the surrounding villages and the NH - 51 - the life line 

of the entire Daijeeling Hills. In this zone, there e)dst 32 active landslides, covering 

an area of about 1.021 sq. km. 

Class U: High landslide proi^ area: 
The zone of high susceptibility surrounds the previous zone. Much of the settled 

areas, tea gardens, most of the hill slopes, valleys witii moderate forest cover are 

categorized as the high slide prone area. These are areas where slips occur for 

more than 2-10 times in ten years. Steep slope, high rainfall and unscientific use 

96 



LANDSUDE PRONE AREA OF THE BALASON RASIN 
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of the slope which are composed of highly weathered rock, often make this region 

highly susceptible to slope failure. Occurrence of slide is common in these areas 

due to severe deforestation and this often causes heavy damage to tea gardens, 

settlements and arable lands. Gayak}ari tea estate falling within this zone 

exemplifies such a case. 

Oass ID: Moderate landslide prone area: 
This zone extends in a north-south direction, in the eastem and westem parts of 

the hilly area. Bare rocky slope surfaces in some places, along with the severe 

human interfisrences through unscientific terrace cultivation, and improper 

construction activities are tiie main factors for moderate slope failure in this 

region. 

Class IV Low to ne^ îgible landslide prone area: 
The entire southem part of the basin has gently sloping to rolling topography and 

the extreme nortiiwestem comers with dense vegetative cover are categorized as 

the low to negligible slide susceptible zone. These areas may be treated as stable 

and/or safe zones. 

6.6. Case study of Pankhabari landslide 

From the foregoing analysis, it is apparent that many parts of the Balason basin 

have been experiencing devastating landslides. To apprehend the exact nature of 

this menace and to understand the mechanism of such failures, the investigator 

has tried to undertake two case studies, selected from different environmental set

up. The study, though having a few unique features, may yet seem to be 

representative of the landslide of the study area, nearly everywhere, as human 

need and greed accelerated slope feilures. 

On the 14*̂  of July 1998, the hill slope and crest at Pankhabari, approximately 3.6 

kms from Karsiyang along tiie Pankhabari Road (leading from Siliguri to 

Karsiyang), vmtnessed a massive landslide that crippled communication for 

several days (figure 6.3). An intensive survey and field investigation was initiated 
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MAP OF CONTOUR, ROCK UNITS AND STRUCTURAL ELEME 
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by the investigator to apprehend the exact nature of the menace and to 

understand the mechanism behind the massive slope failure (photo 6.4). 

6.6.1. Factors of Instability 

6.6.1.1. Geologica] factors: 

The area taken up for the case study is chiefly composed of slightly altered 

sedimentary rocks of Gondowana formation (Damuda Series), in which sandstone 

and shale are noteworthy, showing varying depths. Above the sandstone, altered 

metamorphic rocks of the Daling formation, notable among which are quartzite, 

philites, slate and mica schist are found. In the study area, it was found that the 

slightly recrystallised, coarse-grained sandstone is characterized by deformation 

that destroyed the clastic texture and the intense granulation along the ramifying 

narrow zones of fractures. The nocks show an inclination that is generally steep 

towards the roadside and the effect of weathering is conspicuous on the local 

rock. 

Ve r t ^ l cracks within the rocks result due to both diurnal and seasonal ranges of 

temperature, that leads to altemate expansion and contraction. The vertical cracks 

are conspicuous especially along zones of weakness. Thus, solid masses of 

horizontal beds of rocks disintegrate into blocks. Added to this, the high amount of 

rainfall leads to large amount of water seeping through the pore spaces of the 

coarse textured sandstone, which in tum help to decompose feldspar to form 

kaolin, that acts as lubricant tor further sliding down of rock materials. 

6.6.1.2. PedolQgical Factors: 

To comprehend the nature of the topsoil as a factor of slope instability in the slide 

areas, a number of soil samples were analysed. The analysis reveal that the 

physical characteristics of the soil of the study area is interesting in the sense that 

at the apex of the slided zone, vulnerable conditions have naturally developed at a 

depth of 30-40 cm, below Vne surface, where clay predominates witii a good 

amount of organic matter, high water holding capacity and volume expansion. 
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6.6.1.3. Chaoges in tibe vê êtaticHi cover 

The local inhabitants have converted the apex area, into terraces for cultivation, 

after clearing down the forest cover. These terraces are unscientific, bemg seldom 

laid along the contours and are not reinforced by protective retaining walls. The 

cultivation of root crops like potato, ginger, radish carrots eto. that are uprooted 

during harvesting leads to the disturt)ances of the cohesiveness of the soil, thus 

making it vulnerable to eft»ion. The exposed slopes, stripped of proper vegetetive 

cover when subjected to heavy and continuous rain becomes susceptible to botii 

sheet and gully erosion; thereby becoming easy prey to catastirophic slope wash. 

6.6.1.4. Effects oi rainfall and infiltraticHi 

Rainwater percolation through the joints, cracks and pore spaces of the soil and 

the regolith, leads to the increase in the hydrostatic pressure wittiin the soil and 

thus changes the consistency of the soil. The intemal friction thus develops, leads 

to the loss of cohesion in between the particles. With the onset of the heavy 

monsoons, rill cutting as well as gully erosion begins, and soon, the run-off 

concentration, through these denuded portions, becomes the dominant agent of 

soil erosion. 

6.6.2. Mcnphology oi the Pankhabari landslide 

A detailed morphological account of tiie pre and post slide conditions of the study 

area is tabulated in teble 6.3. 

6.6.3. Siumnary 

The increase in human population in tiie later part of tiie last century, led to 

unscientific and heedless deforestation, to make room for tea plantations, 

settlements and terrace cultivation, roads eto. The establishment of a new metallic 

road between Siliguri and Darjeeling led to large scale slope cutting. 

99 



Table 6.3, 

Morphological features of the Pankhabari landslide 

Pre-sttde conc^ions 
a). Rocks: Moder^ i^ to 

h^jMy decomposed 
jtMnled phyl^es, inter-
bedded w ^ very thin 
mk» layers, dipping at 
20«NNW 

b). MObaOB: 82Qm. 

c). Sope: Convex 60° 

d). Raiftfinil: 386.98 mm 

e). (tatinal Vegetation: 
Scattered bushes, shrubs, 
t>amt)oo groves arni dense 
forest. 

f). Landuse: intensively 
cultivated tenrace at the 
apex of the slide zone, 
lower slopes unutilized. 

g). Soil Colour. 
Top . 7.5 yr 3/2 
IWidd(e:7.5yr3/4 
Base : 5.0 yr 4/3 

h). Soil is temporarily 
saturated with water. 

Post-dide Conctttions 
a). IjBngth: 47.3m 
b). Width : Maximum 22.1m 

Minimum 12.6 m 
Avera^ 17.35m 

c). Deptti: Maximum: 1.5m 
Minimum: 0.5m 
Average : 0.9m 

d). Shape: Rectangular 

e). Total A rm: 799 sq m. 

f). Total Voiunne of displaced 
materials: 1118.6m^ 

g). Proce^tes fwimarily 
responslbie for the slide: 

• Removal of the basal 
material by toe erosion 

• Spontaneous 
liquefaction due to 
heavy raNifiall provide 
the so called 'trigger 
mechanism'. 

h). Modified Slope.Concave 
55°-60° 

i). Type of slide: Debris slide 
and certain soil slip. 

J). Special features: A very 
prominent stream has 
developed on the slopes 
being sided by the dip 
direction of the country rocks. 

Compiled by the investtgaf 

Remarlis 
Ttie displ^sed materials 
temporarily disrupted tfie road 
conrtection between SHiguri 
and l ^ r s ^ n g (albng the 
Pani(hat>ari road). 

It endangered ttie terraces 
used for cuitivalion at and r»ar 
the top of ttie slide area. 

tt is recommended that the 
construction of a protective 
wall with adequate drainage 
should be carried out 
immediately. 

Further vegetation cover 
should be erected. 

or during field survey on 28" Nov. 2000 

The construction further led to the increase of the steepness of the slope. The 

cutting of basal support for tiie construction of road, settlements, and arable 

terraces without proper drainage may be treated as causative factors of the 

Pankhabari landslide. Adding ftjrther heavy vehicular movement through this 

metallic road may add to the disturbance of the underiying rocks. 
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Thus, the area of the case study, that has been over-steepened by both natural 

and human interferences, has reduced its inherent stability significantly. During 

the monsoons heavy rainfall increase the pore water, and the pressure thus 

developed leads to upward movement of pizometric head and this ultimately has 

led to the occurrence of the slide. 

6.7. Case Study: Ambootia Landslide 

The incessant and torrential downpours of 3"̂  to 5^ October 1968, left behind a 

legacy and a landmark in the Balason basin, a gaping scar in the fomn of the 

Ambootia landslide, one of the biggest in the county. Located on the left side of 

the Balason river, only 4.5 km from the Himalayan margin, tiie landslide was 

initially only a shallow khola (channel), along the southem margin of the Ambootia 

tea garden, very close to Karsiyang town. The landslide itself starts about 200 m 

below the ridge, rising 1350 m a.s.l. and runs 625 m down the Balason valley. The 

specific feature of this landslide valley is its form and close co-operation of 

gravitational processes and linear down cutting, which are continuously active, in 

contrast to other stabilized smaller landslides (Froehlich, Staricel, Kasza 1992). 

6.7.1. Morphology 

The Ambootia landslide valley extends for 1300 m in length. At an elevation of 

1065 m.a.s.l, the upper niche begins, while at an elevation of 480 m. below 

cascading waterfalls, the fan zone begins, (figure 6.4).The maximum width of the 

landslide reaches 625 m across the central portion and the totel area occupied by 

the landslide is approximately 56.5 hectare. The scar deptti increases from 10-20 

m in the upper part to 200-270 m in the middle and drops to below 100 m in the 

lower part The form of the landslide has acquired the shape of a gully-canyon cut 

in bedrock with a perennial creek. It is characterized by high gradients and water 

falls with a drop of 15m. Mass movements are continuously modeling and 

remodeling the unsteble slopes. The side valleys are filled with debris flow 

masses. This continuously growing form has engulfed an area of about 2.5 km in 

1999. 
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According to Froehlich & Starkel (1992), the Ambootia landslide valley has a very 

complex character and shape. The uppermost part is worked by slumping and 

sliding upto 10-20m deep. Frequent and active cracks often accompany niches. 

Dip slopes, Inclined at 25-45° at the left have straight or convex profiles. Bare 

rocks are exposed on the upper sections of the landslide, while the lower sections 

exhibit inactive revegetated fragments t)etween creeping block fields. 

It may be pertinent, at this point to note that the floor of the main gully is changing 

every year. The colluvial fan, 100m wide and 15-20 m high, tiiat was created by 

tiie October 1968 rains has often been transformed by the frequent debris flows 

and rock avalanches and by the landslides of 1983,1988, and 1989 (Starkel et al, 

2000). 

6.7.2. Factors of Slope failure 

There is no doubt that the Amtxx)tia landslide is a big complex form, accentuated 

by long lasting mass-movements, differentiated in space as well as in time, its 

continuity and extension can be contrit)uted to a number of factors like: i). 

geology, ii). hydrology, iii). climate and iv). anthropogenic interruptions. 

6.7.2.1. Geology 

The Ambootia region is built of gneisses , mica schist, chloritic schists ete. 

belonging to the Darjeeling group (Helm & Gansser, 1939). These rocks exhibit 

changeable bedding with inclinations of 30°-50° towards N - NNW, with a high 

density of deeply weattiered joints. The pre-landslide slope consisted of 3 parts. 

The upper portion inclined at 15«* - 25" \fl«s dismembered by shallow depressions 

and one deeper hollow (to the north). The middle flat part elevated at 900 to 950 

m a.s.l. was occupied by colluvial fan inclined at 13" - 6", towards W and NW built 

of 30 m thick silty-sandy deposits with gravel and stony layers. The lower portion 

formed steep valley sides dissected by a shallow side valley 30-100 m deep. The 

existing landslide is bare or covered t>y pioneer vegetation with several trees. 
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The region around the landslide zone is composed of thick silty and sandy regolith 

with depths varyng between 1 - 5 m. The lower sections of the colluvial fan have 

loose deposits upto 30 m, including gravel and stony layers as well as silty-clay 

impermeable horizons. 

6.7.2.2. Oimatic fact(»-

It has been observed that the most catastrophic landslide in the Darjeeling 

Himalaya, have been initiated by continuous, torrential downpours lasting 2 to 3 

days, usually in tiie monsoon season. Between the 2"** and 5**̂  day of October 

1968, Ambootia recorded a rainfall of 890 mm, while the corresponding rainfall 

recorded in Darjeeling for the same time period was 600 mm. These heavy rains, 

continuously feeding the ground water reservoir, coupled with the positioning of 

Ambootia at an elevation of 900 m, in the valley crossing the first marginal ridges 

of the Himalaya, directly on ttie pa^ of the incoming humid air masses from the 

Bay of Bengal, Increased the susceptibility of tiie region and led to tiie initiation of 

the landslide. 

6.7.23. Hydrological Factor 

The Amt>ooti'a valley has a numt>er of springs and perennial streams, with 

discharges varying from 0.2- 0.9 litre/sec. Various seepage points can be detected 

in tiie region. In 1991, Froelich and Starkel estimated that tiie regolitii (mainly 

sandy silts with 10% clay content overiying deeply jointed rocks) could absori^ 100 

mm of rain in 3025 minutes. The daily rainfall exceeding 300 mm is a threshold 

value for the hydrologic capacity, leading to and intensifying tiie mass 

movements. 

Hence, the intensive rainfall along the seepage points in the porous soils, 

underiain by weathered and deeply jointed rocks accelerate the process of 

saturating the slope materials faster. This leads to the low shearing strengtii, that 

results In the cohesion of the intervening sandy strata, thereby, providing an ideal 

environment for the sliding activities. 
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6.7.2.4. Edapliic factor 

The edaphic factor plays a significant role in the development of the Ambootia 

landslide, since the infiltration rate varies remarkably on the k)asis of granulometiic 

composition, in tiiis region, the soil composition varies with the slope. At and 

around the landslide apex, the 50 cm thick layer of sandy silty soil includes 4 % of 

clay fraction. In the flat, lower areas, the percentage of clay rises to 12 %. The 

clay lenses diminish the infiltration rates remaricably (upto about 60%) in the lower 

sections of the landslide valley. 

6.7.2.5. Anthropogenic interferences 

Prior to 1968, the lower slope was covered with shmbby jungle and bamtx)o 

groves, while the middle and the upper slopes wera occupied t ^ the villages, 

orange orchards and tea gardens (Froehlich & Starkel, 1991). At present, the 

increasing population pressure has disturtied tiie previous landuse pattern by way 

of haphazard constructions, shifting cultivations and extensive deforestation, 

esteblishing a vicious cycle of degradation, torrential downpours, aggravate soil-

erosion and landslides. 

6.7.3. Evolution of the Ambootia landslide 

The present day relief and variety of processes reflected in the changeable 

geomorphic features indicate a complex history of various parts of tiie landslide 

area and to various steges of evolution (Starkel,2000). 

From the old topographic map (1930) of Survey of India, it can be deduced that 

the region was a shallow ' V shaped valley. The continuous torrential downpour 

between the 2"" and 5^ of October 1968, triggered off the massive debris flow and 

the entire mass in the order of 10-15 million m^ was partially deposited on tiie 

Balason valley floor. A big debris-tongue, slumping over the fomner valley-head 

carved out a channel at least 30-60 m deep. Big rock falls on the right side and 

consequent slips on the left side resulted from the undercutting of the gully sides. 
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SEQUENTIAL CHANGE IN THE AMBOOTIA LAND 
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In the following years, the landslide expanded, owing to the deepening of the main 

channel and the retreat of the niches fed by the ground water. 

Between 25* - 30* June 1983, many houses and roads were damaged due to 

acceleration in mass movement and deepening of tiie main channel, by the 

continuously lashing high rains, recording 400 mm. The colluvial fan in the 

Balason valley was built up again (figure 6.4). 

Froehlich and Starkel (1991) established tiiatthe undermining of tiie upper part by 

chutes continued between 1983 and 1989, resulting in permanent damage to 

houses and to fhe main road leading up to Ambootia. Slumping and falling on the 

right side and sliding on the left side followed. A simultaneous modification of 

chutes and main canyon by the flowing water continued for at least 6 months, 

along with episodic debris flows. 

For tiie period from 1990 to 1995, the rainfall charaderistic however, does not 

show any distinct events. Hence, during this period, only a slight reactivation of 

the upper niche was registered, with slow sliding on the left consequent slope. 

However, in the summer of 1995, big rock falls on the right vertical wall were 

registered. Since 1995, the Amtxxjtia landslide remain more or less in a dormant 

state. Observation made by the investigator in 2001 fails to identify any significant 

change in the landslide fr-om that of 1995 as surveyed tiy Starkel et all. However, 

the lower and middle part shows significant revegetation. 

6.7.4. Precautionary measures to be adopted 

The existing landslide valley in Ambootia is tiie effiect of specific combination of 

processes acting since 1968. The over saturation of the high elevated water 

reservoir in tiie thick colluvial and tiie high gradient tiiat includes the linear erosion 

are the major factors that have created the Ambootia landslide. At present tiie 

geomorphic parameters of slopes have reached the stage of an unstable 

equilibrium. Eadi extreme rainfell may however cause some change in tiieir 

morphology. 

105 



Between 1989 and 1996, about 80-90% of the landslide area was covered by 

relatively dense vegetation. Overgrazing and denudation practices among locals 

are being checked. Infiiti'ation into the ground can be checked, by rebuilding the 

old canal into an impemneable one. The hydraulic parameters of such canal 

should take into account the overflow and t>ed load during heavy rains. Its steep 

gradient should be armored in some correctional dams to reduce the energy of the 

flowing water (Sastry & N^swananthan, 1982). 

The very unstable equilibrium of slopes around the landslide zones are indicated 

by the cracks and grabens, the crushed buildings and the curved trunks of orange 

trees. Hence, all houses should be removed from this section and construction of 

new houses and roads in the zone should be forbidden. Any changes in the water 

management should be made only after a care^l study of the water flow, both on 

the surface and in the ground. 

6.8. Preventive Measures f oar StabOizaticai of Landslides and 
Landslide Prcme Areas 

Examination of the geological set-up, process of slope evalution, predpitation, 

slope cover, landuse, soil characteristics and hydro-geomorphologic history shows 

that the study area has a high potential for landslide hazard, in the Balason basin, 

increases in pore water pressure and/or rise in piezometric head have often 

contributed to the so-called trigger mechanism for initiating a landslide. Potentially, 

most unsteible hill slopes are also sensitive, either to the increase in the load, 

which they bear at the top, or to the decrease of support at the toe. To recognize 

which of the causative Actors is in operation, can, in itself suggest the cure. 

Though the absolute prevention of such landslide is neariy impossible, good 

engineering practices can certainly minimize the hazards. 

The methods for prevention and control should include: 

• Slope regradation and removal of unstable slope materials, 

• Excavation followed by maintenance of proper drainage, 

• Construction of retaining walls and similar structures, 

• Stabilization by sheets and sheet piles; 
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• Grouting and hardening of soil; 

• Rock bolts and rock anchors; 

• Jhora (rivulet) management 

• Restriction of settiements and 

• Afforestation. 

The demarcation of stable areas and the differentiation of them from the unstable 

parts of the study area may be done on the basis of slope zone, which indirectly 

depicts the stability (table 6.4). 

Table 6.4. 

Sl<q>e, stability and reconmiexided landuse f(» Balason basin 

Slope 
>40» 

30"'-40» 
20»-3(y 
10°-20° 

<10° 

Stability class 
Unstable area 
Less stable ansa 
Marginally stat>le area. 
Considerably stable 
area. 
Stable area 

Recommended landuse 
Should be kept under nature's domain 
Very restricted use. 
Restricted use witti careful slope-water management 
Intensive use may be permitted with conservative 
measures 
Intensive use of considerable dimension. 

6.9. Conclusion 

In view of tiie ever-increasing problem of landslides in tiie study area, man must 

be made aware of the possible dangers that his is inviting, due to his careless 

dealing with the nature. It is tirue that one has to make room for the growing 

population and in this pursuit he has to utilize every piece of land available. But, 

the precautions that have to be adopted should not be neglected. 

At the same time it is Important to create a general awareness among tiie ever 

growing population, for a proper understanding of their environment They should 

realize that its protection and maintenance, will, in the long run play a role in their 

own survival. Prqa^ evaluation of the present land-use, afforestation programmes 

along with the use of alternative source of energy through mini-hydel projects by 

tapping perennial springs may prevent cutting down of more trees. The 

constiruction of high rises should be immediately stopped, along with the banning 
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of polythene carry bags, which are being dumped along with garbage, choking 

drains and restricting free drainage of water which eventually cause the 

landslides. It is also necessary that a scientific garbage collection method be 

evolved, so that the bio-degradable and non-degradable wastes are separated, 

with the later being sent for recycling. Dumping the wastes into the jhoras is a 

major cause of concem in many areas. It is only through proper awareness and 

proper implementation of remedial measures that both property and life can be 

saved in the coming future. 
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