
CHAPTER VI 

LANDSLIDE AS AN AGENT OF RAYENG BASIN DEGRADATION 

6.0 Scenario of landslides 

The landslides are one of the significant types of natural hazards. Massive landslides make 

trouncing of both creature existence and assets. Yet, people livelihood in the mountainous 

regions is habituated to survive with such events. With the augmented tourism over the 

precedent few decades, residential areas have been make bigger over mountainous slopes, 

which of course necessitate new communication system. This disturbs the usual slopes and 

an environment of the mountainous regions, in that way greater than ever susceptibility to 

landslide happening. Geomorphic studies of landslides take account of the assessment of 

vulnerability and causes responsible behind occurrences. 

Landslides are the most significant disparaging geomorphic process accountable for 

degradation of Rayeng Basin. Throughout intense rainfall, the weathering process is 

accelerated reducing schists and mudstones into silts and fine sands, and succeeding 

failure of these fine materials triggers landslides in the Rayeng Basin. 

6.1 Methodology of study 

Study of" landslides of the basin incorporate, recognition of affected areas based on the 

field study and secondary data from earlier study. Intensive study has been made on the 

factors associated to landslides such as geology, slope angles, soil, climatic condition, 

hydrologic conditions, vegetation, and last but not the least i.e. human interferences in the 

basin. In this milieu, topographical maps, geological map, satellite imageries of the basin 

have been studied intensively. Meteorological data are collected. On the basis of several 

factors an effort has been made to prepare a landslides susceptible zones map of the study 

area. 

6.2 General factor of slope failure 

Character, nature, magnitude and dimension of landslides vary spatially and temporarily. 

Thus causes of landslides of certain place depend on the climatic condition, terrain 

·condition, geology, hydrological condition of that place. Factors of landslides are 

expressed following well known equation: 

Sharing resistance of materials 
Fs= 

Magnitude of shearing forces 

Where, 

Fs =factor of safety 
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When the value of Fs< 1 material started to slides. Thus landslides occurred when 

shearing strength is reduced of shearing strength is increased. Common causes of 

landslide mentioned below (Table 6.0): 

Table 6.0 Common triggering factor of slope movements 0/an Asch, et al., 2007). 

Increase in shearing stress 

QErosion and excavation at the toe of the slope 

Q Subterranean erosion (piping) 

Q Surcharging and loading at the crest (by deposition or sedimentation 

QRapid drawdown (man-made reservoir, flood high tide, breaching of natural dams) 

QEarthquake 

Q Modification of slope geometry 

QFall of material (rock and debris) 

Possible increase in shear shearing stress and decrease in shearing resistance 

DEarthquake shaking 

DArtificial vibration (including traffic, pile driving, heavy machinery) 

DMining and quarrying (open pits, underground galleries) 

0 Swinging of trees 

On account of its own geologic, geomorphic, and climatic and pedogenic characteristics, 

there are specific causes behind the occurrences of landslides in the Rayeng Basin. 

Therefore, on the basis of thorough study the below mentioned factors may be considered 

as causative one for landslides incidence in the basin: 

1. Tectonic activity 

According to final report published by Prof. Mamta Desai, Project Coordinator, 

Department of Ecology & Environment, Netaji Institute for Asian Studies, the trends of 

rising of young mountains is the basic reasons for frequent landslide hazards in the 

Himalayan region. This includes unstable geological structure, tectonic disturbances, and 

parallel subsidence of Himalayan region. Intensive study of longitudinal profiles of 

Rayeng River conveys that the basin is passing through very active tectonic activities. In 

the Rayeng Basin tectonic disturbances are also responsible for landslides happenings. 

2. Geology of the basin 

There are various rocks present in the Rayeng Basin. Remarkable are Darjeeling gneiss, 

Paro-gneiss, Lingtse granite gneiss, feldspathic greywacke marble, phyllites and quartzites 
I 

of the Paro sub-group and the Reyang group. The Lingtse granite gneiss are sturdily 
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foliated and sheared, viewing very high rate_ofweathering at major part of the basin. The 

Paro gneiss is strong and coarse grained than the Darjeeling gneiss of higher metamorphic 

grade. The quartzites are stronger than the other rocks in the area. However, all the rocks 

are folded, faulted, and sheared to varying degrees, and they have been subjected to high 

levels of weathering along the drainage channels (S. Sarkar and D.P. Kanungo, 2004). 
;; 

Phyllite turns into slippery for the period of monsoon. As a result the areas consist of 

phyllite are more susceptible to landslides. The Daling. group of rocks is seen to be 

affec.ted easily by landslides. Recurrent landslides occur in the areas comprise of 

Darjeeling gneiss and Daling group of meta-sediments and low occurrences in high grade 

schist. The utmost failures are taken place in areas consists of granite followed by Dalings. 

Foliation is one of the important attributes of some metamorphic rocks in their tendency to 

split into thin laminae or sheets caused by parallel arrangement of platy, layered or planar 

minerals. Lineaments are also responsible for landslides in the basin. 

3. Soil of the basin 

Darjeeling gneiss, schist and Phyllite are the parent materials of the soils of the Rayeng 

Basin. Intensity of soil erosion in the basin has been accelerated recently. Deposition of 

soil is only observed at the confluence of Rayeng River. Skeletal soil of the basin is 

susceptible to landslide. 

4. Rainfall 

Huge quantity rainfalls entertain by Darjeeling district. Majority of these rainfalls take 

place from the months of June to October. It is at the present well known that rainfall does 

produce landslides in some cases. For the duration of continual intense rainfall, the 

weathering process go faster, reducing schist and mudstones into silts and fine sands, and 

consequent failure of these fme materials activate landslides. 

5. Land use pattern 

The land use pattern is one of the vital factors determining the stability condition in 

respect of landslide. The land use map of Rayeng Basiri conveys that,- there is tea 

plantation (Rangli Rangliot Tea garden), cinchona plantation (Mangpu plantation) and 

other agricultural activities are existed in the basin. Not only that channel diversion & 

constructional activities are performed along rivers and even clearing the forests which are 

responsible for reducing shearing strength. Thus possibility of landslides increases in the 

basin. 

6. Anthropogenic activities 

Encroachment of settlements on the vulnerable slope is one of the important causative 

factors of frequent landslide hazards in the basin. Construction of buildings with 
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inappropriate planning besides the roads and on the steeper terrain increases the load on 

the already despoiled slopes. Construction of bridges over Rambi river, artificial channel 

diversion of Rayeng river, construction of hydel project in the Tista River near the 

confluence of Raying river are also responsible for landslide occurrences in basin area. 

6.3 Major types landslides 

(Maquaire & Malet, 2006), m their paper "Risk assessment methods of landslides" 

mentioned that Landslides are classified according to their mechanisms (movement types) 

and the nature of the displaced material (material type), as well ·as information on their 

activity (state, distribution, style), i.e. the rate of development over a period of time 

(Varnes, 1978; Dikau et al. 1996; Crudenand Varnes, 1996. Five principal types of 

movements are distinguished according to the geomorphological classification proposed 

by Crude and V ames, 1996 and Dikau et al, 1996. 

Fall 

Fall is a slope of movement for which the mass in motion travels most of the distance 

through the air, and includes free fall movement by leaps and bounds and rolling of 

fragments of material. A fall starts with the detachment of material from a steep slope 

along a surface in which little or no shear displacement takes place. 

Topple 

It is a slope movement tha~ occurs due to forces that cause an over-turning moment about 

a pivot point below the centre of gravity of the slope. A topple is very similar to a fall in 

many aspects, but do not involve a complete separation at the base of the failure. 

Lateral spreading 

It is a slope movement characterized by the lateral extension of a more rigid mass over a 

deforming one of softer underlying material in which the controlling basal shear surface is 

often not well-defined. 

Slide 

It is a slope movement by which the material is displaced more or less coherently along a 

recognizable or less well-defined shear surface or band. Slide could be rotational (the 

sliding surface is curved) or translational (the sliding surface is ·more or less straight). In 

some cases a slide can change into mudslide or slump-earth flow, especially on steep 

slopes, in highly tectonized clays or silty Formations (Picarelli, 2001). 

Rotational slide 

It is more or less rotational movement, about an axis that is parallel to the slope contours, 

involving shear displacement (sliding) along a concavely upward-curving failure surface, 

which invisible or may reasonably be inferred' (Varnes, 1978). 
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Translational slide 

The material displaces along a planar or undulating surface of rupture, sliding out over the 

original ground surface. 

Flows 

It is a slope of movement characterized by internal differential movements that are 

distributing throughout the mass and in which the individual practices travel separately 

within the mass. 

Debris flow 

Debris flow is a very rapid to extremely rapid flow of saturated non-plastic debris in a 

steep channel. 

In the Rayeng Basin slides and subsidence are the most striking types of landslides 

frequently take place. Slides are frequently occurred in the monsoon season owing to slope 

failure. Subsidence occurs in consequence of removal of basal support both for excessive 

rainfall and anthropogenic causes. 

6.4 Determination of various landslides susceptibility zones in Ray eng Basin 

The term zonation applies in a general sense to categories the land surface into areas and 

arranges these according to degree of actual or potential of some phenomena of 

occurrences (Varnes, 1984). Terminologically, landslide susceptibility zonation means to 

categorize the land surface into areas and to arrange them according to the degree of 

vulnerability of different causative factors landslides susceptibility zonation is 

categorization· of certain area according to propensity of landslides occurrences. 

Geological survey of India has made several efforts to prepare landslide zonation map, in 

the Himalayan region. For tpe zonation of landslide susceptibility of certain area 

geologists of the Geological Survey of India, have considered several geological, 

geomorphological and anthropogenic factors. landslide zonation of the Himalayan region, 

has been prepared by a number of researchers from the Geological Survey of India and 

other institutions (Majumder, 1980; Valdiya, 1985; Chatterjee, 1986; Dave and Joshi, 

1987; Gupta and Joshi, 1990, Gairola and Shukla, 1990; Chaubey and Lithuria, 1990; 

Sharan, 1992; Chandra, 1992; Pachauri and Pant, 1992; Anbalangan et al., 1993; Tashi et 

al., 1993; Ambalangan and Singh, 1996; Sharma and Kandpal, 1996; Bhattacharya and 

Sengupta, 1996; Mehrotra et al., 1996; Krishna, 1997, 1998, 2000; Bhattacharya, 1999b, 

Singh, et al., 2001; Krishna and Kundu, 2002; Kanungo and Sarkar, 2003; Krishna et al., 

2004; Bhandari, 2004, Bera, 2005; Basu and Bera, 2007; De, 2007) based on the 

preparation of different thematic maps showing data concerning the following controlling 
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factors: 'Drainage', 'Slope', 'Lithology', 'Landform', 'Land use' and 'Landslide 

incidence' (Basu, De & Bera, 2009). 

In accordance with the Geological Survey of India scientific hazard zone mappmg 

involves a comprehensive estimation and analysis of the precedent happenings of 

landslides in terms of their location, degree and occurrence with respect to a variety of 

geo-environmental factors that control landslides and mass movements. The factors that 

involve slope instability are various and their interface processes multifaceted depending 

on terrain set up and climatic characteristics. The most imperative terrain evaluation factor 

in hazard zone mapping is the recording of the landslides that take place in the area. The 

spatial distribution of old and currently active landslides when compared with diverse 

terrain factors out in the open their importance as a contributing sliding factor. 

Table 6.1 Terrain factors and Landslide Susceptibility Values (GSI). 

FACTOR LSW 
Slope 30 
Lithology 25 
Land use 15 
Relative relief 10 
Drainage Density 15 
Landform 5 
TOTAL 100 

To prepare the landslide susceptibility zonation map of the Rayeng Basin, maps of 

individual factor are prepared from the topographical map having scale 1:50000. In this 

context, slope zone map, relative relief map, drainage density map and land use map are 

· prepared from the topographical maps (SOl) bearing the number, 78 A/8 and 78 B/5. 

Geological map of basin is also consulted. Moreover satellite images of the concerned area 

are studied precisely. To compute susceptibility value of the basin, entire area of the basin 

has been divided into 1 sq.km grid and combined value of rating scheme (Table 6.2) for 

different factors put into the concerned. On the basis of susceptibility value index isopleths 

map has been prepared. To calculate the Susceptibility value index following rating 

scheme has taken into consideration on the basis of study of several rating schemes 

provided by many geomorphologists. 

Table 6.2 Rating scheme for Susceptibility index value. 

Contributing factors Description 
Category/ 

Rating 
magnitude 
Quartzite 1.8 
Phyllite 1.3 

Schist/ slate 0.5 
A. Lithology Rock 

Gneiss 0.5 
Lingtse 

1.0 
Granite 
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Lineament 1.65 

Fracture 2.30 
B. Structure 

Joint 1.65 

Cleavage 2.0 

Moderate slope < 16° 0.5 

Moderately steep 
16°-23° 1.0 

C. Slope slope 

Steep slope 23°-30° 1.5 

Very steep slope > 30° 1.6 

Moderate <220m 0.5 

Moderately high 
220-380 m 0.7 

D. Relative Relief 
High 380-540 m 0.8 

Very high >540m 1.0 

Dense forest 
0.2 

cover 

E. Land use and land Deforested area 1.8 

cover Plantation 0.7 

Construction 1.5 
Grazing land 1.00 
Low <2 km/sq. km 0.2 

D. Drainage Density Medium 
2-4 

0.4 
km/sq.km 

High. >4km/sq.km 1.0 

Based on Basu & Bera (2007). 

Landslide Susceptibility Index (LSI) 

Evaluating landslide susceptibility values, a Landslide Susceptibility Index (LSI) is 

computed for all categories of each factor with a correlation of landslide percentage per 

km2 of that category. 

On the basis of landslide susceptibility index value (LSI), entire basin has been divided 

into three landslide susceptibility zones (Table 6.3 & Figure 6.0). 

Table 6.3 Landslide susceptibility index value (LSI). 

Zone LSI- Value Remarks 
Moderate <20 Moderately unsteady 

High 20-30 Highly unsteady 

Very high >30 Critical 

Compiled by the Researcher. 
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This is extremel y unsteady zones where landslides are probable to happen in vision of the 

outstanding contributing factors present. This area is more or less stained to such a state 

that it is virtually not possible to go forward economically and sociall y tolerable 

counteractive measures, which can definitely check repetition of hazard . The area has to 

be totally avoided for settlement or other developmental purposes and rather put down for 

revival of natural vegetation and reali zation of natu ral stability in track of time in the 

course of the geomorphic processes dynamic in the area. 

Highly unsteady zone 

Thi s zone is also landslides prone and is having similar topographic situation as like as 

critical zone. These places require insistent thought in the outline of litigator measures 

akin to renewal of natural shrubbery, reforestation , drainage adj ustment and constraint of 

tilting activity and contour bonding to make sure accurate drainage etc. if not immediate 

action plans are implemented this zone will shortly deprec iate to the critical category. 

Moderately unsteady zone 

This zone is unwavering in the present condition , however, upcoming land use activity is 

to be well planned so as to preserve its current positi on. On the other hand if natural 

drainage is di stressed or slope changed artificial ly, landslides could be happened. 
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Table 6.4 Historical records of Landslide in Darjeeling Hill area. 

Year Area Blocks in Darjeeling Damages 
District 

Population affected: 84825 
1980 10 Blocks Death: 47 

House damaged: I 085 
Population affected: 400 I 

1983 Death: 05 
House damaged: 345 

1987 02 Blocks 
Population affected: 52000 
House damaged: 8104 

03 Blocks & I 
Population affected: 795 

I997 
Municipalities 

Death: I7 
House damaged: 765 
Population affected: 40000 

I998 Lodhoma Darj eeling-Pulbazar Death: 2I 
House damaged: 3498 

labdah kolbong simbong division Rangli-Rangliot 
All GP except gayabari & Sukna Kurseong 

Population affected: 32I 
I999 Samalbong Darjeeling-Pulbazar Death: 13 

House damaged: I697 
Sittong I & 3,Tindhoria Kurseong 

2000 
Halhalay 

Darjeeling-Pulbazar 
No Causualities, but 
50 houses damaged 

Goethels &Sepoydhura Kurseong 
Tista Valley, Poomung, Population affected: 72 

2002 Lamahatta Rangli-Rangliot- Death: 07 
House damaged: 05 

Samdong2 Kalimpong-11 
Daragaon, Gayabari-1 Kurseong 
Dabaipani, Jinglam Population affected: 72 

2003 Rangli-Rangliot Death: 07 
House damaged: 05 

Sakhibhir Kalimpong-11 
Maneydara,Labdaah Population affected: I 034I7 

2004 Rangli-Rangliot Death: 25 
House damaged: 5499 
Population affected: 3029 

2006 Bloonfield Drujeeling-Pulbazar Death: 13 
House damaged: 2375 

Gairigoan, Sindepong Kalimpong-1 
2007 Mangalpuri, Nalbon Darjeeling-Pulbazar 

Margaret's Shop, Beach Gaon Jorebunglow-
Sukiapokhari 

Singringtam, Rangli Rangli-Rangliot 
Upper Khani, Mangal Basti, 

Kalimpong-1 
Lamini 
Bindu, Patengodak, Panjabi 

Gorubathan 
Golai,Shermali 
Bagogra, Kharay, Bhotey busty, 
Mirik- Kurshing 
Karshing municipal areas 
5 Blocks and I municiplaities are Sukhiapokria, Population affected: I6674 
affected Kalimpong-1, Death: 03 

Matigara, House damaged: 3I73 

2008 
Khoribari, 
Phansidewa 
Blokes and 
Kalimpong 
Municipality 



AILA coupled with Landlside Bijanbari, Population affected: 145758 
occurred in Sukhiapokhuria, Death: 41 
555 villages in 8 blocks and 4 Takdah, Kurseong, House damaged: 26595 
municipalities Mirik, Kalimpong- I 

& II, 
2009 Gorubathan Blocks 

and 
Darjeeling, 
Kurseong, 
Mirik, Kalimpong 
Municiplaities 

Source: -F:\Darjeeling Sadar subdivision - Wikipedia, the free encyclopedia.mht 

Table 6.5 Some landslide prone areas ofRayeng Basin. 

Location Rock type Structural 
Drainage 

Remarks 
factors Slope 

factors 
regarding 
landslides 

(A) C.D Block 
Rangli Ragliot: 

I. Pubong Damuda group, Foliation, 
High to very 

khasmahal Rangit pebble schistosity 20°-30° 
high 

Critical 
slate 

2. Rangli Rangliot Paro sub-group Mega fold, warps 
Tea garden. of forth &fifth 15°-25° , Critical 

generation 
3. Pubong Tea Rangit Pebble, Cleavage, fracture 

garden. Slate >25° , Critical 

4. Reshop Bazer Paro sub-group 
15°-20° 

Highly , 
unsteady 

5. Labda Paro sub-group Lineament, puccer 
20°-30° 

Highly 
Khasmahal 

, 
unsteacly 

6.Mangpu Graphite, striping 
Cinchona Schist, gneiss 20°-25° Critical 
plantation 

, 
7. Rong Chong Gorubathan Cleavage, fracture 

Khasmahal formation; 
Highly 

feldspathic 15°- 30° 
unsteady 

greywacke 
, 

marble 
(B) C.D Block 

Kurseong: , 
I. Chattakpur Darjeeling Lineament, puccer 

Highly 
Forest gneiss 15°-20° 

, 
unsteady 

2. Upper Mamring Darjeeling Stripping, 
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Kliasmahal gneiss 
15°-20° 

Moderately , 
unsteady 

3. Lower Paro sub-group Lineament 
Highly 

Mamring 15°-20° , ·unsteady 
Khasmahal 

4. Toryak Paro subgroup Lineament, puccer 
15°-20° 

Highly 
Khasmahal 

, unsteady 
5. Sittong Lingtse, granite Cleavage, fracture Highly 

Khasmahal gneiss 15°-18° , unsteady 

6. Barasit Tong Gorubathan Cleavage, 
Khasmahal formation; fracture, striping Highly 

feldspathic 20-25 , unsteady 
greywacke 
marble 
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7. Mangpu Graphite schist, Cleavage, fracture 
Highly 

Cinchona Gneiss 15°-30° - " unsteady 
Plantation 

8. Selpu Lingtse granite, Cleavage, fracture 
Highly 

Khasmahal gneiss 15°-20° 
" unsteady 

9. Rolak Gorubathan Cleavage, fracture 
Khasmahal formation; 

Highly 
feldspathic 15°-20° 

" unsteady 
greywacke 
marble 

lO.Lonku Gorubathan Cleavage, fracture 
Khasmahal formation; 

feldspathic 15°-20° 
" 

vulnerable 
greywacke 
marble 

C.DBiock 
Kalimpong: 

1. Riyong Foret Reyang Cleavage, fracture 
Moderately 

formation; 20°-30° 
" unsteady 

_guartz key beds 
2. Turzam Forest Gorubathan Cleavage, fracture 

formation; 
Moderately 

feldspathic 20°-30° 
" unsteady 

greywacke 
marble 

3. Rambi Bazar Reyang Foliation, 
Moderately 

formation; schistosity 20°-25° 
" unsteady 

quartz key beds 
4. D.I.F.,Riayang. Reyang Lineament, puccer 

Moderately 
Railway Station formation; 15°- 20° 

" unsteady 
quartz key beds 

5. Birik Forest Reyang Faulting 
" 

Moderately 
formation; 20°-25° 

unsteady 
_guartz key beds 

6. Suntalay Reyang Faulting 
Highly 

Khasmahal formation; 20°-25° 
" unsteady 

quartz key beds 

Compiled by the Researcher. 
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Plate 6.0 Land sliding due to excessive Plate 6.1 Land sliding due to removal of 

rainfall at Rambi Bazar. vegetal cover at Labda 
Khashmahal. 

Plate 6.2 Lands lide beside the bank of Rayeng 

near the confluence. 
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From the landslide susceptibil ity zonation of the Rayeng Basin it is revealed that, thickly 

forest covered areas are less at risk to landsl ides. Places are havi ng with unplanned 

construction, tea p lantation on the steep slope are also susceptible to severe landslides 

(Figure 6. 1 & plate 6.0, 6 .1 & 6.3). Rill and gullies on the vulnerable slopes are also 

responsib le for landslide happenings . S. R. Basu & S. Sarkar ( 1985) described almost 

similar scenari o at Tindharia of Darjeeling Di strict. Moreover S.R Basu and Babura 

(2007) in their study of landslide at Singtham-Ranipool sector of East Sikkim have stated 

anth ropogenic acti vities are responsible in greater extent for landslide occurrences. The 

basin occupies the villages namely Pubong khasmahal, Rangli Rangliot Tea garden, 

Pumong Tea garden , Reshop Bazer, Labda Khasmahal, Mangpu Cinchona plantation, 

Rong C hong kh as mahal of C.D Block Rangli Ragliot, Chattak pur Forest, Upper Mamring 

Khas mahal, Lower Mamring Khasmahal , Toryak Khasmahal, Sittong Khasmahal , Barasit 

Tong Khasmahal , Mangpu Cinchona Pl antation, Selpu Khasmahal, Rolak Khas mahal , 

Lonku Khasmahal of C.D Block Kurseong, Riyong Foret, Turzam Forest, Rambi Bazar 

D.I.F. Riayang Rai lway Station, Birik Forest and Suntalay Khasmaha of C.D Blok 

Kalimpong-I. These vil lages are suffered fro m the critical problem of landslides . Many 

indi viduals and institutes have studied the landslide phenomena of the Darjeeling hill area. 

According to final report published by Prof. Mamta Desai, Project Coordinator, 

Department of Ecology & Environment, Netaji Institute fo r Asian Studies", the Block 
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wise landslide affected areas explain itself the comparative intensity of landslides in the 

blocks. It appears that the Kalimpong I, Kalimpong II and Rangli Rangliot blocks are 

comparatively vulnerable or severely vulnerable regarding landslides. The . rate of 

vulnerability is also high in Kurseong and some parts of Bijanbari and Gorubathan blocks. 

But as a whole the condition is critical in Kalimpong sub-division, where the land under 

agriculture exceeds that of the area under plantation or forests. Moreover, these areas are 

cultivated with root crops like potato, ginger, cardamom and onions. These root crops are 

harvested just after monsoon in the months of September to October. This particular 

practice changes the cohesiveness of the soil and makes it vulnerable The Critical Area 

Zonation map has been prepared by the aforesaid institute based on the geology, soil, and 

climatic factors along with land use pattern. 

6.5 Mitigation measures 

Landslide is a natural occurrence in mountainous area having feeble geologic structure. 

As it is a geomorphic process thus it is inevitable. But strength and devastative nature of 

this occurrence accelerate by human interference, which is hazardous for the mountain 

dwellers. Thus for the sake of human beings overwhelming nature of landslide is to be 

minimized. Several geomorphologists recommended many procedures to alleviate these 

phenomena. On the basis of field observation and previous geomorphic study by various 

eminent geomorphologists following measures may be suggested: 

1. Ahead of the construction of roads, buildings, hydel projects, geological and 

geotechnical studies to be done in detail. The areas having weak rocks such as 

sihist, slate, mudstone, phyllite should be avoided for heavy construction. 

2. Steep slope and recognized landslide prone areas must be restricted for tea 

plantation, cinchona plantation and growth of settlement. 

3. Unscientific chamiel diversion must be prohibited. 

4. Heavy vehicles should not be allowed in the roads to avoid the high vibration 

which increases the shearing stress. 

5. Construction of surface drains to collect surface runoffs at different elevations and 

plugging of cracks and crevices to prevent runoffs to seep into the ground, 

construction of filters and drains behind the concrete and gabion walls to safe 

passage of the surface runoffs. 

6. Soil erosion must be prevented by take on soil conservation method. 

7. To stabilize the slope of the Rayeng Basin, vegetal cover must be reinstated. But 

on the very steep slope where vegetation may accelerate the rate of landslide 
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planting of trees not to be appreciated. In this context illegal clearance must be 

prevented. 

Conclusion 

From the overall study following conclusions may be drawn: 

1. Distinguished section of the basin is being suffered from the critical problem of 

landslides. 

2. Both physical and anthropogenic activities are responsible for landslides occurrence 

in this basin~ 

3. Landslide is the most vital factor for the degradation of Rayeng Basin. 

4. Vulnerability of landslide in this area is highly related to geology and climatic 

condition. 
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