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1. INTRODUCTION:  

The area under investigation predominantly belongs to the domain of glacial landforms developed during the 

Pleistocene cold climate and presently being worked over by glacial, periglacial and fluvial processes with decreasing 

intensity southward. The northern part in particular belongs to a relatively different setting on account of being the entity 

of cold and dry climate in the Trans Himalayan belt. Based on the altitude , long profile of Bhagirathi river and 

physiographical characteristics the Uttarkashi-Gangotri area comprises six geomorphic zones, which include landforms 

of both degradational and aggradational origin. The six geomorphic zones  in this category are (Table.1):  

I)   Greatly undulating glaciated zone  

II)  Periglacial zone  

III) Distinct fault line scarp below the periglacial zone  

IV) Heavily dissected Riverine scarp zone below the fault scarp  

V)  Multi tier terraces along the Upper Bhagirathi Valley  

VI) Gently undulating riverine plain below the terraces  

 

1.1 STUDY AREA:  
Bhagirathi basin is drained by Bhagirathi river which originates from Gangotri glacier snout known as 

“Gaumukh”, at an elevation of 3972 m asl. The basin covers an area of 7502 sq.km and encompasses 238 glaciers of 

various types and sizes. The total area of the Gangotri catchment is 549.25sq.km and the total area occupied by the 

Gangotri glacier is 143.58 sq.km wherein 92.48 sq.km is in the ablation zone and remaining area is occupied by 

accumulation zone. Gangotri (Nagar Panchayet) and Uttarkashi are the only important town of the study area. The study 

area (Fig.1) is located in the southeastern part of Uttarkashi District. Uttarkashi district lies in the northwestern part of 

Uttarakhand state. It is bounded by North Latitude 30° 27′ 18″ and 31° 27′ 42″ and East Longitude 77° 48′ 26″ and 79° 

24′ 00″.  

Abstract:    The remote sensing technique is a convenient method for geomorphic analysis as the satellite images 

provide a synoptic view of a large area and is very useful in the analysis of drainage basin morphometry. 

Uttarakhand Himalaya is blessed with huge resources of snow, ice and glaciers that act as freshwater reservoirs. 

The upper reaches of the state encompasses glaciers, perennial snow, the proglacial regions, and areas down 

below that are covered with seasonal snow cover during the winters. Out of these Ganga basin is most glaciarized 

with 645 glaciers whereas Yamuna basin has least number of glaciers, i.e. 52. District-wise distribution of glaciers 

is also skewed. Out of the 968 glaciers in Uttarakhand, 310 glaciers are found in Chamoli district and 277 glaciers 

are also found in the Uttarkashi district while Tehri Garhwal district has only 13 glaciers. The Himalayan glaciers 

are a storehouse of freshwater and almost all the major river systems in the Indo-Gangetic Plain owe their origin 

to them. The Gangotri Glacier situated in the Uttarkashi district of Uttarakhand, Western Himalaya, is one of the 

largest valley glaciers of India. The glacier is around 30 km long, 0.5 to 2.5 km wide and covers an area of around 

143 km2. It originates from the Chaukhamba group of peaks (7000m) and flows in the northwesterly direction 

forming the source of Bhagirathi river at Gaumukh (4000 m asl), snout of Gangotri Glacier. 
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Fig. No. 1: Location Map of the Gangotri Glacial Valley 

Source: Toposheet, S.O.I & LISS III, 2013, NRSC 

1.2 Methods:  

Most of the observations in this study have been based upon intensive field work in the area under consideration. The 

study thus is based on available data and empirical observations. At first the study related maps were collected from 

different Govt. organization like topographical sheets (53 N/1, 53 J/13, etc.) from Survey of India, Dehradun and 

Kolkata, Satellite Imagery (LISS III, 1997, 2005, 2015, 2019 and LISS IV, 1997,  2005, 2015) (Fig.2)  from National 

Remote Sensing Centre, Hyderabad Most of the geomorphological research also depended mainly on the intensive field 

work. To fulfil the objective of research one of the main purposes of field study was to identify the major glacial-glacio 

fluvial-fluvial landform in relation to their order of evolution and the another main purposes of the field study was to 

identify the major existing landuse pattern and the recent landuse changes with the Uttarkashi-Gangotri area.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. No. 2: Flow Chart of Materials and Method (Prepared by author) 
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2. ASSESMENT OF GEOMORPHIC ZONES IN GANGOTRI VALLEY GLACIER:  

In such areas, there may be found upland tracts which still retain mainly their original glacial characteristics, 

yet along stream courses running water has formed the topography (Fig.5). Locally features may also exist 

resulting from wind deposition of materials derived from the streams, which carried glacial melt waters. Even 

beyond the limits of actual glaciation the topography may be compound in nature. The main topographic features 

may be the result of stream action, but along some stream courses there may be found features resulting from glacial 

outwash into the area and from wind action upon this outwash.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The ‘Greatly undulating glaciated Zone’ is the largest zone in the area under investigation where 

glaciers are a dominant feature controlling the development of the landscape. This zone lies in the north-

eastern part of the area under study and covers 1061 sq.km (61%) characterized by cirques, truncated spurs, 

aretes, horns, pyramidal and conical peaks, glacial troughs, steep head walls, U-shaped valley etc. Some 

glaciers are joined by the different tributary glaciers. In this zone the maximum altitude is 6904m (Thalay 

Sagar Parbat) and minimum altitude is 3600m stretching over a relief of 3304m characterized by high relative 

relief and steep gradient for down slope (Fig.3)   movement. Gangotri glacier is a well-known glacier which 

lies in the greatly undulating glaciated zone (>3600m) i.e. the first geomorphic zone of the area under study, 

situated in Uttarkashi district. The glacier originates at the northern slope of Chaukhamba range of peaks. This 

is not a single valley glacier, but a combination of several other glaciers that are fed to it and form a huge mass 

of ice. The glacier moves towards the northwest direction. This glacier comprises three main tributaries, 

namely Raktvarn (15.90 km), Chaturangi (22.45 km) and Kirti (11.05 km) and more than 18 other tributary 

glaciers are almost transverse to subtransverse (Table.1). The major peaks of this zone are Shivling (6543m), 

Vasuki Parvat (6792), Bhagirathi Parvat I, II and III (6856, 6512, 6454m), Sudarshan Parvat (6507m), Bhrigu 

Parvat (6015m) etc.    
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2. 2 PERIGLACIAL ZONE:  

The ‘Periglacial Zone’ is the 2nd largest physiographic zone lies in the extreme eastern and western side of river 

Bhagirathi beside the ‘Greatly undulating glaciated zone’ covering an area of about 230 sq.km (13%). The maximum 

height of this region is 3600m (Fig.4)  and the minimum is 3000m covering a relief of 600m which suggests that the 

zone are characterized by the relatively lower gradient or moderate gradient than the greatly undulating glaciated zone. 

Periglacial processes are very active in this geomorphic zone. An important aspect of this area is the immense 

accumulations of debris in the form of debris cone, rock glaciers and alluvial fans, and the related problems which arise 

out of the transporting of such huge amount of debris materials to cause landslides, debris avalanches etc. The work of 

transporting of such debris is associated with an annual cycle as the major bulk of these are being removed in the 

monsoon and also during the snowmelt period. 
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Table 1 Broad Geomorphic characteristics of the various geomorphic zones of Uttarkashi-Gangotri area, 

Uttarakhand 

SL.NO GEOMORPHIC ZONE ZONE OF 

ALTITUDE 

(M) 

MIMIMUM 

ALTITUDE 

(M) 

MAXIMUM 

ALTITUDE 

(M) 

AREA 

(SQ. 

KM) 

AREA 

(%) 

I) Greatly undulating glaciated 

zone 

> 3600m 3600 6904 1061 61 

II) Periglacial zone 3000m-3600m 3000 3600 230 13 

III) Distinct fault line scarp below 

the periglacial zone 

2600m-3000m 2600 3000 185 10 

IV) Heavily dissected Riverine scarp 

zone below the fault scarp 

 

2000m-2600m 

2009 2545 171 10 

V) Multi tier terraces along the 

Upper Bhagirathi Valley 

1400m-2000m 1406 2000 95 5 

VI) Gently undulating riverine plain 

below the terraces 

<1400m 1115 1400 24 1 

Source: LISS IV DATA, Toposheet, SOI 

 
2.3 DISTINCT FAULT LINE SCARP BELOW THE PERIGLACIAL ZONE: 

The ‘Distinct fault line scarp below the periglacial Zone’ is the next higher category of the area under 

study. This distinct fault line scarp below the periglacial Zone is lies in the exactly beside the Periglacial Zone 

on the both side of river Bhagirathi.  

 
This zone covers an area of 185 sq.km (10%) with the altitudinal zone between 2600m – 3000m. The maximum 

height of this region is 3000m (Table 2)  and the minimum is 2600m covering a relief of 400m which suggests that the 

zone is relatively low steep and low relative relief than the two upper zones of the area under study. The hill slopes are 

characterized by the formation of valleys, scarp, spurs, escarpments, and free-face etc. A fault scarp is the topographic 

expression of faulting attributed to the displacement of the land surface by movement along faults. They are exhibited 

either by differential movement and subsequent erosion along an old inactive geologic fault (a sort of old rupture), or 

by a movement on a recent active fault. Fault scarps often contain highly fractured rock of both hard and weak 

consistency. The Bhagirathi River passes through different lithotectonic units in its stretch from north-east to south-west 

of the study area. The Main Central Thrust (MCT) is passing across the central part of the study area separating the 

Lesser and Higher Himalayan rocks. The upper boundary of the MCT shear zone was first recognized by Valdiya 

(1976,1979,1980, 1981) who named it the Vaikrita Thrust (VT). The Vaikrita Thrust lies beside Sukki. 

 

 

TABLE-2 Inventory parameters of glaciers of Gangotri group, Uttarakhand 
 

Glacier Length 

(Km) 

Width 

(Km) 

Area 

(Km2) 

Ice volume 

(Km3) Snout elevation (m) 
 

Raktvarn 12.50 1.00 31.38 3.138 4700 

Chaturangi 20.00 1.20 56.40 5.640 4700 

Bhrigupanth 9.00 0.50 8.30 0.415 4200 

Meru Bamak 5.70 0.60 3.58 0.143 4300 

Gangotri 30.20 1.50 143.58 28.716 4000 

Source: LISS III Image, 2015, Toposheet, SOI & GSI 
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2.4 HEAVILY DISSECTED RIVERINE SCARP ZONE BELOW THE FAULT SCARP: 

The ‘Heavily dissected riverine scarp Zone below the fault scarp’ presents the heavily dissected region by the 

river Bhagirathi characterized by steep slopes with occasional steep rocky escarpments and peaks, narrow valleys, ridges 

and spurs, riverine scarps, primary tectonic landforms such as fault scarps (major and minor) are preserved almost in 

their original state. The major scarp is basically a fault related scarp with straight slope morphology. The minor scarps 

are basically erosional scarp with features like erosional scarps, valley associated with this unit. This zone is located in 

the beside of the distinct fault line scarp zone towards Bhagirathi river up to Harsil. This zone covers an area of 171 

sq.km (10%) with the altitudinal zone between 2000m – 2600m. The maximum height of this region is 2545m and the 

minimum is 2009 m covering a relief of 536m. The steep slopes of the High Mountains often show intensive agricultural 

terracing. The little agricultural land available is found in the valleys and in some cases in sheltered pockets of the 

hillslopes.  

 

2.5 MULTI TIER TERRACES ALONG THE UPPER BHAGIRATHI VALLEY: 
 The ‘Multi tier terraces along the upper Bhagirathi valley’ is located in the eastern and western side of the river 

Bhagirathi from Maneri to Ganganani and also some portion of downstream of river Bhagirathi from Maneri to 

Uttarkashi beside the Gently undulating riverine plain below the terraces zone covering an area of about 95 sq.km (5%) 

characterized by moderate slope, V-shaped valley connected with occasional interlocking spurs at different sites 

(Ganganani), terraces (Sainj) etc. the Multi tier terraces are largely utilized by the local inhabitants in terms of farming 

and grazing grounds. The maximum height of this region is 2000 and the minimum is 1406 m covering a relief of 594m. 

Different important places like Bhatwari, Ganganani, Sainj, Maneri, Uttarkashi etc are situated in this geomorphic zone.  

 

2.6 GENTLY UNDULATING RIVERINE PLAIN BELOW THE TERRACES: 

This ‘Gently undulating riverine plain below the terraces’ is the lowest altitudinal Physiographic zone of the 

area under study. This zone is situated in the exactly eastern and western side of river Bhagirathi from Sainj to Uttarkashi 

covers an area of 24 sq.km (1%) characterized by rugged topography with both first order (hills and valleys) and second 

order (scarp, alluvial fans, etc.) landforms. The town of Uttarkashi situated on the base of Varunavat Parvat and on the 

right bank of Bhagirathi river witnessed a serious landslide crisis. The maximum height of this region is 1400 and the 

minimum is 1115 m covering a relief of 285m. Uttarkashi town lies between two major thrusts (geological faults) of 

this region, i.e. the Main Central Thrust (MCT) zone and the North Almora Thrust, which is traced near Sainj in the 

Bhagirathi valley. The straight course of Bhagirathi River between Uttarkashi and Matli, sudden widening of river 

valley, crushing of rocks in the adjacent area and compressed meandering of Bhagirathi River are the main 

characteristics of this fault.  

The Himalaya has the greatest concentration of the glaciers outside the polar region and occupies about 0.77% 

of the total glaciarized area of the earth. This glacier system not only acts as a perennial water source, but is a marker 

of climate change in the region. As a whole about 17% of the Himalaya is permanently covered with glaciers and 

additional nearly 30-40% area is seasonal snow covered (Vohra, 1978). Garhwal Himalaya (Uttarakhand) is second 

largest glacierised areas in Indian part of the Himalaya and covering an area of 3550 km2. There are nearly 10,000 

glaciers in the Indian Himalayas. After Siachen (73 km long), Gangotri is the next largest of the Himalayan glaciers.  

 

3. RESULTS AND ANALYSIS: 

A comparative analysis of the glacier’s snout position was carried out using data from primary and secondary 

sources and interpretations from various satellite imageries over the past three decades.  

Fig. 6: Changing Nature of Gangotri Snout 
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Present researcher also analyzed the rate of retreat with the help of the G.P.S. study and Satellite Imagery of 

LISS III (1997 & 2015) and S.O.I toposheet (1962) using Erdas Imagine 8.4. The glacial area (Fig.6)  was calculated 

using satellite imageries and toposheets of 1962, 1976, 1997, and 2005 by delineating the glacier boundary using 

ERDAS 9.0 and auto calculating the area using GIS methodology. Based on the intensive field survey and the analysis 

of satellite imagery and S.O.I toposheet proofs that Gangotri glacier receded 1429.30m from 1962-2005 (53 years 

analysis).  It is very clear to us that in the 2015 image the amount of snow covered area is less than the Nov 1998 image. 

Based on the comparison of satellite imageries of the Gangotri glacier for the years 1976, 1990, 1997, 1999 and 2005, 

2006, the analysis shows that the glacier is not only receding in length but also in terms of glaciated area from all the 

sides. The possible reasons behind this retreat may be linked with two main factors: (a) reduction in snowfall and (b) an 

increase in the temperature of the region. Analysis shows that between 1976 and 2006, the glacier area has reduced by 

15.5 km2, with an average loss of 0.51 km2 per year. This reduction in glacier area is 22.9% over 1976.The glacier area 

reduced by 7.2 Km2 between 1976 and 1990, in fourteen years, with a 10.6% reduction in the glacial area. In nine years, 

between 1990 and 1999, the glacial area reduced by 4.3 km2 and resulting in 7% reduction in area when compared to 

1990. However, the rate has increased between 1999 and 2006, with glacial area reducing by 4.1 km2 and a 7.25% 

reduction in area over 1999.  

A study of data from all available sources illustrates that the main trunk of the Gangotri glacier has been in a 

continuous state of recession and fragmentation during the past century. The length of the glacier has been computed 

for different years based on available data. The trend shows that the length of the glacier has reduced by about 1.42 km 

in 53 years, from 1962-2015. This is a very common and natural phenomenon, but we cannot neglect the interference 

of human activities particularly to this glacier. Every year thousands of tourists, pilgrims, mountaineers and trekkers 

visit this area, and have left huge amounts of waste material there. Thus there is an immediate task to prevent any type 

of human activity, except scientific research work to preserve this holy place Gangotri, and to maintain its aesthetic 

beauty. 

 

4. CONCLUSION:  

The Gangotri Glacier, at the source of the Ganges River, has fluctuated greatly throughout the late Quaternary 

in response to climatic oscillations. This has resulted in impressive moraines, paraglacial debris flow fans and terraces 

along the upper stretches of the Bhagirathi Valley. The study of development of landform and land use is of prime 

importance for the economic development, resource planning and cultural advancement of people. The entire area is 

characterized by some important erosional and depositional features, which indicate the rejuvenation of landscape as 

well as tectonic movement of the entire area. The topographical expressions of multicyclic landscape of the terrain are 

valley in valley, U-shaped valley, numerous waterfalls, nick points etc. in river channel. From the basis of different type 

of soils and geomorphic processes (glacial, glacio fluvial and fluvial) of the region, it is clear to us that the entire study 

area is representative of a polygenetic landscape with diverse land use patterns. The area has a great potential for 

economic development as it is well enriched in varied natural resources and there is a great scope for eco tourism. The 

surface configuration of the Uttarkashi-Gangotri area can be analyzed with the help of different morphometric 

techniques like relative relief, dissection index, drainage density, drainage frequency and average slope, nature of long 

profile, sinuosity index etc. to find out the characteristics of Uttarkashi-Gangotri terrain. Bhagirathi valley presents a 

well-developed watershed in which snow, glaciers, running water and mass gravity movements are the important factors 

in sculpturing surface geometry.  
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