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  ABSTRACT 

In the Alpine environments, paraglacial slope formation occurs naturally both during and after 

deglaciation. In areas of the western and eastern Himalaya during and after deglaciation, paraglacial 

stress-release acting on glacially steepened rock walls has produced a wide variety of typical 

landform features of rock fall and talus slope types. These are linked to characteristics of catastrophic 

slope collapse, deeply buried rock mass deformation, fan development, and progressive slope 

adjustment with sporadic rock fall activity. The creation of avalanche tracks and melt-water canals in 

this region also assisted in the simultaneous change of mountain slopes. From a geomorphological 

perspective, typical features that emerged under the aforementioned circumstances and their 

evolution on the mountain slopes in these places have been recognized. 

 

 
1.  Introduction 

Quaternary geomorphologists have recognised four typical 

geomorphological processes, including glacial, periglacial, 

paraglacial, and nival, that occur in frigid mountain 

environments. Numerous regions in the Arctic and Alpine 

environments have previously seen an intensive study of 

glacial, periglacial, and nival processes and characteristics. 

Only recently, over the past several decades, have Quaternary 

geomorphologists begun to pay attention to the processes and 

characteristics associated with paraglaciation. 

The word "Paraglacial" was used initially by Ryder [1, 2] 

for describing how rivers and debris flow modified potentially 

unstable glacial drift, British Columbia's Canadian Rockies 

saw deglaciation afterwards. Church and Ryder [3] later 

conducted extensive research on paraglacial as a distinct 

geomorphological process, describing it as "a glacially 

conditioned fluvial process in the cold settings" that 

characterises this characteristic landscape process. Following 

that, the conception of paraglacial process as well as the 

explanation of modification of glacigenetic deposits on 

hillsides in the Arctic and Alpine regions have frequently 

included attendant landscape alterations. [4–10]. The 

disclosure and consequentparaglacialalteration of vertical rock 

walls is one of the most important geomorphological effects of 

deglaciation, according to Ballantyne [7], and independent of 

sediment reworking, it frequently happens in many 

mountainous places.  

Recently, glacier movement in the Inner Himalaya has 

received little attention in terms of the paraglacial processes 

and geomorphics, additionally, in certain instances, the newly 

formed alluvial fans that appear on the uncovered foot slopes 

ensuinglatest glacier pull-back have been incorrectly endorsed 

to exclusively fluvial procedures. This study intends to analyse 

the arrangement of dropping on slopes of the mountains in 

freshly glaciated Upper Alakananda, Upper Bhagirathi, and 

Eastern (Sikkim), Rathang valleys in the Western (Garhwal). 

 

2.  The Himalaya's tectonically active paraglacial rock-

slope modification mechanism 

Slope evolution results from both geomorphological and 

geotectonic processes in the Himalayas, the Alps, and others 

which are tectonically active mountains. The scale at which 

one of these two processes predominates determines how much 

it predominates in a certain area of the terrain. It is now 

thought that residual strain energy was stored in the rock mass 

of the valley wall during the Pleistocene era when the valley 

glaciers were at their thickest. Then, as the valley glaciers 

started to melt during the deglaciation, the rock tension 

continued to be released, causing the slopes to deform [7]. The 

rock body frequently experiences a variety of impacts 

following deglaciation, including severe fracture and 

significant slope modification. The type, as well as the extent 

of the paraglacial acknowledgement, are influenced by 

variations in lithology as well as structural 

characteristicssignificantly. A complex geological structure can 

be seen in this area of the Inner Himalayas, where there is a lot 

of gneissic and schistose rock folding. In this Himalayan 

region, the following three kinds of paraglacialgeomorphics 

and processes have been researched: 
 

2.1.  Catastrophic failure of the rock slope and 

supplementary geomorphics 
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Failure of disastrous rock slope is a frequent 

occurrenceamong all highlands. Following glacier retreat, 

exposed mountain slopes in cold mountain environments tend 

to exert outward strain, resulting in rock shattering and 

catastrophic slope failure. The initial change of slopes is 

thought to have resulted from multiple failures of disastrous 

rock slope in the introductory phase of the main Alakananda 

Glacier's ongoing retreat commencing in the early Holocene. 

The recent discovery of morainic formations in the Upper 

Alakananda Valley, which is outside of Mana village, lends 

credence to this theory. But given the enormous amount of 

debris—shattered blocks mixed with fines—covering the 

slopes on either side, it is unclear how much of it is paraglacial 

product and how much is the result of the Himalayan tectonic 

(seismic) activity. After the glacier was removed from the 

valley, it appears likely that the large blocks of debris that have 

collected on the slope’s base are the effect of paraglacial 

activity, and individuallayersof higher portion of slopes exhibit 

evidence of combined paraglacial, periglacial, as well as 

tectonic activity. In contrast to those on the foot slopes, which 

are primarily preserved in relict form as has been deduced from 

the spot markings of enormous lichens on the boulders, debris 

found on the hilltop was reported recent in form and believed 

to be functional in the current. 

 

 
Figure 1. Disastrous rock slope failure induced modified hill slope of 

Upper Alakananda valley in Garhwal Himalaya. 

 

2.2.  Deformation of the rock-slope and related 

geomorphics 

Deformation Rock-slope is the activity of debuttressing a rock 

slope during the deglaciation. This process and the start of 

rock-mass creep have a particular link. Several researchers, 

including Tabor [11], Evens and Clague [12] have explored 

this process. Bovis [13] conducted extensive research on 

paraglacial rock-slope deformation in the British Columbian 

valley of Affliction Glacier. His studies revealed that the slopes 

supported antiscarps, elongated grabens, collapse pits, and 

other common features related to rock-slope deformation.  

Stress may be released during the dcglacial unloading and 

debuttressing processes, which are also known as the processes 

of slow rock-slope deformation and rock-mass creep. Such 

deformation of the rock slope results in the widespread failure 

of rock masses. Convex bulging slopes, tension cracks that 

resemble crevasses, upslope-facing scarps, and ridge-top pits 

are the primary geomorphics created by the gradual rock-slope 

deformation process (grabens). There are numerous crevasse-

like tension fractures as well as preserved upslope-facing 

scarps on both sides of the mountain wall that cuts across this 

valley. 

 

 
Figure 2. On the south-facing slope of the Kanchenjunga in the 

Sikkim Himalaya, anti-scarp formation is a result of the slope 

debuttressing at the edges of the retreating Rathang Glacier. 

 

2.3.  Formation of the paraglacial talus-slope and fans 

The third conceivable reaction of glacially processed 

slopes is steepened slopes and paraglacial talus slopes [14]. As 

paraglacial talus accumulation developed, the valley's cliff 

walls responded quickly with rock-fall activity. 

Geomorphologists operating in cold regions said that the 

enormous amounts of talus created on the foot-slope 

underneath the walls of the cliff were inconsistent given the 

rate at which rock falls are currently occurring. They came to 

the conclusion that, in the past, once the glacier had retreated 

from the valley, the pace of rock fall had been much higher 

[15–17]. 

Alluvial fans and debris cones are distinctive paraglacial 

accumulations from the Late Pleistocene and Early Holocene 

eras, but little is known about how they formed on freshly 

deglaciated forelands [8]. Deglaciated mountain environments 

are dotted with alluvial fans and paraglacial debris cones. It is 

believed that some paraglacial debris cones in the Himalayas 

are from the Late Holocene. During the preceding 200 years, 

concurrent with glacier retreat, debris-flow-dominated fans 

have grown in the higher portionof Bhagirathi Valley or 

Garhwal Himalaya [18].After the glacier ice receded, many 

cones were shaped in the LangtangHimal of the Himalayas of 

Nepal, and some of these cones eventually had their toes 

terminated by further glacier advances [19]. The studied area 

of the Upper Alakananda Valley is characterised by a series of 

extensive paraglacial fans. These tend to be of the relict variety 

and are frequently severely trenched by snow-avalanche trails. 
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In this region, the large number of fans has concluded to 

expand and show entrenched fan heads as well as river erosion. 

 

 
Figure 3. The valley-side slopes of the upper Alakananda valley, 

which were impacted by Sathapanth glacier retreat, exhibit both the 

bottom zone of coalescing debris cones and the top slope zone of 

gullies. 

 

 
Figure 4. Creating pathways for meltwater near the upper Bhagirathi 

river valley, on a mountain. 

 

 
Figure 5. Melt water channels have caused scars on the freshly 

glaciated mountain slope in Upper Bhagirathi river valley of Garhwal 

Himalaya. 

 
Figure 6. In the Upper Alakanandariver valley of the Garhwal 

Himalaya, there is a significant snow-avalanche trajectory on the 

foothill. 

 

3.  Conclusions 

Paraglacial slope evolution is the main geomorphological 

procedure across the recent glaciated mountain range of the 

Upper Alakananda Valley. The initiating impact of 

suchprogression was formed inside the unsteadyfoothill cliffs 

overseeing the floor of a valleyvia pressurerelief of the rock 

body during and instantly after withdrawal of the glacierfrom 

the main valley. Beyond the Badrinath pilgrimage, uphill via 

the Upper Alakananda Valley from Mana village to Satapanth, 

numerous paraglacially produced geomorphic features, such as 

talus buildup, fan formation, antiscarps, and convex bulging 

slopes, have been seen. Since the Late Pleistocene as well as 

Early Holocene, paraglacial occurrences have gradually 

ceased, leaving the buildings that were built previously 

vulnerable to periglacial and fluvial processes and relics. As a 

result, the slope's evolution has been changing ever since. The 

rock-fall features deposited near the foot of the slopes, 

consisting of big blocks and minute fines, and the angular 

debris intermingled with finer material seen on the upper 

slopes are illustrative of the slope deposits created by 

pariglacial as well as by tectonically (seismically) processes. 
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