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Clitnatic effects and bedrock control on rapid fluctuations of 
Chhota Shigri glacier, northwest Hitnalaya, India 
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ABSTRACT. Active lec lonism in the Hima laya, a nd the lo ng-fault lineam ent contro l­
ling lhe t'as t~\\'('s t ri\T r va ll eys, pl ay a n important role in melt a t th e snouts o f g laciers, or 
th eir flu c tu ati ons during the yea r. Lower g lac ier limits a rc controll ed by hig h winds from 
th e India n pl ains fl owing a long the \·alleys. Fluctu ati ons o r lh e Chhota Shig ri g lac ier dc­
pend on temperature \'a ri a lio ns at the junc ti on with the Ch a ndra Ri\'er va lley a nd in th e 
unconsolida ted mora inic d ebri s below the g lacier ice. Hig h fl ow rates in the a bl a ti on zone 
indica te tha t basa l sliding is th e main m O\ 'cmentmec ha ni sm,l\klt takes pl ace mainl y 
from ach'ee ti on, and thi s p rocess of melting during th e SUl1llll e r season occ urs both day 
and night. 

INTRODUCTION 

The C hho ta Shigri g lac ie r (32 11 ' 32"8' N a nd 77 ' 30 ' 
77 ' 33' E ) li es within the 111 0nsoon a rid tra nsiti on zone (Kre­
nck a nd Bhawa n, 19+5) in the La haul Spiti District, Him a­
cha l Pra des h, India (Fig, I), Tt is considered to be a 
po tenti a ll y sensiti\,(, indicator of the northe rn limits and in­
tensit y o f the mon500n, Its fluctu ati ons, o f the o rder of' 19~20 

m eith er a d\'a nce or re trea t, ha\'(' bee n o bse ryed since 1986 
(Kum a r and Dobha l, 199+). 

C hho ta Shigri is a tra nSHrse glac ie r d escending 9 km 
northwa rds from th e Pir Pa l~ a l R a nge in lh e m a in C ha ndra 
Ri\'(' r n tlle y of' Him acha l Himalaya. Th e acc umul a tion 

zone li es a t +650 5900 m. The equilibrium line (ELA ) flu c­
tu a tes be tween +650 a nd +800 m, The m a ximum width of 
the g lac ie r is 1.5 1.8 km near the ELA, Th e sno ut is na rrow, 
steep, cove red by debri s a nd bounded by escarpment \\'a lls 
(Fig, 2), d ropping at a n a ng le of 35 th ro ug h th e abla ti o n 
zone to th e snout at +100 m a.s ,l. ; extending a bo ut I km o\'C r 
mora inic a llu\ 'ium dep osits, The g lacier is fed by [our tribu­
ta ri es, three on the easte rn side and onc o n th e west. The 
tota l g lac ie ri zed a rea is 18.6 km 2 with ice in the main glac ie r 
stream occ upying abo ut 8.6 km 2

, Thickn ess \'a ri es Crom 15 
130 m {i'om th e snoul to the acc umul a ti o n zone (Fig. 3), ac­
eOl"ding la a g rav ity sunTy. The average fl ow \ 'C loeity is 
8.58 m a I, ra nging from 8,lm a 1 in the a bl a ti oll zone to 
13.81111 a 1 a t th e ELA (D obha l, 1992). Th e tc mperature n lr­
ies rrom 4,5 to 1I C a t the ELI\ in Aug ust September to 
+,5 to 19 C a t the sno ut. There a re no surrace streams in the 
bas in ; di scha rge is entirel y due to melting o r the g lacier. 

CLIMATE 

Th c Him a laya form the so uthern Iimils o f'th e Tibela n P la­
tea u, This 5 7 km eleva ted region has an e norm oLls influ­
ence o n the natura l c nvironment a nd a ll its adj ace nt 
regions. The hi gh pla tea u causes mall )' cha nges in the a tmo­
spheric co lumn, such as a differenti a l heating eITec t \\'hieh is 
10\\' Il ea l' th e platea u a nd warm high abO\'(' it. It int ercepls 

th e sub-tro pica l pla neta r y hi gh-press ure zone a nd has a 
dircet a ffect 011 tb e Indi a n m Ol1Soo n (Li a nd Xu, 198+). 
During the 111 0 llS0011 months wind speed va ries from 10 
20 m s 1 ill the Hima laya (Fig, +), The mean 600 mbar cha n 

fo rJul y 1200 G ~rT, a\'Craged 0\'(']" the peri od 1961 70, shows 
troughs fa lling 0 \'('1' so ulh ernTibel a nd onlhe n orthern and 
so uthern sides o f th e Tibe ta n pl a tea u (Fig. 5), hence produ­
cing glac ie rs in the Him a laya whieh a rc \ 'C r y actiYe. " 'hen 
the weste rl y c irc ul a tioll is m a rc so utherl y, a nd becomes 
blocked OHT the pl ateau in the winter monlhs, the th erm o­
dynamic effec t causes abunda nt prec ipit a ti on , as ra in a nd 
sno\\', 0\'('1' th e western Him alaya , The Him alayan glac iers 
a rc not o lll y la rge but, lying a t \Try low la titudes, a rc \'cry 
tempera te. 

7hbll' I. ,\feleorolop,ical r/wrarlmslics all Clzhola Shigri 
glacier dllrillg the SllI/llIler season (1111g1lSI SejJlelllber ) 
1986 89 ]rom field meaSllrelll ell ls al 3870 III (slalion A ) 
alld .J.ujO III (slalioll B ) 
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Fig. 1. Location map of the glacier with some saiientjeatures ofChhota Shigri glacier. 

It is evident that temperature plays a n important role in 
Lhe rapid Ouctuations of a glacier. This is indicated by da ta 
on m ass changes in the Chandra Va ll ey system, collected in 
1986- 89 (Table 1; stations A and B), which show consider­
able climatic va riation. 

The major pattern of the glac ier regime controlled by 
climate has been identifi ed. Glacier melt takes place mainly 
from advec tion, and th is process of melting during the 

N 

summer season occurs both day and night. Precipitati on 
increases at low altitude, below 3870 m a .s. l. , but at 
4650 m the influence of the summer is reduced. Wind Oow 
in the glacier valley is genera ll y from the south and south­
we t, whereas in the main valley it is mainly westerly where 
it forms eddy currents (Fig. 6). The temperature here is 
higher than at the glacier where the melting rate is 2-
4 cm d I. The mass-ba la nce trend was negative for 1987- 88 
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Fig. 2. Longitudinal profile along the eas/em and wes/e1'l2 side of the glacier valley, cTOss-profile of the valley ( U-shaped) showing 
the toe of/he glacier resting onjJULverized material. 
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Fig. 3. T hickness rifthe ice determined by a gm viO' method in 
1988. T he ice-depth conlollrjJ/olledjrom the ice thickness with 
a 10 III (on t01l r illt erval and cross-section Xlr taken to cal­
culate the velociO' distribution componellts. 

a nd 1988- 89; - 1.01 x 106 m :~ a nd - 1.71 x IOI) m :1, respec­

ti\ 'c1 y (Dobha l a nd others, 1995). 
The diurna l " a ri ati on of temperature is compa ratiw ly 

g reater. The temperature is hig her in the ma in C handra 

Va ll ey tha n a t the Chhota Shig ri g lac ier, such that the 

glacier is up to - 1.60 to 5°C coole r in the summer months 

(August). ~Ican rela tive humidity va ri es f'rom 73 to 93% in 

the \'a ll ey, which is more a t the g lac ie r. Energy-budget ca l­

cul a ti ons near the ELA give a snowmell ra te of 0.5 cm d 1 

The eJ1\·i rOil menta l lapse ra te ra nges from 5.3° to 14.7 DC 

60 

40 
ms' 

3 5 7 9 11 
MONTH 

Fig. 4. Annual variation rif wind speed at 12 km 017 the south 
( broken line ) alld north ( solid line) side rif the jJlateall 
( after Gao Jou-.ri and others. 1981). 

Fig. 5. ,I lean 600 mbar chartforJ uly averaged om the period 
1961- 70 in geopotential decamelers, 1200 C. lfT (after Gao 
rim-Xi and olhers, 1981). 

km I hut is mostly scaLtered around 12°C km I (Pu whit 
a nd others, 1989) . 

BEDROCK GEOLOGY 

C hho ta Shigri glacie r li es within the Centra l Crystallines of 
the Pi r Pa l~ a l range o f the Himacha l Hima laya (Fig. 7). This 
C rysta lline ax is is compri sed mos tl y o f meso- to ketazona l 
m e ta m orphites, mig m a tites and gneisses. I n places, g ra niti c 
roeks o f different composition and yo unger age indicate re­
juve na ti on. But 3 km upstream o f' C hhoLa Dara , in the 
upper Ch andra " a lley, older Pa laeozo ic g ranitic rocks a re 
ex posed . The Haim a nta Formati on overli es these with a tee­
to nic brea k, where black sla tes, phyllites a nd fin e-g ra ined 
bi otite-schists a rc ex posed. The sla tes a nd phylli tes show a 
\\'c1I -de\'c1 oped thrust tec tonic contac t which forms the c rest 
o f the northern ridge. Box-type folds with decollement a re 
quite promi nent in the H aimanta Fo rm a tio n. 

The H aimantas, which rest direc tl y on basement rocks, 
a re hig hly meta m orphosed metasecl im ents and show in­
tense [o lding a nd shea ring. The brown biotite, with a fin e­
g ra ined texture, shows intense heating effects which indi­
cates peri odic reheating of the gra nit ic rocks below. This is 
a lso indicated by the \ 'a ri ous types o f g ra nitic a nd g neissic 
rocks present in the basement. Schi stose g neiss and a ugen-

s Main Valley N 

o tkm 
"=====I 

Where 

1, - lemperalure of Ihe rock ma •• 

12- temperature of the debris 

13 _temperalure aflhe wind duo 10 
difference in main volley l emperalure 
and the glacial valley 

tG-temperature of the glacier 

Fig. 6. Formation rif the er/(£r w rrellt at lite j Ullction rif the 
glacier l'(/lIe..JI ( south alld south-southwest ) alld the main 
C/wlldra r 'allq (wester£y ) willdflow direction. 
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Fig. 7 Geological map of the area around Chlwta Shigri glacier (after Rawat and Puroliil, /988). 

gneiss have developed in the g ranite without any di stinct 
margins (Kum ar, 1979, 1996). C hhota Shigri g lacier rests on 
the granitic basement rocks 

On both sides the ridge tops a re at an a ltitude of 6300 m 
a nd the bollom of the Chandra Va ll ey lies at 3300 m. The 
ove rall relief is 3000 m. 

GEOMORPHOLOGICAL ASPECTS AND GLACIAL 
LIMITS 

Time and again it has been pos tu lated that in thi s region 
there a re more than three levels of erosion, hclonging to 

more than three different cycles, related to severa l tectonic 
events sepa ra tcd from each o ther in time a nd space. The 
eros iona l features provide a good obsen 'ati ona l se tting for 
assess ll1g: 

I. The inOuence of the present glaciation on the higher 
a reas a nd the valley clima te. 

2. Controls rel ated to bedrock geo logy and structure. 

In the Himalaya, the Neoglacia l moraine complexes are 
genera ll y preserved above the present termini at 4300 m, 
but this limit va ries with the average height of the region. 
They a rc quite prom.inent, sha rp a nd multi-crested , steep-

470 

wa ll ed complexes up to 150 m thick a nd very close to the pre­
sem glacier snouts. C hhota Shigri g lacier has four such 
sha rp crests, ~\-hic h higher up a rc di sturbed by soliiluction 
debris but lower down a rc di sturbed by minor slips within 
the morainic complex and rockfa ll s over it. The mora ines 
show a high degree of mechanical weat he ring due to the ex­
tremes of climate. High wind velocities causes desert va rn­
ishing. Boulder-face ted soil development in the mora inic 
debris is quite prom inent. Consideri ng these characteristics 
with res pec t to their position, the moraines can be attribu­
ted to a recessional stage of the las t glaciation (Fig. 8). 

The most interesting observation on the snout of C hhota 
Sh ig ri glacier and the lower pa rt of the ablation zone is tha t 
the sec ti on about 800- 1000 m from the snout rests on debris 
deposited by glacier m o\'ement at its toe, i. e. glacia l mora ine 
o r till (Fig. 6). These mora ines a re mostl y quite thick 
(>50 m) and rest on a ha rd rock base, but in the lowes t pa rts 
they a re > 100 m thick and re presented by a poorly consoli­
d a ted till. As is clear from Figure 9, the Chhota Shigri 
glacier moraine has an exceptiona l crest, higher th a n the 
present level of the C handra Ri ver. The laller has three di s­
tinct le\'els of terraces at interva ls of >50 m (Fig. 9). G lac ier 
Oow does not appear to have increased the morainic depos­
its but there is a cres t in the vall ey which is a recent phenom­
enon. These mora ine le\'els conta in "fresh" boulders 
ex hibiting limited surface weathering. H owe\'er, the max i-
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Fig. 8. Five recessional stages qf the gLacier from last glacia tion. 

mum advance of the termina l moraines has been co rrelated 
with the las t glaciati on. 

DISCUSSION 

It is clear from the climate da ta that the Himalayan glaciers 
cannot be compared to the Alpine ones (Table I). The main 
differcncc is the ori entation of the mountain ranges. North­
to-south co ld winds can affect climatic conditions in the 
Alps, but have a lesser effect in the Himalaya. It is a lso clea r 
that the orographically controlled cli matic gradient due to 

the Tibetan Plateau, tectonic uplift and contrasting glacier 
geometri es a ll had a direct a ffect on the Pleistocene glacia­
ti on in the Him a laya n region. 

Active tectonism in the Him a laya, and the long-fault 
lineament controlling the east- west river vall eys opening 
to the south of the ranges in the Indo-G angetic pl ains, play 
a n importa nt role in controlling melt at the snouts of the 
glaciers, or the fluctuati ons during a year. The lower glacier 
I imits, which extend onto the morainic debris, and melt with 
respect to the va ri ations in the main vall ey temperatures, 
a re controll ed by high winds from the Indi an pla ins flowin g 
a long the vall eys. While glac ier ex tension is based on snow 
acc umul ati on in the region and the avail able snow fi elds, 
snout flu ctuations depcnds on temperature vari a tions at 
the juncti on of two valleys and in the unconsolida ted mora i­
nic debris below the glacier ice (Fig. 6). In the Himalaya, few 
glaciers now over rocks, most have lower snouts extending 
over glacia l depos its, depending on the extensio n depth 
a nd the shape of the vall eys, which further control the 
glacier shape a nd geometries. 

Calcul ated velocity-distribution components at different 
cross-sections of Chhota Shigri g lacier a rc given in Table 2 

(Fig. 3). Cross-sec tion VI shows th e max imum surface 
veloc ity and ice di scharge and can be inferred as the equili­
brium line, sepa ra ting the ablation a nd accumulation zones. 
Eve n the extraordina ry high rate of Vb/Vs (up to 92% ) in 
the abl ati on zone indicates that basa l sliding, controlled by 
the ice mass and the slope, is the ma in mechanism of g lac ier 
m ovement. However, the bare uppel- surface does show 
some capillary acti on, i. e. waxing a nd waning. 

CONCLUSION 

The recent stud y o f Chhota Shig ri g lacier showed a thin­
ning in the middle pa rt by 3 m during 2 years (i. e. 1987 a nd 
1988). A gravity survey indicated the g lacier was compa ra-

Fig. 9. Three dislinct levels rif the river terraces rif the Chandra 
R iver at intervals cif 50 60 m. Tlz is indicates that Chlwta 
Shigri Glacier has an excejJtional[y higher crest than the 
present level qf the Chandm Rive?: 
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Tc/hle 2. Calculated glacier thickness and component veLoci0' along the celltra/line oftlze gLacier ill 1987 and 1988 ( Doblzal, 1992) 

Cross-sertioll I1 \-:, 
III Clll d 1 

1987 1988 1987 1988 

37.7 36.9 RI R I 
11 39.8 36.8 9. 1 R2 
III 39.2 40. 1 9.2 10.7 
IV 48.2 43.:2 11.3 10.7 
\ ' 48.5 46.6 13.2 12.0 
VI 7'2.2 I+.2 
VII 96.0 95.0 110 13.81 
VIII 93.3 92. 1 10.3 11.36 
IX 72.0 68.8 12.9 11.3 
X 102.0 94.8 10.8 10.5 
XI 105.0 1+.0 
Xli 123.8 124.4 13.8 12.0 
XIII 1 2~ .9 8.8 
XI\ ' 126.1 8.4 
XV 12RO 8.2 

tively thicker on the western side than in the middle part. 
The maximum thickness of the glac ier on the western side 
indicates the g lacier va ll ey is much more inelinecl or deeper 
on that side, which may be due to bendi ng of the glacier and 
more eros ion. Regarding the movement of the glacier, the 
high rate of VI)/ \!;' in the abla tion a rea indicates tha t basal 
sliding is the m a in movement m echanism, meltwa te r contri­
butes more to its mO\'ement in the north-northeast direc­
ti on. 
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