
Journal qfG/aciology, Vo!. 45, ,\ 0. 149, 1999 

Controls on the major-ion chemistry of the Dokriani glacier 

m eltwaters, Ganga basin, Garhwal Himalaya, India 

SYED I Q.BAL HASNAIN, RENO]. J. THAYYEN 

Himala)lan Glacier Project, School qf Environmenlal Sciences, Ja walzarlaL JVe/l1"1I Cniversity, New Delhi 110067, India 

ABSTRACT. A de ta il ed stud y o f the m ajo r-ion ehem istry of the D okri a ni g lacier melt

waters, feed ing the Bhagirathi ri\ "Cr, G a nga basin, Garhwal Himalaya, India, has been 
ca rried out to assess the role of ac tive g laciers in the hig her chemica l-d enudation rate 
(CDR) ill this area. The CDR of the Dokria ni glacier catchmem is 321.6 t km ~ a I, higher 

than in other glac ierized catchments of the world, indicating intense chemical erosion in 
the g lacieri zed catchments of the Him a laya. The dominance ofCa

2
+, HCO:l a nd SO 1:2 

in meltwaters thro ughout the 6 month (May-Octobe r ) ablation peri od suggests that the 

chemica l weathering is dominated by co upl ed reactions ilwoh:ing sulphide oxidation a nd 
carbonate disso lutio n. G ood posit i\"e correlation betwee n SO/ and suspe nded-sediment 

conce ntra tion duringJul y and August (r.2 = 0.72 and 0.67, respectivel y ) suggests that the 
southwest monsoona l r a infall enha nces the weathering of supraglacia l m o ra ine and con

tributes sign ificanL amounts of sulpha te .to the high meltwater di scharges. The sulphate 
flu x, as a IJI"oportion of combined (SO 12 + H CO·; ) flu x, a lso inc reased from +5 % a t 

" 1 3 1 " 
2 m " s to 63% at 10 m ' s . 

INTRODUCTION 

The Ganga ri\'er bas in, Garhwal Him a laya, Indi a, has a n 
.) , 

area o f 30000 km -. It contall1s more than 1020 la rge and 

sm a ll glaciers (\'ohra, 1993). It is est imated that 3.4·% of the 

Ganga basin is presentl y cO\'e red by a cti\'C glac iers (Vohra, 

1981 ). Ea rli er studies o f the major-ion ch emistry of waters in 

the basin were foc used 0 11 idelllifying the source wa tc r 

(Sarin and others, 1989, 1992). It was estimated th a t the 

chemical-denudati o n rate (CDR ) of the Bhagirathi a nd 

Alaknanda ri\ 'Cr basins was 110 a nd 137 t km 2 a I, respect

i\ 'ely, sugges ting intense chemical weathering in the Ganga 

headwa ter catchments. The t\\'o ri\"e rs join together a t 

Dev prayag to form the ri\'Cr Ganga. 

T n this work, wc studied the major-i on chem istry o f 

D o kri a ni glac ier meltwater, with a view to assess ing th e 

contribution of ac ti\"e g lac iers to the higher CDR s derived 

for th e G anga headwa te r ri\'Crs. Of pa rti cul ar importa nce 

is the monsoon which bursts over the eastern part of the 

Himalaya in the fi rst week of June and contributes a large 

propo rtion of the a nnual runoff in a few mOl1lhs (Sharma, 

1993). The monsoon is defl eC'led by mountains a nd mO\"Cs 

westward, extending throughout the regio n by the end o f 

Jul y, where it persists till mid-September (l\lani , 1981). 

The runofr from the g lac ieri zed \'a ll eys of the Ganga 

ri\ 'C r basin is first fed by snoll'melt as the transient snowline 

recedes, a nd thi s results in di scharge peaks by the e nd of 

June. Howe\'C r, the de nse cloud cO\'C r of the southwes t m o n

soon betweenJu ly a nd August O\'er the Garhwal Him a laya 

c uts off the radi a tion , a nd melt from the glac ier ice is sub

dued (Collins a nd Hasna in, 1995). The potential of so lute 

acqui sition by melt wa ters in the subg lac ia l environment is 

several times hig her than in other g lacial el1\'ironments, 

due to (i) the slow tra nsit time of water within the subg lac ia l 

system (Ti'anter and R aiswell , 1991; TranLer a nd others, 1993; 

Brown and others, 1994·, 1996; Coli ins, 1995), (ii ) the avail

abilit y o f large amoullls of freshly comminuted rock fl our, 

(iii ) the a \'ail abilit y of reac tive minera ls, such as ca rbonates 

a nd sulphide in the rock fl our, a nd (iv ) the rel a ti\'ely rapid 

ox idation of sulphide in the fres h rock fl our, prO\'iding add

itional protons for chemical weathering (Ti'anter a nd 

others, 1993; Brown and others, 1996). 

In thi s paper, we present deta iled chemical results from 

dail y meltwater samples co ll ec ted during May-O cLObe r 

199-1- fro m the Dokri a ni g lac ier in the Ganga basin. The 

res ults a rc a nalyzed with a \ 'iew to e\'aluating the role of 

monsoo na l ra in fa ll and supraglacial weathe ring of mora ine 

in contro lling runoff chemi str y. 

STUDY AR EA 

The Dokria ni glacier is a sm a ll rr lacier, located in the ULtar

kashi di stri ct ofUllar Pradesh, The glacier li es 25 km cast of 

Bhukki. lL ex tends from lat itude 31 °49' to 35°20' N ancl from 

longitude 78 +7' to 78 05' E (Fig. I). The total length of the 

glacier is 5 km. The stream cmerging at the g lac ia l portal is 

Din G ael, which joins w ith the Bhagirathi at Bhukki, The 

tota l area of the glac ier catchment is 9.58 km
2
, of which 

5.76 km
2 

is glacierized . Three-quarters of the glacier 

ablation a rea is covered by thi ck debris. Th e acc umulatio n 

area of the g lacier is about 2.5 km
2
, cons isting of two cirque 

glac iers, onc originating on Draupadi ka Danda a nd the 

other onJ a noli . The eq uilibrium line is a t ,,-,4960 m, 

METHODOLOGY 

Field studies were ca rri ed ou t for a period o f 6 months from 

8 r-.Iay to 31 October 1994, cO\'C ring the entire abla tion 

period. Sa mples were co ll ected at a gauging station esta b-
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Fig. 1. Maj} oflhe Dohiani glacier catchment. 

li shed 600 m downstream from the glacier snout. Two 

samples were eoll ected each d ay, corresponding with diur

nal low fl ow (0800 h) and high fl ow (1700 h ). Samples were 

immediately filtered through a Millipore 0.4511ITI mem

brane filter paper by using a pneumatic pump a nd filtration 

apparatus. Bicarbonate was determined in the field by using 

an Orion 201 auto-titrator. Fifty millilitres of the sample was 

titrated against 0.004·N H C I until an end-point of pH 4.5 

was reached (APHA, 1985). Filtered samples were later 

brought to the laboratory at Delhi and were analyzed for 

the m ajor cations (Ca2 +, M g2+, Na+ and K +) and anions 

(SO/ and Cr). Analys is o[ cations was carried out by 

flame a tomic absorption spectroscopy with a CBC (906) 

atomic absorption spectrophotometer. Caleium and mag

nes ium were analyzed in absorption mode, and sodium 

and potassium were analyzed in emission mode. Sulphate 

analysis was carried out by a turbidimetric m ethod, using a 

CBC (91 1) UV/VIS spectrophotometer. The abso rbance of 

BaSO, suspension was measured a t 420 nm (APHA, 1985). 

The minimum detection limit by this method is 1 mg L- '. 

Ch loride was determined by the mercury (Il ) thiocyanate 

method (Florence and Farrar, 1971). The absorbance of 

chloromercurate ions was measured at 460 nm with a UV/ 

VIS spectrophotometer. Three replicates were run for 

cation analysis, a nd the instrument was recalibra ted a fter 

every IS sa mples. An overall precision, ex pressed as per cent 

rel ative standard deviation (R SD) was obtained for entire 

samples. Analytical prec isions for Ca2+, lvrg2+ , Ja + and 

K + were 1.5, 1.1, 2.0 and 1.2, respectively. Overall data repro

ducibility for anions was ±5%. Discharge was calculated by 

establi shing a rating curve for the gauging site. 

RESULTS AND DISCUSSION 

The chemical composition of Dokriani glacier meltwater 

for low flows (0800 h) and high fl ows (1700 h ) [or selected 

fl ow regimes during the 1994 ablation period is shown in 

Table I, which a lso shows the percrntage charge balance 

error. The charge balance between cations and anions is 

< 10% , confirming the reli ability of the analy tical results. 

The total cations (TZ+) and anions CfZ-) are related by 

the equation, TZ + = 0.98TZ + 27.6 with a correl a tion coef

fi cient of 0.95 for 360 samples. The range o[ ionic concentra

tions during th e pre-monsoon, monsoon and post-monsoon 

seasons o[ the 1994 ablation p eriod is gi\·en in Table 2. The 

m<uor anions, su lphate and bicarbonate, have ra nges of 85~ 

11-1-0 and 1 28~ 1053 peq L ', respectivel y. Ca2+ was the major 

cation, wi th a concentration of 234 ~ 1941 peg L " and 

acco unts for 66 ~ 90% of the tota l cations. K + a nd Mg2+ 

Table 1. Major-ion composilion oflhe Dokriani glacier meltwater at selected discharges, 8 Mar 31 October 1994 (in ~t e q L- j 

Dale (1.9.94) Time Ju/ialldoy Discharge Ca2+ ,I/l + "\{,+ sol Cl % diJr 

h 
3 - \ 

m s 

8 May 0800 128.334 0.50 525 114 58 65 366 418 3 1.56 

1700 128.708 0.60 +58 92 49 60 286 279 7 7.02 

24 ~I ay 0800 144.33+ 1.22 +05 75 44 65 262 277 9 3.61 

1700 1++.708 1.+3 365 68 40 65 251 250 6 2.91 

20 Ju ne 0800 171.33+ 3.88 307 49 22 +8 2+6 191 3 1.68 

1700 171.708 4.26 246 37 30 53 158 2H 11 - 6. 14 

29 Junc 0800 180.334 6.78 420 73 24 82 294 297 5 0.25 

1700 180.708 7.47 469 58 18 77 318 279 4 1.65 

30Junc 0800 181.334 5.26 1384 73 24 108 803 737 7 1.36 

1700 181.708 7.95 1941 72 20 128 1053 11 40 3 - 0.80 

IJ uly 0800 182.334 5.68 990 65 24 96 673 557 3 - 2.41 

1700 182.708 7.71 693 56 18 82 458 426 + - 2.25 

2Jul y 0800 183.334 5.68 619 70 22 89 455 342 2 0.06 

1700 183.708 7.95 686 60 20 89 H9 424 4 - 1.29 

3July 0800 18+.334 4.52 +21 5+ 20 72 234 312 3 1.59 

1700 184.708 8. 15 537 51 18 72 375 301 2 - 0.05 

24 July 0800 205.334 5.69 418 44 16 57 362 218 2 - +.16 

1700 205.708 12.50 603 +2 13 72 +03 349 2 1.65 

11 August 0800 223.334 5.02 283 45 2+ +5 205 171 2 2.37 

1700 223.708 7.93 271 34 18 47 185 190 3 - 1.27 

25 August 0800 237.334 4.57 319 62 26 59 198 266 2 0.08 

1700 237.708 9.47 278 41 18 64 130 268 2 0.17 

16 September 0800 259.334 2.44 373 68 34 52 275 197 2 5.29 

1700 259.708 3.92 253 ++ 21 41 184· 139 +.78 

8 O ctober 0800 281.334 0.98 467 103 +8 61 349 296 2 2.+6 

1700 281.708 1.31 346 71 36 62 247 201 3 6.71 

31 O ctober 0800 304.33+ 0.44 593 96 54 65 377 402 1.73 

1700 30+.708 0.71 569 92 54 65 376 368 2.3+ 
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u/ble 2. Ionic concentralion range ql Dokriani glacier meLlwaters in jJre-mollsoon, 1Il0IlS0011 and /)osl-lI1ollsoon seasons, Alar 

OClober 1994 

Discharge Ga:!+ .\Ii- . \ CI ' J,.-+ flCD.1 SO / Cl 

mJ s 
, 

Ileq L ' WqL 
, 

p cq L 1 Il eq L ' Wq L 
, 

Wq L ' WqL' 

Pre-111onsooll 2.81 0.4 1 608-262 117 -ID 65 23 73-+5 :;97 1.1'1 ·lI S 160 2-1 2 

:--10 11S()O I1 17.-13- 1.76 19-11 236 80 31 

POS l-1l10IbOOll 3.92 0.+4 593 23·f 107 37 

comprise 6- 20% and 3- 15% or the tota l cations, respective

ly. Table 3 shows the cationic compositioll of Dokri a ni 

glacier meltwater in compa ri son with other glaciers. 

SOU RCES OF DISSOLVED IONS 

36 

57 

The chemical compos ition of glac ialmcltwaters has demon

strated high rates of chem ical weatheri ng in subglac ia l envi 1'

onments (Reynolds a nd J ohnson, 1972; Coli ins, 1979; 

Ra iswe ll , 1984; Sharp a nd others, 1995; Bmwn and others, 

1996). The two major a nions, HC0 3 a nd SO ,2 , in glac ia l 

melt waters arc mainly derived from th e dissolution of atmos

pheric carbon dioxide and ca rbonates, a nd the ox idation of 

sulphides (Souchez a nd Lemmens, 1987). Dissociation of 

CO 2 and sulphide ox ida tion a re the two main reactions that 

prov ide the bulk of the pmtons to weather carbonates, sili

cates a nd a luminoso licate in the drainage basin. The 

an ionic content of g l ac i~l melt water the refore refl ects th e 

acid so urces used in the chemical weathering of bedrock 

mineral s. The relat ive proportions of var ious ions in solution 

depend on their relat ive abundance in the bedrock and their 

so lubilit y (R aiswell , 1984; l h nter a nd o thers, 1993). Sources 

of disso lved ions in the D okri an i glac ier me!t\\"aters can be 

evalu a ted by studying the relat ionship a mong the ions. A 

pa rame tri c correlati on analysis for aJlmeasured ions during 

the 6 momh observation period is g iven in Table 4. HC0 3 

and SO ,2 arc highly co rrelated \I-ith calcium (',.2 = 0.94 

and 0.92, respecti\Tly) and with potass ium (1'2 = 0.71 a nd 

0.74). The proportion ofHC0 3 and SO ,2 in the Illeitwaters 

reflects the relative dominance of the two m~ or sources of 

protons during the subg lacia l chem ical erosion. According 

to Brown a nd others (1996), tbe ratio of HC0 3 to 

(HC0 3 + SO ,2 ), re ferred to as the C -ra tio, has a value 

of 1.0 when ca rbona tion reac ti ons invo lving atmospheric 

CO 2 dominate (as in Equations (1) a nd (2)), and a value 

of 0.5 vvh en coupled reactions involvi ng the weatheri ng of 

12 

20 

128 +1 10.13 128 1110 85 12 I 

68 -10 38-1 lfi8 131 137 7 I 

carbona tes by protons derived from sulphide oxidation 

dominate (as in Equation (3)). 

CaCO:3(s) + C O2(aq) + H 2 0 (aq) = 

(calcite) 

Ca2+(aq) + HCO:l - (aq) 

CaA12Si2 0 8 (s) + 2C0 2 (aq ) + 2H20 (aq) = 

(Ca-feldspar) 

(1) 

Ca2+(aq) + 2HC03 - + H2AbSiz 0 8(S) 

(part ially weathered feldspar) 

(2) 

-IFeS2(s) + 16CaCO:l (s) + 150 2(aq) + 14H20(aq) = 

(pyri Le) (calcite) 

16Ca2+ (aq) + 16HC03 - (aq) +8S0 } - (aq) +4Fe(OH)3(s) . 

(3) 

The C-ratio of the Dokri a ni glac ier meltwa ter during 

May and Ju ne is 0.5 (Fig. 2), suggesting the dominance of 

carbonate dissolution and the ox idat ion of sulphides (Brown 

and others, 1994·). From lateJune to ea rl yJu ly (Julian days 

17+ 187), hig h di scha rges were dcri\"('d la rgely from ice

and snowm elt, which rapidly passed throug h the hyclro-

Table .f.. Correlalion malri '(for iO Il S, JII (~v - O c l ober 199-1-

. \Cl + //co- I so/ 

Ca " . 

~l g2 050 

"a 
, 

0.35 0.93 
K - 0.7(; 0.30 0.10 

HCO , 0.9·1 0.53 0.38 0.71 

SO / 0.92 0.-17 0.35 (J.7-1 O.8D 

Cl 0.15 0.28 0.39 0.1-1 0.1:, 0.18 

Table 3. SUl1lmGlY o/calionic composition 0/ Dokriani glacier meltwaler ill com/){lrisol7 with olherglaciel~) 

(;tac;er Dale . \ illllber 

rijWlIlj)/t·.1 

Dokriani g lacier .\ug ust Seplember 1992 180 

Onohcr Nm-emhcr 1993 88 

:-- Ia)' October 199-\- 360 

GOrJlerglctscher J uly Aug ust 1 97 ~ 69 

July September 1975 59 

Jul y Augus t 1976 -11 

Lewis Glac ier June Augus , 1971- I-f 

R {/II . ~erij% (/j"" ( (" /'+. \Ig"+. \c/ +k ;) 

Ca!' J. \/g:!1 . \ (, 1 h" 

-15 70 3 28 6 IB 8 IB 

39 75 9 21 (j 18 8 21 

66 90 3 15 9 15 7 23 

45 90.9 5.2 2:,.3 1.3 IH 1.8 no 
57 71.3 I-I 18 1.9 8.8 9.6 26.5 

52.7 76.1 13.5 17.6 12 8. 1 3.9 25.0 

38 1 39.7 7.5 11.0 H G 17.0 .1.7 12.-1 

,)'oura 

This stud y 

Thi s stud y 

This stud y 

Coli ins 1979 

Call i 11 5 (1979) 

Call ins (1979) 

C hurch (19Nl 
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Fig. 2. Ratio rif HCOs to ( HCOs + SO } ) in bulk melt 

waters draining the Dokriani glacier, NIar Oetober 1994. 

320 

logical system. The enha nced C-ratio (0.55 and 0.7) during 

this period indicates that protons are additionally derived 

from the di ssolution and dissociation of a tmospheric CO2 

(Brown a nd others, 1996). During July and August Uulian 

days 195- 243), cloud cover over the Himalaya, linked to the 

onse t of the southwest monsoon, cuts ofT radiation a nd 

causes snowfall in the accumulation zone and rainfa ll in 

the abl ation region (Collins and H asnain, 1995). Meltwater 

discha rges during thi s cloudy, monsoonal period were likely 

to be sustained by drainage of a subglacia l reservo ir built 

over the previous months. Hence, runoff contains a ver y 

high proportion of stored subglacial wa ter. The C-ratio 

during this period varies between 0.31 a nd 0.63, sugges ting 

the dominance of carbonate di ssolution and sulphide ox ida

ti on in controlling the meltwater composition. The cloud

burst on 24· August Uulian day 236) resulted in high 

discharge (17.45 m 3 
S- I) and the lowest C-ratio (0.31), as 

shown in Figure 2, suggesting that rainfall running throug h 

supraglac ia l moraine may also have a strong control on the 

chemica l characteristics of meltwater. 

Figure 3 shows the relationship of SO/ and HC0 3 - to 

to ta l cation for the rising limb, the crest segment and the 

fa lling limb of all hydrographs from M ay through October. 

Both sulphate and bicarbonate show good correlation with 

TZ+ on the ri sing limb, with sulphate showing better corre

lation, whereas bicarbonate was better correlated to TZ+ on 

the fa lling limb. The crest segment is cha racterised by com

paratively low correlation ofTZ + with bicarbonate and sul

pha te individua ll y, but the relati onship improves to r.2 = 0.82 

when bicarbonate and sulphate a re combined. These d a ta 

show that pyrite oxidation and ca rbonate di ssolution a re 

dominant solute suppli ers to waters on the ascending limb 

of the hydrograph, and that carbona tion reactions becam e 

more important on the falling limb of the hyd rograph. 

ROLE OF MONSOONAL RAINFALL AND WEATH

ERING OF SUPRAGLACIAL MORAINE 

A to ta l of 1269 mm of rainfall fell on the Dokri ani glac ier 
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Fig. 3. Relationship ojSO/ and HC0 3 to total eatiollsJor 

rising limb, crest segment and Jailing limb, M ay- October 

1994. 

during the M ay- October 1994 observation p eriod, mostly 

during the months of July a nd August. This ra infa ll pushed 

large qua ntiti es of debris into the glacier sole through cre

vasses (H as na in and Chauha n, 1993). DuringJune, HC0 3 

and S04 ~ show a good positive correlati on with suspended

sediment concentrati ons (r2 = 0.84 and 0.89, respectively), 

as shown in Figure 4. This probably indicates the dom

inance of wa ter from a solute-rich source, wa ter either dis

cha rged through sediments a t the glacier bed or that has 

been kept in storage for a long period, as a m <yor trans

porter of suspended sediment. Successive diurna l melting 

of snow a nd ice rapidly leach es most of the sulphate from 

the snow a nd ice (Davies a nd others, 1987). Later in the 

ablation season, the leached snow and ice gives rise to 

sulphate-depicted supraglacia l meltwater (Tranter and 

Raiswell , 1991). The release of sulphate by the ox idation of 

sulphides in suspended sediment is a slow process and there

fore is onl y likely to contribute significant sulphate concen

trations to waters which h ave spent long pe riods at the 

glacier bed in contact with sediments (Brown a nd others, 

1994). H owever, contra ry to these observations, Dokriani 

glacier meltwaters show higher sulphate concentrations 

duringJuly a nd August and show good positive correlation 

between S042 and susp ended-sediment concentration 

(r2 = 0.72 a nd 0.67, respec ti vely), as shown in Figure 4. 

One poss ible explanation is as follows: Continuous Iow-in

tensity ra infall may have initi ated pyrite ox idation within 

the supraglacia l moraines. Thereafter, occasional high-in

tensity showers may leach the sulphate from the debris and 

cause its do minati on during the seasona l high-fl ow period 

of July a nd August, when suspended-sediment concentra-
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ti ons a re hig h. The percentage contributio n o f suspended se

diments from the supraglacia l sources in the bulk flow is not 

known. The post-monsoon dry peri od of September exhibits 

a wea k co rrel a ti on between SO 12 and suspended-sediment 

concentra ti o n (1'2 = 0.09), a nd thus substa nti a tes the obser

vati on of Tra m er and others (1993) th at reactive sulphides 

wi ll be la rge ly absent from rock fl our transp o rted from the 

subglac ia l system. 

SOLUTE FLUXES AND CHEMICAL-DENUDATION 

RATES 

Solute fluxes in glacial meltwaters usua ll y increase with di s

cha rge. Th e la rges t solute iluxes are transpo rted by the most 

di lute meltwa ter as solute concentrati on is usua ll y inversely 

rela ted to d ischa rge (Sharp a nd others, 1995). Fig ure 5 shows 

the rela ti o nship between th e flu xes of SO/ and H C0 3 

with the g lac ia l di scharge. The flu x ofSO+ 
2 

as a proportion 

of the flu x of SO/ + HCO:; increa es fro m 40- 45% at 

2 m
3 

s 1 to 40- 63% at 10 m 3 
s I. This reinfo rces o ur conten

ti on tha t the weathering of supraglac ia l moraines initi ated 

by monsoona l rainfa ll enha nces the su lpha te concentration 

a t high di scha rges. This is contrary to the results obtained 

by Sharp a nd others (1995) in the catchment o f H a ut Glacier 

d'Aroll a in Switzerland. 

The cati o ni c deundation rates from som e o f the impor

ta nt g lacie rs in the European A lps and North America a re 

given in Table 5. The cationic denudati on ra te of Dokri ani 

glacier is 4160 meq m 2 a " about four times higher than the 

highest reco rded at Gornergletscher, Swiss Alps ( IVIetcalf, 

1986). The CDR of the D o kri a ni glacier was 321 t km 2 a I. 

Monthl y values of chemical denudati on during the 1994 
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Fig. 5. Relationship between thefluxes qf sol and H CO 3 ' 

with meltwater dischmge during May-October 1994. 

observati on per iod a re given in l 1:lblc 6. The high CDR sub

sta nti ates o ur observation th at the high re li ef, so uthwest 

monsoonal ra infa ll a nd supraglacia l moraines a re very sig

nificant in contro lling the chemistry ofGarhwa l Himalaya 

glac ial melt wate rs. 

CONCLUSIONS 

A detai led hyd rochemical stud y o f Dokri ani g lacier melt

water has been carri ed out with a view to eva luating the 

controls on the m aj or-ion chem istry of the glacieri zed 

Himalaya n basin. The importa nt conclusions are: 

l. The dominance of Ca
2

- , HCO :l and SO} in me!t

waters thro ug ho ut the abl a ti o n period suggests that the 

melt water chemistry is domi na ted by coupled reac tions 

invoking sulphide ox idati on a nd ca rbonate disso lution. 

2. High sulpha te concentrati ons a nd the good relationship 

between SO ,2 a nd suspended-sediment concentrati ons 

Table 5. Cationic denudation rates qfthe Dohiani gLacier in 

comparison with other gLaciers 

(.w rier 

Ellropeang/(Icim ( SlI'is.r AI/)s) 

Hau l Glacier d'Arolla 

G lacier de Tsij iore Nou\'c 

Gorncrglclschcr 

Gorncrglelschcr 

.'Vor/h illlleri({[n gtaciers 
Soulh Cascade G lac ier (WA ) 

Bercndon G lac ier ( B. c:.) 

Sou/hem I-lima/a)'a 

Dokr ian i glacier 

Denuda/ion 

rate 

~ 1 
mcqm a 

6<10 685 

508 

4.54· 

1010 ±505 

930 

9+7 

Source 

Sharp and othe rs (1995) 

Souchez and LCllllllens (1987 

Coli ins (1983) 

Melca lf (1986) 

Reynolds andJ ohnso n (1972) 

Eylcs and olhers (1982) 

This sludy 
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Table 6. iV10nthly solute flux and chemical-denudation rates 

if Dokriani glacier calchment, 1994 

fl lonth 

May 

June 

Jul y 

August 

September 

O ctober 

Solutejluy 

B6.0 

431.0 

970.0 

563.0 

279.0 

I 2+.0 

Solllteflur 

% 

3.0 

18.0 

40.0 

230 

11.0 

5.0 

CDR 

t km ~ 

9.0 

+5.0 

101.0 

59.0 

29.0 

13.0 

during Ju ly and August suggests that the monsoonal 

rainfall enhances the supraglacial moraine weathering, 

providing high SO ' 1 2 ~ content in the meitwatel- during 

periods o[ high di scharge. This is substantiated by 

observed higher sulphate fluxes during high di scha rges. 

3. The CDR of the Dokriani glacier catchment is 

321.6 t km ~2 a ~ I, suggesting very h igh rates o[ chemical 

weathering in the southern Himalayan glaciers. 
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