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ABSTRA,T 
Of th l' VDrillL" chemic li parame[ers 

thL'rnla l areas, the nl\J~ t importanr nre: 
(i) clemcnts ;( ss<>< i,J(cd with some 

Lc~ i llnl . 

thar ca n be ;lppl il'd 10 invl's riga tc po[enr inl 

la rc phasl' o( I na ,~ nl a ti c o r vo lcan ic act iv i t)', 

f4CO -

e.g., 

(ii) "tolllic ratio Na i l( anll th<: N,I -K,CI rda ti""' ''i " , 
(iii ) Sili ca COntl'nr "f tht'f l11 a l spring W, l/lT, and 
(il ' ) Ihl' absencc Il r Il car ah' ellCt· ot .'Oflle l·k n1 (· Il I" <,.g. , 1\1 ,1: , \l' hieh arc afl ected hr 

fC. 'lnpc ra l lll"{.' depcnd c llt f(:a(rin l l ~ . 
Thl' app ll i(;ltio ll uf th<.:sc paramefe rs in the case ur thef mal sprin,l.! watl'!' from PUt:;] 

( Ladakh) arca. shull'S that till' undl'fg routhl feservuir It'mpl'f ;( tufl', iccd ill ,L: the thermal sprin ".s, 
a rc li kdy tu be aruu nd l OW C or even a litll<: higher. indic,,[ i n,~ the stron,l.! porenlial llr Ihis 
area for exp loit;lriun or ,l!l'u thl'fmal enn,I.! )'. 

I N II(()IJL'C nO N 

GI:OC II EI\ IICA L nlelhods ;In: now hei ng incrcas
ingly employcd to cvaluate Ihc v;lrinw. physico

chcm 'c al palam ~ ters, which a l'c im pori<l nt in the 
pl a nning ,Ind o lK' ral ion of gcol hc rnra l developille nt 
progra illme. II has bcell shown lha l th.: silica co n
lenl ;Ind the aloillic ra l iu Na i l\. of thc thc rmal 
~, pr : n g wa leI' can be u ~ed to calcul atc rescrvoi r 
tCl1lpcrulurcs (Fol lrnie r a nd Rowe, J %6 ; jvraho n, 
1%(" While, 1965, 1967 : E ll i~ , 1':170) . Rcce ntl y 
Fo urnier and T rucsl!.: 11 ( 1972) hav.: advocated the 
usc of an e mpirica l Na-K-Ca gcothcrl1lolllctcr for 
co mpu tatio n of rc,c rvoir Icmpc ratu rcs. The use of 
o lher temperatu re dependent equi libria (e .g., 

CO~, H ~ , CH.I> H ~O) in lhe gascs d isc harged from 
the Ihennal springs an d the a" ocia lcd carho n and 
, ulphur iso topic m tios llI ay abo h.: used fo r 
estimati ng undcrg round reservoir 
("d aho n, 1':17 0). 

Q ua lita tive app rais;iI of rcservo il' tefllpc ratures 
ca n be madc o n Ih e ba, i, of preSCl lce o r vir tua l 
abscnc.: of SO lll e eiclllc nb like As, Il g, F, Il ; Cs; 
i\l g, ell'. 

(illpta, 1\1 . I . a nd Slik hija (I <)7 ,1) and (iupla. 
Rao ;I ntl N;l r; tin (1'>7-1 ) ha ve Iccc ilt ly applied th e 
si lica alld Ih c Na/K ato illic ratiu kchll iquc ~ to 
cval ll il lc undcl':ro ll ll d killperalurcs ill I'u !,!a :II'L' ,t, 

III Ih e presCll 1 pa pcr apa l'l from thcse tll'O p:lra-
mcters , tho' Na-K -Ca me I hod has aho bee ll u<,cd 
:1 lOll !,! lI'ilh "Ulll L' 4 na bi lalive pa l' '' mett'l , tn 

e,ti lll ;t! C Illld crg rll ll lld rc\e rvoil' tcillperatll rc~ ill 
I'lIg;1 arc; l. 

[) 1' S('!t ll ' JI ClN O J T il E / \ IU : .1 

The I'li ga va lley i ' ICleated in the I.adal-h Dis trict 
( Ka, llIll ir) an d fall , ill the Survey of Ill dia 
roposhcc i No. 52 I ' / X. It is si tnated at an a lt it ude 

of 44 00 III above IlI .S. 1. and lies be tween the 
7.;l nska l· alld La d .. l- h r:lngcs. T he ea,t- wes t trc n rJi n~ 
I'llga v:tllc), is ;Iho lll 15 km lo ng a nd I Kill wide at 
ils lIlaSillllllll :Ind is stll'J'olfntied hy hi ll s ri,i ng :0 
a Ill a si nlllill clcl':J!io ll o f 00]3 III above m. s. !. 

T he , Iillla ic is ,)1' t,h.: d ry Arc tic type, i. e., hoi 
da ys wit h vc ry <:old ni ght s. R: lillfall is sca nt y, bu l 
Ih e higher pc .. ks h .. ve sOlll e snowfall. 

GEOLOGY 

The cou nll'y rock 1S 4Uar~7." m ica-gnc i's and 
q ll ;lrt 7-lll ica-\( hi , 1 the la lt cr Ofl cll co nl ai ning 
ga l'lld (Sinha, 197 1), '1 he cou ntry rock co nt ains 
Ill icacco lls quartzite sand~ and has b en intruded l')' 
bas'c rocks occ urring as s il ls a nd d ykes . It is also 
trave rscd hy ;1 number o f q uar tz vei ns. 

Th .: valley pO I·t:on is cove red by scree rnorrainc 
;llld glac io/lll vial and aeol ia n ~a nd s, which in turn 
arc \npcr lic i;tl ly encf'llstctl upon by borax and 
sul pllllr . Bora x surface encrustalions occ nr ill tho 
cen tral anti e;"tcrn parts of thc va lley, the ce ntral 
po rt io ll having ri cher dcpo~iL~ th an th e ea tern 
Pll f'l illi l. SII II' IIIIf' l'ce urs as cncrl1sla tions alon!; 
fractllre s, juin ts and fo liati on pla nes ill the qua rtL-
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seric ite schis ts (w hich arc loca lly gyps i rao ll ~). 

/\1 the fUll! o f Ih ~ rHlrlil nn rll(Hl nt :,ill , th ere is a. 

ve ry . conspic li olis tl lick s lIl pill!'r a lld boi'a x 
deposi t, wh ic h :It places is associated with gypsu m, 
Ihe latte r appare nt ly h nv ing bee n fo rmed by the
ox idation of s\ll phur. 

T he th ermal wa ters iss li e alit f rom over 100 
springs, d istr ibuted all a long Ihe va lle y. In add i
lio ll, 40- 60 min o r hot wa te r sce pages arc al so 
not iced . The majorily o f Ihe hOI sprin gs fa ll ill 
lire tem perat llre rn nge 50° C to 70 ° C. The 
discharges of th e the rm a l s pl'ings vary [ rom a me re 
Ir:ckle 10 :Ibollt -' litl'cs/scc . Some sp rin gs ema nate 

smaJl amoll nt s of H~S , CO~, e tc. 

I:::"I'''R I ~ II. N "" I. 
About two and a half l it re~ of w:ller s~lrnpl es 

col lec ted in po lye th ylc. nc bott les we re a nal yse d for 

pH, HC O:p CO:!, B, F, C l, S0l' NO:!> Ca, ~ r g, Na, R; 
sp. conduc ti vi ty, S iO ." tol a l dissol ved solid s Fe, 1\'ln, 
Ill', I, l. i. Rb and Cs by st:l nd:rnl Ill e thods de scribed 
in litel':rture ( Hand a , I <n4). Duc to the possib le 

1'1\'sl' nce ~lf I'o ly nleric forms o f 
IIcn: pre-trea ted with sod iull1 

silic:r, thl' samples 
hydl'O,xi de be fo l'{" 

ilp plyin g the Ili o lybd:rt c mct hod. 

ReSULTs 
Wh ilc the ac tu ~t1 ch em ical co m pos it io n of th e 

VllfiolfS the rm al s pr in g wa ters f rom the I'li ga a rea 
va ries (o nsi derah ly, the s:rlicJlI fe:l tllres 1ll :IY Ill" 

ill d!!cd from thc follo wi ng d:r ta : 

T" C 80 C I 390 Il1 g/ 1 
pH 7·J H CO, 8R7 
Condo 2690 1l1 1C ro - SO, 390 

" mhos/ern NO" t I' 
TDS 2154 rng/ l B 11 6 

" SiD, 25 1 F 12 
Ca .g Fe 1·6 
Mg 2 ·7 HI' 1 ·2 
Na 596 I 4·4 
Li 5 'x Cs I I ·3 
K !-:U r~b 9 

Atoillic Ratio 
Na/ K 17·65 
N a / Rb 2593 
Na/ Li 29·8 
C I/ B 1 ·05 

D ISCUSStON OF 1'loSU LTS 

(AJ Quulilal ive / 1II/ic(I/o rs : 
(i) High cesilll!1 C{) /I.!('I/I. - -Becau se of it s large 

:,J[lie I'adi u, ( 1' 67 A ), (,sl- iras a te ndency 10 con

,:cntralc in the vo latile ph;,sc d ll r ing Il", g ma l ic 

u)'st:rlliza ti o n :Inti may be strongly enriched III 

,O IllC peg mat ite . and pegnr:rlil C' mi ne rals, w hcrc it s 

concen trations may ewn be high enollgh to fo rm 

tire mineral polilicile (es, Na ) AISi ~O' IH ~OI' The 
re lative ly high cesium cont cnl1 of rug:! therma l sp rin g 
wa ter ( 11 · 3 I11 g/ 1) see ms to inct ic:-rtc it s associ:ltioll 

wil'll some la te phase of magma ti c o r vok:lnie 

:lc tivity. 
(ii) LoH' IJ/agncsilllll 

of llIagnesili m wit h clay 

C())//c/I(.-T he intc:rac t io rl1 

is a tempc ra t llre dcpendent 

n:ac t ion :rnd 1ll :l gncsi lim i~ prckrc nti:t1l y in corpo ra led 
ill t lr c e l;IY lll i n <' r ; t1 ~ wh ic h ; II 'C s tahle at Iligh 

te l11pc r:ltllres. Conseqllc ntl y w:r tc rs wh ich have 
bee n in conlac t w ith rock m ille ral s a t 2UO ° C . 
(or mo re ) sh o llid normally be hi ghl y depleted in 
ma gnesi llm, as is fou nd to be th e case with the 
Puga th e rmal spring wate r. 

( B) Q II{/lIl illl l i l'l' Illdicalors 

(i) Tlil' silicfI gI'OI li I'J'/lIol!l l' /I' r .-/\ ss llll1 in g tha t 
at de pth, the s il ica content in wate r is govcrned b y 
thc solu bi li y of qua rt z, FOlIl'l1ie r ( 197 0) h as g iven 
tlVO c urves (Fig. t ) for estima tin g lIndcrgro lind 

tc 300 

F IG. 1. C urves fo r e stimating unde rground. 
ternpera turcs from t ir e si li ca con tents or wa te rs 
d isc harged from hot springs. 

resl.!l·vo ir temperatu res, depe ndin g lipan whe ther the 
upward moving the rm al spr ing wa te rs a rc cooled 
enti re ly by adiaba tic ex pansio ll a t con st3Jlt enthalpy 
( i.e., stea nr losses occ ur due to decrease in hydro
s taLic pressllre head) or whe th er h ea t losses oceul' 
hy ,'ond llction inlo th .: wa ll rocks. The fi rs t curve 
is lISed for v igorolls ly boi ling s pri ngs wi th di scharge 
ra tes in excess of 15-20 litres /~cc., while the second 
c ll rve is to be used for the rmal s pring having 

lo w ra tes of discharge (1 -2 lil./sec.) and/or at 
bc low boil ing te mpe ratllres. 

Sillce th e s ilica content of P llga the rm a l sp ring 
wate r is 25 1 mg/ I, the lise o f th ese e llrves g ives 

11-:3 " C to 194 0 C , a s th e tem pe rature range fo r 
the IIlIlic rgrou nd rese rvoir. This tem pe rature range 
is like ly to be the minirn lllll , as some sil ica may 
he [l 1'C'cipita te d en ro ute and/or th e s ili ca cont ent 

Illay be lowe red through ndm ixt nre with shallow 
;"/llifcr \\';rtcrs. 

(ii) T he Na//{ geo/ !J {' J'/Il()I!1{'/N.- T he eqll ili 

bril1ll1 cons ta nt K for t ir e readioa: K + -/- Na
feld spar ~ K-fe lcl spa r + Na f is g iven by tb e 
equa t ion; 

I I 

I 
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K 
(l(-feldspa r) (Na ) 
(N ,;-: fe ld sp: lI) ( K ' ) 

mular N:r' /K I II he re T O ( K) i~ the abso lute temperat uI'c and I 13 
dl'l' c lld s "pOIl the sto;c h 'oille try of the rca~ti(l'\ 

~-----------Sf:7Y:~~~~~SS~==~::~~~~~~~l~::~I.~-:h)r ·~tc·t-f(1 n . ab vc- 1(1(1- ., a va ti C 0 

/) ;IS bccn , ugges ted, wh ill' for reactions bclu:' 

each other, the va riation of th e eqllili hr iulll 1.'011 -

stan t with te lllpc r:rtli rc i, give n by Ihc Van's Hofr 
eq llation , I'iz., 

t! log 1<' 
'J(IJT) 4' 57X 

where T is the abso lute tempera tllre, 6 1-1 ° (1') is 
the standard hea t of reaction at a give n tempera 
turc. Since 6 /1 ° ( '1') varic~ onl y slighlly with 
temperature, a plol of log K , i.I'., log Na+ / K+ 
(molar) I'S I I T can be u~ed to del e rm inc Ihe 
IIndcrground temperature. E lIi , ( I 'nO) h;" d" awn 
a curve (Fig. 2) ~ h ()\Vi n g Ihe rela tio nship bel ween 

16 ' 
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F IG. 2. The v:rriatio n w ith tcmpera ture of the 
atomic ratio Na / K in waters in eq uilibrium with 
albi te and fclJ spar, 

reservoir temperaturc a nd Na /K molar ratio. Since 
thc Na/K mol :lr ratio for Pllga therlllal spl'lng 
Wate l' has a vailic of abollt 12· 6, a re~ervoir tem pcr;l
tllre of 220 0 C is indic:rled. Recen tly H elgeson 
( 1969) has give n cq llilibriulll constant va lues for 
thc exchange reactiun involvi ng K-fcidspar/aibitci 
and the Lise of these vailies gives a rcse rvoir 
lelllper:rlllrc of 20_1" C fOI' Ih e Pllga therm:rl spl'in g 
area. 

(iii) NII - " ' - ('{{ gI'OIIr(,III/IJII/I' l l'r.-Si nc l' Ih.; 
c xchange reac tion between l<.-fckl ~ par/ "lbitc Illay 
be afTectcd by other cation" Fou rnier and Trucsck ll 
( 1972 ) gi\'c the follow ing equal io n for eqlllihr illill 
co nstant involv ing N;I, I, and (':1, "1,., 

100" C a v,d uc of 4/3 fo r r] ha s bcen empirica", 
dn lu l'cd by Fourn ie r and TrucsJel1 ( 19 72) . 

From I-'ig. 3 and assuming ,1 I'a lue o f 1/3 for I~ 
thc rc , crvoir len1fK' raturc for PlI g;1 area comes Olit 

10 hc 24 0 · C. 

~) O 

lS 
TI'2.0 
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FI( ;.~ . Curves for geotherrnoilletry of thermal 
spri ng wa ins based o n the Na-K-Ca relationships, 

CONCLUS IONS 

/\ 11 the three quantit a livc gCLll he rmal indicatori, 
I' iz.. the silica gco the rmomctc r th c Na/K atomic 
lal i", and the Na-K -Ca gl'o lhcrmal indic:ltors gi,'<' 
Il'mjler; illires around 20Q o C for the undergrollnd 
re:~ r l'oi r in Puga area . Th e low conte nt of ]llg 
;rntl rcl;r til'l' II' h i(!h cesi llill content also qllalitativelY 
, upporl Ihe abov'c lindings, indicating hi gh potent ial 
of thi s ;II'C:I for gcnlhcrmal cxploi tation , 
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