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ABSTRACT: The western extension of the Dras volcanics i n  the Deosai plaseuid is ?nude 
lip of agglomerates and t ~ l f J ~  together with flows comprising basal t ,  andesirr and so,r!r 
rhvo/ire. The flows appear to hove evolved from a basaltic magma, wirh  ctpuqse oxide, 
clinopyroxene, hornhlrnde undplugioclasr, respectively uppruring on the iiyrdid~ts. r) l rsr  
)tu~*e been metamorphosed rtnder greenscllist facies conditions and may confdijr uhrindnrzr 
epidc~te, chlorite and secondary arnpl~ihole. An 'OArPgAr a g e  of 125 .4  + 6 on 

hornblendeplzenocr~~sts in an andesire is in  agreement with Ihe Lute Jurassic !a  Creraceous 
agr of the Dras volcanics. 

INTRODUCTION 

The Deosai volcanics are a westerly exten- 
sion of the Late Jurassic-Cretaceous Dras 
volcanics of the Ladakh island arc. The Dras 
volcanics have been studied in considerable 
detai 1 by many workers (2. g. ,  Raivzrman 
and Misra, 1974; Shah et a l . ,  1976; Gupta et 
a]. ,  1983; Honegger, et a l . ,  1982; Dietrich 
et a] . ,  1983; Sharma, 1990). But apart from 
brief accounts  based o n  f ie ld  s tud ies  
(Lydzkker, 1 883; Middlemiss, 19 19; referred 
in Wadia, 1937; Desio, 1978) the Deosai 
volcanics have not been studied in  any 
detail. In order to collect samples from the 
volcanics, one of us (SH) made reconnais- 
sance traverses from Astor to Kalapani, Astor 
to Gul Tari and Minimarg via Chiluin and 
Burzil Pass, and Chilum to Skardu via Bara 
Deosai and Satpora river. 

PETROGRAPHY 

The Deosai plateau is apparently occupied by 
plutonic rocks of the Ladakh batholith with 
a cover sequence of volcanic rocks. Much of 
the plateau is now covered by Quaternary 
glacio-fluvial and alluvial deposits. 

Granitic rocks of the Ladakh batholilts, a 
volcanic series, and sedimentary rocks from 
the south western part of the Deosai plateau 
and acljacent Kishanganga vally were mapped 
and briefly described by Wadia (1937). The  
complexly folded and some 20km broad vol- 
canic be1 t, presumably occupying a synclinal 
flexure, was shown to extend NW to SE 
towards Dras. Wadia (1937) noted that the 
volcanic series cosists o f  a sequence of well 
stratified ash beds with some siliceous bands, 

g r i t t y  s i % l i c e o u s  t u f f s ,  s l a t e s  ( s o r ~ c  
agglomerat ic), agglomerates and  volcanic 
flows. The ash beds and agglomerates are 
each several hundred meters thick and the 
volcanic series contain inte*calated sedi- 
ments  o f  C r e t a c e o u s  a g e  (Orb i to l ina  
limestone) and scattered anasses of eal tra- 
mafic, mafic and granitic socks. The volcanic 
belt is shown to b e  b o a r d e d  on its south hy 
the Salkhala series and oar i ts  nor th  by t h e  
Ladakh batholith. In the folfowing we present 
petrographic data on the samples collected 
from the volcanic flows and neglect the rest 
of the rocks. 

The volcanic flows a re  general ly  altered 
o r  metalnorphosed in greenschi  st  h c i e s  and 
bulk chemical analyses are  not iivailable. 
F o r  these reasons,  it is  hard to precisely 
classify then1 although the presence of 
andesi te was ~nen t ioned  by Desio ( B 978).  In 
some rocks  the abundance of ferrotnagne- 
sian minerals suggests  basalt ic chen~is t sy ,  
in others  the abundance a n d  composi t ion of 
plagioclase point to  andesi t ic  nature.  lit1 

Dras area ,  however ,  basal t s  are much more 
abundant than andesites (Gup ta  et a1 . , 1983; 
Honegger et  a l . ,  1982; Sharnaa, 199 I ) .  For 
these reasons,  w e  use a sack name andesit ic 
basalt fo r  the  Deosai volcanics ,  but some 
porphyrit ic rhyolite occurs  in  Minima11-g- 
Kalapani section. In this section and Bara 
D e o s a i ,  bo th  p o r p h y r i t i c  a n d  a p h y r i c  
andesit ic basalts occur ,  whereas in  Chota 
Deosai and Chilurn-Burzil areas  they are 
apparently aphyric ,  at least rnegascopicallly. 

A phyr ic  Andesi tic 
These display considerable modal variations 



Fig. 1 .  Geological map of the Deosai plateau and surrounding areas, Baltistan, N .  Pakistan (modified 
after Dcsio, 1978). Volcanic outcrops along the north-eastern bank of Shingo river and 
between Minimarg and Kalapani are added during the present work.  Legend: 1.Salkhala 
Formation, 7,. Upper Triassic limestone, 3 .  Burji Formation, 4. Diorite, 5. Deosai quartz 
dioritc and granodioritewith epidioritc inclusions, 6. Granite, 7. Gneiss, 8. Katzarah schists, 
9. Hornfcls, 10. Mafic & ultramaric rocks, 11. Dras volcanics, 13. "Conulites" (?) 
limestone, 13. Wakka Formation, 14. Glacial and fluvio-glacial deposits, 15. Alluvial 
deposits, 16. Ovcrthrust, 17. Fault, 18. Limit of t h e  formations, 19. Dip of beds, 30. 
International boundary. 



due to alteration and low grade metamor- 
phism. The rocks are made up of plagioclase, 
chlorite, epidote and opaque oxide, with or  
without quartz, carbonate and rarely phyri te. 
In the least altered rocks, glass also occurs. 
The plagioclase may be cloudy, sericitized 
o r  replaced by epidote, whereas the opaque 
oxide (in some skeletal) may be converted to 
leucoxene. Amygdules may be made up of 
carbonate or radiating plagioclase grains 
surrounded by epidote. In Chota Deosai, 
some samples contain pools of epidote sur- 
rounded by chlorite. Samples from the 
Minimerg-Kalapani section also contain a 
bluish green hornblende and a late grown 
acicular actinolite cutting plagioclase and 
epidote. The rocks contain thin veins of 
epidote f carbonate, but some veins in Chota 
Deosai contain garnet in association with 
chlorite and epidote. 

Samples from the Chilurn-Burzil section 
conta in  p I ag ioc l a se ,  h o r n b l e n d e ,  
clinopyroxene, epidote and chlorite (both 
secondary), and opaque granules (in some 
abundant). The plagioclase (andesine, par- 
tially sericitized) forms slender prisms ( < 1 
mm) which may show flow alignment. The  
hornblende (bluish green and olive green 
types) and clinopyroxene are altered to  vary- 
ing degrees to epidote and chlorite,  and 
ilrnenite to leucoxene. Some acicular ac- 
tinolite cross cuts the plagioclase and chlorite. 
Amygdules are made of carbonate and there 

are  thin veins of epidote,  garnet and pla-  
gioclase. 

Porphyritic rhyolite 
A rhyolite sample was collected from the 
volcanic rocks near the contact with the 
Ladakh batholith at Minimarg. It is a fresh 
rock containing large phenocrysts (50.5rnrn) 
of quartz and K-feldspar in a fine-grained 
groundmass of quartz, feldspar and opaque 
ore. 

Porphyritic andesitic basalt 
In the upper reaches of Satpora river, three 
types of volcanic rocks can be distinguished 
on the basis of phenocryst population: A) 
pyroxene-hornblende-, B) plagioclase-, C) 
pyroxene-plagioclase phyric. The latter type 
also occurs near Kalapani. In type A, py-  
roxene and hornblende phenocrysts, u p  to 
0.5 mm in length and making a third of the 
total volume, lie in a fine-grained matrix of 
plagioclase (some sericitized), hornblende, 
biotite, and opaque ore. The phenocrysts 
are anhedral to subhedral. They display 
reaction rims and are locally corroded on 
margins. The hornblende grains, contain- 
ing rare pyroxene cores, may be shattered, 
with the groundmass occupying the frac-  
tures. The clinopyroxene phenocrysts are  
strongly zoned, fractured, and contain mag- 
netite inclusions. Some pyroxene grains are  
completely a1 tered to serpentineltalc + mag- 

TABLE 1. AVERAGE CLTNOPYROXENE AND HORNBLENDE FROM THE 
PORPHYRITIC ANDESITIC BASALT OF BARA DEOSAI. 

Cpx (70 spots) 
48.48 
0.65 
4.34 
3.32 
4.89 
0.13 
14.11 
21.91 
0.37 
0.00 
0.70 

Hbl (85 spots) 
40.85 

2.02 
13.25 

8.22 
4.87 
0.10 

14.37 
12.17 
2.66 
0.27 
0.16 

(6 oxygens) 
1.840 
0.019 
0.160 
0.034 
0.095 
0.160 
0.004 
0.800 
0.89 1 
0.027 
0.000 

Hbl (23 oxygens) 
5.909 
0.220 
2.09 1 
0.169 
0.895 
0.5 89 
0.012 
3.089 
1.886 
0.746 
0.050 

 TO^ a1 98.92 98.94 c?+ 0.002 0.01 8 
Fe,O,:FeO determined on 4 cation in clinopyroxene and 13 cations, excluding Ca, Na 

and K, in hornblende (see Papike s t  al., 1974) 



(LEAKE, 1978) 
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Fig. 3. Clinopyroxeneand hornblcndc analyscs from thc Dcosai volcanics on  (a) Hess and Poldervaart 

( 1  95 1 )  quadrilateral and (b)  Mp# vs Si plot o f  Leake (1978). respectively. 

netite. Microprobe data suggest that the 
hornblende  i s  pa rga s i t e ,  whereas  the  
clinopyroxene phenocrysts range from calcic 
augite to salite (Tahbfg 1, Fig.'>). 

The plagioclase-phyric andesi te con tains 
phenocrysts of zoned and turbid plagio- 
c lase  in a brown-stained (Fe-leached)  
groundmass of plagioclase, opaque ore ,  
chlorite, epidote, -t Sphene & quartz. Some 

samples contain large crystals of fresh, 
recrystallized plagioclase, but one sample 
contains fresh phenocrysts of plagioclase 
with euhedral opaque inclusions in a glassy 
matrix. At least some of the type B andesites 
appear to be agglomeratic. In the type C 
andesi tes, the phenocrysts of clinopyroxene 
and zoned plagioclase (1-3mm) lie in a 
fine-grained matrix of amphibole (in some 



bluish green), opaque ore and clinopyroxene, 
with or without chlorite, sphene and epi- 
dote. The plagioclase phenocrysts are  
commonly turbid, locally epidotized or  gone 
over to sericite and carbonate, and in some 
cases resorbed on margins. Along Satpora 
river the pyroxene is  largely altered to 
magnetite and serpentineltalc, but in Kalapani 
it is converted to blue-green amphibole 
which may also grow along the margins and 
fractures of plagioclase. Amygdules in one 
sample are filled with radiating plagioclase 
which is surrounded by epidote. Textural 
variations and alteration are common in 
Chilum-Burzil section and some of the rocks 
resemble microdiorite. 

DISCUSSTON 

The Deosai volcanics consist mainly of ash 
beds, agglomerates and flows. The latter 
appear to range in composition from basalt to 
andesite with local rhyolite. Metamorphism 
in greenschist facies, followed by alteration, 
led to common development of secondary 
amphibole, epidote, chlorite, new plagio- 
claw, sericite, leucoxene, and obliteration 
of volcanic texture in several samples. Meta- 
morphism seems to be regional but the 
presence of hornfelsic texture in some samples 
suggests that the Ladakh batholith may also 
have played some role in locally providing 
thermal energy. 

The altered nature and lack of chemical 
data do not allow to decipher the composi- 
tional affinity of the Deosai volcanics. 
However, detailed investigations of the 
neighbouring Dras volcanics, which are an 
extension of those of Deosai, show that they 
have island arc-related tholeii tic to calc- 
alkaline characteristics (Honegger et al., 
1982; Sharma, 1990; and other references 
therein). We assume that the Deosai volcanics 
are derived from a basaltic liquid with opaque 
oxide, clinopyroxene, hornblende and pla- 
gioclase, respectively, on the liquidus. 
Corrosion/reaction rims on the margins of 
the clinopyroxene and hornblende phe- 
nocrysts and zoned plagioclase with resorbed 
margins suggest variation in pressure, tem- 
perature or magma composit ion during their 
evolution (Hamidullah, 199 1). 

40Ar/39Ar determination on hornblende 
phenocrysts from andesite DW58, near the 
upper reaches of Satpora river,  gives an 
age of 125.4 6 Ma. This  age falls in the 
upper Jurassic to upper Cretaceous age of 
the Deosai and Dras volcanics established 
by faunal and radiometric means (Wadia, 
1937; Frank et a l . ,  1977; Dietrich et al . ,  
1983; Sharma, 1991).  

Acknowledgements: Dr. Ingrid Reuber of 
Genoble University is  thanked for the 40Ar/ 
39Ar age determination, Dr. R. A.  Khan 
Tahi rkheli and Dr. M. Javed Khan for their 
support during the collection of samples. 

REFERENCES 

Dcsio,  A . ,  1978.  On thc  gcology of Deosai 
plateau (Kashrnir), M c m .  Accad. Naz. Lincci, 
15 ,  1-19. 

Dictricli, V.  J . ,  Frank,  W.  6t Honcggcr,  K . ,  
1983. A Jurassic-Crctaccous island arc in 
tlic Ladakh-Himalayas. Jour .  Volcanol. Gco- 
thermal Rcs. ,  18,  405-433. 

Frank,  W. ,  Gonsscr, A .  & Trommsdorfl ' ,  V . ,  
1977. Geological obscrvntions in thc Laddakh 
a rca  (Himalayas) ,  a  prel iminary report. 
Schwciz. Mincral.  Pctrgr .  Mit t . ,  57,  89-1 1'3. 

Gupta, K.R. ,  Gcrgan,  J .T .  8r Surcndar ,  K., 
1983. Geochcmistry of  thc volcanic rocks of 
thc North-Westcrn Himalayas and its bear- 
ing on tectonics- A review. In: Contcmporary 
Gcoscientific Research in Himalayas, 11 (AIK.  
Sinha ed . ) .  Shiva Printers ,  Dehra Dun, In- 
d ia ,  9-17. 

H a m i d u l l a h ,  S . ,  1 9 9 1 .  C h e m i s t r y  of  
clinopyroxcne from the Dcosai volcanics, 
Baltistan, N . Pakistan. Geol. Bull. Univ. 
Peshawar, 24, 

Hess,  H .  H.  & Poldervaart ,  A. ,  1951 .  Py- 
roxenes in crystallization of basaltic magmas. 
J .  GcoI., 5 9 ,  572-82. 

Honcgger, K. ,  Dietrich, V. ,  Frank, W.,  Gansscr, 
A . ,  Thoeni ,  M .  & Tromsdorff ,  V . ,  1982. 
Magmatism and metamorphism in the Ladakh- 
Himalayas. Earth Planet. Sci .  Let t . ,  60, 
253-393. 

Leake ,  B. E.,  1978.  Nomenclature of amj~h ib -  
oles .  Min. Mag. ,  42 ,  533-563. 

Lydekker, R . ,  1883. T h e  geology of the Kash- 
mi r  and Charnba Terr i tor ies ,  and British 
district of Kaghan. Mem. Geol. Surv.  India, 
2 2 ,  344p. 

Papike, J .  J . ,  Cameron,  K, L. & Baldwin, K., 
1974.  Amphiboles and pyroxenes: Charac-  



t e r i z a t i on  of OTHER than  QUAD 
componenunts and estimates of  ferric iron for 
microprobc data. Geol. Soc. Am. Abst. with 
Programs 6, 1053-1054. 

Rnivcrman, V. & Mishra, V. M . ,  1974. Suru 
tectonic axis, Ladakh area. Geol. Min. Met. 
Soc. Ind. Golden Pubilee Symp. (Abst.).  

Shah.  S .  K . ,  Sharma,  M .  L., Gcrgan, J .  T. & 
Tara. C.  S., 1976. Stratigraphy and struc- 
ture of the western part of tho Indus suture 
bclt. Laddakh, Northwest Himalayas. Him. 

Gcol.,  6, 534-556. 
Sharma, K .  K . ,  1990. Pctrochcmistry and tec- 

tonic environment o f  Dras.  Shyok, Khardung 
and Chushill volcanics of Indus suture zone, 
Ladakh: A comparative study. Physics & 
Chemistry of  the Earth,  17, 133-153. 

Wadia, D .  N . , 1937. The Crelaceous volcanic 
series of Astor; Deosai ,  Kashmir and its 
intrusions. Rec. Geol. Surv.  India, 72, 151- 
161. 


