
GEOLOGICKY ZBORNÍK — GEOLOGICA CARPATHICA, 36, 2, BRATISLAVA, APRIL 1985, 
P p . 245—255 

N A R E S H K O C H H A R * 

MALANI IGNEOUS SUITE: PORPHYRY COPPER AND TIN DEPOSITS 
FROM THE TUSHAM RING COMPLEX, NORTH PENINSULAR INDIA 

(Figs. 8, Tab. 1) 

A b s t r a c t : T h e p a p e r d e s c r i b e s p o r p h y r y t y p e c o p p e r a n d t i n d e p o s i t s 
i r o m t h e T u s h a m a r e a l o c a t e d 160 k m W N W of D e l h i . F e l s i t e i n c l u d i n g 
w e l d e d tuff, q u a r t z p o r p h y r y , e x p l o s i o n b r e c c i a , a n d t h e a s s o c i a t e d s u b -
- s o l v u s g r a n i t e s b e l o n g i n g t o t h e M a l a n i i g n e o u s s u i t e (750 M a ) of w e s t e r n 
R a j a s t h a n f o r m t h e v a r i o u s c o g e n e t i c m e m b e r s of t h e T u s h a m r i n g c o m ­
p l e x . C h a l c o p y r i t e , c u p r i t e a n d m a l a c h i t e o c c u r a s d i s s e m i n a t i o n s i n t h e 
q u a r t z p o r p h y r y a n d a l s o i n t u f f s a n d f l u i d i s e d e x p l o s i o n b r e c c i a ; w h e r e a s 
c a s s i t e r i t e is a s s o c i a t e d w i t h t h e s t o c k of m u s c o v i t e - b i o t i t e g r a n i t e . P o -
t a s s i c a n d p h y l l i c z o n e s h a v e b e e n r e c o g n i z e d . T h e a c i d v o l c a n i c s s h o w 
p o s t - e m p l a c e m e n t h y d r o t h e r m a l a l t e r a t i o n s w h i c h a r e s u g g e s t i v e of p o r p ­
h y r y t y p e C u a n d S n m i n e r a l i s a t i o n . T h e o r t h o m a g m a t i c m o d e l of s u b -
v o l c a n i c a l t e r a t i o n h a s b e e n s u g g e s t e d fo r t h e g e n e s i s of t h e s e d e p o s i t s . 

P e 3 i o M e : B CTaTbe oimcaH nopcjjHpoBbiH THTI Mean H MecTopo^aenHH ojioBa Ty-
maMCKoro paBoHa pacno j i a ra io ine roca 160 KM Ha 3C3 OT flenK. <J>eJib3HT co/ iep-
yKaujHH B ceôe CBapeHHbiB Ty(t>, KBapueBbiB nopejwp, 3Kcruio3noHny>o 6peKHHK> H a c -
counnpoBaHHbie cy6pacTBopHTeJibHbie rpaniiTM oTHOcainHecH K MajiamificKoB H3-
Bep>KenHoii cepHK (750 M U H . Jie-r) 3anaf lnoro P a s c T a n a o6pa3yioT pa3Hbie Korene-
THnecKHe MJienbi TymaMCKoro KOJibueBoro KOMruiexca. XajibiconnpnT, KynpHT H Ma-
naxHT HaxoflHTca B BHfle pacceHHHH B KBapueBOM nopctiHpe, a TaioKe B Tyctiax H (JJHIOM-
aajIbHOÍÍ 3KCnjI03H0HH0H ÔpeKMHH; npPTHeM KaCCHTepHT aCCOUHMpOBaH C UITOKOM 
MyCKOBHT-ÔHOTHTOBOrO rpaHHTa. BblJIH OC03HaHbI KajIHeBbie H (jlMJIJlHTOBbie 30HbI. 
Kncribie ByjiKaHHTbi npoHBXiaK)T nocT-oÔMeH nrnpoTepMaJibHbix voMeHemifl, KO 
ropbie HaMeKaioT nopctwpoBbiB THn ineflH H Sn MHHepamf3aiiHio. OpTOManvtaTH-
HecKas MOfleiib cyÔByjiKaHHHecKOro M3MeHeHHH 6bi.na rtpefljioíxeiia jxna reHe3nea 
3THX MeCTOpOKfleHHÍÍ. 

Introduction 

T h e M a l a n i i g n e o u s s u i t e of r o c k s (750 M a ) c o m p r i s i n g ac id v o l c a n i c s ( r h y o l i t e , 

w e l d e d tuff, fe l s i te , a s h bed , q u a r t z p o r p h y r y ) a n d c o m a g m a t i c h i g h l eve l , s u b -

v o l c a n i c S i w a n a ( h y p e r s o l v u s ) ; J a l o r a n d T u s h a m ( s u b s o l v u s ) g r a n i t e s o c c u p y 

a n a r e a of 55,000 sq k m , a n d o c c u r on t h e n o r t h w e s t e r n f l a n k of t h e g r e a t 

A r a v a i l i C h a i n a t J o d h p u r ( R a j a s t h a n ) a n d a t T u s h a m ( H a r y a n a ) . T h e r e p r e ­

s e n t a t i v e s of t h e M a l a n i s u i t e a l so o c c u r a t K i r a n a Hi l l s ( P a k i s t a n ) . T h e T u s h a m 

a r e a is a b o u t 400 k m n o r t h e a s t of J o d h p u r a n d 466 k m s o u t h e a s t of K i r a n a 

Hi l l s , t h e l a t t e r h a p p e n s t o b e t h e l a s t o u t c r o p of t h e s h i e l d e l e m e n t i n t h i s 

p a r t of t h e I n d i a n s u b c o n t i n e n t (Fig . 1). F i g u r e 2 s u m m a r i s e s t h e g e o l o g y of 

t h e n o r t h e r n p a r t of t h e I n d i a n s h i e l d a n d T a b l e 1 g i v e s t h e g e o c h r o n o l o g y . 

* Dr. N. K o c h h a r , Depa r tmen t of Geology, P a n j a b Univers i ty , Chand iga rh , 
India. 
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Geological Setting 

The Tusham area (28° 75' : 75° 55') is located 160 km WNW of Delhi in Ha-
ryana State and falls within the Survey of India one inch to a mile toposheet 
44P/13. The geology of the Tusham area is well s tudied by the author (K o c h-
h a r. 1983: 1984) but the mineral isat ion in the area has been recently disco­
vered. Detailed work on the mineral isat ion is being carried out by the Geo­
logical Survey of India. 

Fig. 1. Location map of the area. 

The main theme of the paper is tha t the acid volcanics of the Tusham area 
and also of the Malani suite show post emplacement hydro thermal al terations 
and these are suggestive of hydro thermal Cu and Sn mineralisation. 

Felsite including welded tuff, quar tz porphyry, explosion breccia and the 
muscovite-bioti te grani te form the various cogenetic members of the Tusham 
ring complex (Fig. 3). 
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T a b l e 1 

Precambrian geochronology of north peninsular India 

Jodhpur sandstone 

Malani Series: Malani rhyolites and 
granites (Rajasthan) 

Tusham area 

Kirana area 
(Pakistan) 

Delhi System 

Aravalli System 

Raialo Series 

unconfirmity 

Vindhyan System 
1400—500 Ma 

750 Ma 

750 Ma 

870 Ma 

1650 Ma 

2000—2500 Ma 

- -

Bundelkhan granite 
Berach granite 2500 Ma 

Banded Gneiss Complex >2500 Ma 

Petrography and alteration pattern 

The al terat ion pa t t e rn described here is based on the work of L o w e 11— 
G u i l b e r t (1970). 

Q u a r t z p o r p h y r y : The quar tz porphyry occurs in the form of a ring 
dyke which is elliptical in ground plan. The major external diameter is 0.8 km 
in NE-SW direction and the minor external diameter is 0.32 km in NW-SE 
direction. The quar tz porphyry has sharp contacts with the overlying felsite. 

In hand specimen the rock is composed of phenocrysts of quar tz and feldspar 
embedded in a fine grained biotite rich matr ix . The rock is invariably altered 
to greyish green mater ia l . Under microscope the rock consists of phenocrysts 
of "high quar tz" and orthoclase embedded in a microspheruli t ic groundmass. 
A few crystals of biotite and muscovite are also encountered. The quar tz phe­
nocrysts a re cracked, corroded and embayed wi th inlets of quartz-feldspathic 
material . Orthoclase occurs as well developed la th shaped crystals which are 
invariably al tered into sericite and kaolinite. A few crystals of albite have 
also been identified on the basis of polysynthetic twinning but they are very 
much al tered by sericitization (Fig. 4). Biotite of ma t r ix is al tered to greenish 
chloritic mater ial . The quartz porphyry r ing dyke marks the potassic zone. 
As we will see later, there is no clear cut demarcat ion of different zones, ra ther 
there is an overlapping of al terat ion pat terns . 
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of the Tusham area. 

E x p l o s i o n b r e c c i a : Explosion breccia is exposed all along the str ike 
of quartz porphyry r ing dyke (Fig. 3). The breccias overlie the quar tz porphyry 
and are present in the felsite which have been domed up (resurgent cauldron). 
The breccias are younger than the ring fracture as suggested by the shape 
of breccia outcrop and by the occurrence of quartz porphyry fragments in it. 
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Fig. 4. Partly sericitized albite in quartz porphyry (crossed nicols x 40). 

Fig. 5. Biotite replacing plagioclase in explosion breccia (crossed nicols x 40). 

From the na tu re of block it is possible to distinguish two types of breccias. 
The first is made almost of entirely of discrete sub-angular to angular frag­
ments of quartzi te . They are dark in colour and vary in size from 5 cm to 30 cm 
in diameter set in a ma t r ix of very finely communited felsite. This type of 
breccia is well developed near Kund Temple. The second type consists of sub-
rounded to rounded blocks of quartz porphyry. They are mostly reddish brown 
and greenish in colour and va ry in size from 12.5 cm to 45.0 cm. The mat r ix 
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Fig. 6. Biotite in the groundmass of explosion breccia (uncrossed x 40). 

Fig. 7. Sericite veins cutting "high quartz" in felsite (crossed x 40). 

is felsite. The angular na ture of quartzi te fragments contrasts with the rounded 
na ture of quar tz porphyry blocks. This rounding has been a t t r ibuted to the 
process of fluidisation (K o c h h a r, 1983). Under the microscope subangular 
fragments of quartzi te are embedded in finely communited felsite. Plagioclase 
is altered to kaolinite and biotite replaces plagioclase (Fig. 5). There is profuse 
development of biotite in the matr ix , (Fig. 6). The breccia zone represents late 
stage of potassic alteration. 
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Fig. 8. Sericitized groundmass in felsite (crossed x 40). 

F e 1 s i t e: The felsite occurs on the nor theas tern side and on the top of the 
Tusham Hill. The felsites are greyish yellow and purple in colour. The felsites 
usually contain black encrustat ion of tourmal ine and brownish coating of li-
monite. Under the microscope, the rock is composed of "high quartz" , 
orthoclase, biotite and oxides of iron embedded in a cryptocrystall ine to micro-
crystalline groundmass showing fluxion s t ructure , micropegmati t ic phenocrysts 
and micropoikilitic quartz . Quartz phenocrysts varying in size up to 2 mm across 
display the characterist ic b ipyramidai form. Some of the quar tz phenocrysts 
show embayments and are t raversed by veins of sericite (Fig. 7). Orthoclase 
is sericitized. Biotite is of yellowish brown colour and occurs as sieved tabular 
crystals. They are par t ly or completely resorbed leaving a few specks of 
greenish chloritic mater ia l . A few grains of corroded and sieved muscovite are 
also encountered. Magnet i te occurs as octahedral crystals in glomeroporphyri t ic 
crystals. It has been oxided to brownish red haemat i te which has been drawn 
into strings by subsequent flows. The groundmass is invariably altered to 
sericitic mater ia l (Fig. 8). Schorl rock often stains the felsite. The felsite marks 
the sericitic zone (phyllic), and the top of felsite marks the propylitic zone. 
At the contact of explosion breccia and felsite a few pockets of ash bed also 
occur. 

M u s c o v i t e - b i o t i t e g r a n i t e : It occurs as a stock on the nor thwes­
t e rn side of the Tusham Hill. It is light coloured, fine to medium grained sho­
wing sharp contacts wi th the felsite. It is subvolcanic. Under the microscope it 
consists of sieved muscovite, biotite, quartz, orthoclase, oligoclase and -minor 
amount of zircon, apat i te and oxides of iron. The tex ture is hypidiomorphic. 
The two-mica grani te represents potassic zone. 

The QAP plot of the Tusham granites fals in the field of alkali grani te and 
the grani tes correspond to "Grani te A" and alkali feldspar grani te of S t r e c-
k a i s e n. 
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Geochemistry 

The most significant chemical feature of the acid volcanics is that these are 
richer in potash than soda. K^O varies from 3.10 to 5.20 % and Na_>0 varies 
from 0.3—0.5 %. The low soda content of these acid volcanics is due to post-
-emplacement devitrification and hydro thermal al terations (K o c h h a r, 1977). 
One unal tered specimen of the quar tz-porphyry from the eastern side of the 
Tusham Hill has a "normal ' ' Na^O content (2.5 % ) . K 2 0 is 6.58 % (Dr. L. N. 
G u p t a ; personal comm.). Infact the acid volcanics of the whole of the Ma-
lani suite show hydro thermal al teration (K o c h h a r, 1984) and this is strongly 
suggestive of porphyry type Cu and Sn and related mineral isat ion in these 
rocks also. G a a l — I s o h a n n i (1979) have also repor ted that K^O content 
increases in the Precambr ian mineral ised rocks of Kopsa and Rautio whereas, 
CaO and Na20 contents are depleted. 

The alkali contents of the granit ic rocks is fairly uniform. Soda varies from 
2.5 to 3.00 % and potash varies from 4.5 to 6.00 %. 

The acid volcanics and the associated granites are rich in alumina. ALO;; 
content of acid volcanics ranges from 12.33 to 14.53 %, and in granit ic rocks 
from 13.00 to 14.50%. The molecular proport ion of AI2O3 exceeds (CaO + 
+ Na20 + K^O) in these rocks. They are thus peraluminous. 

These rocks have low lime and magnesia contents (CaO: 1.0 % ; MgO: 0.5 % ) . 
The low lime content is reflected in the na tu re of plagioclase which is invariably 
oligoclase. These rocks plot in the alkali grani te field of K^O/MgO diagram 
of R o g e r s — G r e e n b e r g (1981). The granites belong to A-type granites 
( L o i s e l i e — W o n e s, 1979). 
T i0 2 : 0.25 % ; P.O.-,: 0.20 % and SiO,: 73—74 %. 

Mineralisation 

There are widespread malachite stains and sulphur encrustat ions on felsite, 
explosion breccia and quartz porphyry. Intense l imonitisation accompanied by 
malachite encrustations is observed along the ring fracture zone. The contact 
zone of quartz porphyry and the overlying felsite and ash bed marked by 
ring fracture is the most impor tant zone of copper mineralisation. Anomalous 
copper values as high as 1.06% against the background and threshold values 
of 100 and 300 ppm respectively have been reported (D e y, 1978). Copper 
mostly occurs as malachite and azurite. This is followed by cuprite and chalco-
pyrite. Other associated pr imary sulphide minerals are pyrite, sphaleri te and 
galena. Tin occurs as cassiterite and is related to the stock of two-mica grani te 
(muscovite-biotite granite). Drilling for tin is being clone at the contact of 
breccia and felsite near Kund Temple. It may be mentioned here that K o c bi­
li a r (1973) had suggested that the Tusham and Jalor granites should be 
explored for tin mineralisation. 

The following characteristics of the geology and mineral isat ion of the Tusham 
area are in general agreement with features shown by Precambr ian porphyry 
Cu and Mo deposits (cf. G a a l — I s o h a n i, 1979): the epizonal setting of 
granites and the associated volcanics; the sharp contacts between quar tz por­
phyry and felsite; and granites and felsite without significant effects of meta -



254 KOCHHAR 

niorphism; the association of mineral isat ion wi th the fluidised breccia; and the 
location of the area on NE-SW trending l ineaments. 

Genesis 

K o c h h a r (1983) has suggested tha t the stresses released after the Aravall i -
Delhi orogenies gave rise to l inear zones of weakness and high heat flow, 
and along these NE-SW t rending weakzones the magmat i sm of the Malani 
suite was tr iggered by mant le plumes. 

In the Tusham area the acidic magma of granit ic composition gave rise to 
different cogenetic members of the Tusham ring complex. The magmatic 
crystall ization of quar tz porphyry from the acid melt resulted in the release 
of hydro thermal fluids causing gas charged magma to move th rough the zone 
of r ing fracture shat ter ing and brecciating impervious quartzi te and also car­
rying wi th it a l ready solidified quar tz porphyry blocks. This resulted in the 
formation of explosion breccia. The rounding of quartz porphyry blocks is 
a t t r ibu ted to the process of fluidisation. With the release of volatiles, the melt 
became viscous and during the continued advance to higher level it crystallised 
as felsite. On the nor thwes te rn side of the Tusham Hill the same magma 
crystallised as a stock of muscovite-bioti te grani te . Thus in the Tusham area, 
there is no clear cut boundary between volcanic and plutonic environment 
(K o c h h a r, 1972). The al terat ion and mineral isat ion in the area was caused 
by ore bear ing hydro thermal fluids. The emplacement, al terat ion and mine­
ralisation of the various rock units form single sequence of cogenetic events 
(cf. S i H i t o e et al., 1975). According to S i l l i t o e et al., (1975) potassic 
zone is conspicuous by its absence in the Bolivian t in deposits, but in the pre­
sent case, the potassic zone is very well developed. 

In summary it is concluded that the hydro thermal al terat ions shown by acid 
volcanics are strongly suggestive of porphyry type copper and t in mineral i ­
sation in the area. More work is required in order to unders tand the al teration 
pa t te rn at depth and geometry of mineralisation. The study of stable isotopes 
will th row light on the na tu re and t empera tu re of hydro thermal ore forming 
fluids. 
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