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Petrographic Characteristics of the Mineralized and Barren I gneous
bodies of the Tosham | gneous Complex, Bhiwani district, Haryana,
Northwestern India

Sukh Chain Sharma and Ashish Bhardwaj

Abstract: The Khanak and Tosham are the two main igneodgeb®f Tosham Igneous Complex
of the northwestern India. The complex exhibit riiige structures of the plutonic and volcanic
igneous phases. The plutonic and volcanic ignebtasgs of Tosham igneous body shows intense
post magmatic alteration effect, however the rogles of the Khanak igneous body are devoid
from such post-magmatic alteration effect. At KHattee igneous body is barren, whereas porphyry
type Sn-W+Cu mineralization is associated with Tlesham. Petrographically, the plutonic and
volcanic rocks of the Tosham and Khanak igneousidsodhow more or less similar mineral
assemblages. High content of quartz, total alkatresscovite and important accessories like, topaz,
fluorite, and halite have been identified in thesfhfam, whereas the rocks from the Khanak contains
some proportion of amphiboles, pyroxenes and coatipaly more biotite with less accessory
minerals. The petrographic study suggests thagitites of the both the area are S-type, subsolvus
two-feldspar granites containing minor plagioclase dominant alkali feldspars. The mineralogical
in the rocks of the Tosham and Khanak area indictitat rocks of the Tosham area are more
magmatically differentiated than the rocks of thkaak area. This might be the reason for the
presence of mineralization in the Tosham and deob@hy mineralization in the Khanak area.
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Introduction co-magmatic granites. The TIC comprises the
Tosham Igneous Complex (TIC) located in theoverall at least five granite plutons of variable
northwestern part of the Indian shield. Thesedimensions showing elliptical and/ or circular
rocks have been dated 940+20 ma old byoutcrop pattern of the plutonic and volcanic
Kochhar (1974), suggesting them to be pre-igneous phases. These granite plutons occur
Malanies but post-Delhis. This igneous suiteover a 16km from north and south and about
comprises the acid volcanis and high-level 13km in width. Most of these plutons are very
small in dimension and only the Khanak and

Tosham are larger in size, which have been
choose for comparative petrographic and

Sukh Chain Sharma and Ashish Bhardwaj Geochemical studies in the present papée
presence of quartz porphyry ring dykes,
P.G. Department of Geology, association of explosion breccia with the
GGM Science College, felsite, and plutonic rocks suggest the ring type
Jammu- 180001, J&K, India, structure of the TIC. The igneous bodies of the
Email: sharmageol_ju@rediffmail.com TIC are mostly barren, however, at Tosham

Sn-W+Cu mineralization is present. Many
features of mineralization in the area show the
similarity with the porphyry type of
Precambrian mineralization. These features are
epizona setting of granites; association of acid
volcanics, wall rock alteration pattern, sharp
contact between quartz porphyry and felsite
and between granite and felsite which does not
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shows any metamorphic effects and also théMlewar Gneissic Complex (Roy and Kroner,
association of the mineralization with the 1996) due to lack of unanimity on basement—
explosion breccia. Kochhar (1983, 1985) havecover relationships. The Aravalli Supergroup
suggested the porphyry type Cu and Snunconformable overlies the basement. The
mineralization in the area. exact age of Aravalli Supergroup is not well
constrained; however, based on the basement—
cover relationship of the Berach granites (2.5
Ga), a model age for the Aravalli sequence
ewaka metabasalt (2.5 Ga: MacDougall et al.,

In the present paper two major igneous
bodies of the TIC, which forms a part of
Malani igneous suite situated at Tosham

(mineralized) and Khanak (barren) area studie . .
for their petrographic and geochemical 984), and the age of the Darwal synkinamatic

- . ranite (1.8 Ga: Crawford, 1970), Sinha-Roy et
characteristics. The purpose of study is to know? .
whether the mineralized and barren igneou al (1998) suggested a time range of 1.8-2.5Ga

boies (Tosnam and Knanaio, which have beel®” e (NS SWerdin | Po
considered to be a part of the Tosham Igneougn : d Ramp 9
Complex, belongs to the same source of th and SEDEX type mineralization at Rajpura-

magma chamber or they belongs to th(ﬁ)arlba are associated with the Aravalli Fold

different source. Belt.

. . The Middle - Upper Proterozoic rock
Geological Setting sequence of Aravalli - Delhi metallogenic
Regional Geology provinceis confined to a narrow linear fold belt

The present area formed a part of the Aravalli—known as Delhi Fold Belt. This belt,

Delhi metallogenic province in Northwestern represented by Delhi Supergroup, extends from

India. The geology of the area is summarized inG”j""r"’1t in the south to Haryana in the nort_h a’?d
theTable-1. hosted a number of granite pIutons_ ranging in
age from 1600 Ma to 730 Ma (Tobisch, 1994;

Table 1. Geochronology of the Precambrian Choudhary et al., 1984). This Late Proterozoic

rocks in the Western Peninsular India felsic magmatism commenced with the

intrusion of the Erinpura granite (900 Ma:

Rocks Age Choudhary et al., 1984). Sinha-Roy et al.
Vidhyan system (Jodhpur  1400-500 Ma (1998) suggested that the emplacement of the
sandstone) Erinpura granite and its equivalent along and
Malani Igneous suite (acid adjacent to the South Delhi Fold Belt was
volcanic and granites) caused by intense compressive tectonism that
Tosham area 750 Ma followed the Delhi Supergroup sedimentation.

Culmination of this magmatism is represented

Kirana area 870 Ma . . ;
by widespread and dominantly felsic (locally

Delhi System 1650 Ma mafic) volcanism and plutonism collectively

Raialo series Unconformity termed the Malani Igneous Suite (745 + 10 Ma:
Aravalli System 20000-2500 Ma Bhushan, 2000). Because of the
Bundelkhand granite 2500 Ma contemporaneity of ages, Choudhary et al.

(1984) suggested a common mechanism for the
evolution of this suite. Available geochemical
data for some of these granites suggest S- or A-

The Precambrian rocks of this province type chemistry (Roy, 1988). Some of these
have been subjected to two major orogenicgranites plutons host the W+Sn mineralization
events during the Proterozoic; these arein this belt (Srivastava and Sinha, 1997),
Aravalli Fold Belt and Delhi Fold Belt, which Bhattacharjee et al. (1993) has named it Balda—
comprise the Aravalli and Delhi Supergroups Tosham Tungsten Belt. This 500 km-long
respectively. Banded Gneiss Complex (BGC)linear belt contains several small W-Sn-
forms the Archean basement for these foldmineralized plutons, including the Tosham tin-
belts. The basement has also been referred dgngsten deposit also Bhattacharjee et al.,
Bhilwara Supergroup (Gupta et al., 1980) or(1993)Fig.1.

Berach granite Banded>2500 Ma
Gseiss Complex (BGC)
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Fig.1. Regional Geological map of the area showing i0ision ot tungsten deposit in the Balda-
Tosham tungsten belt (after Sugden et al., 1990).

L ocal Geology Khanak hillocks are separated by aeolian sand

and no connectivity between the two hillocks is
Tosham Igneous Complex (TIC) is located onseen on the surface. Both Tosham and Khanak
the northwestern part of the Indian Shield abouthillocks comprises same rock varieties. The
160km WNW of Delhi. This Igneous Complex area consists of two major lithounits, which
comprises the small scattered (more than S)omprises the plutonic and volcanic phases and
elliptical granite bodies, which exhibit ring like the other is metasediments. The TIC is
structures. All these igneous bodies are barrerfntruded into the meta- sediments of Delhi
except Tosham Igneous body, which hosts SnSupergroup. The nature of contact between the
W-Cu mineralization. The geological map of different phases in the area are well seen which
the Tosham and Khanak Igneous bodies isvaries considerably. The metasediments are
given in Fig. 2. The outcrop of the Tosham is in represented by quartzite and quartz -mica -
form of isolated dome shaped hillock schists, which are exposed on the eastern and
surrounded by aeolian sand and covers smalhorthwestern side of the hillock. The Tosham
area of 1.56sg.km. A barren igneous body isand Khanak pluton is texturally as well as
exposed at Khanak, which is 5 km west to themineralogically  heterogeneous and s
Tosham hill comprising the hillock in comprised of biotite granite, medium to
otherwise a flat alluvial terrain. Khanak is the coarse-grained granite, K-feldspar porphyry
largest igneous body in the TIC. The trend ofand quartz feldspar porphyry whereas the
the Khanak is E-W, whereas the Toshamvolcanic phase consists the felsites, explosition
hillock shows NE-SW. The Tosham and breccias and rhyolite.
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Fig. 2. Geological Map of the area (after Gupta and Eisdon, )

Hydrothermal Alteration

Though the rock varieties of the Tosham
Khanak igneous bodies are same but one ¢
major differences between the two is the |
magmatic hydrothermal alteration. Howevel
Tosham, post magmatic hydrotherr
alterations effect is observedhe intensity
effect of the alteration in the different ro
types varies. Mica granite shows least effec
post magmatic alteration effect, whereas
acid volcanic (rhyolite), porphyritic varieties
in the area are highly affected by the-
alteration (Fig.3a). The various types of tl
alteration, which have been observed in

field and under the microscopic examinati
are potassic alteration, sericitization
kaolinization, which show the overlappir
pattern. The rhyolite contains the small patc
of the granite. The periphery of these gra
patches shows intense potassic alteration €
(Fig. ). In the periphery of the mineraliz
guartz veins the wall rock alteration effect s
as  sericitization,  tourmalinization a
muscovitization has beeobserved (Fi¢ 3c).
This post magmatic hydrothermal alterat
effect has not been observed in the field as
as under the microscopic examination of
Khanak rocks.

Fig. 3.

Field photographs of the Tosham igneousy showing hydrothermal alteration effei(a) intensive

shows K-alteration effect in the rhyolit((b) shows the patches of the granite within the rhgalhich
are surrounded by intensive-alteration effect,(c) shows the wallrock alteration effect rr the
mineralized quartz vein, ar(d) shows the field photograph of quartz feldspar pgrpltontaining the

phenocrysts of quartz and felds)
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Mineralization (chalcopyrite) in disseminated form. The vein

The mineralization in the Tosham has beentype mineralization is present on the western

studied by the Kochhar (1985) according toSide _of the_ hillock in form of quartz-biotite-
him the mineralization in the present area isSUlph'de veinlets and small networks of quartz-

. . cassiterite veins. These mineralized veins
orphyr e copper and tin deposit. The. ;
rpnin%rgli);a':i);pn cgrftains the SrEJ—W and m@ruded n the quartz feldspar_ porphyry and
associated sulfide mineralization, which is mica gr_anl'Fe n the area. The tin and tun_gsten
resent in disseminated form and also in uar,[Zmlnerallzatlon in the veins occurs as erratically
\Fjeins However in the Khanak ?awea distributed cassiterite and wolframite ores as

mineralization is totally absent. In the disseminations and/or pockets of thin bladed

dissemination type of mineralization at ToshamCryStaIS in the quartz veins.
tin and tungsten mineralization is present inPetrographic Characteristics

form of cassiterite and wolframite, which . .
occurs as minute grains, specks, bIadesThe petrographic study of the different rock

massive, and dissemination in mica granite, andyaieties in the Tosham and Khanak area is
quartz feldspar porphyry and explosion done in order to know the dlf'_fer_ent rr_uneral

breccias. The copper mineralization is in formassemblages and textural variations in rock
of malachite and azurite occurs as encrustationfyPes. The model composition of the different
and even as disseminations along the westerfock types in the Tosham Igneous Complex,
contact of the central rhyolite and mica granitewhich also includes the Khanak, is given in

whereas the primary sulphide minerals occursTable 2.

Table2. Modal composition of the Khanak and Tosham Igneous bodieg dfabham Igneous complex

Rock type/ »
@
B g, 2 58 ¢ g
o X ® 8B &8 o EE2 2
Z & £ ®2 % B 28 8 % 3
w & T @f% = @ &< G ©O < ~r
Medium grained granite T41 30.8 302 6.4 35 102 00 132 0.5 99.0
T32 311 352 51 11.2 46 0.0 143 - 1.2 99.2
Ti6 315 308 7.0 41 7.6 0.0 126 - 15 99.1
K6 322 301 53 11.3 3.2 1.3 97 - 1.1 99.9
K7 306 29.2 57 9.0 85 31 91 - 0.8 994
K8 30.1 346 6.1 10.2 4.0 16 104 - 0.5 99.6
K12 322 30.1 63 10.1 6.8 12 112 - 0.4 99.8
K13 32.7 300 54 11.1 8.8 28 4.0 - 09 994
Biotite Granite T70 328 302 7.2 29 108 35 59 - 1.0 99.9
T69 33.1 298 6.8 33 111 40 56 - 1.2 999
T65 29.2 308 49 35 105 31 52 - 0.5 99.8
K20 29.1 276 5.7 23 114 38 438 - 0.1 98.6
K21 29.6 285 7.5 25 126 41 38 - 0.0 98.8
K14 30.2 324 46 05 132 0.0 46 - 0.6 99.8
K-feldspar porhyry T38 28.7 245 5.6 00 13 0.0 67.7 - (®9.8
T35 13 279 41 02 02 0.0 703 - 0.5 100
T30 59 303 3.0 03 11 0.0 66.8 - 0.0 99.3
T8 6.0 54 0.5 04 03 0.0 621 - 0.4 99.8
K19 12 263 0.0 05 0.8 0.2 69.0 - 0.4 98.4
K18 3.6 244 05 09 07 0.1 692 - 0.3 99.9
K10 22 257 1.2 1.0 06 0.0 60.2 - 0.4 99.0
K9 30 266 1.0 08 0.1 0.0 60.1 - 1.0 99.7
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Quartz-feldspar porphyry T74 140 17.0 23 52 46 0.0 495 -3 99.9

T6 178 142 31 42 52 0.0 50.0 - 0.0 99.6
T9 181 186 3.6 48 6.1 0.0 491 - 0.0 99.0
T5 19.0 175 35 53 13 0.0 50.2 - 0.0 994
K17 180 179 23 12 73 01 472 - 0.0 99.7
K16 19.8 181 3.2 24 64 0.2 51.0 0.0 99.3
K15 204 194 3.6 21 34 0.0 502 - 0.0 99.1
Rhyolite T80 4.6 6.9 0.1 00 0.6 0.0 69.8 153 0.0 99.9

T31 51 7.0 0.0 0.0 05 00 693 143 0.0 99.6
T28 3.9 6.5 0.2 00 19 00 693 163 0.0 98.7
T3 32 7.6 0.0 1.0 42 0.0 70.2 135 0.0 100
T75 3.0 6.2 0.0 1.0 42 00 686 148 0.0 098.1

The Modal composition plot is shown in accessories present with rare occurrence of
Fig. 4. The scattering of the Tosham samples isipatite. The ground mass is composed of quartz
due to the alteration effect in the rocks, whereagind feldspars, sericite and muscovite. The

the Khanak samples shows clustering in thegranite shows intergrowth between quartz and
Syno-granite field. orthoclase (graphic texture) (Fig. 5b).

The K- feldspar granite of the Khanak is
fresh without any alteration effect and consists
phenocrysts of microcline  occasionally
orthoclase. There is little difference in its
greitoids mineralogy from the Tosham variety. It

contains quartz phenocrysts (1-2%), k-feldspars
(24-26%), plagioclase (0-1%), biotite and
muscovite less than 1%, and important
accessories like zinnwaldite, zircon and beryl

I T
4‘“‘5 S Quartz-feldspar porphyry: In the field quartz

1o W porphyry shows sharp contact with felsite and
- 'A“‘%“WSY“” / i \ﬁ;‘i‘z‘gmg\a\ rhyolite. In the hand specimen it contains
phenocrysts of quartz and plagioclase feldspars
embedded in the medium to fine-grained matrix
Fig. 4 Q-A-P classification diagram for Tosham Of quartz, fe'dSP?rs, muscqvite and biotite. The
and Khanak igneous bodies (Field after modal composition comprises the quartz 14-
Streckeisen, 1973). 18%, plagioclase feldspars 2-3%, alkali-
K-feldspars porphyry: This granite variety of feldspars 14-18%, muscovite, 4-5%, and biotite
the Tosham area is weathered. It also shows —.0° and ground mass 49-50%. The
pervasive post-magmatic 'hydrothermal ?el_dspars phenocry_sts show oscillatory zoning
alteration effectThe phenocrysts of orthoclase (Fig. 5c). Th? plag|oclase feldspe}rs are altered
' y and sericitised.  Zircon  which  shows

2nmdbe£inc;((:;10(\j\|/|i?r?in \t,\k/:;[ahcrcozg%?egalmzr?énfinaeﬁe compositional zoning (Fig. 5d) and apatite are
) yptocry Y the important accessory mineral content
crystalline groundmass, whereas thepresent

phenocrysts of quartz are rare. The microcline
phenocrysts show kaolinization effect. Along The quartz porphyry of the Khanak is
the margin of the biotite flakes chlorotization composed of quartz and plagioclase feldspars
effect is observed. The modal composition ofphenocrysts. These phenocrysts are embedded
this rock is quartz, 1- 6%, k-feldspar 24-30%, into the medium to fine grained matrix of
plagioclase 3-5%, and muscovite and biotite, 0-quartz, feldspars, muscovite and biotite. The
1% with ground mass 62-72%. Tourmaline, quartz phenocrysts shows corroded margin.
allanite (Fig. 5a) and fluorite are important The modal composition of the different mineral

Quartz rich

Alkali
felds

Akl Tyerite] _Syomle |~ Morzonite | MonzoDiorite \Diorite\ P
A

37



Petrographic Characteristics of the Mineralized and Barren Igneous bodies - Sharma and Bhardwaj

shows quatz 19-20%, plagioclase feldspars 2¢hloritic  pseudomorphs and  secondary
3%, alkali-feldspars 18-19, muscovite, 1-2%, magnetite is developed along the cleavage
and biotite 6-7% and groundmass 49-50%. Theplanes. Mirmekite texture is the important
plagioclase feldspars are much altered tharfeature of this granite (Fig. 5e).

highly altered into sericite and kaolinite. The
important accessory minerals are zircon
tourmaline.

In the Khanak area the coarse to medium
'grained granite constitutes the major portion
the Khanak igneous body. It is hard compact
Coarse to medium grained granite: The and fresh without weather and postmagmatic
coarse-grained granite variety is hypersolvesyiteration effects. It contains orthopyroxenes
two-mica granite containing equigranular 4 amphiboles, which are absent or rare in the
rgan:Irr]oilinc:af tgﬁ 4 qu?rtz_, Imusc0\_/|1the, b|ot|ctje,| Tosham granites. It is composed of quartz (30-

plagiociase. ¢ moda 32.7%), k-feldspars (microcline with minor

composition is quartz (27-31.5%), alkali .
feldspars (30.1-35.2%), plagioclase (5.1-79%),0rthoclase) (29-34.6%), plagioclase (5-6%),

biotite (3.2-10%) and muscovite (3.1-11.2%) biotite  (3-4%), ~ muscovite  (10-11%).
with groundmass (10.2-14.3%). Biotite flaks orthopyroxene(Fig. 5f), and amphiboles (1-
are corroded and decomposed to a gree®%).

ST S T Y]

Fig.5. Photomicrographs show the Petrographic charadterisf the Tosham and Khanak igneous bodies.
(&) Allanite crystal within the untwined feldspar ca (b) photographs showing graphic intergrowth of
quartz and k-feldspar of the k-feldspar porphyey Presence of zoning within the feldspar crystal,
(d) Shows typical zoning in zircon crystdk), Mirmetic texture of the coarse grained granitetho#
Tosham aredf), Pyroxene crystal in the coarse to medium gragradite of the Khanak area.
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Biotite granite: A small patch of this granite observed in good proportion in the Khanak. It
variety, which is hard compact, is present onis composed of quartz (29-30%), k-feldspars
the northwestern slope of the Tosham hillock.(microcline with minor orthoclase) (27-32%),
The mineralogy of the biotite granite is same asplagioclase  (4-7%),  biotite  (11-13%),
muscovite granite but the distinction betweenmuscovite (2.5-3%), orthoprroxene and
the two granite varieties is that former containsamphiboles (3-4%) (Riebeckiteig. 6b), with
more biotite content than later, more over theimportant accessories like sphene (Fig. 6c),
plagioclase feldspars are untwined in thezircon and beryl (Fig.6d) which is present in
muscovite granite. Also in the field coarse- the orthopyroxene

grained granite shows more weathering andR
alteration affect whereas the biotite granite is
medium grained hard compact melanocratic
with least weathering and alteration effect.
Zircon and tourmaline (Fig. 6a) is major
accessory mineral present.

hyolite/felsites: Rhyolite constitutes the
major rock units in the Tosham igneous body.
It occupies the central and apical portion of this
hillock and shows sharp contact with adjacent
rock types. It contains fragments of the plutonic
rocks indicating its younger age than plutonic

In the Khanak area this granite variety phase in the area. Rhyolite contains quartz (3-
also occupies the small portion and texturally5%), clasts 13-15% and k-feldspars (6-7%)
appears the same but mineralogically it showgphenocrysts embedded in a groundmass (69-
some difference from the Tosham. Some70%), which is glassy to cryptocrystalline
pyroxene and amphibole minerals have beershowing spherulitic texture (Fig. 6e).

Fig. 6. Photomicrographs show the Petrographic characteristit®eofosham and Khanak igneous bodies.
(&) Zonning in the tourmaline(b) rebeckite in the Khanak coarse to medium grained granite,
(c) presence of spheng@) presence of beryl in the pyroxerfe) Spherulitic texture of rhyolite, and
(f) Corroded margin of quartz in rhyolite.
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