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ABSTRACT

This paper deals with the metamorphism and petrography of the gneissic environs around
the Chamundi granites. It also deals with the migmatization of the hornblendic rocks by the
intrusive pegmatites resulting in migmatitic injection gneisses. The gneisses have undergone
regional metamorphism, which, however, is not caused by the Chamundi granite, but was
prior to the intrusion of the granite.

INTRODUCTION

Banded gneisses are found in contact with the granites of Chamundi,
lying between longitudes 76° 40’ and 76° 42', and latitudes 12° 15" and 12° 17"
The gneisses are found in contact with the granites at the foot of the hill or
2-3 furlongs away from the foot of the hill. _

The rocks of Chamundi, relevant to this account, comprise pyroxene-
hornblende-rocks, abundant pink and grey pegmatite, felspar-hornblende-
bearing gneisses and biotite-hornblende-gneisses, pale pink felspathic gneisses,
and other varieties of variable basic to dioritic composition. A certain
amount of felspathic material may occur as large felspar phenocrysts to form
porphyroblastic felspathic gneiss. The hornblende-gneisses are exposed in
the immediate vicinity of the granites, while the biotite-gneisses are exposed
farther away from the granites.

F1iELD RELATIONSHIPS

The rocks pass on or grade into one another. Pegmatites frequently
cut the felspar porphyroblastic hornblende rock, truncating its felspars.
There is no doubt regarding the intrusive relationship between the pyroxene-
hornblende rocks, hornblende-gneisses, felspathic gneisses and pegmatites.
Any of these rocks can both enclose and be enclosed by the other.

The gneisses are well foliated. Within the folia lineation is well devel-
oped, due in some cases to the roughly parallel orientation of the ‘ C ’ axes of
many hornblende and pyroxene crystals, and in others to the concentration of
other dark minerals in flat lenticles with their longest axes parallel, or to a
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combination of both structures. Sometimes lineation is developed to the
total exclusion of foliation.

Gneissic foliations are found in the low-lying regions all around the hill.
To the west of the hill the foliation strikes north and dips west at low angles.
To the south-east of the hill it strikes NW., and dips SW. at angles ranging
from 30° to 35°. The northern portion of the area is interesting from the
structural and genetic point of view, on account of the rapid variation
in. the direction and amount of the strike and the dip of the foliation
planes. At the very foot of the hill, near the rifle range, the foliation strikes
almost E-W, and dips at higher angles varying from 50° to 80°. The dip is
generally outward away from the hill, but at places it is inwards into the hill.
The rapid variation in the direction of the dip of the foliation planes indicates
the contortions undergone by these gneissic bands in this portion of the area
(Plate IX, fig. 1). Away from the foot of the hill and to the east of the rifle
range, the foliation strikes north, or a few degrees to the east or west of north,
and dips at angles of more than 60°. To the east and south-east of Lalitadri
Park, the foliation strikes in a general N-S direction dipping east again.
Only at a few places here does the direction of dip change to the west.
This indicates local small foldings here and there in the gneisses in an
otherwise N-S regional structure.

It is seen from the above descriptions that the planes of foliation of the
gneisses in the low-lying regions sweep around the hill and that their strike is
parallel to the margin of the hill at the foot; and away from the foot of the
hill, they strike generally N-S dipping east, at the north, NE. and SE. of the
region, forming almost a quaquaversal pattern (Eskola 1948) (refer Map 1).

PETROGRAPHY

Gneisses of the area can be divided into several varieties with banded
structure, the bands being composed of hornblende alternating with quartz-
ose and felspathic bands. Some of them grade into amphibolites and others
into felspathic gneisses.

The typical gneiss of the area is the hornblende-gneiss found to the
north and north-east of the area immediately in contact with the granite.
The hornblende has a bluish tinge about it and is nearly euhedral or subhedral.
The crystals are platy with allotriomorphic borders and are altered with con-
centration of iron ores, and the mineral looks dark and patchy. The salic
bands consist of quartz and plagioclase. The plagioclase is seriate, some of
the crystals having a porphyritic habit. Quartz is interstitial and is granular.
Apatite and iron ore are distributed throughout. There are also occasional
irregular grains of sphene. Both the plagioclase and hornblende show dif-
ferent stages of alteration. The felspar is first kaolinized. 1In the slides, such
areas are clearly demarcated from areas of quartz which are clear and show no
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alteration. The next stage of alteration of plagioclase is into needles and
grains of epidote which join up into larger grains of epidote. Insome sections
whole grains of plagioclase are studded with granules and needles of epidote.
The hornblende in such cases attains paler tints of blue and ultimately passes
into green chlorite. Sometimes the plagioclase contains dark needles, possibly
of rutile. The epidote in some cases may be largely clinozoisite. The platy
habit of the hornblende and the twinned crystals of plagioclase indicate a
possible original pyroxene rock, though no relics of pyroxene are observed.
The alteration of the amphibole and the plagioclase may be so complete that
we see ultimately only patches of cloudy amphibole relics and areas of plagio-
clase which extinguish together. The resulting rock may be entirely an
epidote rock with occasional grains of sphene and of apatite with saussurite.
In the neighbourhood of the granite the hornblende passes into brown biotite
flakes (refractive index B = r = 1-620) and concomitantly there is release of
iron ore. In such proximity to the granites the gneisses have also microcline
showing either wavy extinction or being untwinned. In such rocks there is
also a little myrmekite present in the base.

In other instances the amphiboles give rise to tufts of chlorite (Plate X,
fig. 1) along with discrete flakes of brown biotite. In such instances the
salic component is mostly quartz. The amphibole becomes almost pale and is
either actinolite or tremolite. Occasionally garnet too develops and seems to
be due to the replacement of epidote. In such instances of gneisses where
garnet develops, epidote is correspondingly scarce and garnet more, and the
whole slide is studded with iron ore. Chlorite flakes are abundant and brown
biotite is present. Chlorite and biotite are sometimes symplectitic. Apatite
in such rocks is in plenty. The plagioclase in the rock is clear. There is
also perthite in some of the sections. Some of the gneisses pass on to pure
plagioclase-gneisses without quartz. They are also epidotized and form
biotite. The plagioclase is not seriate, but seems to be platy, with horn-
blende passing on to biotite. Some of the gneisses contain secondary calcite.

METAMORPHISM

The hornblende-gneisses have resulted from the injection of the pegmatitic
and aplitic material along the planes of schistosity of the original hornblende-
schist and amphibolite (Plate IX, fig. 2). This is most marked at the contact
with the medium-grained, grey granite. It also reveals a tendency of the
potash and soda felspars to aggregate into thin bands parallel to the foliation,
a phenomena bearing upon the problem of foliation in metamorphic rocks and
one which may not be common.

The hornblende-gneisses emphasize the felspathizing effect of pegmatites.
They are regarded as migmatites or injection gneisses (Plate IX, fig. 3) formed
‘by the incorporation of pyroxene amphibole rocks in pegmatitic fluids, resulting
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m the evolutionary sequence of basic to dioritic gneisses, and culminating in
pa.le felspathic gneisses. In consequence of the decrease in density, due to
the amphibolization of pyroxene-amphibole rock, the strains thus initiated
might have aided in the mixing of the pyroxene-amphibole rock and pegmatite
(Harry 1951, p. 151).

In Chamundi, migmatization of the original pyroxene amphibole rocks
involves an increase in the Niggli values al, alk, and si and a decrease in ¢
and fm values as shown in the following table :

Niggli values

I Hornblende- Hornblende- Biotite-
Amphibolite gneiss biotite-gneiss gneiss
81 86-42 244-00 251-00 182:00
al 13-02 30-80 30-92 28-36
fm 53-92 46-87 30-92 39-27
c 26-04 13-61 19-86 17-09
alk 7-02 872 18-28 15-28

It looks as though the segregation was probably more a chemical than a
mechanical process, since the potash and soda felspars involved do not have
any dissimilar properties. The lineation in the gneisses seems to have been
formed during migmatization.

The diffuse penetration of basic rocks by more acid material with the
formation of intermediate rocks has been described from many metamorphic
areas. To quote only a few authors, Read (1927) records pseudo-diorites due
to the incorporation of amphibolitic rocks in oligoclase-rich magma. Barth
(1947) has illustrated agmatites and amphibolites in granitic gneiss with transi-
tiong between both members. Bugge (1943) records amphibolites migmatized
by acid material, as also do Adams and Barlow (1910) and many other writers,
including Sederholm (1923).

The gneisses of Chamundi seem to form a series in which the original
pyroxene of the pyroxene-amphibole rock is progressively replaced by horn-
blende, the course of replacement essentially involving an increase in Niggli
values fm and al, alk with a decrease in ¢ in the rocks concerned (Harry 1951,
p. 151).

The pegmatite involved in this migmatization was analysed. Its
normative felspars recalculated to 100 have the following composition:

Orthoclase = 4-71
Albite = 62-26
Anorthite - = 33-03
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These results fulfil Barth’s (1951) condition for magmatic as distinct
from metasomatic pegmatites in that the normative felspar content, re-
" calculated as orthoclase - albite - anorthite = 100, satisfies the formula
(An")2 4 (24b) > 120.

Although the many pegmatite veins in the gneiss prove that the former
must have been rich in juices, not a vein of pegmatite has been found passing
from the granite into the adjacent country rocks, the gneisses.

The plagioclase (albite) especially is concentrated in the aplites and
pegmatites. From this it is reasonable to postulate an invasive oligoclase .
or quartz-oligoclase fluid as an important factor in the formation of the
hornblende-gneisses. The fluids have given rise to discrete, perhaps contam-
inated, injection veins and widespread felspathization. In this conmection it
may be inferred that the pegmatites most probably originated in depth and were
introduced from below upward, a direction movement roughly parallel with
the lineation of the gneisses. In plastically deformed rocks, the resulting
lineation is most commonly parallel to the ‘b’ axis of Sander, at right angles
to the direction of maximum flow. In the gneisses of Chamundi, lineation
appears mostly to conform to the latter case. In this respect these gneisses
bear a close similarity, though differing in other respects, to the migmatitic
gueisses of the Glen Dassary inlier of Harry (1951), and to the mantled dome
gueisses of Pitkaranta of Eskola (1949).

Euhedral and subhedral epidote is found in abundance in the interstices
of the hornblende. The anorthite content of the felspar ranges from Ansg
to Angs. Zoisite and clinozoisite are also found in the hornblende and biotite-
gneisses. Garnets are also found occasionally. Ilmenite coated with leucox-
ene is also found. The above mineral assemblage strongly points to a
regionally metamorphosed derivative of a basic or ultrabasic rock (Williamson
and Smith 1935).

The conversion of pyroxene to amphibole involves a decrease in the
moleeular ratio CaQ : (Mg, Fe)O. The association of hornblende with epidote,
the general transitional character of the amphibole, and the wide chemical
stability it exhibits, point towards the gneisses being regarded as belonging to
the epidote-amphibole facies of Eskola.

The granites of Chamundi and the surrounding gneisses are situated in
the southernmost extremity of the Mysore State. In accordance with the
general metamorphic grade of the State, the gneisses of the area under study
show an assemblage of high grade metamorphic minerals. The following
minerals are noted:

To the north of the hill of Chamundi granite are found hornblende-
gneisses. The assemblage of minerals recorded includes hornblende
(actinolite), epidote and brown biotite. To the south- of the hill there
occur biotite-chlorite-epidote-garnet. Farther away from the granites
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of Chamundi, about one mile to the south near Kochenahalli, are
found hypersthene-gneisses having the assemblage hypersthene-brown
amphibole-garnet. In the south-eastern part of the hill, near Varuna
village, there occur hornblende-granulites and kyanite quartzite, and
pyroxene-granulite with the high grade metamorphic mineral assemblage
brown hornblende-hypersthene-diopside-kyanite.

The above assemblages of minerals found in the gneisses are typical of
high grade regional metamorphism. This regional metamorphism is not
caused by the Chamundi granites but was prior to its intrusion, though most
English authors regard granite as causing metamorphism.

The contact metamorphic effects of the granites on the surrounding
country rocks are not so pronounced. The effect of granitic intrusion has
proceeded as far as the actinolite-biotite-chlorite zone. The presence of the
assemblage biotite and garnet is characteristic of high temperature. The
presence of epidote, clinozoisite and sphene indicates strongly the play of
metasomatic processes in the granites, whereby the original hornblende of the
gneiss was broken down as follows: the CaO and Al,O;3 of the original horn-
blende formed epidote and clinozoisite, and the remaining CaO with TiO; of
the hornblende formed sphene, the MgO combining with the K,O supplied
from the intrusive granitic liquids to form biotite. The abundance of
muscovite and occasional phlogophite, and the large scale sericitization
and kaolinization of the original felspars, also point to hydrothermal meta-
morphism.
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