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ABSTRACT

Around Champua (22°04’: 85°40°) ‘microcline granites’ are exposed against and within
the metasediments. Both granite and parametamorphic shows similar strike variations.
Foliation (with local small scale folds) and lineations are defined by oriented biotite flakes.
The foliation is apparently missing near the periphery of the granite body and in the pockets
of granite within the parametamorphics.

The average composition of the granite on the basis of modal analyses is b IT P5 (Chayes,
1957) though there is actual transition from subclass 312 to 213, evidently due to replacement
of plagioclase by microcline. The replacement occurring preferentially along the (010) plane is
plagioclase (An;4). Quartz of different generations show different forms and fabric; plagioclase
1s often decalcified (An,) along the margin in contact with microcline. Biotite is intimately
associated with sphene and epidote. Ilmenite is calcified to form sphene.

The essential process in the implacement was introduction of plagioclase partly accompanied
by deformation, in its turn followed by a phase of microclinization. From accumulated field
and laboratory evidences the border facies of Singhbhum granite appears to have formed by a
slow process of felspathization.

INTRODUCTION

The area around the village of Champua (22° 04’ : 85° 4('), Keonjhar, Orissa,
permits study of the border zone of the Singhbhum granite massif, and also of the
relations between the older metamorphites and this younger granite.

Sillimanite-biotite schists are exposed to the west of Champua, near the granite
and grades to normal biotite schists further west. Psamites and cale-gneisses form
local variants of the normal pelites. The foliation of the metamorphites for a
greater part strikes NN'W.-SSE. and spreads to N.—S. towards east and WNW.-ESE.
towards south, with moderately high and occasionally vertical dip towards the
granite.

Mafic and ultramafic dykes with variable width are common both in the granite
and in the metamorphic country. The dykes show a dominant linear parallelism
trending about N.-S. The rocks are dolerites, coarse-grained leucodolerites to
salite-peridotite.

A zone of brecciation trending WNW.-ESE. traverses the southern part of the
area,

The accompanying sketch map shows the distribution of the rock types (Fig. 1).

MEGA-STRUCTURES

The rocks may occasionally show strong mineral orientation defined by biotite.
The foliation dip is moderately high towards east and ENE. with variations to the
south. The foliation shows occasionally small close folds with linear parallelism of
fold axes. Besides the lineation defined by pucker axis, occasionally a down dip
mineral lineation (defined by biotite streaks) is noticed on the foliation plane. Such
down dip lineation is noticed also in the parametamorphics defined by elongated
pebbles and mica streaks. The foliation plane occasionally shows local dis-
placements along fracture planes filled-up by quartz. The foliation of the gneissic
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granite is probably relict of the metamorphites, though development of lineation

may be due to a common regional stress,
Fractures are developed in conjugate sets diagonal to pucker axis or foliation

strike and another set trending paralle]l to strike of the planer structure (Fig, 2).
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F1a. 2. Outcrop map of the gneissic granite, oast of Champua.

PETROGRAPHY

The rock is nonporphyritic and consists of white felspar and quartz with
scattered plates of biotite and occasionally small flakes of muscovite. Also parallel
arrangements of biotite often concentrated in some bands lend a faint to strong
gneissose appearance to the rocks particularly inwards, towards east of the body.
The amount of microcline increases towards the periphery of the body with apparent
destruction of the gneissose texture.
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Fia. 1. Sketch map showing the distribution of rock types around Champus.
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Of the accessories, ilmenite and sphene (pseudomorphic after ilmenite) occur
occagionally. Apatite is rather rare.

The rocks, according to the definition of Chayes.(1957), are dominantly grano-
diorite. The average of the modal analyses gives a composition PII; (Table I
though there is actual variation from subclass 312 to 213, evidently due to the
replacement of plagioclase by microcline (Fig. 3). Description of mineralindividuals
follows.

Q
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Fia. 3. Plots of modal analyses in QP4 diagram, showing gradual variation in composition
of the rocks, with increasing microclinization towards periphery of the granite mass.

Quartz displays different habits as : quartz I-—drop quartz as tear drop inclusions
in plagioclase; quartz II—as suboval or partly lobate grains in the interspaces of
felspar and partly embaying them; quartz IlI—the main quartz forming large
grains, enclosing all other older mineral grains (Fig. 4). Quartz I is of separate
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F1c. 4. Different habits of quartz: (a) drop quartz—quartz I, (b) quartz II as oval grains and
quartz II1, the vein quartz.

generation from quartz 1I and III and represents the ‘ hold overs’ from the parent
rock. The optic axis orientation of quartz I grains shows a tendency to produce a
girdle pattern in section perpendicular to foliation, while it is lacking in quartz IT and
IIT grains (Fig. 5). Quartz II is almost of same generation as quartz IIT and
represents the earlier phases of embayment of the felspars.
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F1a. 5. Optic axes orientations of quartz I (showing a tendency to form girdle) and quartz II
and III, in section perpendicular to foliation (a’c’ plane).

Plagioclase occurs as hypidiomorphic grains up to 2-5 mm. in length, showing
characteristic repeated twinning normally in albite law and occasionally pericline,
‘ Blocky chess board ’ twins are common, Rarely twinning in plagioclase is obscure
and restricted near the margin of the grains. In no case plagioclase has been found
zoned. Its composition is that of albite-oligoclase (Ang to Ang,, averaging Any,).
Frequently a narrow border zone round the grains is richer in albite content (Anj_g)
at contacts with microcline (Fig. 6). This thin sodic zone closely follows the
plagioclase outline, corroded or fragmented, and abruptly ceases as soon as it loses the

!l Mo,

Fie. 6. Plagioclase showing fresh albitic rim in contact with microcline. Note parallel align-
ment of included muscovite flakes and corroded margin of plagioclase.

microcline contact (Schermerhorn, 1956). These sodified rims are therefore from
secondary process (albitic overgrowth), the sodic component being derived from the
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potash felspar perhaps in a deformative environment. Usually there is no sym-
pathetic variation between the amount of microcline and width of the sodic rim.
Plagioclase shows inclusions of drop quartz I, particularly near the centre of the host.
Plagioclase in its turn is replaced by microcline and embayed by later quartz II.
One interesting feature in this mineral is the frequent occurrence of twin displace-
ment due to micro grain faulting (Fig. 7). Cataclastic effects are occasionally noted.
The association of both deformed and undeformed grains suggests that crystallization
of plagioclase was partly accompanied by deformation. Minute myrmekitic inter-
growth is occasionally developed in plagioclase corroded and replaced by microcline.

Microcline occurs in variable amount as the rocks show gradation from granite
to more granodioritic types. This is caused by the development of potash felspar
dominantly at the expense of plagioclase, as shown by the antipathic relation between
the two felspars (Table I). The modes demonstrate the variability of microcline:
plagioclase proportion in parts of the rock body. Spatially microcline rich rocks
are distributed towards the pelitic contacts. Thus microclinization is considered as
a secondary process brought about in the peripheral zone of the massif, subsequent
to albitization.

Though there are some variations in the nature of the potash felspar, it is not
possible to demarcate distinctly different periods of generation of the mineral. Some
of the grains which are relatively coarser and platy, give an undulatory extinction
and are more fractured or partly fragmented near margin. Such grains are very
often perthitic in ‘ vein ’ and ‘ patech’ type. °String perthite’ in them was probabty
formed during a mild deformation, On the other hand the dominant microcline
replaces plagioclase and in its turn is enclosed and embayed by quartz II and quartz
III. The mineral occurs as interstitial grains and also partly corroding and surround-
ing plagioclase. In the later case a number of thin elongated plates of the potash
felspar (in optical continuity with the rim) is seen along the (010) plane of plagioclase
(Fig. 8).

gBiotite is pleochroic from golden yellow to brown or greenish brown, with g =
1-628 (average). It is partly cnclosed in quartz. The biotite tablets are very
often associated with epidote and spliene which oceur along cleavage planes or follow

Fia. 8. Plagioclase with platy ‘inclusions’ of Fic, 9. Ilmenite transforming into sphene.
microcline (along 010 plane) in optical Biotite is assoclated with epidote along
continuity with the enclosing grain. cleavage and grain boundary.
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the grain boundary of biotite. Biotite may show alteration to chlorite along cleavage
planes.

Muscovite is a rare mineral in these rocks. The mineral occurs with irregular,
rugged boundary, corroded by plagioclase but the included flakes show a subparallel
alignment (Fig. 5).

Ilmenite is seen to be transformed into pseudomorphic sphene (Fig. 9). The
mineral is not always associated with biotite but occurs uniformly distributed in the
rock,

CoNTACT RELATIONS AND INCLUSIONS

The contacts between the granite and the metamorphites are often much
obscure, the dominant effect of the granite is marked by the diapthoresis of the
metamorphites. In contact with amphibolite (Fig. 11) the unmistakable effect
has been the formation of biotite at the expense of hornblende, occasionally accom-
panied by a bleaching of the mineral along some structural plancs. The effect of
homogenization has been apparently least in the cases of relatively resistant cale-
gneissic bands occurring as inclusions. In no case any high temperature mineral
formation has been noticed.

PeaMATITES

Pegmatites are not very abundant in this locality. Mineralogically they do
not differ much from the host granites. They normally form irregular sheet and
lenses and consist of coarse quartz, potash felspar and often biotite. Tle bound-
aries of the pegmatites are often gradational with the surrounding granites. The
pegmatites seem to have resulted from coarser development of the granitic consti-
tuents along some weak plancs.

ALBITIZATION AXD DECALCIFICATION

More or less uniform composition for the plagioclase (oligoclase) is due to
regional albitization. The plagioclase erystals though occasionally subhedral show no
trace of zonation in any instance. In casc of transformation of caleic bands, there
have been uniform homogenization of the original plagioclase with coucomitant
formation of sphene, pseudomorphic after ilmenite and both sphene and epidote
from amphiboles now transformed to biotite. Considering the case of hybridism of
the amphibolite (Fig. 10) it is noticed that decaleification of original basic plagioclase
to oligoclase was the major change in this process. Oligoelase is thus not a magmatic
mineral but it was formed as a primary phase in tle regional transformation. This
view is supported by the presence of relict drop quartz as restricted inclusions within
the plagioclase. Where plagioclase is in contact with microeline it has an albitie
outer rim, which continues so long the microcline contact is maintained. Thus
they were formed by metasomatic process after the formation of potash felspar
deriving the sodic constituents exsolved from the potash felspar in a deformative
environment. The potash felspar is not perthitie in the marginal portions.

MICROCLINIZATION

The problem of peripheral microclinization is a difficult problem to solve. The
potash felspathization may be due to a later intrusive granite with development of
a potash felspar-rich outer zone, or it could be that an earlier granodiorite became
potash felspathized owing to metasomatic activities of an underlying younger granite
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{Schermerhorn, personal communication). But in this field there is no existence of
more than one granite.

In the present area the microclinization, that is the invasion of potassium,
obviously has followed the weak points of the rock. So it has been active in the
places corresponding to the level of lower free energy (Marmo, 1958a). It is difficult
to decide which is the source of the potassium involved but it is not necessarily
derived from far and may be produced from the rocks themselves (Marmo, personal
communication).

The increase in potash felspar content of the granite from the interior of the
body towards the pelites is not totally a primary feature associated with the
emplacement of the granite. This is a secondary feature caused by extensive
microclinization ofrelatively older plagioclase producing typical ¢ microcline granites’
which are normally late kinematic (Marmo, 1958a).

The increase in microcline content towards the granite periphery points to a
dominant role of potashic material along the outer zone of the body as also suggested
by replacive habit of microcline. It is very likely that the pelitic contacts with
granite were responsible to a great extent for the local potash concentration along the
boundary zone and in pockets of fluid, by which extensive potash metasomatism was
possible. The front of microclinization followed some zone weaker than the
environment during the process of potassium metasomatism, the massive microcline
granite being formed owing to the concretionary effect of potassium (Marmo, personal
communication).

In conclusion, the rocks under study are pre-Cambrian synkinematic ‘ microcline
granites ’ (Marmo, 1958a), formed by a slow process of felspathization (Marmo, 1958b).
The primary phase of felspathization was albitization of the pre-existing meta-
morphites, dominantly mica schists, by which sufficient potash concentration was
possible to produce microcline at the expense of mica, thus a front of microclinization
moved ahead of the albitized mass.

From field and petrographic observations the emplacement of grauite seems 10
have a metasomatic background. Absence of any chilled border and broad struc-
tural unity between the country rock and the granite supports the idea; the folded
foliation of the gneiss seems to be mimetic. Lack of any discordant relation with
the metamorphites and of formation of any high temperature mineral at the cale-
gneissic contacts suggest absence of any mobilization and thermal effeet. The
general texture of the rock is xenoblastic, rather a metamorphic texture. Retention
of the structure of the para inclusions without disturbance suggests that silent
transformation of the pre-existing rocks has taken place. Inits petrographic charac-
ters the presence of chessboard albite twin (Emmons, 1953), vein perthite, albiti-
zation, replacive habit of microcline to plagioclase, establish the metasomatic
background for the rocks. Heterogeneity of mineral composition, as noticed in
these rocks, is not expected in case of magmatic product, the variation being due to
the trend of felspathization. Thus the gneissic granite to the east of the Singhbhum
gneiss massif is product of pegmatitic introduction to the pre-existing rocks in the
late stage of metamorphism and deformation.
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