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(Communicated by 8. Deb, F.N.I.)
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Characterigtic lithology of each group of rock units in the stratigraphic
sequence established by the author has been described. Mineral assemblages
in the Parseoni group consists of quartz-muscovite, pyroxmangite-garnet-
rhodochrosite-quartz, bustamite-rhodochrosite-quartz, Kalapatha group
consists of the typical assemblages of calcareous rocks of staurolite-almandine
subfacies of the almandine amphibolite facies with excess potash and silica.
Mahuli group consists mainly of quartzo-felspathic rocks. Ghuksi, Mansar
and Chargeon groups show mainly typical assemblages of the quartz-albite-
epidote-almandine subfacies of the greenschist facies with excess potash and
silica. Manganiferous assemblages of the Mansar group are rhodonite-
braunite-quartz, rhodonite-spessartite-quartz, rhodonite-spessartite-rhodo-
chrosite, spessartite-quartz, braunite-tirodite-quartz, hollandite-braunite,
hausmannite-jacobsite-braunite-hollandite. Ramtek group consists mainly
of sericitic quartzites. Granitic rocks can be broadly classified as (1) Banded
biotite gneiss, (2) Ghuksi granite. Field transition and petrological features
of the transitional rocks suggest a metasomatic transformation of the cale
gneiss into biotite gneiss. Absence of sharp contact, orientation of the in-
clusions parallel to the regional strike of foliation, absence of any disharmonic
relation with the country rocks point in favour of a metasomatic origin for
both kinds of granitic rocks. There is a decrease in the grade of meta-
morphism with a younging in the sequence. The increase in the grade of
metamorphism in the northern sector compares well with the extreme
squeezing that the rocks have undergone during the formation of close folds.
Effects of granitization has been to produce mainly potash and soda-rich
rocks.

INTRODUCTION
Generul statement

Stratigraphy and structure of the Sausar series rocks of Mahuli-Ramtek-
Junawani area are described in a separate paper (Basu and Sarkar in press).
In this paper an account of the petrology of the rocks of different groups
and granites is given and an attempt has been made to find & relation be-
tween structure, stratigraphy and granitization on the one hand and the grade
of metamorphism on the other.
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Previous work

NITIN KUMAR BASU

Fermor (1909) first made a detailed study of the manganese ore deposits

of the whole belt and published a map showing these deposits. His account,
however, made only a passing reference to the rock types other than mangani-

ferous rocks.

The Geological Survey of India undertook geological mapping of

the whole belt during the period 1951-56 in a bid to ascertain the country’s
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Rough sketch-map showing approximate alignment of the Sausar series rocks and location

of the major manganese ore deposits.

‘aineral resoﬁrces. A few notes and abstracts have so far been published

{Krishnan 1954; Straczek ef al. 1956, etec.).

It is, however, clear from the
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publications that no attempt has yet been made to work out the petrology
of the different rocks of the area.

Geological setting

The area is occupied by granitic rocks and a series of pre-Cambrian
metasediments to which Fermor gave the name ¢ Sausar Series’. The Sausar
series rocks occupy a large area in the Chhindwara-Nagpur-Bhandara-
Balaghat manganese belt in the Maharashtra and Madhya Pradesh States.
Linear aspect and arcuate outcrop patterns of the Sausar series rocks are
apparent from the sketch-map (Fig. 1). Published records (Heron 1937;
West 1936) show that the area to the north (concave side of the belt) is much
more deformed and shows higher grade of metamorphism than the present
area which is on the convex side of the Sausar belt.

As a sequel to systematic analysis of the structural geometry based on
intensive structural mapping and selective and synoptic projection diagrams
of various orientation data, the following major fold units have been estab-
lished (Fig. 2) (Basu and Sarkar in press):

(1) Mahuli-Ramtek syncline occupying the southern part of the area is
a well-defined eastward plunging syncline. On the basis of this simple
structure the local stratigraphic sequence has been determined.

(2) Parseont anticline is an eastward plunging fold on the south-western
part of the area.

TaBLE I
(Symbols used in Fig, 2 are shown in brackets)

Ramtek group . Quartzites (Q¢)
Unknown reck group .. Concealed under alluvial soil
Dolomite, ete. (D;)
Chargaon group {Quartzites and quartz schist (¢s)
Dolomite, etc. (Dy)

Mansar group e Muscovite-quartz schist with gondite und
manganese ore (Ms)
Dolomite (D3)
Ghuksi group {Muscovibe-quartz schist (gms)
Quartzite and biotite schist (ghs)

Dolomitic marble (Dg)
Malwli group .. Quartz-muscovite gneisses (ggn) »
I Diopside-granulite, marble, ete. (1))
Felspathic gneisses (Fgn)
Calc-gneisses (Cg)
Pink marble occasionally with manganese ore (£)

Kalapathe growp . Cale gneiss (Cg)
Pink marble occasionally with manganese ore ng)
Cale gneiss (Cg)

Parseont group .. Quartzites with gondite and manganese ore (Qz)

7B
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From north to south, the following nearly isoclinal close folds, over-
turned towards north, occur in the northern part of the area :

(3) Bourbon anticline, (4¢) Kachkuri syncline, (5) Chorbaoli anticline.

These close folds appear to have developed on the southern limb of an
anticlinorium (Junawani anticlinorium). Chhatrapur anticline in the north-
western corner perhaps correspond to Chorbaoli anticline east of the Junawani
fault.

The local stratigraphic sequence of the Sausars which has been derived
from the Mahuli-Ramtek syncline is given in Table I.

PeTROLOGY OF THE INDIVIDUAL GROUPS OF Rocks

General statement

Metamorphic rock units of the different groups of the Sausar sequence
are first described according to their position in the sequence. Granites and
gneisses are dealt with later. Optical properties of the manganese minerals
found in the manganiferous rock assemblages have been described in a separatc
paper to be published shortly.

ParseoN: Group

Petrography

Most prominent rock type of this group is quartzite. Other rock types
found in this group include bands of quartzite conglomerate and mangani-
ferous rocks. Quartzites of this group are coarse-grained massive types and
generally lack banding except for the thin muscovite layers. Quartzite
conglomerate consists of ordinary muscovite-quartzite with flattened pebbles
of quartz. Manganiferous rocks are somewhat different from those found in
the Mansar group though in hand specimens both types of rocks appear alike.
Typical rocks consist of the following assemblages:

(1) Pyroxmangite-garnet-rhodochrosite-quartz (-apatite). (Fig. 3.)

(2) Bustamite-rhodochrosite-quartz.

Grade of metamorphism

The phase relations of the manganese minerals with iron oxide and
alumina as essential components have not been studied. So it is not possible
to draw any conclusion regarding the grade of metamorphism from the above
assemblages. Rhodonite could not be found in the several sections prepared.
It appears that due to the presence of ferruginous or calcareous impurities
in the original manganiferous sediments, formation of pyroxmangite or
bustamite was favoured. The assemblage braunite-quartz which is prevalent
in the Mansar group is absent here, probably suggesting a higher pressure-
temperature conditions (cf. Muan 1959).
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KavaraTHA GROUP
Calc gneisses
The following mineral asseinblages have been found in the calc gneisses
of the present area:

(1) Epidote-diopside-hornblende-oligoclase-microcline-quartz.
(2) Epidote-diopside-calcite-microcline-quartz.

(3) Garnet-diopside-oligoclase-calcite-microcline-quartz.

(4) Diopside-biotite-caleite-microcline-quartz.

() Epidote-diopside-microcline-guartz.

Optical characters indicate that the diopside has about 20 per cent
Hedenbergite. Garnet appears to be grossularite. Plagioclase has a com-
position at about Ab,,Ang,. Hornblende is found as large prismatic poikilo-
blastic grains enclosing biotite, epidote, diopside and calcite grains. Micro-
cline occurs dominantly in the pink resistant bands. Phlogopite occurs
frequently as flakes enclosing always lenticular epidote grains (Fig. 4) indi-
cating its formation from hornblende, calcium released thereby forming
epidote during biotitization. Sphene is common as an accessory mineral
often enclosing opaque mineral grains. Scapolite (mizzonite) is found only
in rocks at the contact of pegmatite; it is altered along cracks and cleavage
to a micaceous mineral. Pyrite and tourmaline also occur only in contact
specimens. Tourmaline occurs particularly at the grain boundaries.

Typical mineral assemblages as given before may be correlated with
staurolite-almandine-hornblende subfacies of the almandine-amphibolite facies
since this plagioclase is generally oligoclase-andesine. Actinolitic amphiboles,
such as are stable in the greenschist facies, are absent. The upper limit of the
grade of metamorphism may be drawn below the granulite facies due to the
presence of sodic plagioclase with epidote, the assemblage calcite-quartz and
sphene.

Caleitic marbles

Several types have been recognized :

1. Pink calcitic marble: These exhibit the simplest mineralogy cou-
sisting dominantly of interlocking twinned crystals of calcite. Chemical
analysis of a specimen of pink marble free from opaque minerals showed the
presence of about 1-09 per cent manganese oxide (MnO). Pink colour of the
marble in hand specimen may be due to this manganese content.

2. Diopside-epidote marble: Typical assemblage is diopside-epidote-
calcite. -

3. Banded braunite-piedmontite marble: This rock consists of alternate
bands of braunite and calcite of varying width with piedmontite occurring at
the boundary of braunite and calcite bands.
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4. Banded braunite-spandite marble: Restricted in the Junawani area,
this rock consists of alternating bands of braunite and calcite with an inter-
mediate band consisting chiefly of spandite, orthoclase and apatite. The
latter assemblage is typical of the Kodurite rocks of Srikakulam-Visakha-
patnam belt of manganese deposits (Fermor 1909). Spandite is developed in
the present area at the boundary of calcite and braunite especially in the
compressed zones of folds.

5. Banded braunite marble: The rock consists of alternate bands of
hraunite and calcite only.

6. Black marble: Blackness of the marble is due to the manganese ore
content of the rock. Two types have been distinguished under the micro-
seope:

’ {2) First type is found to occur associated with the braunite ores which
oceur as crystalline bands in marble. The rock consists of a
mosaic of braunite and calcite indicating their simultaneous
crystallization.

{h) Second type is found especially where manganite-pyrolusite ores
are found. Manganese ores in the form of manganite and pyro-
lusite are seen to follow cleavage directions of calcite, often also
cutting across the cleavage. Pseudomorphs of ore after calcite
cleavage block have also been observed.

The different types of marbles are apparently derived from impure lime-
stone; development of different assemblages depended on the nature of the
impurities. Reaction® of the manganiferous and calcareous constituents
evidently gave rise to piedmontite and at higher stress conditions spandite
according to the following’equations :

Metamorphism
MnO,; — MnO -0
Manganese oxide readily reacts with silica and alumina
Mn-oxide -Fe-oxide +-Alumina 4-Silica -Caleite --Water
— Piedmontite --Carbon dioxide
Under higher pressure-temperature conditions:
Piedmontite — ~ Spandite +Water
Cas(Al, Mn, Fe)g Sig0:5,(OH) (Mn, Ca); (Al, Fe), (SiOy); -

Spandite being found only in the northern part of the area, it appears
that the northern belt shows a little higher grade of metamorphism than the
southern part of the area.

MaruLt GROUP
Quartzo-felspathic rocks

Petrographically, the rocks are very distinet for their high proportion of

quartz and plagioclase compared to the potash felspar except near the granite
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boundary. Typical rock is banded and consists of alternate bands rich in
larger grains of quartz and plagioclase and bands rich in smaller grains of
quartz, albite, muscovite, biotite (rare) and sphene. Quartzose bands are
coarser and thicker and consist mainly of quartz and occasional twinned
plagioclase. Plagioclase felspars (AbgyAn,,) show albite twinning, composi-
tion planes being arranged perpendicular to the banding (Fig. 5). Most of
the plagioclase grains show dimensional orientation, long axes of the grains
being parallel to the banding. In all cases twinning is not disturbed in the
quartzose bands.

The micaceous bands are thinner and fine-grained consisting of quartz,
muscovite, albite, biotite (altered to chlorite) and sphene. Albite is in general
untwinned and more or less equidimensional.

However, specimens collected in the vicinity of granite show some
different features. Plagioclase grains show nearly idioblastic grains and are
modified in composition—trend being towards the albite end. Sphene enclose
titaniferous magnetite or ilmenite which suggests that they owe their origin
to the calcium released from the plagioclase. Microcline becomes prominent.

Modal analyses of the gneisses selected from about 200 metres apart
show a gradual variation from a typical banded gneiss to granite as the
granite boundary is approached.

Position in the facies classification—The thicker quartzose bands have
the general assemblage plagioclase-quartz stable over a wide range in the
almandine-amphibolite facies (Fyfe et al. 1958). Though epidote is common
in the adjacent calc-magnesian rocks, it has not been found in the quartzo-
felspathic rocks of this group. Thus it appears that the lower limit in the
facies classification in which these rocks may be placed is above kyanite-
almandine-muscovite subfacies. Presence of sphene indicate that the upper
limit may be drawn below the granulite facies.

Presence of muscovite and albite in the thinner micaceous bands suggests
on the whole a disequilibrium assemblage. This may be explained in the
following way: Folding has been seen to be at least in part flexural-slip type
. (Basu and Sarkar in press), slip occurring along pre-existing S-planes, presum-
ably bedding. The thicker quartzose bands being devoid of any visible slip
planes perhaps yielded to stress partly by simple flexure and so developed
confining pressure (flattened quartz and plagioclase indicate such a possibility).
But the thinner bands along which slip occurred were sheared giving rise to
low grade mineral assemblages as the strain was released by slip.

Dolomitic rocks

The dolomitic rocks oceur in two distinct bands within the gneisses, the
combined thickness does not exceed 60 ft in any section. The upper band
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Fig.
Fig,

Fig. ;

Fig,

Pyroxmangite-spessartite rock; pyroxmangite <hows coarse cleavage cracks, (< 100).

Biotite-epidote intergrowth; epidote ocecurring as lenticular grains within biotite along cleavage direc-
tion in a transitional rock between cale gueiss and biotite gneiss. (< 460).

Plagioclase and quartz grains in quartzose gneisses of Mahuli flattened parallel to a foliation, Compo-
sition planes of albite twins in plagioclase are arranged perpendicular to the trace of foliation,
(X 90).

Garnet oceurring in bands with magnetite in banded magnetite-guartzite, Cummingtonite occurs as
Prismatic grains parallel to the bands. (> 90).
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Fie. 7. TFolds on a microscopic scale in quartz-muscovite schist. (< 100).

Fic. 8. Banded braunite-quartz rock; tirodite occurs at the boundary of braunite and quartz bands.
(< 80).

Fic. 9. Garnet porphyroblasts in quartz schist altered along cracks and margins to biotite. (X 360).

Fic. 10. Biotite-quartz symplekite; biotite also occurs parallel to the cracks in magnetite. (X 80).
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so far as is exposed consist of dolomitic marble. The lower band is imper-
sistent and much variable in composition from one end to the other. Typical
rocks are caleitic and dolomitic marble, actinolite-schist, banded actinolite-
schist, banded actinolite-plagioclase rock, diopside-granulite, ete.

In one section all the three amphiboles tremolite-actinolite-hornblende
are present. Generally hornblende occurs at the outermost fringe of the
grains, There is often a core of tremolite succeeded outward by actinolite
and hornblende indicating a clear sequence of formation tremolite-actinolite-
hornblende.

Mineralogenetic trend

The widely different assemblages are found often within a distance of a
few metres. The assemblage diopside-hornblende-actinolite-tremolite-quartz
indicates disequilibrium. But the occurrence of tremolite-actinolite-hornblende
in crystallographic continuity indicates a definite sequence of formation
of the amphiboles. Presence of actinolitic amphibole in the different
assemblages may be explained by assuming actinolite to be a metastable
relict mineral formed at the early stages of metamorphism. That actinolite
is not a stable mineral here is suggested by the side-by-side development of the
assemblage diopside-hornblende.

MAGNETITE (QUARTZITES

Petrography

Magnetite-quartz rock occurs as a thin band 20 ecm to 200 cm thick
persistent for over seven miles from near Ghuksi south-westwards going round
the Mahuli closure to Amri east-south-eastwards. Optical study under the
petrological and ore-microscope shows the following typical assemblages:

(1) Magnetite (-martite)-quartz.

(2) Magnetite (-martite)-cummingtonite-garnet-quartz.

The rock has in general a banded appearance, bands alternately rich in
magnetite and quartz. In the neighbourhood of Amri, bands consist of
magnetite, cammingtonite, garnet, alternating with quartz-rich bands.

Cummingtonite (X = colourless, Y = pale yellow, Z = light brownish
green, Absorption Z> Y > X. Y—a = 0-24. 2V(+)=86°. ZAc=15°
Shows multiple twinning) occurs as very small prismatic grains included
within ore. Biotite occurs as fascicles sparsely distributed within the ore
minerals. Optical properties indicate that magnesia percentage is high.
This may be due to the high FeO/MgO ratio in the almandine garnet which
occurs as small rounded grains largely occurring as bands in the cumming-
tonite bearing assemblages (Fig. 6). Apatite occurs as small rounded grains
closely associated with the magnetite grains together with garnet and cumming-
tonite. Quartz occurs as smaller grains in the magnetite-rich bands but in
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the quartz-rich bands grains are larger. Fracturing is common in the quartz-
rich bands.

Facies correlation

Assemblage (2) may be placed in the staurolite-almandine subfacies of
the almandine-amphibolite facies due to the presence of cummingtonite and
almandine bearing assemblages. Assemblage (1) lacks any mineral which
have limited stability field. According to Ramberg (1952) the most iron-rich
chlorite splits up into iron ore and quartz. Original composition of the parent
rock seems to have determined the appearance or absence of the different
mineral assemblages.

In one section an epidote vein has been seen to transect the bands of
the magnetite-quartz rock. The nature of their occurrence shows that there
has been introduction of calcium and aluminium by solutions. The process
seems to be connected with the albitization of the adjacent gneisses during
granitization.

GHUKsT GROUP
(eneral statement

Around Ghuksi and Mansar the most predominant rock is a pink granite
(Ghuksi granite), within which are exposed several relict inclusions of quart-
zites, biotite schists and quartz-muscovite schists, the latter forming the
hill north of Mansar though the southern flank consists mostly of granite.
Quartzite bands have been followed within the granite and have been observed
to maintain the same structural trend as the dolomite band which overlies
the quartz-muscovite schists.

Petrography

Quartzite consists of quartz often with green biotite flakes and small
garnet crystals. Microcline is usually present and its proportion increases
as the granite boundary is approached. Optical characters indicate that
the biotite has a high iron, low titania and low magnesia content similar to
the biotite in the biotite gneisses. Garnet has a pink colour and is probably
almandine. With the increase in proportion of biotite, the rock grades into
a biotite schist with the same mineral assemblage almandine-biotite-microcline-
quartz. Proportion of microcline increases as the granite boundary is ap-
proached. Quartz-muscovite schists occur in the hill north of Mansar and
is abruptly terminated towards west and east by faults. Typically, the rock
consists of alternate thick bands of quartz and thinner bands of muscovite,
with a few garnet crystals. A considerable part of the dolomite band is
nearly pure dolomite. The impure assemblage found is diopside-tremolite-
dolomite (-quartz), quartz having been found to be secondary in origin.
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Exposure of the exact contact of the granite with this dolomite band is not
noticed but the several inclusions of actinolite-biotite schist within granite
apparently in continuity with the dolomite band suggest metasomatic transfor-
mation of the dolomite during granitization.

The assemblage almandine-muscovite-quartz is stable over a wide range
of the pressure-temperature conditions corresponding to the greenschist and
almandine-amphibolite facies. The present assemblage clearly indicates that
the reaction

muscovite ~+quartz — sillimanite +potash felspar +water

has not taken place under the existing conditions. So the temperature must
have been lower.
Mansar Grour

Yeneral statement

This group is more or less similar to the Mansar or gondite stage defined
bv Fermor (Pascoe 1926) and later amplified by West (Fermor 1932) to
include also pelitic schist in addition to gondites. But this lithological
similarity does not, in any way, suggest that the gondite represents a unique
horizon in the sequence since there is every reason to believe that gondite is not
an unusual rock type and that there are more than one gonditic ore bearing
horizons in the Sausar sequence (Basu and Sarkar in press; Basu in press).

Typical Mansar group rock consists of manganiferous rocks including
manganese ore bands flanked on both sides by garnet-muscovite-quartez,
which again passes into microcline-muscovite-quartz gneiss to the mnon-
foliated granite (Ghuksi granite). This gradation is principally observed in
the Mansar mine areas; in the Kandri mine areas the rocks below the gonditic
ore consist mainly of the gneiss adjacent to Ghuksi granite.

Manganiferous rocks

Fermor (1909) termed gondite as the rock composed of a manganese-
bearing garnet approximating in composition to spessartite and of quartz.
However, such nomenclature is not practicable since spessartite may and
does ocour in low grade schists so that we have to call them gondites.
Further, it is not always spessartite that is important as a manganese silicate
mineral in the metamorphosed manganiferous rocks so that the naming of
rhodonite-gondite, etc., seems useless. This type of nomenclature also creates
a wrong idea that these rocks represent a very peculiar group. This is evi-
dent in the Director’s General Report for 1925 (Pascoe 1926) where it is
stated, ‘Gondite series are of a very unusual type and it seems unlikely, though
it is not impossible, that there should be two such horizons in the Indian
Archaean sequence’. Straczek et al. (1956) have used the term gondite to
include a manganiferous rock, not an ore, which consists of quartz and spes-
sartite as the essential minerals, but with variable proportions of rhodonite
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and other manganese-bearing silicates, and commonly with braunite. The
use of the term in this sense also has the same disadvantage as that used by
Fermor since in some metamorphosed manganiferous assemblages spessartite
is absent and other manganese silicates become important. According to
the definition of Straczek ef al. (op. cit.), the rocks not containing spessartite
cannot be called gondite so that the term loses its significance since the man-
ganese-bearing mineral assemblages free from spessartite are also common.

Typical mineral assemblages found by the author in the manganiferous
rocks are as follows:

(1) Rhodonite-braunite-quartz.

(2) Rhodonite-spessartite-quartz.

(3) Rhodonite-spessartite-rhodochrosite.

(4) Spessartite-quartz.

(5) Braunite-quartz.

(6) Braunite-tirodite-quartz. (Fig. 8.)

(7) Hollandite-braunite.

(8) Hausmannite-jacobsite-braunite-hollandite.

1t is obvious from the textural relations that the minerals such as garnet,
rhodonite, braunite, hausmannite, jacobsite, hollandite were formed during
the metamorphism of manganiferous sediments. Purer facies gave rise to
the assemblages containing braunite, hollandite, etc., and the impure facies
resulted in the formation of the manganese silicate bearing rocks.

Muan (1959) studied the stability relations among some of the manganese
minerals under different conditions of oxygen pressures and has shown in a
diagram the relation at various levels of oxygen pressures and temperature.
In his diagram, the subsolidus curve shows that the assemblage braunite-
quartz is unstable at higher temperature and is converted into rhodonite-
quartz. Presence of the assemblage braunite-quartz in the present rock group
clearly indicates that the temperature of formation must have been lower in
the present case,

CHARGAON AND RAMTER GROUPS

These groups are exposed north of the Mansar mine areas and west of
Chargaon village and in the Ramtek hills. The rocks consist of quartzites
and quartz schists with at least two thin dolomite bands. The rocks
hetween the upper dolomite (D;) and Ramtek quartzites are not known as
they are covered by thick alluvial soil.

The following assemblages have been recognized in the Chargaon group:
(1) Garnet (biotite)-muscovite-quartz, (2) Dolomite-calcite, (3) Tremolite-
calcite-quartz. The assemblages may be correlated with the quartz-albite-
epidote-almandine subfacies of the greenschist facies (Fyfe et al. 1958).
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Ramtek group consists of quartzites which appear slabby due to the
perfect longitudinal joints in them.

The assemblage muscovite-quartz is stable over the whole range of the
greenschist facies but the absence or rarity of garnet and the smaller grain
size compared to the lower rock groups of similar composition shows that this
asgsemblage represents the lower part of the greenschist facies,

GraxNiTiIc ROCES
General statement

Granitic rocks occupy the central part of the Mahuli-Ramtek syneline
and are interbanded with the Sausar metasediments in the northern part of
the area. From the field occurrences and petrographic characters, granitic
rocks may be broadly classified into two groups: (1) Banded biotite gneiss,
(2) Ghuksi granite.

Banded biotite gneiss is characterized by well-developed banding and
occurs mainly in the northern area. Ghuksi granite has a light colour due
to the scarcity of mafic minerals. Foliation is less defined in the case of
Ghuksi granite. Since the problem of granitic emplacement would require
a detailed analysis of all the available data, very limited attention counld be
paid to the structural and mineralogical work on the granites due to the
author’s preoccupation with the problem on the structure and stratigraphy
of the metasediments.

BanpED Bromite GNEISS

This type is found especially in the Junawani forest area where it is
interbanded and closely folded with the cale gneiss and marble. There is
no definite boundary between the calc gneiss and biotite gneiss—one type of
rock grades imperceptively into the other. A peculiar variant of this group
of rocks is found in the north-western corner of the area where it is shown
as tabloid gneiss. This is a biotite gneiss containing flattened quartz ag-
gregates paraliel to the foliation planes, which easily separate out from the
rock on weathering as ellipsoidal pebbles.

Petrography

Typical rock consists of alternate bands of dark biotite-granulite and
coarse-grained light-coloured quartzo-felspathic rock. Bands are often very
thin and persistent over several yards and those are in general parallel to the
banding in the adjacent calc gneisses and marble.

Sillimanite occurs only in the tabloids of tabloid gneiss as needles within
aggregates of quartz grains. It is absent elsewhere. Garnet (grossularite)
occurs as colourless idioblastic grains. Biotite is aligned parallel to the
banding. Optical characters of biotite indicate that biotite has a high iron,
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low titania and low magnesia content. Biotite is also found to be aligned
parallel to the walls of the cracks in magnetite (Fig. 10).

Generally plagioclase (An;;_,,) occurs as equant xenoblastic untwinned
grains and constitute about 40 per cent of the total felspar content (Plagioclase
+ Orthoclase +Microcline). In general, epidote is either associated with
magnetite or rims allanite; it occasionally occurs free. Lenticular epidote
grains are often found to be included within biotite, being oriented along the
cleavage cracks of biotite.

Magnetite occurs as idioblasts irregularly distributed in the mosaic of
quartz and felspar. Sphene is frequently found near biotite flakes; it also
rims plagioclase grains at places.

Field transition of cale gneiss into biotite gneiss is a common pheno-
menon. Petrological study of this transition was attempted in certain
typical cases. Usually the first new mineral to come in is hornblende; else-
where, hornblende is present in the cale gneiss itself. Diopside becomes
less and less important. In some sections, diopside is found to be completely
enclosed in hornblende. In biotite gneiss, biotite is the prominent ferro-
magnesian mineral. Biotitization of hornblende has also been noticed in
some transitional rocks.

Change in the . composition of plagioclase has also been observed from
calc gneiss into biotite gneiss in some cases. Typical plagioclase in cale
gneiss has about the composition Ang,. In biotite gneiss, composition of
plagioclase becomes more sodic and is about An;,_,,.

Some. discussions on the origin

Following are some of the structural and mineralogical features which
suggest that biotite gneiss has originated by granitization of pre-existing rocks
rather than by forceful intrusion of a body of granitic magma:

(1) Gradational passage of paragneiss into biotite gneiss.

(2) Parallelism of the banding of cale gneiss, marble and biotite gneiss.
Banding in marble and cale gneiss represent bedding. From the field
transition the biotite gneiss banding seems to be mainly mimetic after bedding
or banding in the parametamorphites. Tt is difficult to explain frequently
oceurring persistent thin bands in biotite gneiss running parallel for long
distances unless we assume them to be relict traces of bedding.

(3) The rock shows typical crystalloblastic texture. Textures peculiar to
igneous rocks are absent.

(4) There is total absence of chilled borders.

(8) Occurrence of typically metamorphic minerals such as sillimanite and
garnet. It is interesting to note that sillimanite is only present ‘locked’ in
quartz tabloids in the tabloid gneiss and is absent elsewhere,
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(6) Persistent unbroken bands of marble adjacent and parallel to the
biotite gneiss tend to invalidate any theory of forceful injection.

(7) Presence of tabloid gneiss which may represent original sedimentary
conglomerate bed.

Thus there is no evidence in this area supporting the emplacement of
biotite gneiss by forceful injection. Instead, all the evidence weigh in favour
of a metasomatic or metamorphic origin of the gneisses, the banding in the
gneiss representing relict bedding. A parallel example of such gneisses can
be cited from an area in Ontario, Canada, where large stratigraphic’ thickness
of granite gneiss has been described (Ambrose and Burns 1956).

Some of the petrographic data indicate that, at least, a part of the biotite
gneiss may have resulted from the recrystallization of the cale gneiss, along
with introduction of some silica and alkalies. The following are some of the
evidences derived from the transitional rocks which suggest such a mode of
origin:

(1) Mineralogical gradation from cale gneiss to hiotite gneiss is distinet.

(2) Fresh unaltered microcline enclosing altered plagioclase suggesis
introduction of potash.

(3) Epidote rim around plagioclase or iron ore indicates release of calcium
from plagioclase which reacted with iron ore to produce epidote, and with
titania to produce sphene. Introduction of soda seems to have facilitated
release of caleium from plagioclase.

(4} Though in most cases quartz grains occur in the equigranular quariz-
felspar mosaie, a second generation of quartz occurs as relatively less deformetd
grains at the boundaries of other grains. This suggests introduction of silica.

(8) Close association of biotite gneiss with cale gneiss-marble group of
rocks indicates a genetic relation with the calc gneiss-marble group.

(6) Presence of grossularite garnet suggests the derivation of biotite gneiss
{rom cale gneiss.

Association of the biotite gneiss only in the closely folded region of the
northern area and its absence in the southern open syncline indicate that the
granitization is mainly synkinematic, being simultaneous with the formation
of the close folds.

Synkinemetic granitization is also indicated from the following observa-
tions:

(1) Parallelism of the foliation of biotite gneiss and calc gneiss is distinct.

(2) There is evidence of paratectonic crystallization of felspars.

(3) Minor folds in biotite gneiss show deformed as well as undeformed large
crystals of felspars, indicating crystallization outlasting deformation.



112 NITIN KUMAR BASU

GHUKSI GRANITE

This group of granitic rocks is in contrast to the banded biotite gneiss
in that it has a light colour (generally pink) since it contains much less ferro-
magnesian minerals except near the dolomite boundaries. Foliation is less
defined and is difficult to trace in the field.

Ghuksi granite is found to cover extensive areas east of Ghuksi and
around Mansar, all lying in the southern part of the area. Isolated and
small occurrences are also noticed in other parts of the area. Boundaries
of the granite are gradational to the metasediments. All stages of transition
from quartzose gneiss of Mahuli group to granite have been observed. In the
-case of dolomitic rocks also, transition to hornblende or biotite granite is
noticed. It is striking that if biotite or hornblende granite is taken as a
granitized product of dolomitic rocks, then it is seen that the ‘ghost’ strati-
graphy is more or less retained within the granite. Quartzites and biotite
schists of the Ghuksi group can be traced within the granite in their proper
position in the synclinal structure.

Petrography

Typical Ghuksi granite consists mainly of microcline, quartz and plagio-
clase with subordinate muscovite and accessory minerals such as sphene,
magnetite (and/or ilmenite), etc. But wide variations are observed regarding
the mineralogical composition of therock. Among the mafic minerals, biotite
or hornblende often dominates. Frequently granite is rich in epidote and
calcite marking its transition to cale-silicate-carbonate group of rocks. Table
IT gives the volume percentages of the different minerals present in the rock.
These data are plotted in a @-PL-KF diagram and all except No. 185 fall outside
Bowen’s thermal valley. The diagram (Fig. 11) also shows the wide varia-
‘tions in the proportions of quartz (@), plagioclase (PL) and microcline (KF).

Tasre I1
Specimen No. 587 577 247 712 185 762 232
Quartz .. 22.9 19-8 198 267 284 291 24.2
Plagioclese .. 346 120 94 276 18:6 20-5 17:6
Microcline .. 314 596 58-3 36-1 472 457 548
Biotite . — 2:1 —_ 52 39 —_ 11
Muscovite .. —_ 2-2 — —_ — —_— e
Hornblende .. — — 5.4 3.7 13 42 15
Epidote .. — — 33 0-2 — —_ 04
Magnetite .. — 11 — 01 0-2 0-2 0-2

Rest .. 1-2 32 38 04 04 0-3 0-2
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Remarks on the origin of Ghukst granite

The combination of the following structural and mineralogical features
suggests that these rocks originated by granitization of pre-existing rocks
rather than by forceful injection of granitic magma:

(1) Marginal gradation of granite to the paragneiss and marbles is
characteristic.

(2) Chilled border is absent.

Frc, 11. @Q-PL-KF diagram for Ghuksi granites,

(3) Presence of a ‘ghost’ stratigraphic sequence within the granite;
quartzose gneisses of Mahuli group appear as typical leuco-granite within the
granite. Quartzite is often retained as such and has rightly been termed
resisters by Read (1954) elsewhere ; whereas in biotite schists the prominent
foliation served as the privileged plane along which granitization process
could operate, quartzites show irregular granitization though in no way
quartzites show any irregularity of structure due to the granitization which
has been mainly in situ. Continuation of the dolomitic rocks can be traced
as calc gneiss, hornblende granite or biotite granite within the granite body
in the main Mahuli-Ramtek syncline.

(4) Wide variations are observed in the composition of the gramte as
shown in the @-PL-KF diagram. This is indicative of a metasomatic origin
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(that the variation is not due to assimilation is evident from other observa-
tions).

(5) Texture of the rock is typically inequigranular xenoblastic unlike
those found in the typical magmatic rocks of similar composition.

METAMORPHIC FACIES—VARIATION WITH STRATIGRAPHY, STRUCTURE

AND GRANITIZATION

In many areas, progressive metamorphism is recognized by the index
minerals and a relation between metamorphism and igneous action has been
demonstrated (Barrell 1921; Barth 1936; Billings 1937; Read 1940). Tt
was a practice in earlier days to draw stratigraphic sequence according to
the grade of metamorphism, assuming thereby that the depth of burial controls
the grade of metamorphism. However, several authors have also recognized
inverse zoning and have offered different explanations for it (Elles and Tilley-
1930; Kennedy 1949; De 1956).

In the present area pelitic rocks are rather uncommon and the grade of
metamorphism has not shown any remarkable variation by the appearance
of important index minerals. Only the mineral assemblages may be referred
to the different metamorphic facies. Rocks of the Kalapatha and Mahuli
groups in the southern part of the area roughly correspond to the almandine-
amphibolite facies. Mineral assemblages of the Ghuksi and Mansar groups
lie between the greenschist and almandine-amphibolite facies. Sericitic
muscovite quartzite of the Ramtek group indicates definitely lower grade of
metamorphism and is perhaps referable to the lower part of the greenschist
facies. Thus, progressively lower grades of metamorphism are met with in
the direction of younging in the sequence and a rough correlation may thus be
made between stratigraphy and metamorphism.

Rocks of the Kalapatha group oceur both in the southern as well as in
the northern part of the area. Typical calc-manganese rocks contain pied-
montite in the southern sector whereas spandite garnet occurs in similar
rocks i the northern sector, thereby indicating a higher degree of meta-
morphism attained by the latter. It is suggested from the structural
analyses that this northern sector comprises close nearly isoclinal folds at
the core of the Junawani anticlinorium. These rocks have thus undergone
extreme squeezing and these perhaps correspond to the higher grade of meta-
morphism.

Granitic rocks do not show any disharmonic relation with the country
rocks. On the contrary, disequilibrium assemblages are rather uncommon.
This is perhaps explained if we consider the metasomatic origin of the granite
which assumes diffusion of ions to ensure complete equilibrium.

Effects of granitization have been to produce chiefly potash and soda-
rich rocks. There is a distinet gradation in the composition of the plagioclase
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present in the metasediments and those in granite. Introduction of soda
follows granitization and calcium released thereby forms epidote or sphene
by reacting with other constituents so that frequently epidote is found to
rim around plagioclase or magnetite and sphene is found around titaniferous
magnetite or ilmenite. Introduction -of potash in the metasediments under-
going granitization is indicated (1) by the formation of biotite around garnet
or around marble inclusions in granite, (2) by the muscovitization of silli-
manite in the tabloid gneisses and (3) by the development of potash felspar;
this is observed especially in the banded quartzo-felspathic gneisses of Mahuli
group. There is a gradual increase in the microcline content of the rock

from banded gneiss to granite.
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