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ABSTRACT

The Precambrian rocks of the Sausar Group occurring in the noiiheastern part of the Nagpur
district have a polyphase structuial history and have undergene Banovian (ype of regional meta-
morphism with silbmanite-almardire asscmblages, Textuial evidence is given here to show that
metamorphismin thearea has been a pclyphaseevent involving three main episcdes of metamorphic
crystallisation which have cccurred before, during ar.d after the second (F,) fold phase. The meta-
morphic climax, marked by the growth of sillimanite in pelitic rocks, is shown to have occuried

following the second (F,) fold movemendts,

Retfrogressive nuneiral giewth is shown to have begun

with the incidence of the third (F,) fold movements in the area.

INTRODUCTION
HE Precambrian metamorphic rocks of the
Sausar Group underlie a fold belt abount
130 miles leng and ranging in  width upto

16 miles, that cxtends from Balaghat in the east
to Chhindwara m the _west. The rocks show
Barrovian type of regional metamorphism with
Kyanite-sillimanite sequences in the higher grades,
the grade of metamorphism gradually increasing
from southeast to northwest over the belt. The
arca concerning the present study s  situated in
the middle part of the Sausar belt covered by the
Reserved Forests of Chorbaoli and Deolapar (one inch
sheets 35, 0/6, 7) in the northeastern part of ihe

Nuagpur District, Maharashtra (Fig. 1). It falls
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within the sillimanite zone of the regionul scheme
of metamorphic zones suggested by carlier workers
{Narayanaswami ¢f «l.7. - Sgusar rocks over
this part of the belt have been aflected by ut lea-t
three fold phases (F,-F,) and bave wundergone
metamorphism of the almand'nz-amphibolite facies
with sillimanfie-almandine a~semblages develeped in
pelitic  rocks  {Agrawal!=3, The purpose  of
the Nresent nvestigation has been 10
“tudy the variation in metamorphic grade in time
m the above rocks.  This has been achieved by
determining 1he periods of  growth of  successive
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metamorphic (index) minerals in relation. fo the
established sequence of  structures (Fi-F3) in
the pelitic rocks which are considered to be ihe
most sensitive material to temperature changes,
Minor structures related to various fold phases have
been cmployed as ‘time-markers’, and the growth of
porphyroblastic minerals dated with respect to them.
The technique used has been described earlier by
Rast?, Zwartl112 Styrt and Harris!?, Johnson® 6
and Harte and Johnsont,

TIMES OF FORMATION OF MINERALS
Development of Micas

Micas have first developed as tiny flakes during
the initial fold movements, debHning the primary
schistosity (S;) axial planar to first (F;} fold
structures. This i1s revealed by the fine grained
schisto.e fabric related to Fy still preserved as
el’s in pre-F, porphyroblasts, Recrystallisation
of micas has occurred during the second (F,) fold
phase, as suggested by the occurrence of relativelyv
coarser flakes of biotite and muscovite with (001)
aligned on axial planmes of muncr ¥, structures m
pelitic schists.  In thin seclions of some specimens
of pelitic schists large biotite flakes are found 1o be
arranged on the hinges of F, crenulations in a
herringbone pattern, without showing any sign of
bending or breaking, which suggests that biotite
has continued to grow in post-F, period mimetically
on F, fold hinges. As observed today, micu-
deﬁrfi;g the primary repional  schistosity  appear
wlentical with those aligned on aval planes of
minor F, structures and with unstrained micas
occurring on  hinges of ¥, crenulations,  Thin
supeests that the initial fing gramed schistose fabng

dhat developed during the formation of Fy struc-

tures, has been modified  subseguently by Fecrys-
tallisation  and prowth of micas during Fo-post-F,
peiod,  Thiv  hay abw been dccompaned by
peneral coatsening of the matits fabrnw,

Specimens of Mansar sehists from Declapar show
the development of porphyroblastic slscovite flakes
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overgrowing the <econd schistosity (S,).  While
micas defiming S, are alfected by F, crenulations,
the porphyioblastic muscovile shows no sign Of
train, which suggests that the latter may have
developed during or after Fy; movements.

Developnint of Garnet

Garnet 1 a common constituent of pelitic schisls
of Man-ar and Junawani formations. It occurs
frequently in biotite gneisses and, occasionally,
granmulites of kadbikhera formation. Inclusions of
quaitz, ircn ore and micas are common in garnetls,
Elongate inclusions of these minerals, mostly
arranged in straight tratds acro-s the porphyroblasts
of garnct, define a fine gtained Si (internil
schisto~ity) which i usuvally oriented at a high
cngie to S (matrix schistosity ) without showing
any continuity with the latter. Large flakes cf
biotite and muscovite defining Se abut directly
agains! the boundaries of porphyroblasts, enclosing

at the same time smaller grains of garnet. The
inclusions forming Si's are considerably smaller
than grains of the same minerals in matrix

«chistosity (Se), indicating that garnels have grown
in a schistose fabric that wa, finer grained than the
matr.x schi.to~ity. Garnets, developed in Mansar
schists of Dszolapar, occasionally contain symmetri-
cally curved trails of inclusions which are finer
grained than the sams minerals in Se. The
curved Si’s, like straight Si's, are usually oriented
at an angle to Se without any continuity with the
latter. The Si-Se relations suggest that garnets
have grown mainly in the static period between the
first (Fy) and second (F,) fold movements. In
Dezolapar, garnet growth seems to have begun before
the first (F;) fold movements had ceased, thereby
indicating that higher temperatures may have
prevailed in the northern part of the area at thc
time,

Development of Sillimanite

Sillimanite is developed i1n zlitic  schists of
Mansar and Junawani formations and also in biotite
gneisses. Fibrolite, occurring as bundles of fibres,
i, more common, although long slender crystals arc
also develcpaed in places. Fibrolite is usually
associated with the second schistosity (S=). It
shows preference for reddish brown biotite in s
site of nucleation, and there is clear evidence of
its growith at the expense of the latter. Relics of
biotite are found in mats of fibrolite in most of
the thin sections from Mansar schists. In some
cases merely pleochroic halos arg visible 1n poois
of fibrolite. F, crenulations which deform the
micas of second schistosity (S,) al-o seem to affect
the fibrolite. The biotite-fibrolite relationship suggests
that the growth of fibrolite has occurred in the static
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period between the second (Fy) and the thurd
(F,) told movements.

Rerrogressive Mineral Growth

it the area investigated there s evidence of
Lmiricd retrograde  metamorphism.  Pelitie  schists
Jhow retrogre.sive alteration of biotite and garnet
(o chlcrite in the beginming stages. The concentra-
ton of retrogressive chlorite in zones of F4 crenuia-
tions seems 10 supgest that the retrogressive
change began with the incidence of the third (Fy)

fold movements.

RELATIONS BETWEEN METAMORPHISM AND
DEFORMATION

The tim: relationships of structural and meta-
morphic episodes in the area unéGer consideration
are summansed in Table 1. The results show
that the metamorphism in the area has been a
polyphase event involving three main episodes of
metamorphic  crystallisation that have occurred
beficre, during, and after the second (F,) {foid
phase. At each successive stage of metamorphic
crystallisation a higher grade mineral assemblage
has developed which suggests that the metamorphism
has been progressive in time. The final fabric of
the metamorphic rocks is the end product of inter-

actions of successive metamorphic and  structural
events and may be regarded as a ’‘composl.e
fabric’,

In the initial stages of deformation, mstamorphic
conditions in the range of biotite grade, probably
of a higher grade in the northern part, seem to have

prevailed in the area, which have favoured the
development of folds (F;) of ‘sim'lar type
(Class 2, ¢f. Ramsay8), accompanied by an

axial plane schistosity (S;). This has been followed
by a static (post-F, and pre-F,) episode of meta-
morphism during which time porphyroblasts of
garnet have developed in pelitic schists throughout
the area. enclosing the fine grained schistose fabric
related Lo first (F;) fold phase as inclusion trails
(Si's). With the incidence of the second (F,) fold
movements the earlier schistosity (S,) has beer
deformed, accompanied by rotation and deformation
of enclosed porphyroblasts of garnet. A new
schistosity  (S,) axial planar to second foid
structures has developad, defined by large flakes of
biotite and muscovite which have recrystallised
synkmematically with the second (F,) fold phase.
F, folds range in style between Class 2 anl
Class  le¢ (¢f. Rame<ay?®). The widespreal
recrystallisation and growth of micas that began mn
the second (F,) fold pha.e, marking the Syn-I,
epi~ode of metamorphism, and probably outlasted
it, has transformed the fine-grained <«chistose fabric
related to F,; into a coarse schistosity. The
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Tapie 1

Periods of mineral growth in relation to the structural time-scale (n psammitic-pelitic rocks of the Sausar group in
Chorbaoli-Deolapar area, Nagpur District, Maharashitra
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Metamorphic episodes

Structural Episoacs
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Kaabikhera formation

Mansar/Junawaniformations

F, Biotite and muscovite

QOverturned [soclhinalto Recqmbent
folos (= Deolapar Nappe) with
E-Wio ESE-WNW axial planes

Post-kinemat.c growth of garnet

(almandine)
F,
Close to tight asym netric fﬂ_lds
with E-W to ESE-WNW axial
planes

Synkinematic to post-kiremat.c
growth of biotlte/muscovite

Biot.te and muscovite Synkinematic
growth of garret (in Deolapar)

Pﬂst-kinema.tic giowth of eari.et
(almandine)

Synkinemstic to rost-kirematic
growth of biotite/muscovite

A GENERAIL COARSENING OF THE MATRIX FABRIC

Fg

Open uprigt t folds with NNE-SSW  Retrograde metamorphism

Post-kinematic growth of Sillimanite
(oreakaown of biot.te)

Retrogiade Metamorghism
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