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ABSTRACT

Some evidences which indicate polymetamorphism was prevalent in different parts of
Singhbhum and adjacent areas are recorded. Sources of the evidences are (1) Age-determination
data, (2) Structural analyses, (3) Petrographic studies and (4) Distribution of zones of meta-
morphism,

INTRODUCTION

Detailed petrographic and structural work near the trijunction of Bankura,
Midnapore and Purulia Districts (Chakravarty 1955, 1960) and a close study
of the work by different authors (Dunn 1929, 1940; Dunn and Dey 1942;
Sarkar and Saha 1959; Naha and Ghosh 1960; Narayanaswami 1959) have
led the author to conclude that there are several cycles of metamorphism
in Singhbhum. 8o far this aspect of Singhbhum geology seems to have been
neglected. Polymetamorphism is revealed, both megascopically and micro-
scopically constructive or destructive, or in combination, in almost every
specimen of these rocks.

EviDpENCES OF POLYMETAMORPHISM

Though many years of careful co-ordinated work will be necessary to
work out fully the metamorphic cycles in Singhbhum, it is worth while to con-
sider some of the evidence in favour of the postulate. Evidences collected
may be classified into the following groups :

A—Age-determination studies.
B—Structural analysis.
C—Petrographic studies.
D—Alignment of metamorphic zones.

A.—Age-determination data are not too numerous. However, they clearly
point out different orogenic cycles in Singhbhum which ended in formation
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of pegmatites with remarkable time-gaps. In Peninsular India, the following
succession of ages of the orogenic belts are generally accepted:

Vindhyan

73515 m.y.
Delhi cycle = Cuddapah.

955+40 m.y.
Satpura cycle.

1,625+75 m.y.
Eastern Ghats cycle.

2,300+100 m.y.
Dharwar cycle.

In the Eurasian continent, from the beginning of the Cambrian there have
been three major periods of mountain building, namely Caledonian, Hercynian-
Variscan and Alpine-Himalayan, with an approximate time interval of 200
to 250 million years between each pair. If this time interval was also prevalent
between different orogenies in Precambrian times, we should expect evidence
of more orogeneses between the Dharwarian and Eastern Ghats cycles and
Eastern Ghats and Satpura cycles. The determined ages of the radioactive
minerals of the Purulia and Gaya pegmatites (Satpura belt) are 880-955
m.y. while those of the magnetite samples from near Baripada and Chaibasa
are 1,200 m.y. and 970 m.y. respectively (Aswathanarayana 1956). Since
magnetite ages are known to be always rather low (often by 25-30 per cent),
Sarkar and Saha (1959) concluded that the rocks to the south of the copper belt
thrust are older than the Singhbhum series rocks to the north. Though these
age data should be verified by a large number of determinations, the magnetite
ages may indicate the presence of an orogenic cycle between the Satpura
and Eastern Ghats cycles. Very recent age determination of a feldspar
from a pegmatite in a part of the Singhbhum granite (Sarkar and Saha #n
press) indicate the presence of a mountain building period in Singhbhum
which is over 2,000 m.y. old. This is very significant since it fills up the large
gap between Dharwar and Eastern Ghats cycles.

A summary of the age-determination data in Singhbhum and adjoining
terrain is given in tabular form (modified from Holmes 1955, Aswathanarayana
1956, Sarkar and Saha in press).
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Sample Locality Age Remarks
1. Allanite (Kuilapal Nitaidanga, 1,475 m.y. Pb-U-Th, uncorrected age
granite—shear zone, DBankura Dt. (Analyst: 8. Bhattachary-
detrital boulders). ya). Good.
2. Muscovite (garnet-  Chaibasa stage, 905 m.y. A40/K40, age (Analyst:
mica-schist). Ghatshila, Kulp.). Excellent,
E. Singhbhum,
3. Muscovite (garnet- Chaibasa stage, 934 m.y. A40/K40, age (Analyst:
mica-schist). Ghatshila, A. A. Polkanov), Ex-
E. Singhbhum. cellent.
4. Uraninite (pegma-  Singar, Gaya Dt. 955+40 m.y. Pb-u-Th and Pb 207/Pb 206,
tite). age. (Holmes 1955). Ex-
) cellent.
5. Monazite (granite)  Gaya, Bihar 965 m.y. Pb-U.Th, uncorrected age
(P. B. Sarkar...). Good.
6. Allanite (Ranchi Ranchi, Bihar 980 m.y. Pb-U-Th, uncorrected age
granite). (P. B. Sarker...). Good.
7. Monazite (detrital Cuttack Dt., Orissa 1,570+ 70 m.y. Pb-U-Th, uncorrected
deposit). and Pb 207/Pb 206, age.
(Holmes 1955). Excellent.
8. Samarskite (pegma- Nellore, Andhra 1,605 m.y. Pb.U.Th, uncorrected age
tite). : (Analysts: Karunakaram
and Neelakantam). Good.
9. Samarskite (pegma- Nellore, Andhra 1,635 m.y Pb-U-Th, uncorrected age
tite). (Aswathanarayana 1956).
10. Potash feldspar Onlazuri, 2,038 m.y A40/K40, age (Analyst:
(Singhbhum Mayurbhanj. I. H. Hamrabaeb). Very
granite). " good.
11. Phyllitic shale Kolhan series, 1,584 m.y A40/K40 (Analyst: I. H.

north of Noamundi,
Singhbhum Dt,

The above age data fall in three main groups :

Hamrabaeb), age between
diagenesis and low-grade
metamorphism.

(@) Ages of data (2), (3), (4), (5) and (6).
(&) Ages (1), (7), (8), (9) and (11).
(c) Age (10).

Fall within 905-980 m.y. = Satpura cycle.
Fall within 1,475-1,605 m.y. = Eastern Ghats cyecle.
Shows 2,038 m.y. = Iron ore orogenic cycle.

So in Singhbhum and adjacent areas iron ore orogenic cycle is the
oldest one. The grains of Eastern Ghats cycle are locally detected and the
Satpura orogenic cycle (Singhbhum cycle of Sarkar and Saha in press) is the
youngest of the three. So we can decipher that three orogenic cycles with
long time-gaps have been prevalent in this part of Eastern India until newer
data become available.

B.—Structurally the metamorphic terrain of Singhbhum (including sur-
rounding areas of Manbhum, Dhalbhum, Bankura, Midnapore, Mayurbhanj
and Gangpur) can be divided into several units separated by great zones
of dislocations :

1. The tract north of the great boundary fault- (described by Valentine
Ball 1881). : ~
2. The tract between the great boundary fault and the Dalma overthrust.

3. The tract between Dalma overthrust and Singhbhum- copper belt
thrust,
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To the west of copper belt thrust we get :

4. Gangpur anticlinorium bounded by thrusts north and south of it.

5. The tract further south-west of Singhbhum gramte constituting iron
ore formations of Bonai and Keonjhar.

6. The tract east of Singhbhum granite massif constituting the Dhanjori
series.

Each of these structural divisions are distinet from one another in one or
more of the following respects: structural trends, number and disposition of
S-planes and lineations including fold axes of different age. Within these
broad divisions there are less conspicuous planes of discordance which have
been masked due to co-folding on the same axis and late metamorphism
(Chakravarty 1960). So, though within small areas structural unity may be
expected, structure analysis of larger areas reveals their polytectonic nature.
Occasionally this relict texture and fabric showing cross-girdles have survived
later deformations and provide clues to the complex tectonic history.

Recently Sarkar and Saha (1959, in press) have presented a new interpre-
tation of the structure and stratigraphy of Singhbhum on the strength of
voluminous data collected by them and associates. According to them copper
belt thrust characterized by radioactive and base metal deposits is the line
of junction of two orogenic belts—Iron ore orogeny (2,038 m.y.) and Singhbhum
orogeny (905 m.y.). Correlating his findings with those of Sarkar and Saha
(tn press) the author proposes some significant points regarding the different
sectors of Satpura orogenic belt. The Singhbhum granite massif and the
iron ore series rocks south of the copper belt thrust represent the autochthonous
zone, the Singhbhum anticlinorium between Dalma thrust and copper belt
thrust is the para-autochthonous zone, the region between Dalma thrust and
the great boundary fault of V. Ball (1881) is the nappe-zone (Chakravarty,
Roy and Shome 1960) and the region north of the boundary fault may
represent the root zone of nappes now emplaced by huge granitic bodies in
connection with Satpura orogeny (Singhbhum orogeny of Sarkar and Saha
in press).

Singhbhum granite is older than the Dhanjori conglomerates and lavas.
Also the Kolhan sediments bearing imprint of low-grade metamorphism uncon-
formably overlie the granite. Again, foliation in the northern border of
Singhbhum granite has been drawn into parallelism with the copper belt
thrusting. So Singhbhum granite was reconstituted at least along the borders
at the culmination of Singhbhum orogeny (905 m.y.) though it was emplaced
at the culmination of iron ore orogeny (2,038 m.y.). It appears detail work
will prove that Singhbhum granites belong to the same category of mantled
dome-gneiss of Egkola (1948). The facts that folds on the east of Singhbhum
granites are overturned towards the west and the fold on the west of
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Singhbhum granites are overturned towards the east are in favour of the
alewe proposition. Saha (personal communication) from his detailed work
o;i"'the-v»Singhbhum granite has found evidences in favour of its multiple
intrusive characters.

C.—Petrographic evidences of polymetamorphism are numerous. A few
are enumerated below :

1. General occurrence of disequilibrium assemblages. A chlorite-
biotite-garnet-staurolite-sillimanite-muscovite schist certainly indicates dis-
equilibrium. Chlorite is pseudomorphous after garnet or biotite.

2. All rocks of suitable composition show the phenomenon of ‘ Defor-
mations-verglimmerung’, i.e. the appearance of mica, specially the white mica,
as an indication of deformation.

3. Some of the phyllites in Singhbhum are really phyllonites as relics
of high-grade minerals are being discovered in some areas. Naha (1957)
comments : ‘Quartz is late to post-kinematic in relation to thrusting with
even the cataclasites in the (Singhbhum) thrust zone, often blastomylonitic.’

4. The biotite was most clearly the older member in many schists and
was sometimes already in process of destruction to chlorite during development
of fresh muscovites.

5. Inclusions of staurolite and sillimanite in garnet are rather common.
Highly-drawn-out pretectonic garnet, paratectonic snowball garnets and
clearly post-tectonic euhedral garnet preserving continuity of schistosity by
lines of inclusions (Pl. VI, fig. 1) occur in close agsociation.

6. Similarly kyanites, staurolites and sillimanites of different gene-
rations have been found by different workers. Closely folded sillimanite
giving rise to ‘ transposition schistosity’ may be associated with undeformed
sillimanite prisms and needles. Post-sillimanite growth of staurolite has been
recorded (Chakravarty 1955).

7. Newer dolerites are absent in the area between the great boundary
faults of Valentine Ball (1881) along the southern part of Chhotanagpur
granite-gneiss and Dalma lava belt. Dunn and Dey (1942) suggest some of the
epidiorites in the area may be metamorphosed equivalent of newer dolerites.
The author has come across such a body intrusive into sheared biotite-quartz-
ites. The inclusions of the sheared quartzites are also preserved within
the basic body which has been converted into an amphibolite. This obser-
vation seems to corroborate Dunn’s postulation. Taking the newer dolerites
to be of Cuddapah age, a late or post-Cuddapah metamorphism can be deci-
phered in this part of Singhbhum.

8. Peculiar assemblages like staurolite-kyanite-corundum-sillimanite-
andalusite-muscovite schists and staurolite-kyanite-chloritoid-muscovite quartz
schists (Naha 1956) indicate complexities of metamorphism.

9. Presence of typical decussate structure in strongly foliated schist
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indicates superposed regional and thermal metamorphism. Appearance of .
andalusite in the vicinity of certain granites may corroborate the same.

D.—Distribution of metamorphic zones displays repetitions and sometimes
these zones of metamorphism form closures. Moreover, there are many
more or less local breaks in the succession of metamorphic rocks, metamorphic
discontinuities with sharp lines of demarcation, a fact implying folding move-
ment subsequent to a major phase of metamorphism. Putting aside the
question to what degree the metamorphism was influenced by granitic bodies,
it can be concluded from the description of different authors that metamorphic
rocks have been folded and different facies of metamorphic rocks have been
involved in the folding (Chakravarty 1955).

CONCLUSION

Staub (1920) has described fifteen distinet superposed metamorphisms in
the Alps beginning from older Palaeozoic to post-Alpine period. These fifteen
stages are connected with three orogenic cycles, namely Caledonian, Hercynian
and Alpine. Each tectonic cycle has been accompanied by an early period
of deep-seated regional metamorphism, an intermediate period of strong
dislocation metamorphism and a late period of contact metamorphism due to
invasion of granites. Similar cycles of metamorphism have been described
from Fenno-Scandia, Scotland and different parts of the world. In India,
Dharwars of Mysore reveal superposed metamorphisms connected with two
orogenic cycles. '

As early as 1942, Dunn and Dey invoked the presence of polymetamorphic
effect in the Precambrian terrain of Singhbhum. According to them Dalma
volcanics were deposited on the denuded surface of metamorphosed iron
ore series of rocks. But the Dalma volcanics are themselves converted
to epidiorites. So a peak of metamorphism of the iron ore series rocks
reaching up to amphibolite facies was followed by another peak of meta-
morphism reaching at least green schist facies with considerable time-gap.
Ray (1941) concludes that the granite-gneisses of Santhal Parganas are
palingenetic or remelted granites. Later workers seem not to have attached
sufficient importance to this very important aspect of Singhbhum geology.
The author adds to the conclusion of Dunn and Dey that superposed meta-
morphism reached up to amphibolite facies in the Precambrian tract bounded
by the great boundary fault and Dalma overthrust. The Kuilapal granite
may be a gneiss dome bearing imprint of more than one orogeny.
The basic bodies are arranged in the structural planes of the granite
(Dunn and Dey 1942). Again, the granite has been palingenetically
eruptive into the basic bodies and has sent veins and apophyses into them
and older gneiss, KEven this palingenetic granite and its mantle are traversed
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by a number of crush surfaces in which occurs ‘pseudotachylite’ or ‘flinty
crush rock’ (Shand 1917) believed to be the result of remelting of the rocks
due to heat generated by mechanical crushing (Chakravarty in press). The
outcrop of pegmatoid Chhendapathar and Chapri granites bearing no
imprint of penetrative structures are aligned along a hidden shear zone.
Tungsten-copper mineralization is definitely related to this shear zone and
also to these late to post-tectonic granites. Along the dislocation zone and
contacts of the granites, large crystals containing andalusite and sillimanite
are available, definitely indicating thermal metamorphism superposed on
regionally metamorphosed rocks (Chakravarty ¢n press).

In Singhbhum and adjacent areas, metamorphic cycles would be more
clearly understood as tectonic history of the terrain is more clearly brought
out by structural and petrographic analyses and age-determination data.
At present we can decipher at least two major tectonic cycles and should
expect a larger number of superposed metamorphisms.
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DESCRIPTION OF PLATES
PraTE V

Exposure of sheared biotite-quartzite in a river-bed near Galla.
The sheared biotite-quartzite entrapped in basic dyke now converted to amphibolite.
Staurolite grains included within garnet. (Thin section X 60.)
Closely folded sillimanite gives rise to transposition schistosity. (Thin section X 60.)

e

Prate V1

1. Post-crystalline euhedral garnet in mica-quartz schist. Large size of the garnet is
incompatible with the finely crystalline nature of the mica and quartz. (Thin
section X 60.)

2. TFolded garnet in a garnetiferous muscovite-quartz schist. (Thin section X 60.)

3. Closely folded mica-quartz schist give rise to vortex nature due to intense flow and
containg areas of irregularly oriented flakes of biotite. (Thin section X 60.)

4. Staurolite-kyanite-sillimanite-andalusite-corundum-muscovite  schist., (Thin section
X 60.)

Note added in proof : Since the manuscript went to press, one pertinent
paper has appeared to which the reader’s attention is drawn.

1. Bhattacharyya, D. 8. (1961). Structure of Metamorphic Rocks,
Sowapet Valley, Singhbhum Dt., Bihar. Quart. J. geol. Soc. India,
33, 91-92, also his unpublished Ph.D. thesis, I. I. T. Kharagpur (1962).
Bhattacharyya has established that the first generation of isoclinal
folds in the area are related to regional metamorphism. During
later period these isoclinal folds were refolded around new axes
making a large angle with the first fold axis almost 90°; this caused
rotation of earlier planar and linear structure and general retro-
gression. In the next stage certain prograde minerals, staurolite,
andalusite and garnet, were produced along shear zones of the area.



