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ABSTRACT

Deformed conglomerate exposures occur along the shear zone between Gandamars and
Toira, Singhbhum district (Lat. 22° 35’ to 22° 43'N. and Long. 85° 30’ to 85° 45'E.). The
pebbles are triaxiel ellipsoid in shape with longest and intermediate axes on axial plane
schistosity and longest axes lineated down dip. Folds are of tight isoclinal type. Pebbles are
quartzitic, phyllitic, epidioritic and granitic in matrices of arkose, phyllite, phylionite, slate, etc.

Major regional sets of folds are slip-folds in essential superposed by cross-folding. The
geometrical complexities have developed due to gradual vectorial change of this later folding.

Pebbles in average have radii between 2 and 4-5, with deformation in percentage of r for
a-axis 200-350, for c-axis 220-575 and for b-axis extension or reduction in percentage of r
between — 10 and 90.

Elongation in a¢-axis and flattening in c-axis are due to intense thrust movement, which to
some extent have been modified by later cross-folding. Extension in b-axis prior to cross-
folding may be due to post-formational deformation by transposing b-lineation of early tectonic
period to a-lineation, or by para-formational deformation due to thrusting and cross-puckers.

INTRODUCTION AND (GENERAL (EOLOGY

A belt of deformed conglomerates, in isolated exposures, occurs along the Singh-
bhum Shear Zone and have been well described petrographically by Dunn (1929),
and Dunn and Dey (1942) in the Memoirs on Singhbhum.

The present work relates to the study of the deformation characteristics of the
conglomerates occurring in the stretch between Gandamara and Toira (Lat. 22° 35’
to 22° 43'N. and Long. 85° 30’ to 85° 45'E.) around Chakradharpur, Singhbhum
district. The area lies at the western extremity of the shear zone. Previously
De (1957) carried out similar investigations in an adjacent area to the east of Raj
Kharswan.

Conglomeratic exposures, with pebbles of quartzite (most abundant), slate,
phyllite and epidiorite (greenstone) in the arkosic, phyllonitic and quartzitic matrices
have been found at Gandamara, Talanguri, Paria, Dumardih, R. Binjai-R. Hakata
Garah junction and in Lotapahar and Begun hills. Gritty arkosic beds with
pebblets of quartz are also encountered north-east of Toira and south of Baijoro
around Lota and Pusalota and Bistampada-Koljomro areas.

The bed is of undoubted sedimentary origin from its cross-bedded nature in
itself and interbedded nature with phylionite, phyllite, slate and epidiorite beds.
Sedimentary origin of the pebbles, however, is not beyond doubt. The sequence of
beds determined in this area may be put as follows:
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Chakradharpur Granite schist.

?

Quartzite.

Slate, Phyllite and Phyllonite.
Epidiorite.

Phyllite and Phyllonite.

Arkosic bed.
?

STRUCTURE

The rocks are intensely folded, sharply overfolded to isoclinal, with general
regional trend nearly E-W. Axial plane schistosity (dipping in general 50°-60°
towards nearly north) is well developed. It forms conjugate set away from shear
zone, but in and around shear zone occurs as single set of S-planes. This indicates
perhaps the shearing along shear zone, as the manifestation of concentration of
shearing along S-planes, which has given rise to the regional major fold set of the
area having close spaced fold units with large amplitude and very short wavelength.
Prevalence of slip (= flow, according to Cloos, 1947) along axial S-planes was far
greater in magnitude than the flexural-slip movement in developing this fold set.

A second minor set of folds, trending nearly N-S and plunging between 50° and
60° towards north, is distinctly of flexural-slip type and of later generation than the
regional major set of folds. No relict Eastern Ghat folds as described by Krishnan
(1953) could be found.

DErorRMED PEBBLES

The pebbles are all of triaxial ellipsoid shape with longest (@) and intermediate
(8) axes lying on the S-planes while shortest (¢) axes are always perpendicular to the
S-planes. Longest axes are all lineated down dip.

Pebbles, in Gondamara section towards the periphery of the arch of the bed,
are less deformed, while towards knee region, are highly deformed. Just outside the
periphery, occasional conglomeratic bands occur in epidiorite, slates and phyllonites.
Some highly crushed aplitic and quartzose bands are found to develop nearly
ellipsoidal flattened pebbles by cross-puckers. Hence, measurements of pebbles
from peripheral and knee regions of this section are separately grouped.

Other measurements were made from Dumardih, R. Binjai, Lotapahar hill
(called fault-rock by Dunn) and south of Tiringtipa (in De’s field, for comparison).

Three axes a, b, ¢ of flattened pebbles were measured and from their semiaxial
measures @, b and ¢, the radius (r) of original sphere (assuming constant volume
during deformation) was calculated. Deformation of a- and c-axes in percentage of 7
and extension or shortening of b-axis in percentage of » were calculated. Relevant
facts of measurements and calculations were graphically represented (Figs. 1-4).

RESULTS AND INTERPRETATIONS

From the study of the graphs and tables, i.e. from the relevant measurements,
a few salient points may be noted.

(a) Positions of pebbles from different localities show preferential concentration
and localization in their distribution. Pebbles of some locality may be spread with-
out showing localization due to heterogeneity of strain and deformation in different
parts of the locality. It is more prominent for pebbles from Tiringtipa where sample
measurements were made for scattered exposures.
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(b) Axial ratio @/b remains nearly constant, and deformation of c-axis remaining
constant, the deformation of a-axis varies inversely as that of b-axis. Thus it appears
that c-axial deformation is the best measure of intensity of deformation.

(c) Deformation is not so conspicuously related 4o radius (i.e. volume) as it
is related to local strain heterogeneity. Some bigger pebbles are less deformed than
smaller ones.

(d) Axial ratio, b/¢ is highly variable between 2 and 12 (as compared to Fuznie
conglomerate, which is between 1-5 and 3). This indicates ‘ deformation gradient’
would be as high as 12, whereas for Central Norway conglomerate, it is generally
below 4 and only very rarely between 6 and 10.

(e) A comparison of deformation of individual axes in percentage of r from
different areas appears as:

Area Worker Deform&f:ion Deforma.t.ion Deforma.f:ion or
of a-axis of b-axis of c-axis in em.
Central Norway Oftedahl (1948)1 | 125 to 300 | —30 to 40 130 to 350 1-10-7-45
Fuznie, Shetland Flinn (1956)2 125 to 250 90 to 100 35 to 100 1-10-3-85
E. of Rajkharswan { De (1957)3 200 to 350 85 to 180 30 to 57 2-20—4-80
and up to
450
Gandamara-Toira | Authors (1959)1 | 200 to 350 | —10 to 90 220 to 575 2-00-4-50
. . b—r r
1 Basis of caleculation: = X IOO;T X 100; o X 100.

ST S )

b é
2 Basis of calculation : 7 X 100; 7 X 100; 7 X 100.

3 ‘Basis of calculation, not known but likely to be identical with Flinn.

Flinn (1956) regarded rock shortening as of Sander’s einengung type. In that
case pebbles should have been biaxial ellipsoid instead of triaxial as described by him.

Oftedahl (1948) correlated decreasing in extension or even reduction of b-axis
with increasing thrusting and correlated extension to the arcuation of the orogen.

Cloos (1947) also demonstrated equivalent amount of arcuation to account for
biaxial elongation (8 per cent) in Odids.

Anderson, as cited by Fairbairn (1949), applied his fluid flow theory, assuming
compressional and tensional forces to cause reduction and extension of b-axis res-
pectively.

Sander (again cited by Fairbairn, 1949) suggested elongation to develop parallel
to the direction of transport when deformation is relatively rapid and concentrated
and to develop perpendicular to it, as a result of slower and more diffusive
deformation.

De (1957) suggested elongation in a-axis is related to degree of thrusting move-
ment with general stretching of b-axis while he accounted shortening of b-axis to be
due to cross-folds which in turn are regarded as effects of converging thrust move-
ment. He further described another oblique set of folds (bg) superposed on the
previous b-folds.

Returning back to the field under investigation, we find:

(a) Pebbles have suffered more intense deformation in all axes, compared to
those of Fuznie and Central Norway conglomerates.
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(b) Decrease in b-axial extension is not related to the increasing deformation
or thrusting movement; it is rather found away from zone of maximum
shearing. .

(c) High extension of b-axis is related to the knee side of the cross-folded
arcuation (Gandamara A and Dumardih) and shortening of b-axis to its
peripheral portion (Gandamara B).

(d) Position of pebbles of R. Binjai-R. Hakata Garah junction, as compared
with those of other areas including even fault conglomerate of Lotapahar
hill, suggest that shear zone cannot be said to have terminated here
as held by Dunn and Dey (1942) on grounds of these pebbles being
less deformed.

(¢) From Oftedahl’s (1948) standpoint intensity of Singhbhum thrust is less
than that of Caledonian thrust to which the deformation of Central
Norway conglomerates of Eo-cambrian Sparagmite formation is due.
From the present study of c-axial deformation, however, the Singhbhum
thrust should have a greater intensity. Thus there is an apparent
controversy, which needs clarification on further studies.

(f) Intense cross-puckering of hard bands of pebbles with complete detach-
ments to develop pebbles and bending of pebbles are the d: facto
evidences of derivation of at least some pebbles epiclastically and
prevalence of condition of plastic deformation of material even to this
latest deformational episode.

(g) Strong non-rotational slip along the cleavage was associated with some
small-scale rotation which caused the b-puckers (probably due to drag
effect of thrusting); a-puckers are related to cross-folding. All these
are closely related to space and time.

(k) Field studies revealed that cross-folds, although in general are normal to
the regional & fold, show some deviations from this ideal direction.
A small rotation about c-axis has also occurred. Further, these cross-
folds are not likely to be the effect of converging thrust movement,
although the converging thrust effect, to a greatervor lesser extent,
must have been integrated in producing the ¢ross-folds to prominence
along shear zone.

Thus two stages of deformation may be visualized which may or may not be
simultaneous:

(1) Deformation of pebbles with extension in #-axis, correlatable to either
post-formational deformation by arcuation of Orogen (synepiclastic),
or para-formational deformation (epiclastic).

(2) A reduction or extension of b-axis with corresponding changes in a- and
c-axes, concomitant with cross-folding.

As the b-axial deformation is large, it is not improbable to conceive some
other mode of deformation at an early stage besides cross-folding. There are, as
already pointed out, two such possibilities:

(@) Cloos, as cited by Fairbairn (1949), has shown actual arcuation may be
quite less than the apparent arcuation. Although apparent arcuation
in the whole of Singhbhum may be appreciable, yet the arcuation of
this area almost vanishes when cross-folds are unrolled and hence the
effect of arcuation in developing 6-extension must be negligible.

(b) The epiclastic mode of origin, supported by a couple of other evidences,
at the latest stage of major set of folding and possibly during thrusting,
and just prior to cross-folding, might account for the early extension
of b-axes of the pebbles due to intense penetrative movement during
the major folding.
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