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ABSTRACT

In the precambrian metasedimentary belt around Ghatsila in Singhbhum, eastern India,
the thick, monotonous, alternating shale-sandstone sequence, now transformed to quartzites and
mica schists with fine rhythmic stratification throughout. has remarkable similarity with the
flysch sediments of geosynclines. Lateral extension of quartzites for long distances with consis-
tent characters, presence of small-scale current bedding with penecontemporaneous folds, fne
lamination, penecontemporaneous deformation structures like load-casts, pull-aparts, convolute
laminations, slump folds and slump-ball structures, extremely consistent cwrent dircetion frem
SSW in the major part of the area, and the excellent correlation between the palaeocurrent
directions and the downslopc movement of sediments asindicated by the overturned cross strata
suggest that spasmodic turbidity curronts deposited the sandstones within the indigencus peiagic
sediments to give rise to the present sequence. The implications on the source rock and palaeo-
geography are discussed.

IXTRODUCTION

A wide belt of metasedimentary rocks bordered by the Dalma volcanics to
the north and by the Singhbhum granite to the south runs for scores of miles
in easterh Singhbhum (Dunn and Dey 1942). In the region around Ghatsila
(86° 29’; 22°35') they are represented by mica schists and micaceous quartzites
with all intermediate types. They are intensely deformed and metamorphosed,
with the metamorphism ranging from the chlorite to the kyanite zone, so
that the primary structures of the rocks have been obliterated or modified
to a large extent. Stratigraphic, structural and metamorphic studies have
helped in isolating the non-diastrophic structures from those due to meta-
morphism and tectonism. Analysis of the sedimentary features shorn of
the metamorphic and tectonic effects has led to suggestions regarding the
sedimentation of these rocks. Though there are necessarily wide gaps in
such a picture, the conclusions in their broad outline seem justified from the
evidences present.

The metasedimentary series consists of a lower part with quartzose
mioa schists, a middle part with a_number of micaceous quartzites inter-
bedded with mica schists, and an upper part of mica schists and phyllites
(the topmost part with hematitic quartzites and tuffs is beyond the scope of
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the present study). The purest type of the micaceous quartzites with little
turbid feldspar (both microcline and acid plagioclase), mica clots and fine
recrystallized mica needles in a quartzose base falls in the subgraywacke
group of Folk (1954) and Packham (1954), and grades to typical pelites with
greater proportion of micas. Excepting the turbid feldspars and mica clots in
the quartzites there is hardly any clastic grain in these metamorphosed rocks.
The non-diastrophic structures are, therefore, the most important evidences
present for reading the sedimentary history. '

STRUCTURAL FEATURES

Stratification

Stratification, ranging from beds half-a-metre thick in quartzites to
laminae* fraction of a mm thick (Pl. VI, figs. 1, 2) are present throughout the
region. In the quartzites, they are marked by pelitic layers which are often
grooved due to differential erosion, while in the pelitic rocks thin quartzose
layers and laminae cut across by axial plane schistosity are present. Strati-
fication is best seen in the quartzites and mica schists near the border of the
quartzite beds. Because of this interbanding of psammitic and pelitic layers,
neither the quartzites nor the mica schists are clean even in small scale.

Cross-stratification

Cross-stratification is very well developed in the quartzites throughout
the region (Naha 1956, 1959), with asymptotic bottoms and truncated tops
due to common penecontemporaneous erosion of the topset and part of the
foreset beds (Pl. VI, figs. 3, 4). More prominent in certain zones within the
quartzites than in others, they continue for long distances in outerops. They
are small to rarely medium in length (from less than 1 ft to 4 ft generally),
thinly to very thinly cross-bedded (maximum thickness rarely exceeding
2 ft), with cross-laminations less than 2 mm thick in the quartzose mica schists.
The cross-strata are mainly planar to trough type (with the lower bounding
surfaces plane or concave surfaces of erosion—McKee and Weir 1953) and are
mainly tabular and lenticular, rarely wedge-shaped. Very rarely, a complete
set of cross-strata, with simple cross-stratification bounded by non-erosional
surface seems to be preseht. The cross-strata are invariably deformed,
particularly during sedimentation, so that the angle of repose of the sediments
is not measurable now. The angle between the foreset and the bottomset
laminae is around 25°, but the maximum may be as high as 60° or higher still
A(PL VI, fig. 3; cf. Pettijohn 1957a, p. 169).

* Definitions of McKee and Weir (1953) followed.
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Penecontemporaneous deformation structures

Structures with evidence of deformation during sedimentation are present
in many parts of the Ghatsila area (Naha 1956, 1959). Some of these struc-
tures are restricted to the quartzite bands and some slump structures have
been occasionally noted in the quartzose mica schists. In general, however,
most of the features are best developed in the contact zones of quartzites
and mica schists. The main types of penecontemporaneous deformation
structures are: (1) folded cross-stratification, (2) contortion and convolute
bedding, (3) slipped blocks, (4) load-casts and (5) slump-ball and pull-apart
structures.

(1) Folded cross-stratification : This structure is extensively developed in
the quartzites throughout the area, and rarely in the quartzose mica schists
bordering the quartzites (P1. VI, figs. 3, 4; Text-fig. 1). In many instances one

TexT-F16. 1. A, Folded cross-stratification in quartzite.
‘ B. Load-cast in micaceous quartzite overlain by cross-stratified quartzite.
C. Slipped block in mica schist. Thick lines—stratification planes; dashed
lines—sachistosity.
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set of cross-strata (composed of foreset and bottomset beds, the topset beds
having been eroded away) is folded to a varying degree, and is sharply trun-
cated by another set, which may or may not be folded, giving superposed
recumbent folds (Pl. VI, fig, 4; Text-fig. 1, A; cf. Kuenen 1953a, 19534). -
Laterally along the surface separating one set from the other, the degree’of
folding varies rapidly, grading into gently deformed or underformed cross-
strata. This indicates that either there has been slip between two sets of
cross-strata with the folding due to a shear acting just above or just below the
foreset beds; or the folding of the cross-strata in the lower layer was complete
before the upper set was deposited. The main reasons for taking these struo-
tures as penecontemporaneous ones are (Naha 1956):

(@) the slippage is always towards the current direction, a fact readily
explained by penecontemporaneous sliding but not by teetonic move-
ments, in which case there would be slip in opposite directions in the
two limbs of a flexural slip fold;

(b) in some cases (Text-fig. 1, A) one set of folded cross-strata rests
on another along a surface of erosion proving conclusively the
contemporaneity of these structures with sedimentation; '

(¢) they differ both in style and orientation from the folds formed by
tectoniec movements in this region (Naha 1959); v

(d) in tectonic movements, there would have been occasional slips within
the foreset beds parallel to the bottomset laminae (Naha 1956).

(2) Contortions and convolute beddings: Extremely irregular contortions
and convolute beddings (Kuenen 1949, 1953a, 1953b; ten Haaf 1956) occur in
the more micaceous parts of the quartzites and in the quartzose mica schists
bordering the quartzites (Text-fig. 2, A-D; Pl VII, fig. 1), where the colour
and compositional variations make them often spectacular. They range from
slight frilling through mildly folded laminae to extremely irregular contortions,
sometimes doubled upon themselves and forming complete whorls, with
the laminations in immediately upper and lower horizons often undeformed.
The hinges of even the comparatively regular contortions cannot be joined to
give a well-defined axial surface and their orientations are also extremely
variable. Thus in regions with horizontal fold axes, these contortions are
seen in horizontal as well as in vertical sections (Text-fig. 2, C, D), indicating
clearly their incompatibility with the strain plan during the tectonic move-
ments. Sometimes these contortions are followed by undisturbed oross-strata
with direction of younging consistent with that shown by strata below the
convolutions (Text-fig. 2, C). Undeviated passage of the schistosity planes
through these contortions, and the continuation of these crumples through
large-scale structures without any change in intensity also point to an early
stage of formation of these structures (cf. Kuenen 1953a, p. 160).
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Texr.r10, 2. A. Convolute bedding in thin quartzite with mica schist.
B. Convolute bedding in quartzose mica schist.
C. Convolute bedding with small-scale current bedding in mica schist.
D. Convolute bedding followed by underformed bedding in quartz.mica schist.

(8) Slipped blocks : Occasionally, quartzose mica schists show in polished ac
plane excellent slip phenomena with sharp change in the orientation of the
stratification laminae (marked by thick dark lines in Text-fig. 1, C) through
nearly 90°, along a sharp curved boundary oblique to schistosity. In the
main portion of the rock, bedding and axial plane schistosity are at an acute
angle, while in the slipped portion they are nearly at right angles. The axial
plane schistosity, with oriented micas, maintains a constant direction in both
the parts, indicating that the slip occurred before the development of the
schistosity, the oldest structure due lo tectonic movements in the region.

Similar explanation probably holds true for the structures in P1. VII, fig. 2,
where oross-bedded quartzose mica schists have the cross-bedded units in all
orientation juxtaposed with one another, with the cross-laminations within
each unit remaining undisturbed.

(4) Load-casts: Load-tasts with small irregular pockets of quartzite within
mica schists, with stratification planes of the quartzite fragments matched
exactly by theirregular outline of the fragments, are developed in the quartzose
mioca schists at the base of the quartzites (P1. VII, fig. 3 ; Text-fig. 1, B). Some-
times they are followed by undisturbed cross-bedded units (Text-fig. 1, B)
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indicating the contemporaneous nature of the structures. As noted by Shrock
(1948, pp. 156-61; of. Kuénen, op. cit.), these features clearly indicate that due
to differential loading and compaction of the sandy deposits, both the sandy
and the shaly materials were déformed in a hydroplastic state.

(5) Slump-ball and pull-apart structures: Small quartzite and micacequs
quartzite fragments of all conceivable shape, with folded and disrupted laminae
set in a more micaceous matrix and forming a sort of mélange, are found near
the quartzites (cf. Kuenen 1949; Sutton and Watson 1955). They are res-
tricted to layers in contact with the quartzites in between little deformed
stratification planes. These stratification laminae in two different fragments
vary widely in orientation, with the laminae in individual fragments curved
accordantly with their boundary. The stratification laminae in the surround-
ing mica-rich matrix, whenever identifiable, also curve sympathetically with
the boundary of the quartzite fragments (Pl. VIII, figs. 1, 2). The fragments
are very irregular and often intricately infolded. In this region of intense
tectonic movements they are separated from boudinage (sedimentary boudi-
nage or pull-apart structures have been reported by Natland and Kuenen
1951, p. 90, and McCrossan 1958) and tectonic inclusions by the following
criteria (Naha 1956): :

(2) They show their complexity in all sections.

(b) Axial plane schistosity passes undeviated through the slump-balls
and the matrix.

(c) The stratification planes curve accordantly with the boundary of the
fragments. This cannot be the case if they are tectonic inclusions,
where the stratification planes would be cut discordantly by the
bounding surface of the fragments at some points, particularly
when the forms are comparable to rotated boudins.

(d) Their irregular forms are not compatible with the deformation
plan deduced from structures due to undoubted tectonic movements.

There are regions of intense tectonic movements where it is difficult to
suggest whether the irregular fragments and folds are penecontemporaneous or
tectonic. In Pl VIII, figs. 2 and 3, the irregularly crumpled fragments have in
some cases the stratification planes eurving sympathetically with the boundary
of the fragments, with occasional current bedding in the quartzose portions.
Many of these have forms not stable in rotational strain along the directions
indicated by the transposition schistosity of the associated mica schists (look-
ing like edgewise conglomerates, Hadding 1931, p. 381). These, coupled
with associated load-casts, suggest that they are slumped sheets afterwards
involved in strong tectonic movements. _

One significant point about the penecontemporaneous origin of many
irregular folds and fragments in the quartzites is that while in some localities,
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the associated mica schists are demonstrably little deformed, the quartzites
show extremely irregular crumples. This cannot be explained by movements
at high confining pressure when the quartzites will be more competent than
the mica schists. But the competency relation becomes different in unconsoli-
dated muds, clays and sands under surficial conditions, where quicksand
becomes very unstable, explaining the irregular folds in quartzites (cf. Kuenen
1949, pp. 375-81; Pettijohn 1957a, p. 169).

SEDIMENTATIONAL SIGNIFICANCE OF THE NON-DIASTROPHIC STRUCTURES

Current flow and slope of the sea-floor

Cross-stratification provides an excellent means for determining the
direction of current which transported the sediments (Wilson, Watson and
Sutton 1953; Whitaker 1955; Pettijohn 1957h), and recently palaeocurrent
directions have been determined in deformed terrains by rotating the cross-
stratifications until the stratification planes are horizontal (Whitaker, op.
cit.; Pettijohn 1957a, p. 165, 19576). In the present area, because of common
slumping, curved cross-stratifications, and poor three dimensional outerops,
accurate measurements of cross-stratification were not possible and a qualita-
tive method was used. At the nose of a plunging fold, the slope of the foreset
laminae with reference to the bottomset ones is at right angles to the dip of
strata (Text-fig. 3), so that horizontalization of the strata will have no effect
on the direction of slope of the foreset laminae with bottomset laminae. In

TExXT-F16. 3. Block diagram of a plunging fold with cross-stratification.

effect, therefore, simply by looking on the horizontal surface at the nose of a
plunging fold and by noting the directional inclination of foreset laminae with
bottomset ones (direction of thinning of the asymptotic bottoms), the palaeo-
ourrent directions can be determined. Determinations by this method show a
remarkable uniformity of palaeocurrent directions, from S and SSW to N
and NNE throughout the region west of Bankati-Raghunathdih join* (Text-
fig. 4). East of that line, fold-noses with cross-stratifications are sparse, and
determinations at a few spots show current directions from ESE to WNW

* Cf. Sarkar and Saha (1959),



368 K. NAHA: PRECAMBRIAN SEDIMENTATION AROUND

(Naha 1959). Furthermore, the direction of overturning of the folded cross-
stratifications indicating the direction of sediment flow downslope is consis-
tent'y towards the current direction.

These determinations are, however, of value only when the two assump-
tions tacitly made are justified:

(@) That there is no recumbent folding with the direction of plunge
opposite to the direction of younging, in which case the current
direction will be changed (Wilson, Watson and Sutton 1953, Text-fig.
2). Inthe present instance, not a single occurrence of plunge opposite
to the direction of younging indicating inversion could be detected,
so that the first assumption is justified in the present area.

(b) That there has been no refolding of fold axes on oblique, plunging
axes. For, in that case, not only do the dips of beds but also the
trends of folds change, so that the effect is that of a torsion (cf.
Whitaker 1955, p. 765). In such a case, by horizontalization of strata
(as done by Pettijohn and others, and as implied in the method
suggested by the present author), the initial current direction cannot
be determined. Thus, the ESE-WNW current trends (with NE-folds)
may be due to an original SSW-NNE current, which has been
subsequently rotated by cross-folding. As has been shown elsewhere
(Naha 1959), the north-eastern part of the terrain has been involved in
only one statistically recognizable folding on NE-axis, developed
contemporaneously with the ESE-trending main folds. We are,
therefore, justified in concluding that the main landmass was to the
south with a subsidiary landmass in the eastern part of the area with
bottom slopes towards north and west respectively. The main
sedimentational trough trends ESE to SE (in the area south-east
of the tract covered), so that the currents in this part of Sirghbhum
mainly came downslope from a landmass south-south-west of the area.

Environment and framework of sedimentation

In s sedimentary series, modified to a large extent by deformation, re-
orystallization and neomineralization, any suggestion regarding the environ-
ment of deposition must necessarily be conjectural, as none of the properties
like grain size, shape, sorting and texture of the parent sediments is deter-
minable now. The gross lithology of the metagedimentary rocks, their
- sequence in space and time and their primary structures escaping obliteration
by metamorphism and deformation, however, provide valuable evidences for
determining the nature of sedimentation.

" The most significant features that shed light on the history of deposition
of the sedimentary suite of the area are:— :
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{@) A very thick pile of dominantly shaly sediments with repeated inter-
calatlons of thin, finé-grained micacecus sandstones (subgraywacke) with a
maximum thickness of 100 ft rarely.

(5} “The thivker micaceous quartzites are remarkably persistent in com-
parison with their thickness.

- {c} Presence of fine laminations throughout the succession, with varve-like
thin -argillaceous and arenaceous laminae in the pelitic layers while in the
psamxmtlc layers, pelitic bands of varying thickness characteristically define
stratification throughout the area. In the latter case, a single stratification
‘can be traced persistently for many feet.

(d) The almost ubiquitous presence of thin, small-scale cross-strati-
fication in the quartzites. Here, again, in certain zones of a single quartzite
horizon-eross-stratification can be traced for long distances in outcrops.

(¢) In the gradual passage from micaceous quartzites to quartzose mica
schists cross-lamination becomes thinner and grain-size finer, £nally merging
into mica schists where occasionally very fine cross-stratification is detectable
‘in the quartzose layers.

(f) An extremely consistent direction of current flow from S and SSW
to N and NNE, as determined from cross-stratification, with local westward
flow near the fold arec to the north-eastern part, and southward near the
Dalma lavas north of the region (Naha and Ghosh 1960).

(g) Slump folds (including folded cross-stratification), pull-apart struc-
tures, load-casts and convolute laminations are very common, being present
in certain horizons throughout their lateral extension. The slump-folds and
load-casts are particularly well developed in the boundary of the quartzites
where slump sheets forming a sort of mélange often occur.

(2) Direction of flow of sediments downslope, as determined from the
penecontemporaneous deformation structures, like overfolded cross-strati-
fication, always coincides with the current direction as indicated by cross-
stratification itself.

The thick series of monotonous, alternating shale-sandstone with
extremely well-developed stratification marks the deposits as typical flysch
sediments of geosynclinal troughs (Tercier 1947; Kuenen and Carozzi 1963;
Crowell 1955; Sujkowski 1957). Neither the psammitic nor the pelitic
rocks are ever ‘clean’, the former being intercalated with pelitic layers while
the latter are interleaved with psammitic laminae down to the microscopic
scale. The flysch sediments of the young fold-mountain chains (Alps, -Car-
pathians, ete.), formerly believed to be shallow water deposits have been
reinterpreted by many workers as deeper water geosynclinal sediments (op-
oit.). In all of these as in the present instance, thick pelitic layers with fine,
very pérsistent laménabion indicating deposition in a quiet setting could not
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have been due to sedimentation in a body of shallow agitated water. The
sandstones to be -deposited in shallow water need repeated upheaval of the
depositional trough, and the lateral continuity of the sandstones for long
distances without any thinning, perfect lamination, absence of conglomerates,
and the intimate admixture of pelitic and psammitic laminae remain un-
explained in such a process. Absence of wave ripple marks and channel
scours are indirect evidence against shallow water deposition.

Yet, the sandstones must have been carried by strong currents as indi-
cated by widespread current bedding. Bailey (1930, 1936), Jones (1938) and
Pettijohn (1943, pp. 764-65) have emphasized the difference in the sedimen-
tational setting of clean, well sorted, current bedded orthoquartzites of
stable platforms and shelves and shallow epicontinental seas, and poorly
sorted, dirty looking, graded bedded graywackes of rapidly subsiding geosyn-
clines. Intimate mingling of the pelitic and psammitic constituents, uniform
and well marked laminations, sometimes with the appearance of rhythmic
deposits, convolute bedding and slump structures were thought to be charac-
teristic of the geosynclinal facies (Jones 1938, pp. Ixii-Ixiii).

In the present terrain, the occurrence of current bedding in association
with all other features of the geosynclinal facies poses a problem. This appa-
rent anomaly, however, disappears if the subgraywackes are taken as formed
by the action of turbidity currents (Kuenen and Migliorini 1950; Natland
and Kuenen 1951; Heezen and Ewing 1952; Kuenen and Carozzi 1953;
Heezen 1959). Many features in the deposits like the interstratification of
the pelagic (shaly) sediments with sandstones, regular bedding, absence of
features indicating shallow depths (wave ripples, channel scours, and coarse,
mutually opposed cross-bedding), slump and pull-apart structures, load-
casts, convolute lamination, persistent character of one bed over its entire
length and persistent current directions are characteristic of rocks formed by
turbidity currents (Kuenen and Carozzi 1953; Sutton and Watson 1955).
Turbidity currents generated by sliding of sediments along the slope of the
bordering landmass to the south of the sedimentary belt would take the sandy
sediments by bottom traction into deeper water and deposit them within
the indigenous pelitic sediments of the geosynclinal trough (ef. Carozzi 1952).
‘In such cases of deposition of thick sands on unconsolidated shaly sediments,
load-casts would be very common as is the case in the basal parts of the quart-
.zites of the region.

Uniform current direction is one of the strongest evidences in favour of
‘the sandy sediments having been carried and deposited by turbidity currents
(Kuenen 1953a, pp. 36-39, 1953b, p. 1046; ten Haaf 1959, p. 218). This
cannot be explained by surface currents in shelves where currents will not
always be unidirectional, as they will not be invariably from the shore outward.
The influenoe of bottom slope becomes significant. Flow of sediments always
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Fra. 2. Folded, small-scale stratifica-
tion laminae with axial plane
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Fia. 1. Convolute bedding in quartzose mica schist.

Frc. 2. Slipping between cross-stratified units in mica schists.

Fic. 3. Load-casts of quartzites in quartzeose mica schists.
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Fra. 1. Sedimentary boudinage.

Fig. 2. Slumped quartzite fragments in quartzose mica schists,

Fra. 3. Slumped sheet in quartzose mica schists.
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in the direction. of bottom slope, as indicated by the relation between the
palaeocurrent directions and the direction of overturning of the penecontem-
poraneous folds, also suggests turbidity currents as the important process of
transportation of the sediments (cf. Kuenen 19536, p. 1052). Graded bedding,
probably present in these rhythmic deposits, has now been obliterated by
metamorphism attendant with deformation.*

The flysch sediments occupying the southernmost part of the orogenic belt
proper thus filled a geosyneclinal trough elongatéd WNW-ESE (with arcuation
to NS in the north-eastern part) bordered by a landmass to the south and the
volcanic geanticlinal arc to the north (Naha and Ghosh 1960). It is inter-
esting to note that such an occurrence, in addition to the lithological characters,
fulfils the requirements of the classical palaeogeographic definition of the
term ftysch as sediments filling the marginal geosyncline of the orogenic
belta before the paroxysmal folding (Bertrand 1894). As already pointed out,
the metasedimentary belt is bounded to the south by the Singhbhum granite.
The quartzites with mainly mica and clastic alkali feldspar as impurities
suggest a granitic source rock to the south. But it has been shown from a
tract to the south-east of the present area that the Singhbhum granite was
emplaced affer the sediments had been folded and metamorphosed (Naha
1960), so that the Singhbhum granite, as we find it now, could not have been
the source rock for the sediments. It seems justifiable to conclude that a
granitic area to the south, which had supplied sediments filling the geosyn-
clinal trough, was mobilized (palingenized) towards the end phase of the
orogenic movements that resulted in the folding and metamorphism of the
sediments, the palingenetic granite finally invading into the metasediments
in some sectors.
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