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Abstract

Despite deformation and metamorphism the 2.3 Ga fine-grained siliciclastic Chaibasa Formation of eastern India
locally retains an excellent record of sandwave migration under the influence of tides and storms within a precursor
sandstone facies in a largely subtidal setting and provides a rare opportunity to detect tidal periodicities.

In the finer facies locally preserved, minor features provide glimpses of the depositional mechanisms and settings.
The silt-dominated precursor heterolithic (silt-mud) facies contain numerous slides and slumps and was formed on a
relatively steep slope between the fairweather and storm wave bases. The shale facies formed in a deeper setting
beneath the wave base. Earthquakes occasionally have interrupted normal sedimentation and massfiow products are
present in all the facies, but with increasing frequency within the finer facies.

The sandstone facies units, which were emplaced during repeated lowstands, were first subjected to progradation

and subsequently drowned, in an overall transgression trend. © 1997 Elsevier Science B.V.
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1. Introduction

Deformation and metamorphism obscure sedi-
mentation patterns and depositional sequences in
older Precambrian successions, as in the 2.3 Ga
Chaibasa Formation in eastern India. A fortuitous
retention of primary structures in patches within
the Formation, however, provides a rare opportu-
nity to have a glimpse of depositional mechanisms
during an early phase of the Earth’s history.
Pertaining to this, among other things, are incon-
trovertible tidal periodicities which the workers on
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the early Earth—-Moon system (e.g. Williams, 1989;
Archer, 1996; Chan et al.,, 1994; Sonett et al.,
1996) may find useful and informative. A poor
sedimentological account of the Formation, which
has comprised entirely of micaschists sparsely
interbedded with quartzite of average thickness
20 m, have led to an absurd range of paleogeo-
graphic interpretations from fluvial to deep sea
(Table 1). Without any rigorous sedimentological
analyses, the interpretations are based on cursory
observations and intuition (see the evaluation in
Table 1). A reappraisal of the paleogeography has
thus been carried out and a plausible mode of
sequence-building has been inferred from an integ-
rated analysis of the available observations.

The precursor lithology of the Formation is
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Table 1
Paleogeographic models for the Chaibasa Formation

Author Paleogeography

Brief evaluation

Mathur (1960) Deep marine

Naha (1961)
Sarkar and Saha (1962)
Gaal (1964)
Sarkar and Saha (1986)

Deep marine

Shallow to deep marine

Largely shallow marine

Moderately deep marine

Bhattacharya (1991) Peritidal
Sarkar et al. (1992) Shallow marine environment
Virnave et al. (1994) Fluvial

Bose (1994) Relatively deep marine

Some workers emphasized graded Sst beds, others missed them.
Some ignored the implication of large scale cross-beddings.
Sh-siltstone interbedding/laminae was interpreted by some as tur-
bidite-pelagite alternations and by others as products of tidal
energy fluctuations. Some put emphasis on rare spindle-shaped silt-
filled cracks (whose proclaimed desiccation origin is not beyond
doubt amid the profusion of water escape structures). The overall
paleocurrent in Sst was, according to some, unimodal and to others
bimodal. Some workers, despite claiming the Sst as flysch, did not
account for the high textural and mineralogical maturity. Critical
and integrated sedimentological analysis was lacking.

confined within the range between fine sandstone,
siltstone and shale. Soft sediment deformation
structures frequently occur particularly within the
siltstones,along selective stratigraphic levels trace-
able over the entire outcrop lengths ranging up to
ca 1 km (Naha, 1956; Ghosh and Lahiri, 1983).
Three successive sandstone units encased by finer
sediments could be studied in detail only on the
unfolding of the strata in an 11-km stretch between
1.2 km west of Maubhandar and 2 km east of
Ghatshila (Fig. 1b). The finer lithologies are
intensely overprinted by meta- and post-deposi-
tional deformations yet some tell-tale primary
characteristics of these were recorded from selected
patches in the area between Galudih and
Dhalbhumgarh (Fig. 1a).

2. Geological setting

The 6-8 km thick Chaibasa Formation in east-
ern India, which is entirely fine-grained siliciclastic
[ca 2300-2400 Ma, Saha et al. (1988); Sarkar and
Saha (1962)], has been deformed and metamor-
phosed to greenschist and locally amphibolite
facies [Naha (1965); Saha (1994); Fig.1]. It

directly overlaps the granitic basement on its
southeastward extension overrunning the coaxi-
ally-folded Dhanjori Formation [Fig. la; Sarkar
(1984); Basu (1985); Gupta et al. (1985)]. The
fold plunges north-westward (Naha, 1965). Naha
(1961) measured paleocurrent directions from the
precursor Chaibasa sandstones after removing the
plunge and unfolding the strata, as has been done
throughout this paper to achieve compatible
results. Besides the studies on paleocurrent and
soft sediment deformation, little sedimentological
analysis has ever been attempted, however, com-
mendable work has been carried out by many on
postdepositional deformations and metamorphism
(e.g. Naha, 1965; Ghosh and Sengupta, 1987,
Saha, 1994 and references therein).

3. Facies

The Chaibasa Formation is constituted by three
precursor facies, viz.: sandstone (Sst); heterolithic
(H1); and shale (Sh); which are clearly distinguish-
able on the basis of lithology. The last two finer
facies are now transformed into micaschists within
which the first facies in the form of conspicuous
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Fig. 1. Outcrop map of the Chaibasa and the bounding formations in eastern India (within inset). Note that the Chaibasa onlaps
the granitic basement, overruning the Dhanjori Formation at the south-eastern corner [modified after Saha (1994)]. (a) The rectangle
indicates the area where the Sst units were studied. (b) Detailed geology of this area [modified after Naha (1965)]. The solitary letters

indicate the locations of the sections illustrated in Fig,. 2a.

quartzite ridges are sparsely embedded (Fig. 2a).
For the sake of brevity respective descriptions of
the facies are presented in Table 2. Only those
facies—characteristics which reveal depositional
mechanisms and paleogeographies (summarized in
Table 2) are discussed below. Emphasis is laid on
the Sst facies, wherein the spectacular local preser-
vation of primary features permits the rigorous
analysis for the visualization of flow and related
bedform dynamics.

3.1. Sandstone facies

The Sst facies units, bounded above and below
by micaschists besides being broadly lenticular
vary laterally in thickness (Fig. 2a). The rocks are
rich in quartz, fine-grained (md=0.2 mm) and
generally well sorted. The facies units generally

have their lower and upper contacts sharp with
the micaschists. Every facies unit is constituted by
numerous intertwined lenticular or wedging Sst
bodies separated from each other by marked
erosional or non-depositional bounding surfaces.
On the basis of their internal structures these
constituent Sst bodies can be classified in six
subfacies as denoted below.

3.1.1. Subfacies A

3.1.1.1. Description. These  fine-grained  Sst
bodies, characterized by compound cross-stratifi-
cations, are wedge shaped. Large (up to 65cm
thick) unidirectional planar cross-sets with down-
current decrease in foreset angle from ca 25° to ca
10° give way over a distance of several metres to
compound cross-stratification (cf Rouse, 1961;
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Fig. 2. Facies panel based on sections marked in Fig. 1b. (a) The Sst units, labelled as I, II and III are detailed in Fig. 4. (b) Transitions
upward (z i,ii,iii} and downward ( ») from Sst to Hl and upward transition from Sh to HI (x). For locations of these transitions see (a).

Imbrie and Buchenan, 1965) (Fig. 3a). Within the
compound cross-stratifications, the smaller cross-
lamina sets are ca 3 cm thick and are periodically
punctuated by relatively steeper and erosive reacti-
vation surfaces. Between every two reactivation
surfaces the cross-lamina style systematically
changes downcurrent:

(1) concave-up forms with a strong erosional base,

followed by:

(2) tabular forms, partly overstepping the toes of
the preceding subset and giving way gradation-
ally to:

(3) progressively
(Fig. 3b).
Concomitantly the basal surface is elevated and
the grain-size diminishes, so much as to often turn
the sigmoidal subsets distinctly muddy. Directional
reversals between the sets are locally observed.

gentler  sigmoidal forms
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Fig. 3. (a) Cross-stratification in Sst subfacies A gives way downcurrent to compound cross-stratification (arrow) (pencil length
14 cm). (b) Change in cross-stratification style within a cycle of smaller cross-set (idealized, not to scale). Note that a cycle initiates
with a basal erosion and concave-up cross-set giving way to a tabular set and then to a sigmoidal set. (¢c) Corresponding time

(¢)-velocity (u) pattern.

Subfacies A is best developed at the base of every
Sst facies unit.

3.1.1.2. Interpretation. The intraset cyclic cross-
laminal changes, along with grain-size, reveal
repeated waxing and waning of the water flow
(Fig. 3c). This aspect along with paleocurrent
reversals favours a tidal interpretation. In contrast
the large scale planar foresets are unidirectional
implying that flow reversals could leave their
imprint only during the abandoning phase of tidal
sandwaves [cf Nio (1976) for much larger sand-
waves]. Progradation in a tidal setting is thus
inferred (cf Nio and Yang, 1991).

3.1.2. Subfacies B

3.1.2.1. Description. This subfacies except being a
little more muddy than subfacies A, differs from
the latter only by the complete burial of the
considerably smaller sandwaves (average height
18 cm) under cross-laminated layers, and pro-
gressively tends to be horizontal turning the beds
tabular. The beds, which are overall fining upward,
are bounded by a mud layer above of maximum
thickness up to 2 cm (Fig. 5a). Double mud drapes
[Fig. 5b; cf Visser (1980)] are also present within
the cross-lamina sets, which cover the sandwaves.
Interestingly, all the three studied Sst units are
capped by this subfacies (Fig. 4). These cappings
also exhibit the stacking of beds of subfacies B.
As one progresses up the stacks, the bed-thickness
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Fig. 4. Subfacies successions within Sst units (locations marked in Fig. 2a and the paleocurrent patterns within them). A, larger;

and A,, smaller cross-stratifications in facies A.

decreases with the intervening mud layers becom-
ing more pronounced and the sandwave height
being reduced (Fig. 5¢). Paleocurrent reversal is
locally pronounced.

3.1.2.2. Interpretation. The depositional frame of
this subfacies appears to be nearly the same as in
subfacies A, but with the overall rapid decline of
depositional energy through space as well as time.
This results in sandwave abandonment. The
double mud drapes are characteristic of tidal
influence (Visser, 1980; Mellere and Steel, 1995)
and indicate deposition in a subtidal setting
(Kohseik and Terwindt, 1981). The architecture
of the stacks of subfacies B beds, with ubiquitous
double mud drapes at the top of the Sst facies
units indicates aggradation or slight retrogradation

before giving way upward to a finer facies;
commonly Sh (see below).

3.1.3. Subfacies C

3.1.3.1. Description. This subfacies is charac-
terized by sets (average thickness 32cm) of
alternating thick and thin planar tabular cross-
stratifications (Fig. 6a). The plotting of successive
foreset thicknesses also reveals a larger near-sym-
metric cyclicity (Fig. 6b). Between the two succes-
sive peaks, the number of lamination is, on
average, 27. From a peak to the next trough the
foreset angle decreases and the paleocurrent
pattern is unimodal (Fig. 4).
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Fig. 5. (a) A small sandwave (inked) and the cross-lamina sets draping over it in Sst subfacies B. The mud drapes bounding the bed
are shown by arrows (match stick length 4.2 cm). (b) Double mud drapes within the draping cross-lamina sets (match stick length
4.2 cm). (c) The upward variations within a stack of subfacies B bodies: sandwave height (SWA, nucleus bedform); bed thickness

(BT); and bounding mud layer thickness (maximum, MLT).

3.1.3.2. Interpretation. Bedload movement under
the influence of a dominant unidirectional current
is inferred. The thick-thin foreset alternations
superimposed on a larger cycle strongly favour a
tidal interpretation (Visser, 1980; De Boer et al.,
1989), with the larger cycle being'then very com-
patible with the lunar bi-monthly (spring to spring)
cycle. This is strongly corroborated by the period-
icities revealed by fast Fourier transformation of
another foreset thickness series by Archer et al.
(1991) (Fig. 6¢).

3.1.4. Subfacies D

3.1.4.1. Description. Cross-stratifications with
widely variable set thickness ranging up to 42 cm,
constitute roughly tabular bodies. Their style
changes in cycles commencing with a basal scour
and then immediately followed by a steep (ca 28)

foreset with a long top, but no toeset (Fig. 7a and
b). A basal brink point arises at the shoulder of
the scour. The downcurrent of the topset pro-
gressively shortens, and then as a topset appears
and progressively lengthens, the brink point moves
obliquely upward and the basal surface gradually
rises (cf Kreisa and Moiola, 1986). This trend
continues until the brink point coincides with the
top of the set, resulting in concave-up cross-strati-
fications. Within the concave-up subset, the toeset
continually increases in length as the grain-size
decreases, until the trend is reversed both ways.
Eventually a sigmoidal cross-strata with continued
shortening of the toeset follows, which is compen-
sated by progressive lengthening of the topset. A
cycle terminates with appearance of the next basal
scour and the complete disappearance of the toeset
(Fig. 7b). The number of foresets within a cycle is
ca 25-29 and thick—thin alternations are typical
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Fig. 6. (a) Thick—thin alternations in large scale cross-stratifica-
tions in Sst subfacies C (pen length 12 cm). (b) The plotting of
successive foreset thickness depicts a larger cycle. (c) Fast
Fourier transformation of a longer forset thickness series: note
periodicities at 2 and 27.4.

(Fig. 7d). Double mud drapes are common and
the current was unimodal (Fig. 4).

3.1.4.2. Interpretation. The thick—thin alterna-
tions as well as the longer cyclic variations in
foreset thickness are readily attributable to semidi-
urnal tides. Fast Fourier transformation of the
foreset thickness series further corroborates the
tidal periodicities (Fig. 7¢). Double mud drapes
clearly indicate deposition in a subtidal setting
(Visser, 1980). Persistence of either or both, top
and toesets indicates sandwave migration under
persistent sand fall-out alternately favouring the
summit and the trough of the sandwave (cf
Chakraborty and Bose, 1992). The intermittent
basal scours indicate that the backflow trajectory
had hit the toe of the sandwave directly and
undercut it, and then gradually moved away only
to shift back gradually towards the toe later.
Periodic fluctuations in flow velocity (Fig. 7¢) and
co-ordinated variations in the intensity of backflow
and shifting of the suspension fall-out blanket up
and down the lee face of the sandwave can thus
be envisaged (see Kreisa and Moiola, 1986). Cyclic
grain-size variations further corroborate this
contention. Nevertheless, the suspension-cloud
must have hung well above the bedform to permit
flow-detachment at the bedform-crest. The grain-
lifting power of a current considerably increases
in combination with the waves, hence a wind-
generated wave coinciding with the dominant tide
seems very likely for generation of this subfacies.

3.1.5. Subfacies E

3.1.5.1. Description. In this roughly tabular fine
grained Sst facies the stratification style changes
laterally but non-cyclically, as results from accre-
tion on virtually stationary and supercritically
climbing sandwaves (maximum height 35cm;
Fig. 8a). The cross-stratifications resulting from
lee side accretion are initially spindle-shaped
having a brink point immediately beneath the
summit [Fig. 8a, cf Swift and Rice (1984); see also
Imbrie and Buchenan (1965)]. Unlike the case in
subfacies D, the brink point maintains nearly the
same vertical distance from the base through
lateral accretion, although the depth of base
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Fig. 7. (a) Cross-set with a brink point gradually rising in the downcurrent direction indicated by match sticks (length 4.2 cm) within
Sst subfacies D. (b) The change in cross-stratification style within a cycle in Sst sub facies D (not to scale). (¢) Inferred time
(t)~velocity (u) pattern within the cycle. (d) Multiple foreset thickness series depicting multiple cycles and (e) its Fast Fourier

transformation with notable periodicities at 2 and 31.8.

slightly varies. The horizontal distance between
the steeply climbing summit and the brink point
thus progressively increases and the consequent
suppression of the brink point turns the cross-
stratification convex-up, with maximum thickening
at the toe. Another downcurrent, the convex-up
laminae gradually gives way to millimetre thick
quasi-planar stratifications with slight downslope
flaring (cf Arnott, 1993). The grain-size decreases
only slightly downcurrent over a maximum 3 m
exposure length. The lateral variation in lamina-
thickness reveals no apparent cyclicity as observed
in subfacies B, C or D (Fig. 8c). Within stacks of

quasi-planar sets of cross-stratifications bed sur-
faces locally bear well preserved current crescents
(Fig. 8b). Traces of paleocurrent are unimodal
(Fig. 4).

3.1.5.2. Interpretation. The rate of sand fall-out
from suspension has evidently been much higher
than for facies D and steadily increased. In com-
parison to the facies D situation, the suspension
cloud possibly hung close to the sandwave summit,
thus inducing tangential flow (without detach-
ment) across the summit (c¢f Imbrie and Buchenan,
1965; Swift and Rice, 1984) and favouring depos-
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Fig. 8. (a) Lateral transition from spindle to convex-up cross-stratification to quasi-planar stratification in Sst subfacies E. Note brink
points (arrows) maintain roughly the same vertical distance from the base which shows slight lateral variation in elevation (scale
16 cm long). (b) Current crescents on bed surface (pen length 16 cm). (¢) Lateral foreset lamina-thickness variation does not reflect

any cyclic variation.

ition during heavy storms. The unidirectional
cross-stratifications point to a tractive current.
Nonetheless, rounded crests and distinctly
convex-up profiles of the bedforms strongly sug-
gest a combined flow (Harms, 1969; Yokokawa
et al., 1995). This suggestion of the wave compo-
nent seems valid for well preserved hummocky
cross-stratifications within the adjacent Hl facies
occurring (Table 2, Fig. 9), although their correla-
tion with this subfacies is difficult to establish.
Pertinently, Arnott (1993) considered mud-
encased quasi-planar sets as products of storm-
generated combined flows with a relative domi-
nance of tractive current. The current crescents
corroborate the dominance of tractive current of

Fig. 9. Hummocky and swaley cross-stratification in HI facies
(match stick length 4.2 cm).
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course, without any paleogeographic connotation
(Allen, 1982). The overall characteristics of the
subfacies, however, suggest deposition in a
subtidal setting.

3.1.6. Subfacies F

3.1.6.1. Description. Rapidly wedging massive or
graded Sst of relatively poor sorting gives way
upward to current structures in finer fraction
(Fig. 10a). Notably, the mineralogical and grain-
size spectrum differs little from that of the subfacies
assemblage described above. The base of the beds
is commonly planar and may have shear folds
underneath (Fig. 10b). Immediately above the
base, dish structures (cf Lowe and Lopiccolo,
1974) are locally abundant. At places, the base
may, however, be deeply incised by gutters of
varied dimensions (maximum width and depth 30
and 10 cm, respectively; Fig. 10c). Some gutters
are stepped. Isolated diffused packets of cross-
stratifications and scour pits are locally observed
within the massive part (Fig. 10d). The gutter-fills
are commonly massive, but locally crudely cross-
stratified. The massive gutter-fills may directly give
way upward to plane laminations. The upward
transitions from the massive or graded parts to
plane and/or ripple laminations are often grada-
tional, lamina persistence being achieved only
gradually. The maximum bed thickness recorded
was 65 cm.

3.1.6.2. Interpretation. The dish structures point
to the rapid settling of grains and the grading
indicates a deposition from turbulent suspension.
The shear folds underneath attest to strong shear
under the flow, indicating something like plug
sliding immediately before final rest. The isolated
pockets of faint cross-stratifications and scour pits
within the massive parts record a high degree of
unsteadiness of the flow and the rapid wedging of
beds testifies the non-uniform, depletive nature
of the flow [Fig. 10e; see Knellar and Branny
(1995)]. All these, in cumulation, indicate a hyper-
concentrated flow within which the sediment con-
centration and/or viscosity rapidly changed (Smith
and Lowe, 1991). The evidence, particularly that
of a very strong shear at the base of the flow, tilts

the balance in favour of high-density turbidity
currents rather than storm-generated flows.
Among the various known mechanisms for trigger-
ing submarine massflows earthquake seiches seem
to be most probable in close association with
abundant soft sediment deformation structures,
such as pillows and multilobated convolutes
(Fig. 11a), along selected levels, especially within
the HI facies (cf Bose et al., 1997). Deposition
under water seems evident.

3.2. Two finer facies

The micaschist forming the background lithol-
ogy is divisible in two precursor facies, viz. Hl and
Sh depending primarily on the thicknesses of the
siltstone interbeds within them (see Table 2 and
below). The two facies often maintain gradational
contacts, laterally and vertically, between
themselves.

3.2.1. Heterolithic facies

The siltstone interbeds within the HI facies com-
monly vary between 12—-15 cm, but may range up
to 40 cm. Soft sediment deformation, particularly
slumps, are frequently evident within them
(Fig. 11b). The beds are, however, commonly par-
allel-sided and internally cross-stratified, plane
laminated, hummocky cross-stratified (Fig.9) or
rippled. The tops of hummocky cross-stratified
beds do not bear any evidence of reworking. The
ripples are generally distinctly asymmetric. Scours
and slump scars are locally present. A few thicker
(>15cm) massive and lenticular siltstone beds
with a few floating mud balls occur le-ally.

3.2.2. Shale facies

Silt intercalations within the Sh facies rarely
exceed 4cm in thickness and are commonly
measurable in millimetres. They are either plane
laminated and/or rippled. The planar strata, par-
ticularly the relatively thicker ones, are distinctly
graded (Fig. 12a). The ripples are present in iso-
lated trains, separated by sets of planar laminae.
They are distinctly asymmetric and starved.
Accretionary laminae on the lee faces of arrested
ripples without much climbing is a common feature
(Fig. 12b). These accretionary laminae have the
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Fig. 10. (a) Graded bed passing over to plane lamination to ripple drift cross-lamination in Sst subfacies F (coin diameter 2.6 cm).
(b) Rightward wedging massive bed, delimited by a scale (length 10 cm) and a pen. Note shear folds immediately underneath the
scale. Also note that the folding is not accompanied by liquefaction [compare Fig. 165.2D of Mckee et al. (1962)]. (c) A gutter at
the base of another massive bed (centre; scale length 16 cm). (d) Erosional base of a massive bed (stippled); note a stepped gutter
at bottom and isolated packets of diffused cross-stratifications and scour pits within the bed (sketch from a photograph; scale length
10 cm). (e) Broad change in velocity (#) through space (x) and time (7).
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Fig. 11. (a) Multilobated convolute within HI facies (scale
length 16 cm). (b) Slump fold on a steep truncation surface.

same orientation as the ripple lee faces on which
they are accreted, but at a progressively lower
angle. They tend to fill the ripple troughs passively,
not affecting the ripple forms. The ripples and
planar laminae of silt alternating with millimetre-
thick mud layers give way upward to silt-free Sh
with a progressive decrease in the silt content
(Fig. 12¢). These segments often exceed a metre
in thickness and are subdivided in smaller fining
upward segments varying in thickness from 6 to
25cm and those have a ripple train at base,
followed up by alternating silt and mud planar
laminations. At places, there are small scours
(width and depth generally 60 and 18 cm, respec-
tively) and flutes, whose orientations are indeter-
minable (Fig. 12d). The scours are invariably filled
by alternating plane laminations of silt and mud.
Local overthickened (< 30 cm) silt beds have their
bases sharper than their tops, are internally mas-

sive or faintly graded barring millimetre thick
inversely graded laminae immediately above the
base and balls and pillows sparsely float within
them (Fig. 12¢). Their bases are planar unless
loadcasted.

3.2.3. Interpretation of the two finer facies

The complete absence of coarser clastic-filled
channels or scours makes a shallow water origin
of these finer facies very unlikely. The hummocky
cross-stratified siltstone beds are presumably storm
products (Harms et al., 1975 and many others).
Lack of evidence of fairweather reworking of the
storm beds largely confines the paleogeography of
the HI facies between fairweather and storm
wave bases.

In contrast, the Sh facies is completely devoid
of any wave generated bedform and is likely to be
a deeper marine product, formed under the storm
wave base. The gradual upward transition of silty
segments to silt-free segments of the Sh facies
indicates that the silty segments were deposited
from episodic overall waning flows, and both silt
and mud planar laminae within them are possibly
allochthonous. The grading within individual
planar silt laminae makes silt deposition from
suspension imperative. On the other hand, the
single trains of profoundly asymmetric starved
ripples imply traction. Accretionary laminae on
the ripple lee faces indicate that the traction subse-
quently became too weak to transport silt as a
bedload, yet was still competent to sweep the rain
of silt to the lee of the ripples (Fig. 12b). Both
traction and suspension seem to have operated
closely; yet little climbing of ripples resulted (see
Jopling and Walker, 1968). It is imperative that
suspension fall-out was permitted only after the
cessation of ripple migration, that is, after sufficient
weakening of the tractive current. Arguably, two
separate transport systems operated: deposition
took place from a distal weak current and a
stationary suspension cloud [cf Stow and Wetzel
(1990) on deep sea hemiturbidites]. In Fig. 12d, a
scoured and fluted surface is overlain only by
alternations of thin silt and mud. Suspension fall-
out of silt is explicit in the silt lamina perfectly
mimicking the bottom irregularities, besides local
grading. The strong bottom hugging turbulent
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Fig. 12. (a) Grading within two successive siltstone bands within the Sh facies (centre). Note the fossilized ripples at the interface
(match stick length 4.2 cm). (b) A smaller silty segment begins (somewhat above the coin, diameter 2.2 cm) with a ripple train,
followed up by alternate silt-mud planar laminae. Note the accretionary laminae filling the ripple troughs and the ripple without any
tendency to climb and a layer with microloads depicting rapid deposition (arrows). (c) A silty segment grades up into silt-free shale
(match stick length 4.2 cm). (d) Scoured surface with flutes (arrows) overlain by silty mud; note the silt lamina draping the bottom
irregularities (match stick 4.2 cm long). (e) An overthickened massive bed with detached pillows and thin (light) basal inversely
graded traction carpet (immediately above the pen, length 16 cm).
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current that caused the erosion and evidently did
not deposit anything (bypassed) was conceivably
an "efficient” muddy turbidite (Mutti and Ricci
Lucchi, 1981).

Repeated switching over from traction to sus-
pension depositional system within the episodic
overall waning flow is indicated by the stacks of
smaller segments within the fining upward larger
silty segments thus envisaging surge-like muddy
turbidites. Retrogradational slides or slumps on
paleogeographic highs and the liquefaction of the
slumped mass to varying degrees may account for
the array of transportational-depositional pro-
cesses visualized (see Mulder and Cochonat, 1996).
The overthickened massive or graded beds, irre-
spective of facies, bear clear attestation to the
rapid deposition from the high density massflows.
The inversely graded laminae at their bases are
presumably traction carpets (Hiscott, 1994).

4. Stratigraphic trend
4.1. Succession

The Chaibasa Formation overlaps the granite
basement overrunning the underlying and con-
siderably coarser clastic Dhanjori Formation at
the southeastern corner of the given geological
map, at the west of Baharagora (Fig. la). The
Dhanjori Formation is dominated by large-scale
cross-stratified, considerably coarser grained,
poorly sorted and mineralogically immature terrig-
enous rocks. On the granitic basement as well as
on top of the Dhanjori Formation, the base of the
Chaibasa Formation is demarcated by a clast-
supported sheet conglomerate with maximum
thickness 14 cm (Fig. 13). On the granite basement
it is mostly constituted of rounded vein quartz
pebbles with maximum length 20 cm. When traced
laterally westward into the sediment pile, on top
of the Dhanjori Formation its thickness reduces
to 3cm and its composition changes with the
incorporation of fragments derived from the sub-
strate and the maximum clast length reduces to
70 mm.

Within the Chaibasa Formation the facies
relationships could be worked out in 11 sections

Fig. 13. Sheet-like granular lag of vein quartz and rip-up clast
at the contact between the Chaibasa and the underlying
Dhanjori. Both the subjacent and superjacent beds are of phylite
(chlorite-rich in Dhanjori and muscovite-rich in Chaibasa;
match stick length 4.2 cm).

between which only the Sst facies units are, more
or less, continuously traceable (Fig. 2b). Lateral
intertonguing or gradational transitions between
the Sst and the finer facies encasing them was
never encountered. In these sections, all but one
downward transitions are to Sh, omitting Hl. The
only downward tranmsition to Hl is also short
(Fig. 2b.Y). The upward transitions from the Sst,
in the majority of cases, are again to Sh and,
where the HI overlies, it rapidly fines upward
[Fig. 2b.Z(i), (i1), (iii)]. The vertical transitions
between Hl and Sh is generally gradational as
exemplified in Fig. 2b.X.

The vertical transitions between the different Sst
subfacies could be worked out to nearly the full
extent within only the three Sst facies units
(Fig. 4), although partial observations were made
in numerous other sections. The intertwined Sst
subfacies give way laterally to each other, but the
general observation is that the subfacies A is best
developed at the base and subfacies B at the top
of the Sst units.

4.2. Paleogeographic shifts

Interpretatively, flow and resultant bedform
dynamics varied between subfacies A to E and
subfacies F represents massflows within the same
Sst units. However, no significant paleogeographic
shift is indicated by vertical transitions between
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them. Some of them give clear evidence for subtidal
deposition and a shallow marine depositional envi-
ronment can be inferred for Sst in general.

The lateral contacts of Sst with the finer facies
is always sharp and without gradation or inter-
tonguing. So the vertical facies transitions are not
likely to be results of migration of laterally adja-
cent facies belonging to, more or less, similar
paleobathymetry. A previous discussion on the
significant characteristics also indicated deeper
bathymetry for the finer facies. The profusion of
slump folds and slide scars in conjunction with
other structures suggest Hl deposition on a rela-
tively steeper slope, but largely between the fair-
weather and storm wave bases. In contrast, Sh
bears features indicative of deposition under storm
wave base. The vertical facies transitions should
thus reflect considerable paleogeographic shifts.

Rapid downward and upward transitions of Sst
to the finer facies, commonly to Sh, imply emplace-
ment of the Sst units between the episodes of rapid
fall and the rise of relative sea level (RSL), either
eustatic or tectonic. The dominance of the progra-
dational subfacies A at the base of the Sst units
implies either stillstand or slow rises in RSL at the
initial phase of sand deposition. Again, the fining
and thinning upward stacks of subfacies B beds at
the top of Sst units indicates rising of RSL at a
relatively rapid rate during the closing of the sand
depositional phases.

The onlapping of the Chaibasa Formation on
the granite basement overrunning the Dhanjori
Formation with definite shallow water origin is a
clear indication of an overall transgressive trend.
The thin pebbly or granular sheet at the base of
the Chaibasa Formation is thus likely to be of
transgressive lag origin. Despite its severe limita-
tion, the available data set identifies an overall
transgressive trend, with occasional sharp rever-
sals, as a major deterministic for the Chaibasa
sequence building pattern.

5. Conclusion
The Sst facies in the Protoproterozoic Chaibasa

Formation, India was emplaced during lowstands
in a shallow tide-storm interactive system occasion-

ally disturbed by earthquakes. The flow and related
sandwave dynamics varied considerably within the
shallow marine paleogeographic frame. Sandy
massflows were possibly triggered by earthquakes.
Two other finer constituent facies were formed in
deeper settings, the relatively coarser one above
the storm wave base and the other beneath it. Silty
high density flow products and muddy turbidites
are common within the finer facies. Repeated
lowstands, followed by transgressions, in an overall
transgressive frame, apparently controlled the
general sequence-building pattern.
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