
Facies pattern of the middle Permian Barren
Measures Formation, Jharia basin, India:

The sedimentary response to basin tectonics

Prabir Dasgupta

Department of Geology, Presidency College, 86/1 College Street, Kolkata 700 073, India.
e-mail: pdggeopc@cal3.vsnl.net.in

In the Lower Gondwana succession of the Jharia basin of eastern India, the Barren Measures
Formation is characterized by the cyclic disposition of fine-grained lacustrine deposits and relatively
coarse-grained fluvial deposits. The cyclic variation in the rate of coarse clastic input is attributed
to the sedimentary response to basin tectonics. The sandstone–shale alternations of the Barren
Measures succession can be correlated with the tectonic cyclothems developed on the hangingwall
dip-slope and adjoining trough in a continental half-graben setting. Enhancement of the gradient
of the hangingwall dip-slope during reactivation of the basin margin faults led to progradation of
the existing fluvial system towards the half-graben trough and deposition of the coarser clastics
on the fine-grained lacustrine deposits of the trough. Peneplanation of the hangingwall slope and
slow increase in the lake level caused lacustrine transgression and retrogration of the fluvial sys-
tem on the hangingwall block. The fluvial sediments were onlapped by the fine-grained lacustrine
deposits. Episodic rejuvenation of the basin margin faults thus caused development of tectonic
cyclothem on the hangingwall block. The paleocurrent pattern indicates that a persistent north-
ward paleoslope was maintained during Barren Measures sedimentation. The inferred depositional
settings were much more extensive than the present limit of the outcrop. The faults, presently
defining the northern limit of the Barren Measures Formation, were possibly emplaced after Barren
Measures sedimentation. The final movement along these fault planes caused preservation of the
downthrown hangingwall block and the Barren Measures sediments on the footwall block were
eroded during subsequent denudation. The Southern Boundary Fault came into existence after
the deposition of the Barren Measures sediments.

1. Introduction

The role of basin tectonics in influencing sedi-
mentation processes has long been recognized in
sedimentological literature (Alexander and Leeder
1987; Leeder and Gawthorpe 1987). Basin tecton-
ics results in recognisable imprints in the archi-
tecture of the basin-fills, and recognition of these
signatures leads to reconstruction of the tectono-
sedimentary history of the basin. The Barren Mea-
sures Formation (middle Permian) of the Lower
Gondwana succession of the Jharia basin, India,
displays a complex arrangement of a large variety

of siliciclastic facies associations related to varia-
tions in the depositional milieu. The present study
aims at an appraisal of the role of basin tectonics
on the disposition of distinctive facies associations
and the reconstruction of tectono-sedimentary
evolution of the basin.

2. Geological setting

The Jharia basin, a part of the east–west aligned
Damodar-Koel group of Gondwana basins of India,
lies between latitudes 23◦37′N and 23◦52′N and
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Table 1. Stratigraphic subdivisions of the Barren Measures Formation, Jharia basin, India.

Members Broad depositional
Formation After Fox (1930) Present proposition environment

Raniganj Formation

Mahuda Ridge Sandstone Mahuda Ridge Sandstone (50 m) Fluvial
? ? Jamunia Shale (100 m) Lacustrine

Jamuniatanr Sandstone (230 m) Fluvial
Barren Measures Hariharpur Shale Hariharpur Shale (24 m) Lacustrine

Formation Petia Sandstone Katri Sandstone (28 m) Sub-lacustrine fan
Tetengabad Shale (182 m) Lacustrine with periodic

fluvial influx
Petia Sandstone (77 m) Fluvial

Shibabudih Shale Shibabudih Shale (148 m) Lacustrine

Barakar Formation

longitudes 86◦5′E and 86◦30′E (figures 1A, B).
About 3000 m thick successions of Lower Gond-
wana (Permian) rocks, preserved within this basin,
outcrops over an area of about 465 km2. The
sedimentary succession, unconformably overlying
the Archean gneissic basement, starts with the
glaciogenic sediments of the Talchir Formation
followed upward by fluvial and fluvio-lacustrine
sediments successively of the Barakar, Barren Mea-
sures and Raniganj Formations (Fox 1930; Mehta
and Murthy 1957; Sengupta et al 1979) (figure 1B),
deposited within an intracratonic extensional set-
ting (Ghosh and Mukhopadhyay 1985).

The Barren Measures Formation, approximately
750 m thick, outcrops in the central part of the
basin and its northern and eastern boundaries
are defined by a number of regional faults against
the Barakar Formation (figure 1C) (Fox 1930;
Ghosh and Mukhopadhyay 1985). The conformable
relationship between the two is seen only in the
southeastern part of the basin. Towards the south,
the Barren Measures Formation abuts against
the Archean basement along the Southern Bound-
ary Fault (figure 1B). In the western part, the
Raniganj Formation conformably overlies the Bar-
ren Measures Formation. The northern boundary
of the elliptic outcrop the Raniganj Formation is,
however, marked by the Jamunia Fault (figure 1C).
The structural style of the Barren Measures rocks
defines two broad regional folds, the doubly plung-
ing Shewabudih Synform and the Telmuchu Syn-
form, separated by an east–west trending regional
horst (Parbatpur High) (figure 1C).

3. Stratigraphic and depositional
framework

Fox (1930) pointed out that the Barren Measures
Formation is characterized by alternate appear-
ance of shale- and sandstone-dominated units, and

recognized four members of the Barren Mea-
sures Formation (table 1). Sengupta et al (1979)
and Mukhopadhyay (1984) considered the shale-
dominated members as lacustrine deposits and the
sandstone-dominated ones as of fluvial origin, and
suggested that advancing fluvial systems period-
ically interrupted the lacustrine condition. The
present study reveals that based on distinctive
lithological attributes, the Barren Measures suc-
cession can be subdivided into eight distinct units,
and a ‘member’ status can be assigned to each
of them (table 1). The lacustrine origin of the
shale-dominated members, as inferred by the ear-
lier workers (Sengupta et al 1979; Mukhopadhyay
1984), is indicated by the following:

• The shale-dominated members alternate with
sandstone-dominated members of fluvial origin.
Even the thickest shale-dominated member, the
Tetengabad Shale, bears the signature of fre-
quent fluvial influx. Rapid fluvial-offshore facies
changes are suggestive of lacustrine environment
(Picard and High 1972).

• In general, very low fossil content (as compared
to the Barakar and the Raniganj Formations)
characterises the Barren Measures Formation.
The shale-dominated members, at places, record
excellent preservation of some plant fossils, of
which Vertebraria and Glossopteris are the most
common varieties. Preservation of flattened,
whole leaves in the Shibabudih Shale and the
Jamunia Shale suggests quiet water deposition
(Picard and High 1972). Profuse development of
Vertebraria, in particular, suggests deposition in
continental setting.

3.1 Shibabudih Shale

In the southeastern part of the basin, to the
south of the Parbatpur High, the Barren Measures
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Formation is solely represented by the Shibabudih
Shale (148 m thick). This member is best exposed
along Shibabudih (local pronunciation – She-
wabudih) Stream (figure 2) and overlies the braid-
plain deposits of the Barakar Formation (Casshyap
1979) exposed along the Damodar River. The con-
tact between them is not exposed due to thick soil
cover, though the attitudes of the bedding planes
suggest a conformable relationship.

Alternate appearance of carbonaceous shale
(ShCARB) and argillaceous sandstone (SdARG) char-
acterise the lower part (122 m) of the Shibabudih
Shale with the local presence of wave-rippled sand-
stone (SdWRL). The dark grey carbonaceous shale
occurs as 6.5 to 24 m thick, laterally extensive tab-
ular bodies with sharply defined confining surfaces.
Impressions of Glossopteris are found within these
carbonaceous shales. The shale often contains dis-
tinct layers (4 to 7 cm thick) of siderite and specks
of pyrite.

The argillaceous sandstone (SdARG) (0.8 to
about 9 m thick) units have sharp contact with the
underlying carbonaceous shale. The sandstones are
crudely bedded (bed thickness varies between 7 and
15 cm), defined by laterally impersistent micaceous
partings or thin argillaceous layers. This sandstone
(SdARG) occasionally grades upward into the wave-
rippled fine-grained sandstone (SdWRL). The thick-
ness of SdWRL facies varies from 0.7 to 1.2 m. Ripple
profiles are either round or chevron type.

In the upper part (36 m) of the Shibabudih
Shale, a few isolated channel-fills of trough cross-
bedded medium to coarse- grained sandstone
(SdTCB) (about 2 to 2.5 m thick) occur within rela-
tively fine-grained argillaceous sandstone (SdARG).
The width of these sandstone bodies rarely exceeds
40 m. The facies is characterized by cosets (average
set thickness 0.2 m) of trough cross-beds without
any internal second order surface.

Laterally extensive tabular geometry of shale
with persistent lamination indicates suspension
fall-out over an extensive area under tranquil con-
ditions. High content of organic matter and occur-
rence of pyrite and siderite are suggestive of an
overall anoxic condition. Talbot and Kelts (1990)
have demonstrated that formation of siderite
through bacterial decomposition of organic matter
is an important diagenetic process in organic-rich
lacustrine mud.

The lateral extent and great thickness of the
argillaceous sandstone units suggest deposition
from sediment-laden flows with very high concen-
tration of sediments. Paucity of bedding planes
might have been caused due to quick sedimenta-
tion from high-density viscous flows. Occurrence
of micaceous partings and thin argillaceous lay-
ers, on the other hand, indicate emplacement of
successive non-turbulent flows. Hence deposition

of the argillaceous sandstone can be attributed
to periodic influx of mass flow. The wave-
rippled sandstone (SdWRL) indicates deposition
above the fair-weather wave base under continuous
oscillatory flow.

The lower part of this member indicates that an
overall reducing environment prevailed in this part
of the basin over a long period, and sedimentation
took place under quiet condition in a sub-basin
separated from the main basin by the Parbat-
pur High (cf. Ghosh and Mukhopadhyay 1985).
The tranquility was periodically interrupted by the
influx of sediment-laden flows. The wave-rippled
sandstones above argillaceous sandstone units
point to the episodic shallowing of the sub-basin.
During the late phase of deposition the loci of
sedimentation of the Shibabudih Shale extended
northward beyond the Parbatpur High. The
presence of isolated channel-fills (SdTCB) within
argillaceous sandstone in the upper part of the
Shibabudih Shale indicates occassional prograda-
tion of fluvial system due to shallowing of the
basin.

3.2 Petia Sandstone

The Petia Sandstone conformably overlies the
Shibabudih Shale, and occurs to the north of the
Parbatpur High. Two distinct facies associations
can be identified within the Petia Sandstone. The
lower part (approximately 2.7 m thick) is repre-
sented by the facies association FAP1 (figure 2),
which starts with a 0.8 m thick, laterally exten-
sive, plane-bedded fine-grained sandstone (SdPL)
with profusely developed, elongate groove casts
and flute casts at the base (figure 3). This facies
is overlain by about 0.6 m thick, fine-grained sand-
stone with hummocky cross-stratification (SdHCS)
(figure 4). The hummocks are of varied dimen-
sion, and the wavelength varies between 0.8 and
1.9 m. The SdHCS is followed upward by 1.3 m thick
laterally extensive tabular body of thinly bedded
fine-grained argillaceous sandstone (SdARG). This
association more or less conforms to the ideal HCS
succession (Dott and Bourgeois 1982, 1983; Walker
et al 1983; Martel and Gibling 1991) excepting the
absence of wave-rippled interval.

The upper part (about 74 m) of the Petia Sand-
stone is represented by the facies association FAP2.
The trough cross-bedded sandstone (SdTCB),
plane-bedded fine-grained sandstone (SdPL),
argillaceous sandstone (SdARG), fine- to medium-
grained sandstone with climbing ripple lamination
(SdCRL) and grey shale (ShGREY) are the main
constituents of this association. The fine-grained
sediments (SdFG, SdARG, SdCRL and ShGREY) occur
as laterally extensive tabular bodies (figure 5), and
constitute a sub-association (SAP1) with a distinct
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Figure 3. Groove-casts at the base of fine-grained sandstone
beds of the Petia Sandstone, Damodar River Section (the
scale is 15 cm long).

Figure 4. Hummocky cross-stratification showing thick-
ening of laminae into the depression, Petia Sandstone,
Damodar River Section (the hammer is 32 cm long).

fining-upward character (figure 2). The thickness
of this sub-association normally varies between
2.8 and 5 m. The trough cross-bedded sandstone
(SdTCB) occurs as channel-fill sand bodies incised
within the fine-grained sediments of SAP1 and is
the sole member of the other sub-association SAP2.
The average thickness of these channel-fill sand-
stone units varies from 1.2 to 2.7 m, whereas the
channel width lies between 55 and 80 m. Absence
of internal erosional surfaces characterises these
channel-fills. Gravelly (up to 10 cm in diameter)
lag deposit with rip-up shale clasts at the base
of these channel-fills is very common. The over-
all architecture of this association (FAP2) marked
by tabular bodies of fine-grained sediments with
incised channel-fills points to a channel–floodplain
association. The successive channel-fills show a dis-
tinct tendency of gradual westward shifting. The
disposition of these channel-fills further suggests
lateral channel migration with very low rate of

Figure 5. Typical floodplain deposit (sub-association
SAP2) of the Petia Sandstone, Damodar River Section. Lat-
eral persistence of the bedded units is noteworthy. The
haversack (encircled) is for scale.

Figure 6. Part of a large fluid escape structure and asso-
ciated contorted laminations in facies SdPDS of the Petia
Sandstone (the marker pen is 14.5 cm long), Damodar River
Section.

contemporaneous subsidence (Miall 1985). Rota-
tion of paleoflow direction towards the west has
also been recorded within the channel-fills in the
upper part of the succession (figure 1D). Besides
the sub-associations described above, two beds
of intensely fluidised fine-grained sandstone with
large (about 2 m long) fluid escape structures
(SdPDS) (figure 6) were encountered within Petia
Sandstone succession. The fluidised sandstone lay-
ers are overlain by plane-bedded fine-grained sand-
stone with parting lineation (SdPL) (occasionally
with current crescents).

Hummocky cross-stratification indicates depo-
sition by storm-generated waves (Harms et al
1975; Dott and Bourgeois 1982, 1983; Duke 1985,
1987). Experimental studies by Southard et al
(1990) reveal that hummocky cross-stratification
can be generated during sediment fallout from
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Wave ripples

Parting lineations

Figure 7. Photograph showing interbedded wave-rippled
sandstone (SdWRL) and plane-bedded sandstone with part-
ing lineation (SdPL) of the Tetengabad Shale, Katri River
Section (the hammer is 32 cm long).

Figure 8. Planar cross-bedded sandstone (SdPCB) with
borings from the Tetengabad Shale. Tabular to tangential
character of the foresets is apparent, Katri River Section.

strong purely oscillatory flows at moderate-to-long
oscillation periods. According to Walker (1984),
hummocky cross-stratification is best preserved
below fair-weather wave base, but Duke (1985,
1987) pointed out that the lacustrine hummocky
cross-stratification, generated by minor storms,
may also be preserved in very shallow water.
Martel and Gibling (1991) described hummocky
cross-stratification from lacustrine deposits of Hor-
ton Bluff Formation of Canada. Greenwood and
Sherman (1986) reported the HCS from the surf
zone of Lake Huron. The nature of groove-fills,
found at the base of fine-grained sandstone, closely
resembles those commonly found within tempestite
deposits (Myrow and Southard 1996). The overly-
ing thinly bedded argillaceous sandstone (SdARG)
indicates rapid deposition from suspension cloud
following the recession of high energy wave action

at current velocities below those required for
the genesis of ripples (Reineck and Singh 1972;
Martel and Gibling 1991). This type of suspension
clouds can be generated by shoaling waves (Rei-
neck and Singh 1972; Clarke et al 1982). In the
present succession, a radical change in the deposi-
tional setting, immediately after the appearance of
hummocky cross-stratification, is well documented.
The facies association FAP1, in conjunction with
the underlying succession of Shibabudih Shale,
indicates an overall shallow lacustrine setting,
while the facies mosaic of remaining part of the
Petia Sandstone (facies association FAP2) sug-
gests emplacement of fluvial setting in this part
of the basin. Hence, an event of lacustrine regres-
sion, possibly in response to reactivation of the
basin margin faults in the north, can be inferred.
Intermediate phases of tectonic reactivation dur-
ing deposition of the Petia Sandstone are indicated
by the appearance of fluidised sandstone layers.
Probably the riverine flows became incompatible
with the channel system due to enhancement of
slope during tectonic reactivation and unconfined
flows came into existence. The appearance of plane-
bedded sandstone with parting lineation above the
fluidised sediments thus suggests the prevalence of
supercritical unconfined flow following the episode
of fluidisation. The trend of paleoflow indicated
by these parting lineations does not deviate much
(well within 10◦) from the flow direction of the
associated channel-fills.

3.3 Tetengabad Shale

The Tetengabad Shale overlies the Petia Sand-
stone, and is characterised by a cyclic repeti-
tion of shale and sandstone, the former being the
dominant constituent (figure 2). The cycle thick-
ness gradually decreases upward. Each cycle starts
with carbonaceous shale (ShCARB) (thickness varies
from 3 to 9 m) grading upward into a heterolithic
sequence of fine-grained wave-rippled sandstone
(SdWRL) interbedded with thin layers of grey shale
(ShGREY) or occasionally with plane-bedded fine-
grained sandstone with parting lineation (SdPL)
(thickness varies between 1 and 3 cm) (figure 7).
Trough cross-bedded, medium- to coarse-grained
sandstone units (SdTCB) are found incised within
interbedded sandstone-shale. Slump folds com-
monly occur within silt rich shale (ShGREY) below
the cross-bedded sandstone beds (figure 9). The
sand-dominated heterolithic units vary from 80 cm
to 3.5 m in thickness, and are followed upward
by medium-grained planar cross-bedded sandstone
(SdPCB). The sandstone units (SdPCB) (figure 8)
are tabular in nature (40 to 80 cm thick), and
are laterally traceable for a few tens of metres. A
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Figure 9. Slump structure within silt-rich grey shale of the
Tetengabad Shale, Katri River Section.

Figure 10. Exposure of the Katri Sandstone showing later-
ally extensive sheet-like sandstone apron with outsized clasts
(inset), Katri River Section.

characteristic feature of this succession is the abun-
dance of trace fossils within the upper part of each
cycle. These are in the form of burrows, borings,
negative and positive epirelief.

The carbonaceous shale (ShCARB) implies that
suspension fall-out under tranquil conditions
prevailed for a long time. A high content of car-
bonaceous material indicates an overall anoxic
condition in a lacustrine setting. Lacustrine regres-
sion is marked by the appearance of sand-
dominated heteroliths in the upper part of each
cycle. Development of multiple cycles points to
multiple events of retrogradation and progression.
Emplacement of tabular units of trough cross-
bedded sandstones indicates progradation of fluvial
system.

3.4 Katri Sandstone

Around the point of confluence of Katri and
Khudia rivers (figures 1 and 3) a sandstone deposit,
the Katri Sandstone, outcroping over an area of
approximately 1.5 km2, appears as a lensoid body

LD

CB

A

B

Figure 11. (A) Stacked channel-fills of the Katri Sand-
stone, Katri River Section. Distinct concordant bedset (CB)
is seen in the lower right channel fill. Broad round- bottomed
nature of the channel geometry is apparent. The whole stack
is resting above the older lacustrine deposit (LD) exposed
along the river bed. The white bar is 4 m long. (B) Tab-
ular fine-grained sandstone of older lacustrine deposit with
wave-rippled surface. The Brunton Compass (encircled) is
for scale.

between the Tetengabad Shale and the overlying
Hariharpur Shale.

The Katri Sandstone comprises laterally exten-
sive, gently dipping sheet-like sandstone bodies
with incised channel-fill deposits. The sheet sand-
stones (SdSTR) are planar stratified with bed thick-
ness varying between 30 and 72 cm (figure 10).
The sandstones are coarse-grained, poorly sorted
and often contain small amounts of granules and
pebbles and a few out-sized (largest one measures
17 cm in diametre) clasts.

The channel-fill sandstone deposits, incised
within the sandstone sheets show a uniform
broad round-bottomed geometry (figure 11A). The
width/depth ratio, estimated from a few better-
preserved channels, varies approximately between
7 and 13.5. Two distinct bed geometries are iden-
tified within these channel-fills:

(1) concordant bedsets in approximate conformity
with the round-bottomed geometry of the
channel, and

(2) semicylindrical beds without internal strati-
fication.

In the southeastern part, the Katri Sandstone
is dominated by the sheet sandstone with a few
channel plug deposits, and in the northwestern
part, it shows alternate disposition of the stacked
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Figure 12. Photograph showing the laterally extensive bed-
ded character of the Jamuniatanr Sandstone.

channel-fills and the sandstone sheets. The suc-
cessive sandstone sheets, particularly those sep-
arated by stacked channel-fills, often display a
poorly defined radial pattern of dip. In the Katri
River section the channel-fill sandbodies curved
down, with a marked fall in channel gradient
and tangentially overlaid the relatively low-dipping
wave-rippled sandstone of the Tetengabad Shale
(figure 11B).

Laterally extensive sheets of coarse-grained
sandstone showing planar stratification have been
reported from many catastrophic sheet flood
deposits, and attributed to deposition from swift,
heavily sediment-laden turbulent flows (Harrison
and Fritz 1982; Smith 1986; Smith and Lowe 1991).
The presence of scattered out-sized clasts further
suggests that the flow was competent to transport
cobbles in suspension and attest to simultaneous
deposition of sand and cobbles (Smith 1986).

Smooth round-bottomed geometry, in particular,
suggests that the channels were completely filled in
with fluid (Fisher 1977) and substantiates the sub-
aqueous condition. The experimental observations
by McKee (1957) suggest that these channels had
been carved within unconsolidated cohesionless
sediment by submerged turbulent flows, filled up by
subsequent submerged flow or by suspension fall-
out. In either situation, the channel is concordantly
filled but in the former case the strata thicken
towards the bottom, and in the latter case the
thickness remains the same. The semicylindrical
massive channel-fills (SdCPLG) are characterised by
poorly sorted pebbly sandstone composed mainly
of grains ranging between fine sand and coarse peb-
bles. The fillings are interpreted as channel plugs
rapidly deposited from sediment-laden turbulent
flow (Dasgupta 2002a).

Dasgupta (2002a) carried out a detailed facies
analysis of the Katri Sandstone, and interpreted
this deposit as a sublacustrine fan, and related

it to an intrabasinal normal faulting of limited
lateral extent. Accumulation of the clastic input
within the associated hangingwall syncline led to
the formation of the sublacustrine fan within a
broad lacustrine setting.

3.5 Hariharpur Shale

The Hariharpur Shale is represented by laterally
extensive carbonaceous shale (ShCARB) overlying
the Tetengabad Shale and the Katri Sandstone,
and attains a maximum thickness of about 24 m in
the type section, the Katri River section (figure 2).
The shale is dark grey, evenly laminated, fissile
and highly fragile, and contains a high amount of
carbonaceous matter. In the Damodar River sec-
tion impressions of Vertebraria are found preserved
within this shale.

The presence of carbonaceous material, Verte-
braria and laterally persistent lamination collec-
tively suggest that the shale was deposited under
tranquil, deep-water lacustrine condition.

3.6 Jamuniatanr Sandstone

The Jamuniatanr Sandstone, comprises a thick
succession of very fine to medium-grained (occa-
sionally coarse-grained) sandstone and shale, and
conformably overlies the Hariharpur Shale in
the Damodar River and Khudia River sections. In
the Jamunia River section, the Jamuniatanr Sand-
stone is about 230 m thick, and is best exposed
below the railway bridge near the Jamuniatanr
Railway Station (figure 2).

The succession is characterised by cyclic repeti-
tion of fining-upward sequences showing an upward
transition from medium to coarse-grained sand-
stone with planar cross-bedding (SdPCB) through
medium to fine-grained sandstone with climbing
ripple laminations (SdCRL), to laminated very fine-
grained silty sandstone (SdFG)-grey shale (ShGREY)
heterolithics. Medium to fine-grained sandstone
with convolute bedding and fluid escape structure
(SdPDS) frequently appears within this succession.
Laterally extensive tabular geometry characterises
the constituent facies (figure 12). A few channel-
fills of trough cross-bedded sandstone (SdTCB)
occur within laminated silty sandstone–shale
heterolithics.

Altogether 28 fining-upward cycles have been
identified in the Jamunia River section. In the lower
part of the succession the thickness of cycles ranges
between 8 and 10 m, in the middle part the aver-
age value is about 16 m, and in the upper part
the cycles tend to become thinner (about 2 to 6 m
thick).

Dominance of planar-tabular cross-beds as well
as tabular geometry of the sandstone beds at the
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basal part of the fining-upward sequence indicate
deposition from low velocity flows within broad
and shallow channels (Rust and Gibling 1990). The
climbing ripple laminated beds indicate deposi-
tion from virtually unconfined, waning flood flows.
The overall character indicates a distal braid-plain
setting (Miall 1996). The thinly laminated silty
sandstone (SdFG), appears to be a product of sus-
pension fall-out over a vast area. The channel-fills,
within the laminated silty sandstone–grey shale,
indicate occasional development of channelised
flow.

3.7 Jamunia Shale

In the Jamunia River section, the Jamuniatanr
Sandstone is conformably overlain by about 100 m
thick dark grey shale (ShCARB) rich in carbon-
aceous matter (figure 2). Large carbonate concre-
tions (largest one measures 3.4 m in diametre)
containing leaf impressions (Glossopteris) are
found within this shale. The upper part of this
shale succession records rich concentration of
Vertebraria.

The thick accumulation of carbonaceous shale
indicates slow suspension fall out under quiet,
anoxic condition. The presence of Vertebraria indi-
cates deposition under continental condition and
a deep lacustrine setting can be inferred. Preser-
vation of flattened, whole leaves of Glossopteris
within carbonate concretions also suggests quiet
water deposition (Picard and High 1972). The
carbonate concretions are unique to the Jamunia
Shale.

3.8 Mahuda Ridge Sandstone

The sandstone succession overlying the Hariharpur
Shale was described by Fox (1930) as the Mahuda
Ridge Sandstone. This sandstone succession is
exposed along two prominent east–west trending
parallel ridges lying to the north and south of
the elliptic exposure of the Raniganj Formation
(figure 2).

The Mahuda Ridge Sandstone is about 50 m
thick, and comprises coarse-grained sandstone
with trough cross-bedding (SdTCB) and medium
to coarse-grained planar cross-bedded sandstone
(SdPCB) as the major constituents. The former
variety dominates over the latter. Silty shale
(ShGREY) occurs as a very minor constituent. The
cross-sets are about 20 to 30 cm thick and form
about 1.5 to 2 m thick cosets bounded by approxi-
mately planar to concave-up surfaces.

The disposition of two major facies of the
Mahuda Ridge Sandstone resembles a broad chan-
nel complex formed by lateral channel migra-
tion or switching with moderate contemporaneous

subsidence (Miall 1985). The nature of the chan-
nel stacks and minor proportion of flood plain
fines suggest a braided-channel depositional envi-
ronment (Rust and Gibling 1990).

4. Paleocurrent pattern

Cross-bedding, both trough and planar, has been
primarily used for acquisition of paleocurrent data.
Precise methods (Dasgupta 1995, 2002b) have been
adopted for utilisation of all available sections for
the purpose. The overall paleocurrent pattern indi-
cates a dominance of northward flow during the
major part of the Barren Measures sedimenta-
tion (figure 1D). The trough cross-sets encoun-
tered in the upper part of the Shibabudih Shale
indicate a mean paleoflow direction towards the
northeast (33◦) (sector 1, figure 1D). This trend
correlates well with the mean paleoflow direction
(44◦) of the lower part of the Petia Sandstone (sec-
tor 2, figure 1D). A change in paleoflow direction
towards north–northwest is observed in the upper
part of the Petia Sandstone (mean flow direction
332◦) (sector 3, figure 1D). It was further shifted
towards northwest during the deposition of the
Tetengabad Shale (mean flow direction 304◦) (sec-
tor 4, figure 1D). The orientation of channel axes
in the overlying Katri Sandstone again shifted back
towards north–northeast (mean flow direction 17◦)
(sector 6, figure 1D). The Jamuniatanr Sandstone
(mean flow directions 7◦, sector 5, and 344◦, sec-
tor 9, figure 1D) and Mahuda Ridge Sandstone
(mean flow directions 12◦, sector 7, and 351◦, sec-
tor 8, figure 1D) record a northward paleoflow
direction. Hence, in five sectors the mean paleoflow
direction is towards north–northeast, in three sec-
tors it is towards north–northwest and only in one
sector (sector 4) it is towards northwest. This con-
sistency in the paleocurrent pattern suggests that
a persistent northward paleoslope was maintained
during Barren Measures sedimentation.

5. Sedimentation and tectonics

The broad character of the Barren Measures suc-
cession under study is defined by a succession of
alternating shale- and sandstone-dominated units.
The shale-dominated units, in turn, are charac-
terised by cyclic repetition of sandstone and shale,
the latter being the major constituent. The cyclic
variations in the rate of coarse clastic input can
be attributed mainly to the sedimentary response
to basin tectonics. Blair and Bilodeau (1988) sug-
gested that in a tectonic cyclothem commencement
of fine-grained sedimentation above coarse-grained
deposits is the best indicator of renewed tectonic
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activity. On the basis of observations in modern
settings, they attributed this model to the dispar-
ity between the rates of tectonic uplift and erosion,
and the rate of response of different depositional
environments to tectonic reactivation. The most
compelling point in favour of this model, however,
is provided by changes in tectonic geomorphology
during reactivation of basin-bounding faults in a
rift basin. In a half-graben tectonic model, very
commonly developed in continental rift basins, the
upward motion of the footwall block extends up
to the fulcrum (figure 1, Leeder and Gawthorpe
1987) developing an outward regional slope of the
footwall block away from the fault scarp. During
fault motion, instantaneous unloading along the
fault plane causes isostatic upwarp of the footwall
block (Savage and Hastie 1966; Bott 1976). Jack-
son and McKenzie (1983) estimated this footwall
uplift to be about 10% of the hangingwall sub-
sidence. The changed physiography restrains sup-
ply of sediments derived from the footwall on the
steeply dipping fault scarp. Fresh supply from the
footwall block sets in only after the weathering and
erosion (at least partly) of this positive topogra-
phy, and deposition of coarser clastics would be
resumed during tectonic quiescence. Repeated tec-
tonic rejuvenation along the fault planes in quick
succession may inhibit derivation of the coarser
clastics from the footwall block as well as forma-
tion of cyclothems along the toe-zone of the fault
scarp.

Sedimentation on the hangingwall dip-slope
responds to the tectonic rejuvenation in a different
manner. The gradient of the hangingwall dip-slope
is enhanced during the tectonic events, and the
existing fluvial system progrades towards the half-
graben trough depositing coarser clastics on the
finer deposits of the trough. During this basin sub-
sidence, deepening of the basin along the base
of the fault causes instantaneous lacustrine trans-
gression on the footwall block and regression on
the hangingwall block (Leeder and Gawthorpe
1987). The prograding fluvial system on the hang-
ingwall dip-slope comes above the shallow lacus-
trine sediments and deposits coarser clastics. With
continuous fluvial sedimentation, peneplanation of
the hangingwall slope and diminishing supply of
coarser clastics, slow increase in the lake level
causes lacustrine transgression and retrogration
of the fluvial system on the hangingwall block.
The coarse-grained fluvial deposits are onlapped
by finer grained lacustrine sediments generating a
cyclothem. Figure 13 illustrates the stages of devel-
opment of tectonic cyclothem on the hangingwall
block.

The sandstone–shale alternations of the Barren
Measures succession can be correlated with the
tectonic cyclothems developed on the hangingwall

dip-slope and the adjoining trough. The footwall-
derived fans are, however, conspicuously absent,
indicating that the basin was much more exten-
sive than the present limit of the Barren Mea-
sures exposure. The faults presently defining
the contacts between the rocks of the Barren
Measures Formation and the Barakar Formation
possibly came into existence after Barren Measures
sedimentation.

The lower part of the Shibabudih Shale indicates
deposition broadly under deep-water condition
within an isolated sub-basin with periodic influx
of sediment-laden flows. The wave-rippled sand-
stones indicate occasional prevalence of shallow-
water condition. The shift from shallow-water to
deep-water condition did not have any signature
of penecontemporaneous deformation within the
argillaceous sandstone, and a slow rate of aseismic
subsidence is inferred. During the deposition of the
upper part of the Shibabudih Shale the sub-basin
merged with the main basin. The advancing flu-
vial system during the deposition of the overlying
Petia Sandstone points to a major event of lacus-
trine regression. Lateral shifting of the successive
channels and swing in paleocurrent directions
towards west indicate gradual westward tilting of
the basin floor. Intermittent events of tectonic
reactivation are suggested by the development of
large fluid escape structures within sandstone. The
Petia Sandstone broadly represents the fluvial suc-
cession developed on the hangingwall dip-slope.
The Tetengabad Shale also bears the character
of a tectonic cyclothem. Periodic advancement of
fluvial condition can be attributed to the onset
of tectonic subsidence. The sandstone units are
devoid of any signature of penecontemporaneous
deformation though, slump structures within silty
shale underlying the cross-bedded sandstone bears
the signature of instability. The Katri Sandstone
represents a sublacustrine fan deposit within the
lacustrine setting caused by an intrabasinal nor-
mal fault in the hangingwall block. The Hari-
harpur Shale and the Jamunia Shale do not record
any intermediate phases of fluvial influx and were
possibly deposited during uninterrupted phases of
tectonic quiescence. The Barren Measures sedi-
mentation ended with the advancement of fluvial
condition, which is evident from the Mahuda Ridge
Sandstone in the western part of the basin.

The preceding discussion reveals that the Bar-
ren Measures sedimentation was initiated in the
eastern part of the basin and gradually proceeded
towards west. Hence, the basin floor underwent a
gradual tilting towards west about an axis per-
pendicular to the direction of basin extension.
The spatial distribution of the Barren Measures
facies indicates that the geographic extent of differ-
ent depositional settings were possibly much more
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Figure 13. Schematic diagrams showing different stages of development of tectonic cyclothem on the hangingwall dip-slope
in a half-graben setting. Stage-I: (A and B) The lacustrine condition developed along the axial trough of the half-graben
and the fluvial system on the hangingwall dip-slope is flowing towards the axial trough. Stage-II: (C and D) Subsidence due
to reactivation of the fault caused fall in the lake level leading to the lacustrine regression on the hangingwall dip-slope and
progradation of the fluvial system towards the axial trough, leading to deposition of fluvial sediments above the preexisting
lake deposits. Stage-III: (E and F) Slow rise in the lake level and lacustrine transgression on the hangingwall dip-slope and
consequent retrogradation of the fluvial system. The pre-existing fluvial deposit is buried under the lacustrine sediments.

extensive than the present outcrop limit of differ-
ent units of this formation.

Ghosh and Mukhopadhyay (1985) suggested
that the basin subsidence during the Barren
Measures sedimentation was controlled by the
Southern Boundary Fault. This proposition,
however, is not supported by the conspicuous
absence of coarser clastics along this regional
fault and northerly paleocurrent away from the
fault. The oblique truncation relation between the

bedding planes and this regional fault also indicate
that the fault was emplaced after the Barren
Measures sedimentation.

Hence, over major parts of this sedimentation
history, the basin passed through phases of tec-
tonic quiescence. Three major phases of tectonic
rejuvenation are evident from the advancement of
the fluvial condition indicated by the Petia Sand-
stone, Jamuniatanr Sandstone and Mahuda Ridge
Sandstone.
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6. Conclusions

The Barren Measures Formation (middle Permian)
of the Lower Gondwana succession of the Jharia
basin developed through fluvial–lacustrine interac-
tion in a tectonically active half-graben basin. The
succession is characterised by alternate disposition
of shale- and sandstone-dominated units.

The cyclic variation in sediment caliber reflects
sedimentary response to episodic rejuvenation of
basin margin faults. The tectonic cyclothems of
different orders can be identified within the Barren
Measures succession.

The cyclothems formed by alternation of coarse-
grained fluvial deposits emplaced on the hang-
ingwall dip-slope and finer grained sediments
deposited in adjacent lakes in a half-graben set-
ting. Recurrent seismic/tectonic trigerring of the
basin is also indicated by soft sediment deforma-
tion structures in different stratigraphic units.

The fluvial system was marked by a remark-
ably persistent northerly paleocurrent and sedi-
ment dispersal attesting to a northerly paleoslope
throughout Barren Measures sedimentation. The
loci of deposition were delimited by an E–W trend-
ing basin margin fault system further north of the
present limit of the outcrop.

The Southern Boundary Fault did not exert any
control on sedimentation as suggested by the ear-
lier workers, and developed after the deposition of
the Barren Measures sediments.
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