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ABSTRACT

Patranabis-Deb S & Chaudhuri AK 2008. Sequence evolution in the eastern Chhattisgarh Basin: constraints on
correlation and stratigraphic analysis. The Palaeobotanist 57(1-2) : 15-32.

The Proterozoic succession in the eastern part of the Mesoproterozoic Chhattisgarh Basin comprises two
unconformity-bounded sequences. Sequence | represents the Chhattisgarh Supergroup of earlier workers. It overlies rocks
of the basement complex with a profound unconformity. Sequence Il unconformably overlies Sequnce |, and represents
the closing phase of basin evolution during the early Neoproterozoic time. It is unconformably overlain by rocks of the
Gondwana Supergroup.

The Lohardi and Gomarda formations at the lower part of the Chandarpur Group of Sequence | comprise an
immature succession of conglomerate, sandstone and shale deposited in fan-delta - pro-delta environments, marked by
rapid facies changes, variable rates of sediment influx, and uneven rates of subsidence and creation of accommodation
space. The Kansapathar Sandstone in the upper part of the Chandarpur Group, by contrast, comprises a sheet of mature
arenite deposited in a macrotidal shelf. The immature assemblage is best developed in the eastern part of the basin, and
rapidly thins out towards west, where the Kansapathar arenite directly overlies the basement. The Raipur Group provides
an excellent example of cyclic sedimentation of red shale and limestone. It comprises three shale-dominated intervals and
two carbonate-dominated intervals, organized into multiple shallowing-up cycles. The lower carbonate succession, the
Sarangarh Limestone, developed as a shallow water un-rimmed platform and evolved into a deep water ramp, with an
extensive thin sheet of black limestone facies. Stromatolites are conspicuously absent in the Sarangarh Limestone. Small
stromatolite bioherms appear in the Gunderdehi Shale which overlies the ramp succession, and abundant growth of
stromatolite is noted in the upper carbonate succession which evolved as a rimmed platform. A thick ignimbrite horizon
in the Churtela Shale attests to major felsic volcanism and termination of the Sequence at ~1000 Ma.

The Kansapathar Sandstone, the black limestone facies of the Sarangarh Limestone, and the Gunderdehi Shale
embedded with small stromatolite bioherms can be used as key marker horizons to overcome the problem of intrabasinal
correlation. The marker horizons can be traced from the western part to the eastern part of the basin. The stromatolites
in the Gunderdehi Shale and in the Saradih Limestone further provide a biostratigraphic frame, subject to detailed
morphologic and microstructural analysis, for possible chronostratigraphic classification.

Key-words—Chhattisgarh Basin, Mesoproterozoic, Lithostratigraphy, Controls on correlation, Stromatolites,
Biostratigraphy.
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INTRODUCTION Stratigraphic classification of the lower part of the eastern
Chhattisgarh succession and the implication of the
HE stratigraphic reconstruction on a basin-wide scale $tratigraphic architecture on basin evolution were discussed
the most fundamental requirement in basin analysis. Laak our earlier papers (Patranabis-Deb & Chaudhuri, 2002;
of accurately constrained correlation of stratigraphic sectioRatranabis-Deb, 2004). Summary of the stratigraphy was
may lead to unrealistic or even misleading interpretation pfesented in Patranabis-Debal. (2007, Fig. 2). This paper
major geologic events, such as sea-level changes, climairesents the complete stratigraphic succession in the eastern
shifts or tectonic perturbations. Stratigraphic correlation gfart of the Chhattisgarh Basin bounded by the eparchaean
unfossiliferous strata in physically discontinuous outcrops isconformity at the base and the sub-Gondwana unconformity
fraught with many uncertainties, particularly where that the top, detailed characterization of different formations,
succession is marked by highly heterogenous faci@asd comparison of the proposed classification with generally
assemblages or facies variations, or where major lithologaccepted classification for the western part of the basin.
units in a cyclic sequence are not embedded with characterigtitempt has been made to identify and characterize key beds
physical attributes. for correlating the successions in the western and eastern
The problems are acutely manifested in the stratigraprparts of the basin, as well as to facilitate future attempts to
analysis of the Purana basins of Indian peninsulapmpare and correlate the Chhattisgarh succession with other
where holistic basin analysis is still severely impededPurana successions of the South Indian craton. The approach
The Chhattisgarh Basin provides a classic example of suchintrabasinal correlation of unconformity- bounded
stratigraphic uncertainties, which is manifested bgequences has been adopted in view of the successful
the disagreements between different schemes application of the method in correlating major unconformity-
stratigraphic classification proposed by different workersounded cratonic sequences across the continents (Sloss,
(Fig. 1). Comparison of existing schemes of classificatiort972; Soares, 1978). Biostratigraphic significance of the
points to major differences between them which createcurrence of stromatolites in different lithostratigraphic units,
uncertainties in developing a holistic stratigraphic history fand its bearing in recognition of sea-level change and
the basin. correlation has been evaluated.
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Fig. 1—Stratigraphic classification of the Chhattisgarh succession by different authors. The column 5 from the left hapdesidets the
succession slightly modified from Das al. 1992.
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CHHATTISGARH BASIN 1999). Recent SHRIMP zircon dates of a pyroclastic horizon at
the upper part of the Raipur Group constrain an age of ~1000
The Chhattisgarh is a large Purana basin, with the basMa (Patranabis-Delet al., 2007) suggesting that the
filling succession covering about 36,000 sg. km of the Bast@hhattisgarh succession is primarily Mesoproterozoic,
cratonic block (Fig. 1). South of the main Chhattisgarh outcropsgtending a little into the early Neoproterozoic.
there are several smaller occurrences of Proterozoic The Chhattisgarh outcrop belt has been delimited on the
sedimentaries, lithologically similar to the Chhattisgarimorth and north-east by a major WNW-ESE trending fault zone
succession. These outcrops are often referred to as depdsiig. 3). The fault has brought up a thin slice of sandstone
of separate basins, such as, Khariar Basin, Ampani Basirgm the lower part of the Chhattisgarh succession. The
Indravati Basin and Sukma Basin (Fig. 2). However, there isdiciclastic outcrops along the south-east margin contains
prevailing view (Ahmad, 1958; Dutt, 1964; Ramakrishnan, 198Wedges of conglomerates and pebbly sandstones at multiple
Chaudhuret al., 2002) that the isolated outcrops are parts gfoints, which were deposited as alluvial fans and fan-deltas
a larger basin that was fragmented and separated by p¢Batranabis-Deb and Chaudhuri, 2007) suggesting that the
lithification faulting or doming up of the basement and erosiopresent day south-eastern margin of the outcrop belt
of structural highs. represents the basin margin during the early stage of basin
The Chhattisgarh succession unconformably overlies tpening. The western margin of the outcrop belt is fault
Archaean crystalline basement including the Sonakhd&mmunded. Small outcrops of conglomerates, pebbly
granite-greenstone belt and the Dongargarh-Kotri volcanisandstones and coarse sandstones, designated as Khairagarh
with a strong N-S trending structural grain. The K/Ar dates Gandstone (Dutt, 1964; Moitra, 1995), intertongue or intercalate
glauconitic minerals from the lower part of the sequence yieldth shale and limestones of the Raipur Group near the western
an age of 700-750 Ma (Kruezral, 1977). Murti (1987, 1996), margin, suggesting that the depositional basin margin was
however, places the sequence at 1250 to 1300 Ma on the basigfar off from the present day fault margin.
of palaeomagnetic studies, whereas assemblage of algal The Chhattisgarh succession attracted the attention of
stromatolites points to middle to upper Riphean age (Moitrgeologists for more than hundred years (Ball, 1877; King, 1885;
Dutt, 1964; Schnitzer, 1971; Murti, 1987; &asl, 1992; Moitra,
1995; Patranabis-Deb, 2001, 2004, 2005; Patranabis-Deb &
Chaudhuri, 2007; Patranabis-Dattal, 2007; Chakraborty &
Paul, 2008). Most of the earlier studies were focused on the
stratigraphic classification, mainly in the western and south-
central part of the basin (Dutt, 1964; Murti, 1987) where the
succession is characterized by prolific development of
stromatolites and mature sandstones, a characteristic stable
+peni  Nepa Hmabya platformal association. The eastern part, by contrast, comprises
a wide range of lithologies deposited in widely varying
conditions of sediment input, reworking, transport, and
% pathymetry of depositional interface (Das al, 1992;
Patranabis-Deb, 2004; Patranabis-Deb & Chaudhuri, 2007).
The succession is marked by remarkable facies variation, and
»  aregionally variable lithostratigraphy, resulting from uneven
rates of subsidence and creation of accommodation space in
different parts of the basin, and a complex stratigraphic
architecture.

tudy area

LITHOSTRATIGRAPHY

Chennai

. Proterozoic Basins . . . .
The stratigraphic succession in the eastern part of the

Chhattisgarh Basin and broad depositional environments of
™ & & % the deposits at formation level are shown in Fig. 4. Three major
unconformities divide the succession into two unconformity-
Fig. 2—Purana /Proterozoic basins and mobile belts of peninsular Indlgounded sequences. The maximum preserved thickness of
Ch, Chhattisgarh; K, Khariar; 1, Indravati; A, Ampani; S, Sukmagequence | is ~1900 m, and it is bounded by the sub-Lohardih

PGR, Pranhita-Godavari Rift; C, Cuddapabh; V, Vindhyan; T, Trans
Aravalli; MR, Mahanadi Rift; CITZ, Central Indian Tectonic nconformlty at the base, and by the sub-Sarnadih

Zone; EGMB, Eastern Ghats Belt. The Chhattisgarh Basin withisnconformity at the top. The Sequence Il has a preserved
the Bastar craton is bounded by rift basins and mobile belts. thickness of ~300 m, and is bounded by the sub-Sarnadih
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unconformity at the base and the sub-Gondwana unconformgsained and better sorted than Lohardih sandstones. However,
at the top. the transition from mud-dominated upper part of the Lohardih
The Sequence | corresponds to the ChhattisgaFormation to the mud-dominated basal part of the Gomarda
Supergroup of earlier workers, and comprises a lowdfprmation is too gradational to delineate a well defined
sandstone-shale dominated Chandarpur Group, and an uppentact. A pebbly to gritty sandstone at the uppermost
limestone-red shale dominated Raipur Group. The Sukhsfmatigraphic level within the zone of transition has been taken
tuff, dated to be ~ 1000 Ma in age by U-Pb SHRIMP analysis mark the contact between them. The Gomarda Formation
of zircon (Patranabis-Dedt al, 2007), occurs just below the has a thickness of ~650 m.
sub-Sarnadih unconformity and defines the top of the Raipur The Gomarda Formation passes upward to the
Group. The sub-Sarnadih unconformity and Sequence Il hakansapathar Sandstone through a narrow zone of transition.
been recognized for the first time. The Sequence Il has beEme Kansapathar Sandstone is characterized by high facies
designated as the Kharsiya Group, and has been divided iatmstancy, and is dominated by mature to supermature
two formations, the Sarnadih Sandstone and Nandeli Shalesirbarkose to quartzarenite. Shale and mudstones occur as
ascending order. It is directly overlain by Gondwana rocksubordinate components. The arenites formed as large
viz. Talchir and Barakar sandstones, across the sub-Gondwaheaaling-up tidal bars in a macrotidal shelf (Patranabis-Deb,

unconformity. 2005), and the bars coalesced into extensive sand sheets. The
Sandstone has a maximum thickness of ~60 m. Its lower and
CHARACTERIZATION OF FORMATIONS middle parts are characterized by profuse development of

symmetrical to slightly asymmetrical ripple marks mantling the

A comparison of different stratigraphic columns (Fig. 1par surfaces, whereas its uppermost part exhibits well
points to a highly variable stratigraphic architectures. Thdeveloped beach-stratification, desiccation cracks and
differences are marked by local development of a numberadhesion warts (see Fig. 8, 12 of Patranabis-Deb, 2005). The
formations, and disconformities in different sections, or bgssemblage of structures indicates that the Kansapathar
significant thickness variation between different sections. 8andstone developed as an overall shallowing- and fining-up
new scheme of stratigraphic nomenclature, so, has been usequence, with its uppermost part having been deposited at
for the units whose stratigraphic equivalents in central the upper intertidal to supratidal environments.
western parts of the basin are not well established, or which
shows major facies variations across the outcrop belt. RAIPUR GROUP

CHANDARPUR GROUP The Raipur Group has been classified into five formations,
3 intervals of reddish brown to red shale alternating with 2
The Chandarpur Group has been divided into threetervals of carbonate rocks.
formations, Lohardih, Gomarda and Kansapathar formations,
in an ascending order (Fig. 1). The siliciclastics exhibit Bijepur Shale
remarkable facies variation from west to east. The details of The Bijepur Shale overlies the bar sandstones of the
lithological attributes of these formations are given iKansapathar Formation (Fig. 4) and grades upwards to the
Patranabis-Deb (2004). basal brown interval of the Sarangarh Limestone through a
The Lohardih Formation has a maximum preservedhrrow zone of shale-limestone alternation. The preserved
thickness of 150 m, and is characterized by a heterogendhigkness of the shale is highly variable at different sections,
assemblage of conglomerate, sandstone and shale. &hd its maximum preserved thickness is about 100 m. The shale
sequence shows strong lateral facies variations betwdsrabsent at a few sections where limestone directly overlies
different lithologies, and is inferred as a tectonically controllethe Kansapathar Sandstone. The shale is dominantly brown;
fan-delta—pro-delta succession which developed at the initgreen shale occurs as a subordinate component at the basal
stage of basin opening (Patranabis-Deb & Chaudhuri, 200part of the Formation. The beds are in general 2-5 cm thick,
The basal part of the Formation is dominated by conglomerataad often exhibit millimetre thick internal lamination. Fine sands
pebbly sandstones and coarse sandstones, whereas its uppeéisilts occur locally, and coarser clastics are conspicuously
part is shale-dominated, characterized by lenticular bodiesaifsent. The fine sandy/silty beds exhibit either normal grading
coarse clastics enclosed within shale and mudstone. or Ta - b or Ta - c divisions of the Bouma sequence, and
The Lohardih Formation grades upward into the Gomardaiccessive beds occasionally exhibit very low angle
Formation which is also marked by strong facies variatiodjscordance between them. Well preserved outcrops the Shale
and comprises alternation of sandstone and shale on differarg locally found, such as in the Putka Nala section near Bijepur
scales. The Gomarda sandstones are, in general, much fiiage (21°34'53"N; 83°6'24"E).
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The relation between Chandarpur Group and the Raip -+
Group had previously been interpreted as unconformit :
doubtful unconformity or conformity. The controversy seem
to stem from poor exposure condition. The Kansapath
Sandstone and the Bijepur Shale occur within a few metre
each other though, direct contact between them has not b g=
observed anywhere. Despite assiduous search, we failec £
identify any evidence which can speak for an unconformit
between the two. The superposition of the Bijepur Shale
the fining-up Kansapathar Sandstone without any discernit
zone of transition appears to us as a most likely indication
rapid sea-level rise, expansion of the basin and retrogress %
of the shore line. The supply of sand was restricted to episo .
influx of fine sands and silts, either by sand-laden underflov..
or by storm-flows, depositing thin Bouma sequences in distéb. 5—Medium to fine grained sandstone body within gray limestone.
shelf areas.

R .

Sarangarh Limestone

Bijepur Shale and locally, as mentioned earlier, overlies ti gl
Kansapathar Sandstone with a sharp contact. It grades upw’=}
into the Gunderdehi Shale. The maximum thickness of tl
Formation is ~150 m. The Limestone contains several colot[fi::
defined stratigraphic intervals, e.g. brown, gray, black arf&:
mauve in an ascending order, which has been classified iI£%
two members, th&adhabhata Membeand theTimarlaga
Member

Ga_'dhabhata Memb_e_r__The Member IS_ best descrlbe(?IFi . 6—Gadhabhata limestone with intercalated glauconitic sandstone.
as a mixed carbonate-siliciclastic succession, and COmpris€s  note the sharp erosional contact.
brown and gray limestone with high amount of intercalated
sands. The sands occur as thin stringers, discrete layers, thze
beds or small positive-relief bars of medium- to fine-graine
subarkosic glauconitic sandstone at different levels (Fig. £ #
Coarse to very coarse and gritty, well-rounded sands al’
occur locally at the uppermost level of gray limestone (Fig. (¢
with sharp or erosional lower contacts. The sandstones ¥
characterized by planar lamination, hummocky cros:@ "
stratification and combined-flow ripples. The interval alsi
contains small pockets or thin sheets of limeclast conglomera
at places (Fig. 7). The lime-clasts are platy, and are either bro =S
or gray, depending on the color of the host carbonate rocl
and range in size from a few cm to 1m. The maximum thickne £=
of the Member is 100 m, and thickness of the thickest interv"_
of glauconitic sandstone intercalated with limestone at villag®*
Gadhabhata is about 10 m. Fig. 7—Mixed siliciclastic-micrite bed with small pocket of autoclastic

Timarlaga Member-It comprises a channel-fill body lime-clast conglomerate.
incised into the gray limestone of the Gadhabhata Member,
and extensive sheets of black and mauve limestones. Tdhasts of black chert. The conglomerate is best exposed along
channel-fill body is about 90 m wide, and has a maximum nala just to the north of Gadhabhata Village (21°3'16"N;
thickness of 50 m. It consists of intensely folded and contort&8°7'16"E).
thin beds of gray limestone, and conglomerate with floating ~ The black limestone overlies the channel-fill
lime-clasts within a matrix of micrite and very well-roundecconglomerate body and the gray limestone with a sharp contact.
coarse sands (Fig. 8). It also consists of a few boulder-sizéds jade black on fresh surface and weathers to a dull earthy
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residue. Siliciclastics coarser than mud are conspicuout
absent in the black limestone and in the overlying mau
limestone. The black limestone is characterized by 5-30 ¢
thick, laterally persistent beds (Fig. 9), and there are seve
intervals of well developed rythmite of black limestone an
gray/steel gray marly beds or dark calcareous mudsto
engendering a heterolithic character. Pressure solution se:¢
are well developed, and many of the bedding contacts ¢
marked by thick concentrations of insoluble residues. Tt
limestone and marly beds are commonly planar-tabular, thou
thickening and thinning of beds, wavy bedding, and hummocli
cross-stratification are well developed at several interva'
Pyrite occurs profusely in this unit, either as isolated framboi ¥
or as well developed crystals along bedding planes. The ble
limestone is ~ 35 m thick, and grades upward to the mau..
limestone, and finally to the brown shale of the Gunderdeplg 8—Folded and contorted thin beds of gray limestone, and debris-
Shale. The Member is marked by remarkable facies constancy,  fiow conglomerate of auto-limeclasts floating within matrix of
and by conspicuous absence of sand size clastics. It is the  micrite and very well-rounded coarse sands.

best exposed in the Timarlaga quarry, near the confluence of

the Lat Nala and the Mahanadi River where it attains -
thickness of ~ 40 m.

it

facies in the carbonate sequence very well developed in sev:
exposures around Sarangarh, and it has been designate
the Sarangarh Limestone (also see Schnitzer, 1971). 1
Sarangarh Limestone, occurring between Kansapatr
Sandstone—Bijepur Shale and the Gunderdehi Sha
corresponds to the Charmuria Limestone, described from t
central and western part of the basin by Dutta (1964) a
Murti (1987, 1996).

Gunderdehi Shale

The Formation is dominated by brown shale. Green she — '
occurs as a subordinate constituent. Dolomite, stromatolifitg. 9—Black limestone (weathered) showing laterally persistent beds.
limestone, sandstone and tuff occur in minor quantities. The
brown shale overlies the mauve limestone of the Timarlay
Member through a narrow transition zone of shale-limestol
heterolithic. It is characterized by 2-10 cm thick very persiste
beds. Several 10-25 cm thick mud-clast conglomerate be
occur at places. At certain levels, nodules of authigenic bar |
occur along a narrow zone within the shale.

Dolomite occurs at several intervals as lenticular bec
which coalesce together to form positive relief feature, ar =
also as thin planar beds alternating with shale and calcaren
forming up to 0.5-5 m thick packages. Thick green ash-tu
occurs at different levels within the brown shale. They aic
characterized by 2-10 cm thick beds with incomplete Bountég. 10—The stromatolite mounds which occur in small bioherms, en-

sequences, and well-preserved sole marks. closed within red shale.
Stromatolites occur in small isolate bioherms, enclosed
within red shale (Fig. 10), mostly at the basal part of the Saradih Limestone

Formation. The occurrence of the bioherms distinguishes the The Saradih Limestone overlies the Gunderdehi Shale
Gunderdehi Shale from other red shale dominated intervalswith a gradational contact, and, by turn, grades up to the
the Raipur Group. Churtela Shale. The Limestone is characterized by rapid
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variations between major facies including dolomite, limestonenconformity, which, by turn, is overlain by the Sarnadih
marl rythmite, tidal bars of sandy micrite, lime-clasSandstone of Sequence Il

conglomerates, and stromatolite bioherms. A thick unit of The Churtela Shale occupies a stratigraphic position
bedded dolomite occurs at the basal part of the formation, weihilar to that of the Tarenga Shale which overlies the Chandi
exposed at the northern bank of the Mahanadi River, southLafnestone in the central and western part of the basin (Murti,
Rotopali Village (N21°46'21"; E 83°07'43") and Saradih Villag&987, 1996; Dast al, 1992). The Tarenga Shale is tuffaceous
(N21°43'31"; E 83°02'43"). The dolomites grade upward to(®aset al, 1992), and is considered as a lateral equivalent of
rythmite facies, very well exposed in a few quarries nedéne Churtela Shale.

Rotopali Village. The rythmite facies closely resembles the

black limestone rythmites in the Sarangarh Limestone, though KHARSIYA GROUP
unlike in the latter, the Saradih rythmite rapidly grades upward
into a tidal bar sequence of sandy micrite. Tabular beds of Sarnadih Sandstone

lime-clast conglomerate and small stromatolite bioherms occur The Sarnadih Formation, named after the village Sarnadih
in isolated patches. Profusion of stromatolite increasé®3°6'E; 21°54'N) is the basal formation of the Kharsiya Group.
westward. The facies heterogeneity, absence of blattkoverlies multiple formations of the Raipur Group with an
limestone and the colour-defined stratigraphy, and profuseosional unconformity, and comprises an extensive interval
development of stromatolite distinguish the Saradih Limestoié red sandstone, with a thin conglomerate horizon mantling
from the Sarangarh Limestone. Stromatolites arde unconformity surface. The sandstone and the
conspicuously absent in the latter. The Saradih Limestonenglomerate occur mostly in subcrop, and have been exposed
has a maximum thickness of ~100 m in the study area, andhe extensive network of irrigation channels that are being
becomes thicker westward. Bounded by the Gunderdehi Shakeavated north of the Mahanadi River. It has been identified
below and the Churtela Shale at the top, it occupiesfer the first time as a major stratigraphic element.

stratigraphic position similar to the Chandi Limestone, defined The conglomerate contains pebbles of brown, green and
from the western and central part of the basin (Dutt, 1968tack welded tuff, unwelded tuff, chert and dolomite, as well
Murti, 1987). The stromatolites characterize the Limestone as pebbles of quartzite, sandstone and vein quartz. The clast

a major biostratigraphic unit (Moitra, 1999). size commonly varies from 2-20 cm. The pebbles of tuff, chert
and dolomite are strongly indicative of intrabasinal derivation
Churtela Shale from underlying Churtela Shale during the hiatus and exposure

The Churtela Shale is ~300 m thick, and comprisesdad the Churtela Shale to the erosional level.
heterogeneous succession of red shale, green tuffaceous shale-The conglomerate grades up to pebbly sandstone and
mudstone, two intervals of ignimbrites, and subordinateery coarse grained arkosic sandstone. The sandstone beds
dolomites, hydrofractured chert and volcaniclastic sandstoatthe basal part are commonly 10-20 cm thick, with several
(Patranabis-Deét al, 2007). Dolomites occur as small isolatecbeds ranging up to 70-80 cm in thickness. The beds are cross-
bodies within red and green shale, whereas hydro fractutedplanar stratified, and exhibit signatures of intense soft
chert occurs within the lower ignimbrite horizon. Thesediment deformation. The deformation is mostly by fluid
Formation has been designated after the name of Churtetzape, which often generates overturned cross-strata, ball
Village (83°5'E; 21°51'N). The lateral persistence of differerand pillow structures, crumpled mass of strata, or fluidization
constituent lithologies within this zone could not bebliterating bedding structures. The arkosic sandstones
unambiguously ascertained in the field, though the intervgtades up to medium grained red quartzose sandstone with
appears to be characterized by strong lateral facies changleghtly wavy bounding surfaces, and pinch and swell
between different lithologies. morphology. The beds are wavy to planar laminated, or planar

The lower ignimbrite horizon, the Sapos Tuff, is bestross-stratified often with asymptotic foresets. A few beds
exposed near Sapos Village (83°10'E; 21°45'N), and is dominakexe wave ripple, parting lineation, and current crescent on
by green welded tuff with interbedded unwelded tuff, antheir upper surfaces. Several bedding surfaces are mantled
closely associated patches of coarsely crystalline dolomltg single grain thick layers of small pebbles, or thin mud
and hydrofactured chert. The upper one, the Sukhda Tuff léninae.
best exposed near Sukhda Village (N21°51'59.1"; E 83°05'56.2"),
and includes intercalated beds of volcaniclastic sandstones. Nandeli Shale
The welded tuff beds are brownish red, black and greenish in  The Nandeli Shale, named after the village Nandeli (83°15'E
colour, and are commonly 2-10 cm thick. The volcaniclastend 21°53'30"N), gradationally overlies the Sarnadih
sandstone beds are commonly 40-60 cm thick, medium grairigahdstone. The lower part of the formation is sandstone-
with very uniform texture, and are massive ungraded. The shaleddstone heterolithic, and is characterized by intense soft
tuff assemblage is terminated by the sub-Sarnadgediment deformation in several stratigraphic levels. The
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deformation is manifested by ball and pillow structuredzormation as Chandarpur Sandstone. Schnitzner (1971), on
detached sandstone balls enclosed within red shale, or sntta#l other hand, classified it into a basal conglomerate and an
sand volcano type structures protruding through shale. Mangper, Chandpur quartzite. It seems that the three—fold
undeformed thin sheets of sandstone exhibits straight crestéassification of the Chandrapur Group is valid only in the
ripples, interference ripples and rain prints covering large aresastern part of the basin, rather than in the western part where
of sandstone- pavements. The upper part of the sequenc€lmporadih Formation can easily be considered as a member
shale dominated. The common occurrences of isolatefl a formation. In the area of the present study, only the
sandstone bodies, often with strong soft-sedimemppermost unit, the Kansapathar Sandstone, is endowed with
deformation, characterize the Shale, and discriminates it fraimiform textural and structural characters over wide areas, and
the Gunderdehi Shale, which is virtually free of santas well defined upper and lower contacts. About 40 km west
accumulations. Patranabis-Debal. (2007) designated the of Sarangarh, beyond the area of the map presented here, the
Shale as Kharsiya Shale. However, it is being redesignatsiticiclastics occurring between the granite-greenstones of the
here as the Nandeli Shale, and the Sequence Il is belmsement complex and the overlying Sarangarh Limestone is

designated as the Kharsiya Sequence. about 80-90 m thick, and is dominated by locally glauconitic
sub-arkose and quartzarenite. Conglomerates and pebbly
GONDWANA SUPERGROUP sandstones occur as minor constituents. The sandstone is

not amenable to classification into multiple lithostratigraphic
The Kharsiya Sequence is unconformably overlain bynits of formation status, and is considered as a lateral
greenish sandstone and green shale of the Talchir Formatiextension of the Kansapathar Sandstone.
and coarse grained arkosic sandstone of the Barakar Formation Stratigraphic classification of a cyclic sequence similar
of the Gondwana Supergroup. The Gondwana rocks occurt@nthe Raipur and Kharsiya groups also poses many problems,
a small outcrop around Kunkuni, (83°10'E and 21° 59' N), angérticularly if characteristic lithological attributes of major
appears to be the extension of the adjoining Rewa Gondwasteatigraphic units are not appropriately recognized, for

basin. example, small stromatolite bioherms and barites in the
Gunderdehi Shale, pyroclastics in the Churtela Shale or small

CONSTRAINS IN CORRELATION AND build-ups of sandstones all with strong soft-sediment
STRATIGRAPHIC MARKERS deformation structures in the Nandeli Shale. It would also be a

daunting task to correlate red shale dominated units in different

Comparison of stratigraphy presented here with thgections without any reference to their stratigraphic relation
successions erected by earlier workers succinctly brings @atthe Sarangarh and/or Saradih Limestone.
the constraints in correlating different sections of an  The problem of correlation can be overcome with the
unfossiliferous succession. Though a fairly uniform mode haglp of major stratigraphic marker horizons. In the Chandarpur
been followed by different workers for classifying theGroup, the Kansapathar Sandstone with its high sandstone
Chandarpur siliciclastics, precise correlation of different unit®aturity and high facies constancy throughout the basin is
in different sections poses major problems. In the Sarangaiiie most important stratigraphic marker for the purpose of
Raigarh section, the upper part of the Lohardih Formatiarorrelation. In the Raipur Group, the black limestone facies of
comprises irregular bodies of sandstones and conglomeratég, Timarlaga Member is a very distinctive key bed for
representing multiple delta lobes enclosed within shaktratigraphic correlation. The Gunderdehi Shale characterized
(Patranabis-Deb & Chaudhuri, 2007), which for all practicdly the occurrence of stromatolite bioherms can also be used
purpose of mapping can not be distinguished from the shas an excellent marker horizon.
at the lower part of the Gomarda Formation. The contact
between them, thus, is tentative. Furthermore, the GomardaSTROMATOLITES IN THE RAIPUR GROUP AND
Formation as proposed here comprises about 650 m thick BIOSTRATIGRAPHY
immature succession of shale and sandstone, whereas in more
westerly sections, the Chaporadih Formation which occurs Stromatolites and bioherms in the Chandi Limestone
between the Lohardih Formation and the Kansapath@eferred to as Raipur Limestone in several publications) have
Sandstone (Murti, 1987) and occupies a stratigraphic positibeen described in details by several workers (Chatetrpde
similar to that of the Gomarda Formation, consists of an ~151990; Guhey & Wadhwa, 1993; Moitra, 1999). Moitra (1999)
thick unit of fine grained argillaceous sandstone or sandhias further made a detailed evaluation of the biostratigraphic
shale. The three—fold classification of the Chandarpur Grogpatus of the stromatolite-bearing Chandi Formation. A brief
was firstintroduced by Murti (1987), though Dutta (1964) andescription of the stromatolites and bioherms in the
Moitra (1995) defined the entire siliciclastic assemblage froBunderdehi Shale, excluding any attempt for morphology based
the base of the succession to the top of the Kansapatketonomic classification, is being made here.
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The bioherms in the Gunderdehi Shale range in size frc&=
3-5 m (Fig. 10) to more than 100 m in length. Small biohern:
consisting of a single build-up or mound normally range fror:
60-80 cm in height. Larger bioherms, such as the one n¢ 50
Malda Village in the eastern bank of Lath Nala (83°10'E;
21°34'N), on the other hand, may be more than 4-5 min heig
The larger bioherms are composites of smaller mounds, e:".
separated from the adjoining one by shale-mudstone (Figs i
& 11). Smallindividual mounds or larger composite bodies a gs;
all elongate in shape, with a very persistent direction (gg
elongation in each locality. The bioherms occur as |solat4 S
bodies enclosed within red shale, fine sandy mudstone, ; M
rarely by mud-dominant heterolithics with intercalated Iayerﬁg 11—The larger bioherms are composites of smaller mounds, each
of fine sandstone. Coarse sands are conspicuously absent in separated from the adjoining one by shale-mudstone.
the system.

The bioherms contain mainly 3 types of stromatolite &
with minor variation among themselves: 1. columnar nor"“
branching stromatolite; 2. columnar branching stromatolite; E
elongate stromatolite. These three types may occur in clci,
association with each other, particularly in the larger biohern
In the bioherm near Malda many of the smaller elongate mour
are made up only of elongate stromatolites, whereas quitife="
few consist of a closely associated assemblage of elong__,_*‘:.a. e
and columnar structures.

Type 1: Non-branching columnar stomatolites
The structures occur as parallel to sub-parallel, circul.
to slightly elongate columns, with a fairly constant diamet ig. 12—Non-branching columnar stromatolites with parallel to sub-
from the base to the top of the structures (Fig. 12). In plan the parallel columns, with a fairly constant diameter from the
structures appear as circular to slightly elongate with concentric base to the top of the structures.
laminations (Fig. 13). Size of the columns, both diameter as
well as height, varies considerably between adjacent colonizs
though within a single colony the column size remains fairl §5
constant. Spacing of the columns also varies considerably}
different colonies, and the inter-columnar areas are filled g
with argillaceous limemud (Figs 12 & 14). Column margins ai g
smooth, though not enveloped. The internal laminae may
nearly flat, though commonly these are upwardly growing ar
convex-upward. The colonies develop a bedded appeara
where column height is constant, and successive ‘stromato
beds’ are separated by mudstone (Fig. 14).

Type 2: Branching columnar stomatolites

columnar structures, but a single column bifurcate into neaify -
parallel columns. Branching may take place at multiple poin™
upward from the base of the structure (Fig. 15). Columns m@)j. 13—plan view of the columnar stromatolites which are as circular
continue from base to top, but may also end up midway. to slightly elongate with concentric laminations.

Type 3: Elongate stomatolites making parallel ridge-like structures. In sections perpendicular
The stromatolites are unlinked to partially linked, witho the long axis, the structures look like narrow columns with
elongation aspect ratios > 6 : 1 (Fig. 16). Column heights m@ydth ranging between 4-6 cm. The constituent laminae show
range from 40-60 cm, and they often stand in upright positigflight upward curvature in transverse sections, whereas they
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appear as nearly flat in sections parallel to the long axis. The
inter-areas are filled up with brown lime-mud. They exhibit
very persistent direction of elongation (Fig. 16). In several
mounds, elongate stromatolites occur in close association with
non-branching columnar type (Figs 17 & 18).

PALAEOGEOGRAPHIC IMPLICATION OF
GUNDERDEHI STROMATOLITES

The elongate stromatolite structures in the Gunderdehi
bioherms show a very well defined E-W trend (Figs 4, 16).
Degree of elongation and asymmetry of laminae are most likely
related to the direction of water flow and sediment supply (cf.
Hoffman, 1967; Gebelin, 1969; Chaudhuri, 1970; Semikhatov et
al., 1979). Strongly elongate stromatolites are typical of
subtidal to intertidal settings of high to moderate energy ramps
where elongation of the mounds as well as of the structures is
dependent on relative amount of wave surge and/or tidal
strength (Grotzinger, 1989; Playford & Cockbain, 1969, 1976;
Hoffman, 1976; Beukes, 1987). Extreme elongation of unlinked
stromatolites as well as of stromatolitic mounds, similar to that
in Gunderdehi bioherms, suggests exposure to strong tidal
currents oriented at high angle to the shore line. Unlinked
columnar structures, on the other hand, may have been
subjected more to wave action (Hoffman, 1976). Close
association of unlinked elongate and columnar structures in
several elongate mounds in a large bioherm appear to speak
for combined tidal currents and storm surges in open
headlands. Localized occurrence of elongate structures only
in a few bioherms further suggests that such bioherms possibly
developed in large tidal channels with amplified tidal velocities.
The E-W orientation of elongate stromatolites points to a
broadly N-S orientation of the shore line during deposition of
the Raipur Group.

Fig. 14—Within a single mound the colontes develop a bedded appearance
where column height is constant, and successive ‘stromatolite
beds™ are separated by mudstone.

Fig. 15—A single column of branching type stromatolite showing bifur-
cation into nearly parallel columns. Branching may take place
at multiple points upward from the base of the structure.

Fig. 16—Elongate columnar stromatolites. Direction of elongation shown by the rose diagram indicates palacoflow direction within tidal

channels.
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BIOSTRATIGRAPHIC SIGNIFICANCE OF
GUNDERDEHI STROMATOLITES

Despite protracted debate on the application ¢
stromatolites in high resolution biostratigraphy, it is generall
accepted that the morphological variability of stromatolite
within an individual bioherm and between widely separate
bioherms of the same type at an equivalent stratigraphic le
is limited (Krylov, 1976). Krylov designates the combinatior
of all principal morphological varieties that build up one o
several bioherms of the same type as the ‘bioherm serie
Although morphological varieties may be controlled to a larg
extent by environmental factors, the combination ¢
morphologies at different stratigraphic levels are distinctivieig. 17—giongate stromatolites occur in close association with non-
for each level and generally possess a distinctive, apparently branching columnar type.
time related microstructure (Serebryakov & Semikhatov, 1974;

Bertrand-Sarfati & Walter, 1981; Wen-long &Walter, 1992; HiII,;‘m__

2000). Detailed analysis of morphology and microstructure = === "=

stromatolites has established the biostratigraphic status:
the Chandi/Saradih Limestone (Moitra, 1990, 1999). Thougk ==
biostratigraphic correlation may require rigorous morphologi. - .+ =
and microstructural analysis, occurrences of similar types s
small bioherms within the limited stratigraphic interval of theg
Gunderdehi Shale speaks for its biostratigraphic status, &
sets it out as a marker for intrabasinal correlation.

MAJOR EVENTS OF SEA-LEVEL CHANGES,
DEPOSITIONAL CYCLES AND INTRABASINAL

CORRELATION . ) . .
Fig. 18—Elongate stromatolites and elliptical non-branching columnar

. . stromatolites in section. Note that the columns at the right
Transits of the base level and the creation of surfaces of hand side of the photo are inclined.

unconformity are related to changes in sea-level. Any
succession of strata packaged between unconformities, and The first shallowing-up (S-U:l) cycle comprises the
by default, the depositional cycles, specifically angackage from the uppermost part of the shale/shale-mud
unambiguously occupies some part of a chronostratigraptiieterolithics to the top of the Kansapathar Sandstone,
time span that can be identified by refined biostratigraptdeposited between lower subtidal to upper intertidal/supratidal
(Sloss, 1991). The application of the concept of depositiorahvironments. The shallowing-up cycle Il (S-U: 1) is
cycles, collectively with lithostratigraphic characterization ofepresented by the succession from the base of the Bijepur
formations that speaks for depositional environments ar@hale to the top of the Ghadhabhata Member of the Sarangarh
changes therein, thus, provides the most sensitive tool fdmestone. As discussed earlier, the rapid superposition of
intrabasinal, and even interbasinal correlation of unfossiliferotise Bijepur Shale on the upper intertidal-supratidal facies of
successions. the Kansapathar Sandstone is the most likely indication of a
An evaluation of the lithostratigraphic parameters ofapid sea-level rise and retrogration of the coast line.
different formations suggests that the lithologic package Subsequent to the rapid rise, a gradual fall in the relative sea-
the sequence bounded between the sub-Lohardih and ldneel and progradation are indicated by influx of sands in the
sub-Sarnadih unconformities, i.e. the combined successiorbodwn and gray limestones of the Gadhabhata Member, which
the Chandarpur and Raipur groups is comprised of sevepalaked with the deposition of very coarse sands and granules
coarsening-up and fining-up cycles (Fig. 4). The Lohardih arat the uppermost part of the gray limestone. The granules and
Gomarda formations exhibit several C-U/F-U cycles, related tmarse sands were transported to the outer margin of the
active tectonics of the Chhattisgarh rift (Patranabis-Deb &hadhabhata platform, and were transported down the channel
Chaudhuri, 2002; 2007). The succession from the uppermdstming the matrix of the limestone-clast conglomerates.
part of the Gomarda Formation to the top of the Churtela Shale, The succession from the base of the black limestone to
on the other hand, exhibits several well defined shallowing-tipe basal dolomite-bearing interval of the Saradih Limestone
cycles. represents the shallowing-up cycle Il (S-U: 1ll). The cycle
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Fig. 19-—Diagram showing possible lithostratigraphic correlation between the eastern and the western sectors of the Chhattisgarh Basin.
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includes the Timarlaga Member of the Sarangarh Limestoribe rocks of the basement complex with a profound
the Gunderdehi Shale and the basal part of the Saradifconformity. The Sequence Il has been identified for the first
Limestone. The superposition of the black limestone on thiene, and has been designated as the Kharsiya Group. It
mixed carbonate-siliciclastic deposits of the Gadhabhateerlies different formations of the Raipur Group, and is, in
Member along a sharp contact appears to us to representuan, unconformably overlain by rocks of the Gondwana
event of rapid rise in relative sea-level and retrogration. Ti8upergroup.
stratigraphic relationship is similar to that between the The Chandarpur Group constitutes the basal part of
Kansapathar Sandstone and the Bijepur Shale. Ne&é&quence I, and consists of a siliciclastic assemblage
shallowing-up cycle (S-U:1V) starts with the deposition oEomprising an immature succession of conglomerate,
limestone-marl/shale rythmite of the Saradih Limestone, asdndstone and shale, the Lohardih and Gomarda formations,
terminated with the development of bioherms at the uppermaghich grades up into a mature sandstone, the Kansapathar
part of the Formation. Subsequent drowning of the Saradfandstone. The Lohardih and Gomarda succession is
platform and deposition of the S-U:V is represented by tleharacterized by rapidly changing depositional systems
Churtela Shale. The thick, massive ungraded beds ioflicating variable rates of subsidence and creation of
volcaniclastic sandstones intercalated with Sukhda tuff at thecommodation space, and was deposited in alluvial-fan—
upper part of the preserved succession of the Churtela SHaledelta—prodelta environments. It is best developed (about
point to deposition by sediment gravity flows, and preservati®d0 m) in the eastern part of the basin, and rapidly thins out
of the beds point to deposition below the storm wave bagewards west. Near Bilaigarh and further west, the Kansapathar
The upper part of the cycle is truncated by the sub-Sarnad@handstone directly overlies the basement. Welded tuffs at the
unconformity. upper most part of the Churtela Shale attest to intrabasinal
The correlation of the formations developed in theolcanism at ~1000 Ma, leading to the basin closure and
western and eastern parts of the Chhattisgarh Basin, madeyeneration of a sequence-bounding unconformity. The upper
the basis of depositional cycles and key marker beds,sisquence, Sequence Il, comprises a sandstone-dominated and
presented in Fig. 19. The correlation proposed here contradigtshale-dominated formation. The formations show abundant
the concept of two sub-basins, the Hirri and Baradwar susnft sediment deformation structures, indicating unstable basin
basins, separated by a Sonakhan greenstone ridge aoddition.
significant differences between lithofacies in western and The Raipur Group includes two extensive carbonate
eastern parts of the basin (Casl.,1992). platforms. The lower platform, the Sarangarh Limestone, is
Recognition of the unconformity at the base of thenarked by the conspicuous absence of stromatolites, and
Sarnadih Sandstone defines the Kharsiya Group as a majeveloped as an un-rimmed shallow water platform which
stratigraphic unit younger than the Raipur Group. Thevolved into a deep water ramp. The upper platform, the Saradih
recognition of this unconformity further contradicts thd.imestone (and its lateral correlative, the Chandi Limestone),
geological maps of the Chhattisgarh area published by thad extensive growth of stromatolite bioherms and developed
Geological Survey of India. In the GSI maps, the large sandstaeea shallow water rimmed platform. The Raipur Group provides
body enclosed within shale near Sukhda Village, has bean excellent example of cyclic sedimentation between red/
designated as the Chandarpur Sandstone (GSI, 2005a) dorasvn shale and limestone. The cyclicity is manifested by
‘Lohardih Formation’(GSI, 2005b), which occurs at a muclhree very well developed shallowing cycles. The preserved
lower stratigraphic level, at the lower part of the Sequence $ection of the Churtela Shale represents a deepening phase,
Correlation of the Kharsiya formations with thethough the general motif of sedimentation may indicate the
formations younger than the Tarenga Shale in the westatevelopment of a shallowing upper part, which was eroded
part of the basin can not be attempted at this stage, and wonld during the sub-Sarnadih unconformity. The dolomites of
require further evaluation of the relation of the Tarenga Shdlee Hirri Formation appears to represent the shallowing-up
with the overlying Hirri Formation and Maniari Shale. Thephase of the cycle, though a definitive interpretation would
probability that the Kharsiya Group may be younger than tlrequire further field checks.
Hirri and Maniari formations can also not be ruled out at this The Kansapathar Sandstone, the black limestone facies
stage. of the Sarangarh Limestone, and Gunderdehi Shale
characterized by development of small stromatolite bioherms
CONCLUDING REMARKS enclosed within shale are key marker horizons for intrabasinal
correlation of the formations. The most conspicuous lateral
The Chhattisgarh succession in the eastern part of tfaeies variation that can impede correlation is represented by
basin comprises two unconformity bounded sequences. Tthe thick wedge of immature clastic succession of the Lohardih
lower sequence (Sequence I) corresponds to the Chhattisgand Gomarda formations which had maximum development in
Supergroup of earlier workers and comprises the combindte eastern part of the basin. The succession pinches out
succession of the Chandarpur and Raipur groups. It overltegvards the western part where the minor facies variation within
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the sub-Raipur clastic succession can be accommodated withahelin CD 1969. Distribution, morphology and accretion rate of recent
the definition and meaning of the Kansapathar Formation subtidal algal stromatolites, Bermuda. Journal of Sedimentary

. . Petrology 39: 49-69.
The formations of the Raipur Group can be traced IateraUﬁ/eological Survey of India 2005a. Geological and Mineral Map of

from the western to the eastern part of the basin indicatingchhattisgarh.
that the basin behaved as a monolithic unit during theeological Survey of India 2005b. District Resource Map-Janjgir District,
subsidence stage of its evolution when accommodation sp%cé:hhat“sgarh-

d fairl if h h rotzinger JP 1989. Facies and evolution of Precambrian carbonate
was created or deStrOye at a fairly uniform rate throughout depositional systems: emergence of modern platform archetype.

the basin. The proposition contradicts the concept of westerncrevello PD, Wilson JL, Sarg, JR & Read JF (Editors)—Controls on
and eastern sub-basins (cf. Basl.,1992), separated by a  carbonate platform and basin development: SEPM Special publication
mountain of Sonakhan greenstone belt. The unconformi(t}llj““: 79-106.

. " . hey R & Wadhwa 1993. Stromatolites from Raipur Limestone around
identified at the base of the Sarnadih Sandstone furtherNandini, Durg District, Madhya Pradesh. Indian Journal of Earth

contradicts couple of published maps where the sandstonesciences 20: 42-49.
around Sukhda Village has been shown as an inlier gifl AC, Cotter KL & Grey K 2000. Mid-Neoproterozoic biostratigraphy

Chandarpur Sandstone or Lohardih Sandstone and isotope stratigraphy in Australia. Precambrian Research 100:
' 281-298.

The St_romato_”tes in th_e Sar_adih L_im_eSt_O_ne and & man pF 1967, Algal stromatolites: use in stratigraphic correlation
Gunderdehi Shale impart a biostratigraphic significance to theand paleocurrent determination. Science 157: 1043-1045.

formations, opening up the possib”ity for biostratigraphitloffman PF 1976. Environmental diversity of middle Precambrian

correlation. both on intrabasinal and interbasinal scale. stromatolites.In: Walter MR (Editor)—Stromatolites: 599-611.
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