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Discrimination of the lower and the upper Nimar Sandstone (Upper
Cretaceous Bagh Group), Madhya Pradesh, India based on lithofacies
and ichnofauna

OmNATH SaHA' & U.K. SHUKLA*?

Integrated lithofacies analysis and systematic trace fossil analysis has been done of the Nimar Sandstone of
the Bagh Group, Madhya Pradesh, India in three sections viz. the Bagh Cave section, the Naingaon section,
and the Hathni River section. The thickness of the Nimar Sandstone varies from 10m to 30m in the studied
sections. Based on the lithofacies and trace fossil characters, the Nimar Sandstone can be further subdivided
into ferruginous sandstone in the lower part as the lower Nimar Sandstone (INS) and calcareous sandstone as
the upper Nimar Sandstone (uNS) in the upper part. The INS is characterized by eight following lithofacies (i)
cross-bedded gravely sandstone, (ii) planar cross-bedded sandstone, (iii) herringbone cross-bedded sandstone,
(iv) ripple cross-laminated sandstone, (v) horizontal bedded sandstone, (vi) interbedded sandstone-siltstone-

mudstone, (vii) gravelly mudstone, (viii) bioturbated mottled mudstone having trace fossil of Arenicolites,
Diplocraterion, Laevicyclus, Ophiomorpha, Skolithos, and Thalassinoides ichnogenera. The uNS includes
four lithofacies (i) sandstone with the tidal bundle, (ii) small-scale cross-bedded calcareous sandstone, (iii)
interbedded calcareous sandstone-siltstone-mudstone, (iv) fossiliferous calcareous sandstone characterized by
ichnogenera of Arenicolites, Asterosoma, Dactylophycus, Skolithos, Taenidium, Teichichnus, Thalassinoides,
and Zoophycos. Lithofacies association, different sedimentological attributes, and ichnological data indicate a
complete evaluation of the river-dominated estuary to tide-dominated estuary from the base to the top during
the deposition of the lower Nimar Sandstone. The upper Nimar Sandstone was deposited under subtidal inner
neritic conditions where carbonate could precipitate. The whole succession of the Nimar Sandstone represents a
Transgressive Systems Tract (TST) deposit of a 3™ sea-level cycle.
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2020). Earlier, Sahni (1983) also proposed a ‘Trans Deccan
Straits’ which followed the Narmada as well as the Godavari
rift zones. Recently, Kumari er al. (2020) and Keller et al.
(2021) reiterated two marine seaways that might have joined
through the Narmada-Tapti and Krishna-Godavari rifts
forming a Trans-India Seaway which was formerly proposed
by Sahni (1983).

The Bagh Group comprises three formations (Table
1), which in ascending order are: (i) Nimar Sandstone, (ii)
Nodular Limestone, and (iii) Coralline Limestone (Tripathi,
2006; Jaitly and Ajane, 2013). The Bagh Group has been
intensively investigated for stratigraphy and palacontology for
more than 150 years (Blandford, 1869; Rode and Chiplonkar,

INTRODUCTION

The Bagh Group, popularly known as the Bagh Beds
of the Upper Cretaceous age, is exposed along the Narmada
valley at various places in western-central India. Isolated
exposures of the Bagh Group are found in the vicinity of
the Narmada Valley extending from Barwaha in Khargone
district (M.P.) in the east to about 300 km away Kawant,
Baroda (Gujarat) in the west (Kennedy et al., 2003). In most
of the areas, the Bagh Group of rocks rest along an angular
unconformity above the Precambrian basement rocks and

in turn are overlain by the Deccan Trap Volcanics. The
Bagh Group of rocks, characterized by thick siliciclastic
and calcareous sediments, were deposited during the Late
Cretaceous global sea-level rise in a shallow epi-continental
sea or an embayment that invaded the western and central
parts of India from the west along the Narmada valley
(Singh, 1981; Singh and Srivastava, 1981; Saha et al., 2010;
Saha, 2013; Jaitly and Ajane, 2013; Bhattacharya et al.,

1935; Roy Chowdhury and Sastri, 1962; Dassarma and
Sinha, 1975; Chiplonkar et al., 1977; Ganguly and Bardhan,
1993; Acharyya and Lahiri, 1991; Gangopadhyay and
Bardhan, 2000; Bardhan et al., 2002; Kennedy et al., 2003;
Khosla et al., 2003; Jaitly and Ajane, 2013; Kumar et al,
2018). The ichnofauna of the Bagh Group has been studied
by Chiplonkar and Badve (1969), Singh and Dayal 1(979),
Verma (1971), Chiplonkar and Ghare (1975), Badve and
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Table 1. Lithostratigraphy of the Bagh Group (modified after Jaitly and Ajane, 2013).

Group Formation Member Age Dominant / characteristic Lithology
Lameta Group and Deccan Traps
Coralline Limestone Coniacian Reddish brown to yellow coloured bryozoan limestone
Chirakhan Bioturbated limestone and marl with calcareous
: Turonian nodules
Nodular Limestone . . . L
. Karondia Nodular limestone with ample marine invertebrate
fossils

upper Nimar Sandstone Cenomanian Whitish to cream coloured, well sorted, medium to
Bagh (uNS) fine grained calcareous sandstone, with variety of

Nimar Sandstone .
lower Nimar Sandstone

(INS)

trace fossils, fossils and sedimentary structures of
marine origin

Red to brick red coloured, ferruginous coarse to
medium grained, large scale cross bedded sandstone
with conglomerate unit at the base and intermittent
bioturbated mudstone units

Pre-Cenomanian ?

e~ Unconformity ~~~~~~mmmmmme
Crystalline rocks

Ghare (1980), Badve (1987), Mohabey (1996), Sanganwar
and Kundal (1997), Kundal and Sanganwar (1998, 2000),
Nayak (2000) and Khosla et al., (2003) to understand the
palacoenvironmental condition of the Bagh Group.

Bose (1884) subdivided the Nimar Sandstone into
the Lower Member consisting mainly of conglomerate,
sandstone, and carbonaceous clay, and the Upper Member
characterized by calcareous sandstone with marine fossils.
According to Singh and Ghosh (1977), Singh and Dayal
(1979), and Tripathi (2006), the lower part of the Nimar
Sandstone represents a fresh water environment, whereas the
upper calcareous sandstone is a product of a shallow marine
setting. Later, Bose and Das (1986) based on lithofacies
analysis suggested that the lower part of the Nimar Sandstone
indicates a transgressive storm and a fair-weather wave-
dominated shelf sequence. Recently, Bhattacharya et al.
(2020) interpreted the lower part to denote a fluvial setting,
whereas the upper part of the sandstone is a transgressive
fluvio-marine estuarine deposit.

In the present study, based on the sedimentological
and ichnological attributes, the Nimar Sandstone has been
subdivided into the lower Nimar Sandstone (INS) and the
upper Nimar Sandstone (uNS). Outcrop-based lithofacies
analysis coupled with trace fossil systematics have been
attained mainly from the Nimar Sandstone of the Bagh
Group located in and around the Bagh town, which is also
the type locality for the Bagh Group. The purpose of the
present study is to firmly discriminate the INS from the uNS
whose status is still dubious and has been loosely used in the
literature. Moreover, the proposed depositional environments
of the Nimar Sandstone are highly controversial ranging
from fluvial to marine and estuarine. Our study is based
on minute field observations of the trace fossils along with
substrate characteristics. For the present study, the generic
level identifications of individual trace fossils have been
carried out in the field and supplemented with photographs in
the lab. Because of the small to large size of the trace fossils
that are embedded either in the friable sandstone of the INS
or the chertified and calcareous lithology of the uNS, could
not be extracted from the outcrop and carried to the lab.

GEOLOGICAL SETTING

The Cretaceous infra-trappean sediments of the Narmada
valley, western and central India were deposited in an intra-
cratonic basin over the Precambrian basement (Biswas,
1987; Sridhar and Tripathi, 2001; Tripathi, 2006). Within
this linear trough-like valley, a thin sedimentary sequence
developed during the Cretaceous time is referred to as the
Lameta Formation in the central part and the Bagh Group in
the western part of India respectively (Shukla and Srivastava,
2008; Saha et al., 2010; Srivastava et al., 2015; Bhattacharya
et al., 2020). Both, the Lameta Formation and the Bagh
Group occur as isolated outcrops all along the Narmada
valley (Fig. 1).

Based on ammonite and inoceramid evidence, Kennedy
et al. (2003) dated the Bagh Group as Late Turonian to
Coniacian. Based on lateral facies variation, Tripathi (1995)
subdivided the sedimentary sequence of the lower Narmada
valley, western India into several members. Jaitly and Ajane
(2013) classified the Bagh Group into the Nimar Sandstone,
overlain by the Nodular Limestone and the Coralline
Limestone which range in age from Cenomanian, Turonian,
and Coniacian respectively (Table 1). Later, Ruidas et al.
(2018) renamed the Coralline Limestone as the Bryozoan
Limestone.

The present work incorporates systematically measured
sections with detailed sedimentology and studies of the
ichnofossil of the Nimar Sandstone in the Bagh Cave,
Naingaon, and Hathni River sections (Figs.1 and 2). At the
Bagh Cave and the Naingaon sections, the Nimar Sandstone
measuring 25m to 30 m is ferruginous, gravelly at the base
with fining upward character. In the upper part, the Nimar
Sandstone becomes calcareous sandstone (Fig. 2). The
rocks gently dip at an angle of 6° to 8°towards S20° W. The
multistoried Nimar Sandstone is vertically stacked having
erosional contacts at the base of each story and running
parallel along the strike forming sheets or tabular and locally
lensoidal geometries (Fig. 3). The famous Bagh Caves are
excavated in the lower Nimar Sandstone (INS) using the
strike face of the rocks.
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Fig. 1. Geological map showing the location of study area modified after Jaitly and Ajane (2013).

The Hathni River Section, situated 25 to 30 km west
of Kukshi town towards the Alirajpur road, is located near
Nagpur Fata (Fig. 1). The section is well exposed on the left
bank of the Hathni River and extends laterally for 700 m to
800 m. In this section, the gravelly red coloured sandstone,
the lower part of the INS, is not developed and the sequence
is composed of 3 to 4 upward fining sandstone complexes.
The measured thickness of Nimar Sandstone at Hathni River
section is ~10 m (Fig. 2); it is overlain by Nodular Limestone
and bioclastic Coralline Limestone (Tablel).

SEDIMENTOLOGY

The Nimar Sandstone is buff red to yellow in colour

mainly because of the ferruginous matrix. At the base, it is
conglomeratic and is made up of subrounded to rounded
pebbles embedded within coarse-grained sandstone. It
shows overall fining upward character represented by 1 to
3 m thick inter-fingering lensoidal sand bodies, sometimes
separated by laterally persistent brick red coloured burrowed
mudstone (Figs. 3, 4). Gradually, in the upper part, the Nimar
Sandstone becomes calcareous, which is relatively fine-
grained with a variety of trace fossils. The upper calcareous
sandstone bodies are relatively hard and compact, individual
beds are thinner and separated by fine-grained sandstone and
mudstone alternation or cycles and lack thick mudstone units
(Fig. 5). Based on lithological character, the Nimar Sandstone
can be divided into ferruginous sandstone as the lower Nimar
Sandstone (INS) and calcareous sandstone as the upper
Nimar Sandstone (uNS) (Figs. 2 and 3) The characteristic
sedimentological attributes of the lower Nimar Sandstone
and the upper Nimar Sandstone are described in detail.



44

JOURNAL OF THE PALAEONTOLOGICAL SOCIETY OF INDIA

1]

INDEX

Nodular
Limestone

1

Calcareous Sandstone

— = = Gradational contact <@ Mud lense

———"— Erosiolnal contact Burrow

Sharp contact

E e 40 | Mudstone LW Trough cross bedding u Arenicolites
ES :
23 ZZZZ"  Tabular cross bedding Q@ Asterosoma
[}
%5 Sandstone =—— jians hedding 2. Dactylophycus
2 =
S ) )
®6% % ° 5 55555 Bio-turbation §  Diplocraterion
Conglomerate and Pebbles
—< Ripple cross lamination p Laevicyclus
E Limestone AA  Symmetrical ripple
Ophiomorpha
| 2 < Bi-directional cross bedding / i 4 4
Herringbone cross bedding
5 225 - ® Skolithos
_— 1T T E S 5 S T
3 ?’) :‘:':':' ® Tidal bundle o Taenidium
g% o ——"+ Asymmetric ripple <o Teichichnus
o e e I
.© @ 8 / © Gastropod fossil N< Thalassinoides
é g ‘;z’ ) Bivalve fossil @ Zoophycos
j -
58 20 —J %k ®  Ammonoid fossil
§$ A -
% v Scour and fill / Convolute lamination
° o0
£ 85 @ é
% 38
2 5L ®
3 = v &
S 1 - = = =
. 2 2
£ O g— < & R
= £§ w
: 3
K] 25
[0}
g =
172}
©
=
@©
)
®
£
z
g 2
i<} ]
%]
2
[
9]
5 — £
z
[}
2
o
Om : Z.AAI ll =
SANASIONE m— § 2'2'8's
s
: SR
Limestone me——— 2= x!55

Fig. 2. Litholog showing major lihology and distribution of primary sedimentary structures and trace fossils of (1) Naingaon Section; (2) Bagh Cave Section

and (3) Hathni River Section.
lower Nimar Sandstone (INS)

The thickness of the INS ranges from 18 m in the Bagh
Cave section to 25 m in the Naingaon section and 7 m in the
Hathni River section (Fig. 2). The lowermost part of the Nimar
Sandstone is characterized by coarse-grained ferruginous
gravelly sandstone having large scale cross-bedded (50 cm
to 100 cm or more) (Figs. 4.1 and 4.2). The size of the gravel
varies from mm to a few cm. Important features are intense
palacocurrent reversals (Fig. 4.2), herringbone cross-beds

(Fig. 4.3), interference ripple marks (Fig. 4.4), trace fossils
with paired burrow openings, syn-sedimentary deformation
structure (Fig. 7.1). These sand bodies trend roughly in
the NE-SW direction. The well persistent gravelly or
conglomeratic sandstone bodies gradually become lensoidal
in character at the middle part with the decrease in the
grain size to medium-grained. At this level, the sand bodies
are ferrugenised buff red colour, medium to fine-grained,
well-sorted, devoid of gravels having individual sand body
thickness of about 2.5 m, and are well exposed at the Bagh
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Fig. 3. Field photograph showing multi-storied nature of the Nimar
Sandstone showing gradational contact between the lower Nimar Sandstone
(INS) and the upper Nimar Sandstone (uNS) overlain by Nodular Limestone
and top is covered by Coralline Limestone exposed near Naingaon along
Baghini River; scale bar =5 m.

Cave section (Fig. 2). The lensoidal sand bodies show lateral
shifting (LA element) and amalgamating character (Figs. 5.3
and 5.4). This sand body is made up of at least three shoaling
bar complexes, which are vertically staged and laterally
shifting (LA element). A single shoaling bar event is 70 to
80 cm thick and is made up of 18 to 25 cm thick lensoidal
planer cross-bed set (Figs. 5.3 and, 5.4). The individual
lensoidal sand bodies are characterized by the basal erosional
surface at the center; whereas at the margin, it is either sharp
or amalgamated and cross-bedded. The cross-bed has sharp
contacts and is made up of migrating 20 to 30 cm thick 2-D
ripples having a wavelength of about 2 m. Foresets of cross-
beds are rippled with a prominent reactivation surface (Fig.
5.4). Locally, these cross bed sets are separated by 2 to 3 cm
thick lenticular to flaser-bedded muddy horizons (Fig. 5.2).
Mottling present within the cross-beds and bar surfaces is
highly burrowed. Grain size and the sedimentary structures
vary within the sand bodies both vertically and laterally. The
different identifiable lithofacies in lower Nimar Sandstone
are: (i) Cross-bedded gravely sandstone, (ii) Planar cross-
bedded sandstone, (iii) Herringbone cross-bedded sandstone,
(iv) Ripple cross-laminated sandstone, (v) Horizontal bedded
sandstone, (vi) Interbedded sandstone-siltstone-mudstone
(Fig. 5.1), (vii) Gravelly mudstone and (viii) Bio-turbated
mottled mudstone lithofacies (Figs. 4 and 5). A prominent
and laterally persistent horizon of the interbedded sandstone-
siltstone-mudstone lithofacies gradationally caps the INS and
is overlain by the uNS along a sharp contact.

upper Nimar Sandstone (uNS)

The thickness of the uNS varies from 2 to 5 m; 5 m in
the Bagh Cave section, 3 m in the Naingaon section and 2
m in the Hathni River section (Fig. 2). Thickly developed
sandstone bodies are composed of 3 to 4 vertically stacked
stories. The calcareous sandstone bodies are relatively
hard, compact, partly chertified, and feebly ferruginised in

Horizontal bedded sandstone

Cross bedded sandstone

Fig. 4. Field photographs showing different sedimentological and lithofacies
characters of the lower Nimar Sandstone (INS); (1) Cross bedded gravelly
sandstone lithofacies showing large scale cross bedding within the INS at
Naingaon section; length of the hammer is 32 cm. (2) Large scale planar cross
bed within the cross bedded gravelly sandstone lithofacies (white coloured
arrow shows palaeocurrent reversal) of the INS at Naingaon section; length
of the hammer is 32 cm. (3) Herringbone cross-bedded sandstone lithofacies
showing bipolar palacocurrent (marked by white arrow) and mud drapes on
the foresets of the cross-bedding within the INS at Hathni River section. (4)
Interference ripples within the cross-bedded gravelly sandstone lithofacies
of INS at Naingaon section; diameter of the coin is 2 cm. (5) Ripple drift
cross-laminated lithofacies showing drifting nature of individual bundles
separated by reactivation surfaces; finger is for reference scale. (6) Planar
cross-bedded sandstone lithofacies is bounded by horizontally bedded
sandstone lithofacies as topset and bottom set at Bagh Cave section, note
the well-defined reactivation surfaces implying episodic bedform movement
under tidal action; the length of the hammer is 32 cm.

the upper part. Beds constituting the individual stories are
thinner (average 20 cm thick) and separated by a few cm to
dem thick fine-grained sandstone and mudstone alternations
forming cycles; but lacking in the thicker gravelly mudstone
units as encountered in the INS (Fig. 6). The calcareous
sandstone, well persistent throughout the study area, is
internally whitish to cream coloured, sporadically on the
surface it also gives yellow to pink colour (Fig. 6). Locally,
the whole unit is represented by 3 to 4 vertically stacked
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Fig. 5. Field photographs showing different sedimentological and
lithofacies character of the lower Nimar Sandstone (INS); (1) Interbedded
sandston-siltstone-mudstone lithofacies representing tidal flat deposits,
where individual cycle show fining upward (FU) character but overall
it is coarsening upward (CU) at the upper part of the INS at Bagh Cave
section; Length of the hammer is 32 cm. (2) Gravelly mudstone lithofacies
within the INS at Bagh Cave section; length of the hammer is 32 cm. (3)
Lensoidal sand bodies of INS showing lateral shifting (LA element) and
amalgamating character separated by mudstone unit; height of the person is
174 cm. (4) Lateral Accretion Surfaces (LA element) separated by muddy
layer representing tidal point bar deposits; length of the hammer is 32 cm.

alternating calcareous mottled sandstone beds having intense
burrowing in terms of number and diversity of trace fossils
obliterating the primary physical structures, and relatively less
bioturbated calcareous sandstone beds devoid of deformation.
Beds are mostly planar cross-bedded and the thickness of the
cross-beds varies from 15 cm to 40 cm. The uNS shows an
erosional to sharp contact with the underlying ferruginous
INS and gradational contact with the overlying Nodular
Limestone Formation (Fig. 6.1). The whole unit shows a
gradual fining upward grain-size trend and is characterized
by calcareous sandy-silty-muddy interbeds showing parallel
lamination, lenticular and flaser bedding with abundant mm

to cm-scale variously oriented burrow systems. In the upper
part of this uNS fossil fragments, similar to those present in
the overlying Nodular Limestone, are common. From the
bottom to the top, the intensity of bioturbation increases,
and the trace fossil also diversify. The different identifiable
lithofacies in this uNS are: (i) Sandstone with the tidal
bundle, (ii) Small scale cross-bedded calcareous sandstone,
(ii1) Interbedded calcareous sandstone-siltstone-mudstone,
and (iv) Fossiliferous calcareous sandstone (Figs. 2 and 6.2).

SYSTEMATICS

Ichnogenus: Arenicolites (Salter, 1857)
(Figs.7.1 and 7.2)

Description: These ichnogenera are generally simple
U-tubes without spreite, perpendicular to the bedding plane.
These occur on the bedding plane as paired openings of the
limbs. Limbs are 10-16 mm in diameter and usually spaced
4—15 mm apart. Limbs are commonly sand infilled, usually
parallel, though sporadically converge slightly downwards or
diverge upward. This ichnogenus occurs within the pebbly
cross-bedded sandstone lithofacies of the INS at Naingaon
and Baghini river sections and also in the uNS of the Hathni
River section (Fig. 2; Table 2).

Discussion: Arenicolites is normally restricted to
intertidal to neritic deposits, although it has also been reported
from deep water turbidites (Crimes et al., 1974). Ichnogenus
Arenicolites is generally vertical to sub-vertical dwelling
structures made by suspension-feeding worms (Savrda,
2007, MacEachern et al, 2007). According to Bromley
(1996), Arenicolites is characterized as dwelling trace of
the typically shallow marine realm with several deepwater
instances (Bromley and Asgaard, 1979). In general, this trace
fossil implies high energy intertidal to the sub-tidal condition
of deposition (Fiirsich, 1974). The occurrence of deeper and
shallow burrows having comparable diameter implies that
the rate of sedimentation was highly variable and animals
lived at different depths within the sedimentary layers.

Ichnogenus: Asterosoma (von Otto, 1854)
(Figs.7.3 and 7.4)

Description: Radiating burrow systems varying between
9 cm to 20 cm in diameter are produced in calcareous
sandstone lithofacies of the upper Nimar Sandstone (uNS) at
the Bagh Cave section (Fig. 2; Table 2). There is 5 to 7 radial,
tubular bulbous arms preserved, which radiate outwards from
the central axis and taper towards blind extremities, parallel
to the bedding plane and expand distally. The different
tubes display longitudinal orientation and are variable in
dimension, and numbers.

Discussion: Asterosoma is a frequent trace fossil
reported from marginal marine to deep marine environments
(Chamberlain, 1978; MacEachern and Hobbs, 2004; Neto
de Carvalho and Rodrigues, 2007). Asterosoma has been
interpreted as the dwelling burrow of a decapod crustacean
and deposit-feeding burrow of a vermiform organism
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Table 2. Interpretation of depositional environment of Nimar Sandstone based on sedimentology and trace fossils.

Lithounit Sedimentary characters Ichnogenera Ichnofacies Depositional Environment
upper Nimar Cream coloured hard and compact Arenicolites Dominated by suspension Supratidal- subtidal to
Sandstone (uNS)  calcareous sandstone, cycles of thinly Asterosoma feeder, dwelling feeder inner neritic conditions of

bedded fine sandstone and mudstone- D and deposit feeder; Mainly ~ sedimentation

. . actylophycus ] .
siltstone-fine sandstone cycles having : belongs to Glossifungites
intensive bioturbation Skolithos to Cruziana Ichnofacies
Taenidium

Teichichnus

Thalassinoides

Zoophycos

lower Nimar
Sandstone (INS)

Brick red coloured, ferruginous well
persistent channelized sand bodies
separated by thick bioturbated gravelly
mudstones; herring bone cross cross strata,
interference ripple, mud drapes, tidal
bundles, 2-D ripples with reactivation
surface.

Arenicolites
Diplocraterion
Laevicyclus

Dominated by suspension
feeding organism; mainly
belongs to Skolithos and

Glossifungites ichnofacies

River dominated estuary to
tide dominated estuary from
base to top

Ophiomorpha
Skolithos
Thalassinoides

also (Héntzschel, 1975). Miller and Knox (1985) reported
Asterosoma from the Pennsylvanian lower tidal flat/tidal delta
deposits. Asterosoma has also been reported from shoreface
to offshore deposits (Frey and Howard, 1970; Vossler and
Pemberton, 1989).

Ichnogenus: Dactylophycus (Miller and Dyer, 1878)
(Fig. 7.5)

Description: Burrow shows apparent branching in four
directions, radiating and randomly branching from a central
point. Palmate branched with unevenly pinching and swelling
and limbs tapering at the end. The specimen shows full relief
preservation on the bedding plane, smooth ornamentation,
and elliptical cross-section. The palmate branch length varies
from 1.5 to 3.4 cm and the maximum width increases at the
center varying from 0.4 to 0.6 mm. The palmately branching
form joins each other by thin pinching segments of 0.9 cm
width. This trace fossil has been noted from calcareous
sandstone lithofacies of the uNS at the Bagh Cave section
(Fig. 2; Table 2).

Discussion: Dactylophycus 1is considered a radiating
deposit-feeding trace of an unknown organism (Osgood,
1970). Dactylophycus is also considered a motion trace of
arthropod or soft-bodied organisms (Trewin and McNamara,
1995). This ichnogenus has been reported from offshore
deposits of the Upper Ordovician Eden Beds, Ohio, United
States (Miller and Dyer, 1878; Osgood, 1970) and nearshore
deposits of the Mississippian Pride Mountain Formation
and the Hartselle Sandstone of Alabama, United States
(Rindsberg, 1994). Recently, this ichnogenus has been
reported from the offshore deposits of the Middle Jurassic
Kaladongar Formation of Kachchh, India (Joseph et al.,
2012; Patel et al., 2013).

Ichnogenus: Diplocraterion (Torell, 1870)
(Fig. 8.1)

Description: It occurs as vertical U-shaped cylindrical
tubes with spreite. Burrows are 7-11 cm wide and 10 to 14 cm
deep, however, the depth of penetration varies considerably.
The diameter of the marginal burrows which are mostly
parallel to subparallel and sometimes converging towards
the mouth varies from 1.5 to 2.3 cm. Spreite are sporadically
irregular and discontinuous, otherwise complete and almost

parallel to each other preserved with full relief. Infilling is
similar to the host rock material. This ichnofossil occurs
within the cross-bedded sandstone lithofacies of the INS at
the Hathni River section (Fig. 2; Table 2).

Discussion: Diplocraterion is a sign of the activities of
suspension-feeding organisms, including both vermiform
organisms and diminutive arthropods like Arenicolites
(Goldring, 1964; Fiirsich, 1974; Gingras et al, 1999).
Diplocraterion is also a distinctive trace fossil in the soft
ground Skolithos and firm-ground Glossifungites ichnofacies,
being a common element of the distal end of the Skolithos
ichnofacies (Pemberton et al., 2001). This is also a typical
marine form occurring in intertidal to the subtidal setting.

Ichnogenus: Laevicyclus (Quenstedt, 1879)
(Fig. 8.2)

Description: 1t is represented by downward tapering
cylindrical burrows penetrating at right angles or slightly
inclined into bedding planes, comprising two concentric
circles visible on the bedding planes. The inner circles having
a diameter of 3.3 cm are filled with ferruginous material,
whereas the outer circles made up of siliceous sand have a
diameter of 5 to 5.5 cm. Vertical burrows up to 25 cm in
length are densely distributed in INS at Hathni River section
as well as in Naingaon section (Fig. 2; Table 2). It differs
from Monocraterion in not possessing a series of concentric
rings.

Discussion: This ichnogenus was also reported from the
Bagh Group by Verma, (1971) and Kundal and Sanganwar
(1998). Initially, the ichnogenus Laevicyclus was interpreted
as an inorganic structure produced by escaping pressurized
gasses and water trapped within sediments (Schmidt,
1934). Seilacher (1955), however, considered it as a trace
fossil (feeding burrow) comparable to the dwelling shaft
and scraping circles of the recent annelid Scolecolepis.
Studied form preserved in areno-calcareous beds in vertical
disposition may represent dwelling structure (domichnion).

Ichnogenus:Ophiomorpha (Lundgren, 1891)
(Fig.8.3)

Description: Essentially vertical, burrows show the
variable diameter of offshoots emerging both at acute and
obtuse angles with rough pitted wall structures which are
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Fig. 6. Field photographs showing different sedimentological and lithofacies
character of the upper Nimar Sandstone (uNS); (1) uNS making a relatively
sharp contact with the overlying Nodular limestone at Bagh Cave section.
(2) INS with herringbone cross strata (Yellow arrow) and tidal bundle (white
arrows) making a gradational contact with uNS at Hathni river section.

perpendicular to the burrow axis. The burrows are up to 14
cm in length and 1.4 to 1.8 cm wide preserved in vertical
full relief. Because of the sandy substrate, nodos exterior is
sometimes pitted and in parts obliterated and can only be
seen in well-preserved forms as pitted structure. The burrows
are hosted in cross-bedded sandstone lithofacies of INS at the
Hathni River section (Fig. 2; Table 2).

Discussion: Ophiomorpha is considered to have been
produced by crustaceans (Frey et al., 1978). According to
Goldring et al. (2007), Ophiomorpha today is being formed
only in tropical/subtropical shallow marine sediments.
Furthermore, it has been suggested that Ophiomorpha found
in deep water turbidites may have been produced by relocated
producers of shallow marine origin (Uchman and Gazdzicki,
2006; Goldring et al, 2007). However, properly lined
burrows may be ascribed to dwelling structures of inferred
suspension-feeders (Pemberton et al., 2001; MacEachern
et al, 2007). Saha et al., (2010) reported Ophiomorpha
from the Lameta Formation of Jabalpur area and
interpreted it as burrows produced by suspension-feeding
organisms.

Fig. 7. (1) Arenicolites showing paired openings on bedding surface within
lower Nimar Sandstone (INS) along Baghini river, Bagh Cave; length of
the lense is 4 cm. (2) U-shaped Arenicolites burrow within the upper Nimar
Sandstone (uNS) at Hathni River section; diameter of the coin is 2.3 cm. (3
and 4) Two specimens of Asterosoma, showing flower like arms within the
upper Nimar Sandstone (uNS) at Bagh Cave section; length of the pencil and
diameter of the coin is 19 cm and 2.5 cm respectively. (5) Dactylophycus
with palmate branches within the upper Nimar Sandstone (uNS) at Hathni
River section; diameter of the coin is 2.5 cm.

Ichnogenus: Skolithos (Haldemann, 1840)
(Figs. 9.1 and 9.2)

Description: This is simple, essentially vertical tubes
with lengths ranging from 55 to 60 cm. In the bedding plane
aspect they comprise solitary circular traces. Skolithos
range in size from 1.5 to 1.7 mm in diameter. The diameter
within a single specimen is more or less constant but quite
variable among different specimens. Burrows generally
are not densely packed but are spaced 1.5 to 2 cm apart.
This ichnogenus is well preserved at calcareous sandstone
lithofacies and cross-bedded sandstone lithofacies of INS
and uNS at the Hathni River section and in INS of Naingaon
section (Fig. 2; Table 2).

Discussion: These ichnogenera have been reported to
signify the activities of a wide variety of organisms, from
fish to worms, insects, and anemones (Gingras et al., 1999).
These burrows are normally formed during a pause in
sedimentation when suspension-feeding worms had time to
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Fig. 8. (1) Diplocraterion within the lower Nimar Sandstone (INS) at Hathni
River section; diameter of the coin is 2.5 cm. (2) Laevicyclus represented
by downward tapering pipe like structure within lower Nimar Sandstone
(INS) at Hathni River section; inset shows burrows normal to bedding plane
along Baghini river, Bagh Cave; diameter of the coin is 2.5 cm. (3) Close
up of a shaft of Ophiomorpha having pitted wall within the lower Nimar
Sandstone(INS) at Hathni River section; diameter of the coin is 2.3 cm.

colonize the seafloor (Hallam and Swett, 1966). According to
Seilacher (1967), Skolithos is typical of the littoral zone but
it also occurs in the neritic and occasionally bathyal zones
(Crimes, 1970).

Ichnogenus: Taenidium (Heer, 1877)
(Fig. 9.3)

Description: Smooth-walled, unlined, cylindrical trace
fossils with meniscate backfill. Diameter ranges from 4 to 7
mm having a length of 8.5 cm. They are horizontal, following
bedding planes, sinuous and unbranched. Menisci are short
and densely packed and segmented. This trace fossil has been
found from fine-grained calcareous sandstone lithofacies of
the uNS at the Hathni River section (Fig. 2; Table 2).

Discussion: It has been proposed that polychaetes
(Gevers et al., 1971), amphibians or reptiles (Ridgway,
1974), and arthropods (Morrissey and Braddy, 2004) can
produce Taenidium burrows. The categorization of meniscate
backfilled burrows is somewhat mystified. The main point
of controversy with Beaconites has already been mentioned
in trace fossil of the Lameta Formation by Saha et al.
(2010). Keighley and Pickerill (1994) consider Taenidium

Fig. 9. (1) Vertical burrows having two pipes of Skolithos within lower
Nimar Sandstone (INS) at Hathni River section; length of the pencil is 17
cm. (2) Simple vertical Skolithos burrow within the upper Nimar Sandstone
(uNS) at Hathni River section; length of the pen is 14 cm. (3) Taenidium,
showing Spreiten structure within the upper Nimar Sandstone (uNS) at
Hathni River section; diameter of the coin is 2.3 cm.

as unlined and Beaconites as lined burrow. Our specimen
has an apparent lining formed by lateral merging of menisci.
Taxonomical detail regarding Taenidium and other meniscate
burrows has been elaborated by D'Alessandro and Bromley
(1987), and Keighley and Pickerill (1994).

Ichnogenus: Teichichnus (Seilacher, 1955)
(Figs. 10.1 and 10.2)

Description: This burrow is rather simple formed by a
series of long horizontal burrows.

It is composed of spreiten structures formed by
horizontal displacement and oriented along the bedding
plane. However, the structure is 1 to 2.5 cm wide, 6.5 cm
long, slightly curvy otherwise unbranched, and disposed
horizontally to the bedding. Successively younger spreites
seem to be slight of lesser diameter and marginally displaced
laterally. The spreites forming the structure are of variable
thickness. It is preserved in full relief and indicates lateral
shifting of burrows. This burrow is present in calcareous
sandstone lithofacies of uNS at the Bagh Cave section (Fig.
2; Table 2).
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Fig. 10. (1 and 2) Two different specimens of Teichichnus burrow within the
upper Nimar Sandstone (uNS) at Bagh Cave section; diameter of the coin
is 2.5 cm. (3) Ienogenus Thalassinoides showing complex inter-connected
burrow structure within the lower Nimar Sandstone (INS) at Bagh Cave
section; length of the pencil is 19 cm.

Discussion: According to Crimes (1976), Teichichnus
occurs most frequently in neritic sediments, particularly
around and immediately below the wave base. Chisholm
(1970) considers them as a dwelling or feeding burrows.
Fursich (1974) considers them as feeding burrows of deposit
feeders. The presence of Teichichnus in association with
calcareous sandstone lithofacies indicates its preference for
a low energy environment, rich in organic matter. According
to Mayoral et al. (2013), Teichichnus is very common in
shallow, lower shoreface, and marginal marine depositional
settings as wave or tide-dominated estuaries (bay-head delta,
central basin, tidal flats).

Ichnogenus: Thalassinoides (Ehrenberg, 1944)
(Fig. 10.3)

Description: The branched burrows that do reveal at
places Y-shaped and T-shaped and tree-shaped branching,
tunnels are also very complexly interconnected, walls are
remarkably cylindrical, may show irregular exterior, and
seem to have passive infilling. The diameter of the main
branches varies from 1 to 8 cm, at the point of bifurcation
burrows show bulging patterns. Burrows are preserved both
in full relief within the host beds as well as on the bedding
planes forming box work—a type of network in which different
sized burrows of different generations cross over each other.
This burrow is characteristic of Nimar Sandstone, Nodular

Fig. 11. Ichnogenus Zoophycos within the upper Nimar Sandstone (uNS) at
Bagh Cave section; diameter of the coin is 2.5 cm.

Limestone, and also Coralline Limestone. Burrows are much
prominent and show an extensive network in the INS and
uNS of all the studied sections (Fig. 2; Table 2).

Discussion: Thalassinoides, although a facies-crossing
form, typically recorded in shallow-marine environments
(e.g., Mangano and Buatois, 1991; Bromley, 1996), is also
quite common in deep-marine and freshwater settings (e.g.,
Uchman, 1995). It is commonly produced by crustaceans
(Frey et al,, 1984). In some cases, soft-bodied organisms
have been suggested as trace makers (Myrow, 1995; Bromley,
1996). Generally, it is regarded as a feeding burrow system
created in water-saturated cohesive substrate under an
oxygenated and energetic environment (Ekdale, 1992). When
found associated with sandy beds, it is generally interpreted
as burrows of endobenthonic suspension feeders/scavengers
(Fuersich, 1974). In the present study, a complex network
of burrows and association with Ophiomorpha suggest that
producer community was mainly endobenthonic suspension
feeders/scavengers or rarely even deposit feeders. Presence
of different sized burrows suggests that juvenile forms were
also present.

Ichnogenus: Zoophycos (Massalango, 1855)
(Fig. 11)

Description: This trace fossil is preserved on the eroded
bedding plane of calcareous sandstone lithofacies of uNS
at the Bagh Cave section (Fig. 2; Table 2). These structures
appear on the differentially eroded bedding planes as a series
of irregularly thin crescents which are packed together within
a semi-circular tube having a diameter of 5 to 6.7 cm. It is
composed of a series of concentric ring types of structures.

Discussion: Zoophycos is a widely distributed facies-
crossing form, known from marginal-marine (Miller, 1991)
to shallow-marine (Marintsch and Finks, 1982), and deep-
marine (Kotake, 1989) sediments. Most workers agree that
Zoophycos is the organized deposit-feeding burrow system
of an infaunal animal and these are probably formed by
chemobiosynthetic-feeding activity of annelids or worms
(Bromley, 1996; Sarkar et al., 2009).
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DISCUSSION

Previously, the Nimar Sandstone was generally
considered a fluvial sequence (Pascoe, 1960; Robinson,
1967). However, Sarkar (1973) and Singh et al. (1981)
attributed a tidal origin to it. Later Bose and Das (1986)
considered the Nimar Sandstone as a product of transgressive
storm and fair weather wave-dominated shelf sequence
based on the lithofacies analysis. Later, Raiverman (1975),
Chiplonkar et al. (1977), and Singh and Srivastava (1981)
assigned it a marine origin, at least to the upper part of the
Nimar Sandstone. However, none of these workers carried
out the critical and systematic lithofacies analysis and most
of the interpretations were based on gross lithology, body,
and trace fossils. According to Singh and Srivastava (1981),
the upper part of Nimar Sandstone (calcareous) and the Bagh
Group were deposited in the shallow marine environment
ranging from intertidal to shallow subtidal zone. Based on
algal assemblage within the upper calcareous part of the
Nimar Sandstone, Kundal and Sanganwar (1998) proposed
deposition in tropical waters at a depth of 10- 12 m below the
low tide levels, in a moderate energy setting with moderate
turbulence and normal salinity of the water.

In the present study based on lithofacies and trace fossil
analysis, we have subdivided the Nimar Sandstone into two,
viz. the lower Nimar Sandstone (INS) and the upper Nimar
Sandstone (uNS). The basal part of the INS is represented
by a conglomerate and gravel-dominated sandstone. The
gravel-dominated sandstone facies gradually becomes multi-
storied large-scale cross-bedded sandstone complexes.
The individual sandstone bodies persist laterally and show
erosional transitions, lateral accretion elements (LA element),
and amalgamating stories throughout the Bagh Cave and
the Naingaon sections (Figs. 3 and 5; Tablel and 2). These
characteristics imply sedimentation in channels that evolved
through time generating a multistoried complex. However,
the presence of interference ripples, herringbone cross-
bedding with mudstone drapes and reactivation surfaces, tidal
bundles, and ichnogerera, especially Arenicolites, Skolithos,
and Thalassinoides indicate marine influence within the
channels during the sedimentation (Figs. 2, 4 and 5; Table
2). An estuarine setting of sedimentation is, thus proposed
for the INS. The gravelly sandstone was deposited in a river-
dominated environment affected by the tide in the landward
part of the estuary, whereas the sandstones exhibiting LA
element along with herringbone cross-bedding with mud
drapes etc., were deposited in the sinuous middle part of
the estuary depositing the tidal point bars (Dalrymple ez al.,
1992; Reineck and Wunderlich, 1968; Cooper, 2001; Shukla
and Bachmann, 2009; Verma and Shukla, 2020) (Fig. 12).
These laterally shifting tidal point bar deposits, reactivation
surfaces, tidal bundles are commonly separated by gravelly
mudstone lithofacies showing deformation and bands of
clays displaying lenticular and flaser bedding (Figs. 2 and 5;
Table 2). These characteristics imply a pronounced influence
of tidal action transporting the gravelly material onto the
over bank muddy areas bordering the channels (Dalrymple
et al., 1992; Reineck and Wunderlich, 1968; Cooper, 2001;
Shukla and Bachmann, 2009; Verma and Shukla, 2020) (Fig.
12). A complete evolution of a river-dominated estuary to the

tide-dominated estuary from the base of the INS to its upper
part thus is envisaged.

In the Bagh Cave section, the sandy channelized
lithofacies are sharply followed by a prominent unit of
interbedded  sandstone-siltstone-mudstone  lithofacies
displaying wavy and flaser bedding, ripple cross lamination,
bioturbated mudstone along with some fossil fragments
(Fig. 5.1). The mudstone to fine sand units represents tidal
flat cycles. It is coarsening upward indicates rising sea
levels, which led mudflats to be succeeded by mixed flats
and capped by sand flats (see Reineck, 1972; Reineck and
Singh, 1973; Reineck and Wunderlich, 1968; Chakraborti,
2005; Dalrymple et al., 2012). We envision that the estuarine
channels were bordered by extensive tidal flat areas. Primary
sedimentary structures, lithofacies constitution, and trace
fossils suggest the INS represent subtidal conditions within
the estuarine channels and the intertidal conditions onto
the bordering tidal flats (Fig. 12 and Table 2). Hitherto, the
lower part of the Nimar Sandstone has been traditionally
interpreted as a product of a fluvial setting (Bhattacharya et
al., 2020 and references therein).

The overlying calcareous sandstone lithofacies of uNS
contains a variety of trace fossils both in frequency and
diversity (Fig. 2 and Table 2) and is characterized by cross-
bedding and ripple cross-lamination with mud drapes and
tidal bundles. With further sea-level rise, the intertidal zone
passed into the subtidal zone and sedimentation shifted to
the estuary mouth as a shoaling bar and tidal channels. The
presence of a variety of trace fossils along with calcareous
mudstones indicates, a subtidal condition of deposition in an
inner neritic setting (Fig. 12 and table 2).

The overall trend of the grain size in the Nimar Sandstone
is that of fining upwards with the top becoming calcareous.
Lithofacies and ichnofacies characteristic indicates that the
whole of the Nimar Sandstone was deposited under rising sea
level condition forming a Transgressive Systems Tract (TST)
deposit of a 3" order sea-level cycle. TST cycle is composed
of at least 5 parasequences (sand bodies 1 to 5 of Fig. 3). Each
parasequence is fining upward where sandstone is capped by
the gravelly mudstone in the basal part of the INS, which
is brick red, and by tidal flat cycles in the upper part of the
INS which is red to yellow buff in color, in which the Bagh
caves were excavated. The top sandstone body numbering 5
in Fig. 3, is calcareous and contains a variety of ichnofossils
and body fossils, and gradationally is overlain by the Nodular
Limestone having a variety of fauna of open marine affinity
(Figs. 2, 3 and Table 2).

The interpretation based on the lithofacies analysis is
further corroborated by the ichnoassemblage of the INS and
uNS. The diversity and frequency of trace fossils increase
from the INS to uNS (Fig. 2; Table 2). The INS is characterized
by Arenicolites, Diplocraterion, Laevicyclus, Ophiomorpha,
Skolithos, and Thalassinoides ichnogenera. Trace fossil
assemblages of INS are dominated by suspension-feeding
organisms and mostly belong to Skolithos and Glossifungites
ichnofacies (Table 2). On the other hand, the uNS is
characterized by ichnogenera like Arenicolites, Asterosoma,
Dactylophycus, Skolithos, Taenidium, Teichichnus,
Thalassinoides, and Zoophycos. Trace fossil assemblages of
uNS are dominated by suspension feeders, dwelling feeders,
and deposit feeders and are mostly belong to Glossifungites
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Open Sea

Fig. 12. Schematic depositional model of a tide dominated estuary proposed for the deposition of the lower Nimar Sandstone (INS) and the upper Nimar
Sandstone (uNS) respectively, with probable location of studied sections with respect to geomorphic domain of sedimentation are depicted as 1) Naingaon

section, 2) Hathni River section and 3) Bagh Cave section.

to Cruziana Ichnofacies (Table. 2). These ichnofacies are the
characteristics of intertidal to subtidal environments.

Another clear distinction between the INS and uNS is
apparent in their faunal contents. Characteristically, the (INS)
is scantily fossiliferous (see Table-2 of Bhattacharya et al.,
2020 and Table-6 of Bhattacharya et al., 2021 and references
therein) whereas; the (uNS) is abundantly fossiliferous
(Bhattacharya et al., 2020, 2021).

Thus, the succession of the Nimar Sandstone is a
classic expression of a river-dominated estuary to a tide-
dominated estuary graduating to shallow inner neritic marine
environment condition of deposition (Fig. 12). The rivers
converging to the estuaries had provenance in the Aravalli
and Precambrian basement (Ahmed, 1992). Because of
progressive transgression, the clastic supply from land got
depleted, which induced the precipitation of carbonates of the
calcareous sandstone of the uNS and the overlying Nodular
Limestone (Table 1).

CONCLUSIONS

Sedimentological characters integrated with the
ichno-assemblage reveal that the Nimar Sandstone of
the Cenomanian age can be divided into the ferruginous
lower Nimar Sandstone (INS) and calcareous upper Nimar
Sandstone (uNS).

An environment of deposition from the base to the top
of lower Nimar Sandstone shifted from a river-dominated
estuary to a tide-dominated estuary.

The upper Nimar Sandstone was deposited under subtidal
to inner neritic conditions at the funnel-shaped estuary mouth
where carbonate could precipitate (Fig. 12).

The whole succession of the Nimar Sandstone represents
a Transgressive Systems Tract (TST) of a 3™ order sea-level
cycle.

The ichnofossil assemblage of the Nimar Sandstone
reveals that endobenthic worm-like organisms and arthropods
were dominant among the faunal community that churned
the sediments under shallow marine conditions in semi-
consolidated foreshore to shoreface and subtidal open marine
conditions.
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