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PREFACE

The Narmada Valley represents a unique, more or less a linear,
geomorphic feature in central and western India. It constitutes a trough
formed by block faulting which was initiated in the Early Cretaceous.
Within this Valley, a thin sedimentary sequence is developed which is
referred to as the Lameta Beds in the central region and the Bagh Beds in
the western region. The Lameta Beds are developed over the metamor-
phic rocks, granitic rocks and the Upper Gondwana sediments especially
in the Jabalpur area, Madhya Pradesh and are overlain by the Deccan
basalts. The Bagh Beds which include the Nimar Sandstone overlie the
granitoid and metamorphic rocks of Precambrian age and are in turn
overlain by the Deccan basalts. Both Lameta and Bagh Beds can be seen
as isolated outcrops all along the Narmada Valley.

The stratigraphic position of the Deccan basalts, also referred to as
the Deccan Traps, is important in relation to the Bagh and Lameta Beds
as both have an infratrappean position with respect to the basalts. The
Bagh Beds are marine deposits, while the environment of deposition of
the Lameta Beds is debatable. Currently. the views about its environment
of deposition, range from typical fresh water to marine.

The Palacontological Society of India. in collaboration with the work-
ing Group of IGCP-350. the Geological Survey of India and the Geology
Department, University of Lucknow, organized an International Field
Meeting and Group Discussion on “Cretaceous Environmental Change
in East and South Asia” during December 1997. For this meeting, we
prepared a Field Guide Book on the Lameta and the Bagh beds for the
participants of the meeting, incorporating the geology of these two im-
portant stratigraphic horizons. This field guide book proved to be very
useful and we received many requests for this booklet from many fellow
geologists.

The authors feel that the field guide book will also be useful for both
undergraduate and post-graduate students and should be published for
the young Geology students of Indian Universities as the Lameta and the
Bagh beds are the popular excursion sites. Recent discovery of dinosaur



eggs and bones further enhances the significance of these beds. Present
attempt mainly incorporates the available published and some unpublished
material regarding Geology, Palacontology and Stratigraphy of the two
horizons. The authors hope that this field guide book will be of great help
to the teachers and students interested in these two important stratigraphic
horizons.

1, December, 1998
S. Kumar
M.P. Singh
D.M. Mohabey
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yellow brown or white sandstones. These sandstones pass upward into
fire clays and soft argillaceous and sandy shales with subordinate seams
of white sandstone. A coal seam has been recorded at a depth of ca. 11m
by Medlicott (1873). The Jabalpur Formation is more or less horizontal
with a dip of generally less than 5° (Dogra et al., 1994).

Fossils and Age

The Jabalpur flora consists of the typical Upper Gondwana flora.
Important forms are Coniopteris, Cladophlebis, Nilssonia, Ptilophyllum,
etc. (See Pascoe, 1960).The Jabalpur Formation has been assigned the
Middle to Upper Jurassic age by Pascoe (1960). Bose and Sukhdev (1959)
discovered two very characteristic Early Cretaceous forms Weischselia
and Onychiopsis. Bose (1960) also suggested the Lower Cretaceous age
on the basis of Coniopteris hvmenophvlloides and Sphenopteris sp. from
the Chui Hill section. On the basis of miospores Bharadwayj et al. (1972)
suggested Jurassic age, while Dogra et al. (1994) assigned Neocomian
age on the basis of palynomorphs. They have recorded Aequitriradites,
Coptospora, Crybelosporites and Schizosporis.

Lameta Formation

The Jabalpur clays are overlain by the Green Sandstone of the Lameta
Formation. An unconformity has been recognised between the Jabalpur
clays and the overlying Green Sandstone (Medlicott, 1872; Chanda, 1963;
Chanda and Bhattacharya, 1966). However. Matley (1921) has opined
that it is a conformable contact.

The Green Sandstone (the Green Sands of Matley, 1921) is a friable,
green to white, medium to coarse grained, pebbly, trough cross-stratified
sandstones. Large, medium and small scale trough cross bedded sand-
stones, channel scours, channel lag deposits, and horizontal laminated
muddy sandstones are common (Tandon ez al., 1995). Tandon et al. (1995)
have also noted fining upward sequence and rib and furrow structure.
They recorded a unimodal distribution of palaeocurrent direction with
dominant southwesterly current direction. They interpreted the Green
Sandstone as two- to three-storied sand accumulation in southwesterly
oriented fluvial channels which were shallow and braided. They also in-
ferred aeolian influence. Kumar and Tandon (1979) have suggested a point
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bar deposit as environment of deposition for the Green Sandstone on the
basis of sedimentary structures.

However, Chanda and Bhattacharya (1966) indicated a shallow marine
origin on the basis of the presence of glauconite. petrography and
palacocurrent study. Singh er al. (1983) studied the sedimentary struc-
tures and palaeocurrent pattern around Jabalpur. They noted bipolar cur-
rent pattern in the Green Sandstone and also recorded Thalassinoides type
burrows. They suggested tidally influenced marine environment of depo-
sition. Singh (1981) has suggested that the deposition of Green Sand-
stone took place in an estuarine channel with a rather strong current mostly
in subtidal position. Brookfield and Sahni (1987) have contended that the
marine interpretation of the Lameta Bed is wrong because marine indicators
are misidentified or misinterpreted. According to them, the maturity of
the sediments is due to weathering, glauconite is smectite or ferric illite,
the algal structures of Chanda (1967) are pedogenic carbonate structures
in calcareous palaeosols and calcrete, and the crab burrows are pedogenic
calcrete nodules and associated rootlet horizon. They suggested that the
entire Lameta Formation consists of semiarid and piedmont deposits ex-
tensively modified both during and after deposition by pedogenic pro-
cesses.

Tandon et al. (1995) rejected the identification of glauconite con-
firmed by X-ray analysis by Chanda and Bhattacharya (1966) by referring
to an unpublished work of Kohli (1990. see Tandon er al., 1995) who
claimed that the so called glauconite is green clays made up of montmo-
rillonite, celadonite and kaolinite.

Thus, the picture is still not clear as far as the environment of depo-
sition of the Green Sandstone is concerned. [t has been assigned an envi-
ronment of deposition interpreted by some as a fluvial braided channel,
by some as a point bar deposit, and by others as estuarine to tidally
influenced marine environment.

Lower Limestone

[t is a light grey, cream coloured or bluish concretionary limestone
usually containing sandy material. Pebbles of jasper, quartz, rock frag-
ments and irregular seams and nodules of chert are common. The thick-
ness varies from 1 to 4m.

Chanda (1967) studied the Lower Limestone in detail and concluded
that it is largely an autochthonous accumulation of primary algal prod-
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ucts, algal features have been considerably obliterated by “grain diminu-
tion”. The quartz grains appear to have been trapped within the algal
growths and generally have remained in position unless removed as parts
of intraclasts. These must have been deposited under intertidal to inner
neritic marine waters. Raiverman (1975) has also supported a marine ori-
gin of the Lameta limestone.

Kumar and Tandon (1979) recorded penecontemporaneous conglom-
erate and fenestrae structure. They suggested that it is formed in the
supratidal zone of carbonate tidal flat. Singh (1981) reported organic churn-
ing of the sediments producing patchy structure as well as a well defined
burrow systems resembling Thalassinoides. He also noted spreites re-
sembling Zoophycus along with a wave-built structure and suggested tidal
flat environment of deposition for the Lower Limestone. However,
Brookfield and Sahni (1987) have suggested that it has all the features of
semi-arid and pedogenic calcrete deposits.

Tandon er al. (1995) identified the following seven facies within the
Lower Limestone:

(1) Palustrine limestone

(2) Sandy, nodular, brecciated calcrete facies

(3) Calcareous grey siltstone with brecciated calcareous nodules
(4) Brecciated pisolitic calcrete facies

(5) Honeycomb calcrete facies

(6) Sandy and pebbly green marl

(7) Calcrete nodule conglomerate

Tandon et al. (1995) have suggested a subaerially exposed low gra-
dient alkaline flat in an alluvial setting as the environment of deposition
of the Lower Limestone.

Mottled Nodular Bed

The Lower Limestone is succeeded by a set of red, green and mottled
sandy and clayey beds, usually 12 to 16m thick. characterised by many
sandy and calcareous concretions. At places due to weathering it has an
appearance of a coarse rubble. The upper part becomes sandy. Singh (1981)
has used the name Mottled Nodular Marl for the Mottled Nodular Bed.
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Sahni and Mehrotra (1974) recorded Vivipara normalis a fresh water
gastropod. Other molluscs found in the Lametas are Melania, Paludina
and Physa prinsepii. They suggested that the Mottled Nodular Bed is the
product of a fluvial process. Kumar and Tandon (1977) noted that the
bedding is very poorly preserved or absent. Poorly preserved small scale
cross bedding is also noted. They contended that the absence of primary
bedding feature is due to destruction by benthic fauna. They recorded the
presence of well-developed burrow structures varying in size from 3 mm
to 5 cm in diameter and have envisaged a very slow rate of sedimentation
so that the benthic community had enough time to completely churn the
sediments. Kumar and Tandon (1978, 1979) have identified the burrow
structure as Thalassinoides and suggested a coastal complex as the envi-
ronment of deposition.

Singh (1981) also noted the presence of Thalassinoides and assigned
them to crab burrows. According to him, the narrow burrows may belong
to juvenile crabs. He suggested an intertidal zone of moderate to low
energy. However, according to Brookfield and Sahni (1987) the whole
Mottled Nodular Bed sequence is a beautiful example of a semi-arid flood
plain environment. The crab burrows recorded are either coalesced calcrete
nodules or terrestrial animal burrows. Tandon er al. (1995) also consid-
ered the burrow structures as calcrete profiles and interpreted the Mottled
Nodular Bed as pedogenically modified sheetwash deposits of semi-arid
alluvial plain. According to them, the unit consists of red, silty and clayey,
very fine grained sandstone, sandy marl and calcrete. Abundant carbon-
ate pipes, tubular structures, rhizocretions, green mottles, pebbles and
siliceous tubular and laminar structures are recorded. They noted up to 11
superposed calcrete profiles and recognized three calcrete facies, namely
chalky, nodular and platy.

Upper Limestone

According to Matley (1921), this zone is locally developed at the top
of the Mottled Nodular Bed. It is extensively sandy and is more often a
calcareous sandstone than a limestone.

Kumar and Tandon (1979) recorded Thalassinoides type burrows.
Singh (1981) has also observed that Upper Limestone is extensively bur-
rowed and the burrows are large and stout. According to Chanda (1967),
it shows algal texture but due to recrystallisation it is not well seen. Singh
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(1981) has suggested an intertidal flat environment but with increased
carbonate production and increased supply of coarse grained clastics.

Brookfield and Sahni (1987) have considered it as another calcrete
horizon which owes its origin to a more permeable clayey sand deposit -
probably an outbank sheet flood - sandwiched between similar Mottled
Nodular Bed and Upper Sandstone. Tandon et al. (1995) have included
this horizon under Upper Calcified Sandstsone and suggested deposition
by widely occurring sheet floods.

Upper Sandstone

It is a thin horizon up to 5-7 m thick made up of buff and brown
sandstone. Kumar and Tandon (1979) have noted Thalassinoides burrows
and suggested coastal complex as the environment of deposition. Singh
(1981) noted the dominance of stout burrows and envisaged an intertidal
flat environment for this unit which was under the influence of increased
sand supply.

Tandon et al. (1995) have clubbed Upper Limestone with Upper Sand-
stone and suggested deposition from northeasterly directed, mainly
unchannelled sheet flows/sheet floods. Chanda (1967) has suggested cal-
cification of sandstone due to percolating waters from the overlying traps.
However, Tandon et al. (1995) disagreed with him. Ghosh (1997) has
considered the entire Lameta Beds, exposed around Jabalpur, as one unit.
It comprises a pedogenically modified fluvial succession. According to
him, accumulation of early diagenetic calcite cement during
penecontemporaneous pedogenesis has transformed the fluvial sandstone
into calcareous sandstone. The microscopic features of the palaeosol ma-
terial include floating grain fabric, root traces, laminated micrite-microspar,
micrite envelopes and corona structures, illuvial clay envelopes,
poikilotopic spars and minor amounts of siliceous grains and void cutans.
He has identified eleven different types of palaeosol profiles. Each pro-
file comprises two to four distinct pedohorizons arranged in vertical suc-
cession. There are six types of pedohorizons present in the Jabalpur area,
namely, partly altered hosts, light coloured and poorly cemented hori-
zons, horizons with root traces and root related alterations, horizons of
subspherical glaebules, horizons of platy fused glaebules and subhorizontal
root traces and horizons with solution features which show many charac-
teristics similar to the present-day soil horizons. The palaeosol character-
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istics show correspondence to the nature of fluvial channel migration and
the depth of the ground water table. The characteristics of the Lameta
palacosols suggest that a hot and semi-arid climate prevailed for most of
the time represented by the Lameta Formation but short-term wet spells
also occurred during the initial and terminal phases of the Lameta accu-
mulation. The low latitudinal palaeoposition of India and the absence of
the palacomonsoon circulation might have produced the hot and semi-
arid climatic setting during this time.

Salil et al. (1997) have studied the detrital clays of the Lameta Beds
and weathered Deccan basalt which show identical universal assemblages
with the dominance of smectite and subordinate kaolinite and illite. Struc-
tural formulae of the smectites in Lameta exhibit high octahedral Mg and
Fe. The immobile trace element concentrations in Lameta clays resemble
those in weathered Deccan basalt. REE plots of the Lametas are subparallel
with those of weathered Deccan basalt and show negative Ce anomalies
documented in basalt weathering. These findings suggest that smectite
rich clays of the Lametas are the derivatives of the Deccan basalt imply-
ing early activities of Deccan volcanism either during or just prior to the
Maastrichtian Lameta sedimentation.

In view of the abundance of phytoplankton and pollen indicators of
coastal habitats, such as the pollen taxa Proxapertites sp., Palmaepollenites
sp. and Palmidites sp. Dogra et al. (1994) have suggested that the Lameta
Formation was deposited in marginal marine conditions under varying
tidal influence.

A significant aspect of the Lameta Formation is the facies variation.
The lithostratigraphic successions at Chui Hill and Lameta Ghat are not
comparable. This creates problems in correlation and in assigning age to
different lithounits.

Carbon and Oxygen Isotope Study

In recent years, some data on stable carbon and oxygen isotopes has
been generated and attempts were made to use them as palaeoclimatic
and palaeobiological indicators. It has also been used to interpret the con-
centration of CO, in Late Cretaceous atmosphere.

Andrews et al. (1995) have analysed 10 samples of Mottled Nodular
Bed for & 'C. The & °C values range from -9.83 to -12.04°/  (PDB) with
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mean as -10.64°/ (PDB). Presuming that these samples represent Late
Cretaceous palaeosols the Maastrichtian atmosphere is unlikely to have
contained more than about 1300 ppm by volume of CO,. On this basis
they concluded that the global climate cooled toward the end of the Cre-
taceous. Tandon ez al. (1995) have analysed a very large number of samples
from Jabalpur area for & "*C and & '*O. For Lower Limestone the 6 “C
values ranges from -11.19 to -7.06 */_ (PDB), for Mottled Nodular Bed it
is between -12.04 t0 -3.97%/ (PDB)and for Upper Sandstone itis -10.25
°/ ., (PDB). The 6 '*O values range from -2.00 to -14.65%0 (PDB) for the
Lower Limestone, from -4.22 to -9.12 “/m (PDB), for the Mottled Nodular
Beditis from-4.2210-9.95¢/ (PDB) and for Upper Sandstone it is -6.94
°/ , (PDB). According to Tandon et al. (1995) the & "*C values are low
demonstrating a strong input of carbon from the decay of terrestrial land
plants. 8 *O values are variable. -5 to -10 ‘/, (PDB) consistent with
precipitation from meteoric water some of which was evaporatively modi-
fied in pools on the alluvial/palustrine flat.

Ghosh er al. (1995) have also analysed the Lameta carbonates for
6 "*O and & "*C. They have given range for § "*C from -7.1 to -10.7 */__
(PDB), suggesting pedogenesis in soils dominated by C, type vegetation.
d '*O values range from -6.7 to -8.9°/_ (PDB). On this basis, they sug-
gested average meteoric water composition of -8°/_ (PDB) during the
formation of the Lameta sediments which is quite low compared to present-
day meteoric water of Central India (-3°/  PDB). They explained this in
terms of cumulative effects of highly seasonal (monsoon like) climatic
regime in rain shadow zone and a more pronounced continental effect
due to a bigger size of the Cretaceous India.

Fossils and Age

Huene and Matley (1933) described Titanosaurus indicus,
Antarctosaurus septentrionalis from the sauropod bed at the base of the
Lower Limestone and Laevisuchus, Coeluroides and Lametasaurus from
the carnosaur bed lying above the limestone. They considered the age of
the Lameta Group to be Turonian because the fauna consists of
coelurosaurs, megalosaurs, titanosaurs and an anylosaur.

Robinson (1967) has noted that the Lameta Formation contains two
distinct levels from which dinosaurs are found in good preservation, the
lower one is rich in sauropods. She suggested Turonian age for the
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carnosaur level but Santonian age for the sauropod level or even later as
the three sauropod genera of the Lameta Formation are also found in the
Maastrichtian of Patagonia.

Chatterjee (1978) has described in detail Indosuchus raptorius and
outlined similarities with Tvrannosairus but he placed it at the base of
the phylogeny of the tyrannosaurs. In the evolution of the Tyrannosauridae
the primitive grade is represented by Indosuchus. Chatterjee (1978) has
also considered Indosaurus matlevi as megalosaur. According to him, the
fragmentary remains of titanosaurs. similar to the Lameta fauna, were
known elsewhere in the Ariyalur Stage of Trichinapoly, South India. The
Ariyalur Stage contains good marine index fossils such as Lepiorbitoides
and Siderolites which indicate Maastrichtian age. Thus, the correlation of
the Lameta and Ariyalur Stage adds strength to the assignment of
Maastrichtian age as the upper limit of the group. Hence, the presence of
a tyrannosaur provides a better basis for determining the age of the lower
third of the Lameta Group, at least younger than the Turonian as
tyrannosaurs are known to occur in the highest Cretaceous. The lower
limit may extend down to Santonian as the megalosaur is highly advanced
and the tyrannosaur is highly primitive.

Dogra et al. (1994) have reported a rich assemblage of phytoplank-
ton and other palynomorphs including Deflandrea sp.. Dinogyvmnim sp.,
Gonyaulacysta sp., Palmidites, Liliacidites, Proxapertites and
Aquilapollenites from the Green Sandstone. They have reported palyno-
logical assemblage from the uppermost sandstone member which includes
Proxapertites crassimurus, Polyadopollenites mesozoicus, Lametaea in-
dica, Palmidites, Palmaepollenites, Deflandrea sp., Dinogymnium sp. and
Gonyaulacysta sp. According to them, the Lameta palynoflora is
characterised by typical Maastrichtian palynomorphs. This assemblage
compares closely with the Upper Cretaceous palynological assemblages
described from the Bengal Basin, Meghalaya, Kutch and Cauvery Basin.
Courtillot et al. (1986, see Dogra et al., 1994) have recorded a tooth of a
marine fish Igdabatis from the Lameta Formation.

The Lameta Beds have yielded gastropods Phivsa prinsepii, Planor-
bis, Paludina hislopi and Vivipara normaiis (Sahni and Mehrotra, 1974),
ostracod fauna Candona, Paracypretia, Cyprois, Metacvprois, and
charophytes Microchara, Peckichara and Plarychara (Brookfield and
Sahni, 1987). Sahni (1984) has recorded scales of Phoreodus
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Fig. 4. Schematic representation of the five types of dinosaur egg shells
recognised in the Indian Upper Cretaceous strata (After Sahni e al.,
1994).

(an osteoglossid fish), fragmentary frog ilia and possible hypsilodontid
tooth. Kumar and Tandon (1977) recorded the presence of arenaceous
foraminifera, Jaculella sp, Psammophaera sp. and Saccammina sp. and
advocated a marine origin to the Mottled Nodular Bed.

Dinosaur Eggs

Though the dinosaur fossils were known from the Jabalpur since the
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last century (Lydekker, 1877, see Pascoe, 1960), dinosaur eggs were re-
ported only in 1982 by Sahni and Gupta from the Lameta Formation.
Sahni et al. (1994) have reported dinosaur eggs from Chui Hill, Patbaba
Temple area, saddle between Patbaba ridge and Bara Simla Hill, and
Lameta Ghat. Many nest sites were also recorded in which two to seven
eggs were counted. Two types of egg shells have been reported by them.
These have been referred to as Titanosaurid Type I, and Type 11. Figure 5
shows different types of dinosaur egg shells recognised in the Indian Up-
per Cretaceous. According to them, the nests and isolated eggs represent
autochthonous remains and the skeletal elements are thought to have ac-
cumulated in shallow ephemeral ponds and or small lakes after having
undergone limited transport from the site of death and/or initial accumu-
lation. The most likely mechanism for transport of the skeletal elements
is sheet flooding as recorded in the sandy calcrete facies.

DECCAN TRAPS

The Deccan Traps occupy more than 5,00,000 sq. km. in the central
and in western parts of the peninsular region of India and acquire a thick-
ness of ca. 2000 m (fig. 6). The Deccan Traps represent most spectacular
outpouring of lava constituting world's largest flood eruption which made
a profound influence on the tectonics. sedimentation pattern and contem-
porary life. The outpouring more or less coincided with the initiation of
the formation of Himalaya, and changes in the extent of the Tethyan sea
way.

The dominant lithology of the Deccan Traps is represented by tholei-
ite basalt. Commonly, the rock is black to very dark in colour often with
brownish tinge. In texture, it varies from very dense, glossy variety with
resinous lusture to fine grained rock passing to dolerite types with vary-
ing coarseness. Many varieties of zeolites are found. A large number of
successive flows have been recorded whose thickness varies consider-
ably. It ranges from ca. 5 to 40 m. Flows can be distinguished by textural
or mineralogical differences. Often a thin sedimentary deposit is recorded
between the two successive lava flows and is referred as an intertrappean.

Age

The **Ar/¥Ar dates on the thick tholeiitic lava pile have fixed the age
of the Deccan volcanism between 69-64 Ma (Venkatesan et al., 1986;
Shukla et al., 1988). Courtillot ef al. (1986) have suggested a still narrow
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span of just 1 Ma for the eruption of lavas with mean age of 65 Ma.
However, Courtillot ez al. (1988) have increased the duration of eruption
from 1 Ma to 4 Ma. Duncan and Pyle (1988) have given **Ar/*’Ar incre-
mental heating ages in the range of 67-68 Ma. They concluded that the
entire sequence was erupted rapidly over perhaps one million years at the
Cretaceous Tertiary boundary and represents the manifestation of the hot
spot. The collaborative work between Geological Survey of India and
National Science Foundation. USA has indicated a prolonged span of
Deccan volcanic eruption ranging between 69 and 62 Ma and more or
less similar conclusions are drawn for the Kutch basaltic flows that show
WAr/¥Ar plateau age between 68 £ 0.8 Ma to 61 + 1.6 Ma (see Mohabey
and Udhoji, 1996). In the Anjar Area, the flows underlying and overlying
intertrappean beds have been dated by “’Ar/*Ar method as 65.3 + 0.6 Ma
and 65.1 + 1.5 Marespectively (Bhandari et al., 1995). Raju et al. (1995)
have concluded that the event of Deccan volcanism was initiated during
the latest Maastrichtian Stage of uppermost Cretaceous. It continued across
KTB up to Danian (Early Palacocene). More than 75% of the Deccan
basalt is thought to have erupted during the reverse magnetic chron of 29
R. The Deccan basalt overlying the Lameta Formation in the Chui Hill
Section, Jabalpur shows reverse polarity followed by a normally
magnetised thin pile of basalt. It is followed by a thick pile of lava which
is reversely magnetised and identified as 29R (Vandamme and Courtillot,
1992). Bhatia er al. (1990) on the basis of nonmarine ostracods in the
intertrappean beds suggested that the Deccan volcanism was a late Creta-
ceous event.

Recently, a study of the mineralogical and chemical attributes of
detrital clays of the Lameta Formation and weathered Deccan basalts
suggested that clays of the Lameta Formation must have been derived
from the weathering of Deccan basalts with the implication that Deccan
volcanism must have started prior to the deposition of the Lameta
sediments (Salil et al., 1994, 1997; Salil and Srivastava, 1996).

INTERTRAPPEAN BEDS

There are a large number of isolated sedimentary deposits up to sev-
eral meters thick which are preserved within two successive lava flows.
These are distributed within the vast area occupied by the Deccan Traps.
These rocks show good preservation of fresh water fauna and flora and
are considered to be the deposits of fluviolacustrine setting. However,
Bhattacharya er al. (1990) have reported 2-3 m thick highly fossiliferous
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intertrappean bed from Mandla district, Madhya Pradesh, which has
yielded benthic foraminifera suggesting marine to brackish environment
of deposition. These foraminifers occur in association with fresh water
fauna and flora. In stratigraphic position, the intertrappeans are always
younger to infratrappeans but recently Sahni et al. (1994) have suggested
that infratrappean and intertrappean simply describe a physical position
regardless of chronology.

About 20 km east of Jabalpur there are two important intertrappean
deposits (figs. 6 & 7). These are:

1. Ranipur Intertrappean Bed
2. Padwar Intertrappean Bed
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Fig. 6. Intertrappean beds seen within the Deccan Traps, Jabalpur area including
Ranipur and Padwar localities (After Udhoji and Mohabey, 1990, Unpub.
Rep. G.S.1).
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Fig. 7. Lithologs of Intertrappean beds at Ranipur and Padwar (After Udhoji
and Mohabey, 1990, Unpub. Rep. G.S.1.).

Ranipur Intertrappean Bed

Between two Deccan basaltic flows, about 2 m thick succession of
sedimentary rock is well exposed in Gaur River Valley near Ranipur vil-
lage. The lower unitis represented by dark green carbonaceous shale with
plant fragments and microvertebrate remains. It grades to cherty lime-
stone with gastropods. Mathur and Sharma (1990) have reported a rich
palynological assemblage from the grey shale sample collected from be-
low a large, well preserved fossil of dinosaur pelvic girdle. According to
them, Azolla cretacea and Gabonisporis are most dominant,
Aquilapollenites-Hemicorpus group. Triporoletes, Equisetosporites,
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Echitricolporites maristellae are common. They have assigned
Cenomanian and possibly Campanian to Lower Maastrichtian age to the
assemblage. They interpreted a fluvial environment of deposition. Udhoji
and Verma (1990) have reported fish scales and suggested a lacustrine
environment of deposition and an Upper Cretaceous to Palaeocene age.

Padwar Intertrappean Bed

The Padwar intertrappeans are about 4 km west of Ranipur. The
outcrops are not seen on the surface but the beds are exposed in an un-
lined dug well. The total thickness is about 2 m with carbonaceous bands
separated by claystone (Prakash er al.. 1990). However, Udhoji and
Mohabey (1990, unpublished report, GSI) have shown a buff brown lime-
stone in between the two carbonaceous bands. Prakash er al. (1990) have
reported 20 species belonging to 18 genera of Pteridophytes, Angiosperms
and Gymnosperms. Angiosperms dominate the flora; the important forms
are Aquilapollenites bangalensis, Triporolites, Spinizonocolpites
echinatus. The next in order of abundance are Pteridophytes comprising
Azolla cretacea, Osmundacidites sp., Faveosporites sp., and other forms.
The Padwar assemblage is comparable to Upper Cretaceous palynological
association of the Bengal Basin. According to Prakash et al. (1990), the
presence of Nypa pollen Spinizonocolpites echinatus and S. baculatus
indicates a definite estuarine environment of deposition. This conclusion
is supported by the presence of Palmaepollenites. Udhoji and Verma (1990)
have suggested a lacustrine environment of deposition and an Upper
Cretaceous to Palacocene age. Rana (1990) has reviewed the fauna of
different fossiliferous intertrappean beds, namely Nagpur, Asifabad,
Vikarabad, Nizamabad, Rajahmundry and Madhya Pradesh. The biotic
and lithologic analyses of these intertrappean beds indicate deposition in
warm subtropical, low coastal plain environments. Further, the presence
of marine elements such as algae, fishes and foraminifera suggest the
presence of an epicontinental seaway during the Cretaceous-Tertiary
transition at least in some areas.

BAGH AREA, MADHYA PRADESH

BAGH BEDS

In the western region along the Narmada River Valley, a sedimentary
succession is developed which differs in lithology, fossil content and iso-
tope signature from the Lameta Formation of the Jabalpur area but is
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comparable in infratrappean position with respect to the Deccan Traps. It
has been referred to as the Bagh Beds and conformably overlies the gran-
ites and metamorphic rocks in the Bagh area (Table 2, figs. 8 & 9).

These rocks can be traced for a distance of 400 km in Gujarat and
Madhya Pradesh. The thickness of the Bagh Beds varies from 40 to 300 m.

The Bagh Beds can be grouped into three lithounits; in stratigraphic
order these are the Nimar Sandstone, the Bagh Formation and the Lameta
Formation. The Lameta Formation has yielded egg clutches and shows
lithological similarities with the Lameta Formation of Jabalpur area. How-
ever, Singh and Srivastava (1981) have named the calcareous sandstones
overlying the Coralline Limestone in Hathni River section as Hathni Sand-
stone and included it in the Bagh Formation. This unit has yielded dino-
saur egg shells. The Lameta Formation has also been referred to as the
Lameta Group, and the Nimar Sandstone and the Bagh Formation are
included under the Bagh Group (Akhtar and Khan, 1997). However, Singh
and Srivastava (1981) have included these two formations under the
Narmada Group.

Table 2 : Lithostratigraphy of the Bagh area, Madhya Pradesh.

Deccan Traps Basalts

Lameta Formation  Calcareous Sandstone (Estuarine-fresh water)
(Upper Cretaceous)

Coralline Limestone  (Marine)
Bagh Formation Deola-Chirakhan Marl (Marine)
(Upper Cretaceous) Nodular Limestone (Marine)

Nimar Sandstone Sandstones, (Estuarine and fresh
(Lower Cretaceous) Conglomerates & water with Oyster
Clays bed at the top)

Granites and metamorphic rocks
(Precambrian)

The Bagh Beds show facies variation. There is a considerable varia-
tion in the thickness of the Nimar Sandstone. The Bagh and Lameta For-
mations laterally also show variation in both thickness as well as in facies.
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Fig. 8. Geological map of the Bagh area (After Bhattacharya er al., 1997).
Nimar Sandstone

Around the Bagh township between the Bagh limestone and the meta-
morphic rocks, a sandstone horizon has been named as the Nimar Sand-
stone. It varies in thickness from 6 to 150 m. The horizon comprises sand-
stone, shales and locally developed conglomerates and shows much lat-
eral variation. It shows angular unconformity with the underlying
metamorphics.

The Nimar Sandstone has been subdivided into Lower Member and
Upper Member by Bose (1884) (Table 3).

The Lower Member consists of gritty and ferruginous sandstone with
occasional layers of clays and conglomerates. The conglomerates are made
up of subrounded to rounded pebbles embedded in a matrix of clay or
sand; either loose or cemented by calcite or oxide of iron or manganese.
These are succeeded by grits and sandstones interbedded with variously
coloured friable shaly and marly bands. Cross-bedding and ripple marks
are very common.

The Upper Member consists of thinly bedded, fine grained sand-
stone with calcareous parting. Tracks, trails and other trace fossils are
quite common which belong to Cruziana facies (Ahmad and Akhtar, 1990).
Coarse conglomeratic sandstones often containing fragments of Ostrea

22



LAMETA AND BaGH BEDS, CENTRAL INDIA

NISARPUR vV V.V V V V VvV VvV V

Vv v v RMADA RIVER
vV VvV v & vV VvV vV V V N vV VvV V
vV V V V VvV V V V V V V V V VvV V
Vv V vV VV V V V VO 5 10Km INDEX
\ v v v v A" v V —t———] E
V V V V V V V V V V V V | 2 3

Fig. 9. Geological map of the Zeerabad-Jobat area, Lower Narmada Basin:
1. Deccan Traps, 2. Cretaceous rocks, 3. Precambrian basement
(After Akhtar and Khan, 1997).

and other fossils are seen in the upper horizons. Well preserved sedimen-
tary structures including large scale and small scale current bedding, len-
ticular bedding, ripple bedding, penecontemporaneous deformation struc-
tures, current and wave ripples, etc. have been recorded.

The Nimar Sandstones are generally quartz arenite composed mainly
of several varieties of quartz and some mica, rock fragments, feldspar
and heavy minerals derived from the underlying Precambrian basement
(Akhtar and Ahmad, 1991). According to Akhtar ef al. (1994), the highly
quartzose nature of the sandstones may be ascribed to two main factors :
humid tropical palaeoclimate and elimination of feldspar during diagen-
esis.
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Table 3 : Lithostratigraphy of the Nimar Sandstsone (After Bose,
1884)

Upper Member  Calcareous Sandstone with
marine fossils

Nimar Sandstone

Carbonaceous clays with
plant fossils

Lower Member  Sandstone
Conglomerates

Fossils and Age

Dassarma and Sinha (1966) have described Ostrea, Arca, Turritella.
Natica and shark teeth. Jafar (1982) has reported 31 species of
nannoplankton from the upper part of the Nimar Sandstone and assigned
them to FEiffellithus eximius zone which is considered Late Turonian to
Early Coniacian in age. Nayak (1986) has reported planktic and benthic
foraminifera and assigned Albian-Cenomanian age.

Murty et al. (1963) recorded plant remains of Ptilophyllum cutchense,
P. acutifolium, peltate scale along with trilete spores and pollen of
Bennettitalean-Cycadalean and suggested an Upper Jurassic age. Kumar
(1994) has described a good palynological assemblage dominated by the
pollen of conifers. The important forms of the assemblage are
Callialasporites, Alisporites, Abiespollenites, Podocarpidites and
Araucariacites referable to conifers, cycadopites to Bennettitalean-
Cycadalean group. Haradisporites, Cyathidites (trilete) and Cingutriletes
probably belong to Cyatheaceae/Dicksoniaceae and Sphagnaceae respec-
tively. Kumar (1994) has compared this with the assemblage of the Jabalpur
Formation. A number of trace fossils have been described by Chiplonkar
and Badve (1969, 1970), Singh and Dayal (1979) and Badve, (1987).

Carbon and Oxygen Isotope Study

Bhattacharya et al. (1997) have analysed 18 Nimar Sandstone samples
for oxygen and carbon isotope studies. 6 "C values vary between
1.3 ¢/ to-7.8° (PDB) but majority of them cluster around
-5.1°/ to -7.8 9/ (PDB). 6 'O values vary between -4.8 %/ 10 -9.5"/
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(PDB). According to them, the carbon isotope data indicate fresh water
regime.

Environment of Deposition

The environment of deposition of the Lower Member of the Nimar
Sandstone is considered to be fresh water while that of the upper part is
regarded as marine (Singh and Ghosh, 1977; Singh and Dayal, 1979).
Bose and Das (1986) have contended that upper part of the Nimar
Sandstone represents a transgressive storm and a fair weather wave-
dominated shelf sequence. However, marine influence is detected in the
entire Nimar sequence in the eastern part of the basin (Bose and Das,
1986). Singh and Srivastava (1981) have suggested deposition in intertidal
to inner subtidal environment. Bhattacharya et al. (1997) proposed a fresh
water origin on the basis of carbon isotope data.

Bagh Formation

The Bagh Beds were named after Bagh Township in the western part
of the Narmada Valley, about 150 km west of Indore. The Bagh Beds are
now referred to as the Bagh Formation. It conformably overlies the Nimar
Sandstone.

In different sections, the Bagh succession is different due to facies
variation. The stratigraphic succession is given in Table 3. Recently Akhtar
and Khan (1997) have given a detailed account of the limestones of the
Bagh Formation and have renamed it as Karondia Limestone.

Nodular Limestone

It is about 8 m thick horizon represented by white, greyish white,
pale brown and purple, compact limestone with thin shales. The bedding
is generally wavy in the lower part but acquires nodular character in the
upper part. The bedding thickness ranges between 4 to 12 cm.
Thalassinoides burrrows are common. Akhtar and Khan (1997) have
recognised four microfacies which include lime mudstone, bioclastic
wackestone, whole fossil gastropod wackestone and calcispheroidal
bioclastic wackestone. The fossils are plentiful. According to them, it
was deposited in a low-energy environment below wave base.
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Chirakhan-Deola Marl

It is soft, almost flaggy and is about 3 m thick. It has yielded maxi-
mum fossils but is not developed in all the localities. Best development
can be seen in the Man River section. Possibly this unit corresponds to
the highly bioturbated packstone-wackestone facies of Akhtar and Khan
(1997). It is made up of reddish-brown packstones and whole fossil
wackstones which are highly bioturbated and show irregular and chaotic
bedding. Complete specimens of Hemiaster are commonly well
preservered.

Coralline Limestone

It is yellow or reddish brown in colour and has a thickness of few
meters. The freshly broken samples have somewhat granular appearance.
The dominant lithology is bioclastic grainstone (Akhtar and Khan. 1997).
The rocks show large-scale planar and trough cross bedding. ripple cross
bedding and flaser bedding. The rocks show incomplete winnowing. The
bioclasts are generally abraded and rounded. The fauna indicates shallow
marine conditions of open circulation and normal salinity (Akhtar and
Khan, 1997).

Akhtar and Khan (1997) have also measured the large-scale cross
bedding. The cross-bedded set thickness average 29 cm and inclination
angle of foresets average 15°. The rose diagrams are mostly polymodal.
According to them, the bipolar-bimodal nature of dispersal patterns is
indicative of reversing tidal currents. The sediment dispersal is mainly
westerly with occasional easterly dispersal.

Fossils and Age

The significant contribution to the palacontology of the Bagh For-
mation is made by Chiplonkar (1982, 1987) and his co-workers. and
Dassarma and Sinha (1975). The Bagh Formation has yielded a variety of
fossils which belong to Anthozoa, Bryozoa, Echinodermata. Brachiopoda.
Lamellibranchs, Gastropods and trace fossils. The important fossils are
Hemiaster, Astarte, Turritella, Tetragramma, Inoceramus, Mytiloides,
Ostrea, Plicatula, Spondylus, Modiolus, Placenticeras, Namadoceras,
Hypengonoceras and Malwiirliynchia, etc.

Rajshekhar (1995) have studied the foraminiferal assemblage which
consists of more than 90% benthic and less than 10% planktic elements.
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It is cosmopolitan in nature and suggests a normal shallow marine envi-
ronment. Frequency of foraminifera increases from base to top and repre-
sents a transgressive phase. The foraminifers are long ranging but show
dominance of Turonian elements.

Chiplonkar et al. (1977) and Ghare and Badve (1978) have pointed
out the development of Placenticeratids and their heteromorphic deriva-
tives, a poor diversity of echinoids and gastropods, a relatively high ende-
mism of different groups and much greater representation of European
forms. In contrast to this, in the South Indian Cretaceous there is an
abundance and variety of nautiloids, phyloceratids, acanthoceratids,
desmoceratids, heteromorphic ammonoids, belmnoids, pycnodintes,
rudists, terebratullids and corals. These elements are totally absent in the
Bagh fauna. Dassarma and Sinha (1975) have also noted that the Bagh
fauna shows mixture of faunal elements from South India, Madagascar,
South Africa, etc. On this basis, Chiplonkar (1987) has suggested that the
Bagh fauna belongs to a subprovince within the Indo-Mediterranean region
of Tethyan realm.

Chiplonkar er al. (1977) have reported 34 species of Inoceramidae.
According to them. the most conspicuous Bagh inoceramids belong to
Turonian; Cenomanian being also present particularly in the Nodular Lime-
stone. On the basis of faunal assemblage. Chiplonkar (1987) has sug-
gested Albian to Turonian age to the Bagh Formation. The Deola-
Chirakhan Marl have yielded both planktic and benthic foraminifers and
on the basis of the presence of Hedbergella bornholmensis, H. kengi,
Heterohelix globulosa and complete absence of Globotruncana. Sharma
(1976) has suggested that the Deola-Marl Bed ranges in age from the Late
Cenomanian to early Turonian. Jain (1969) has suggested Turonian-
Coniacian age to the ammonites found in the Nodular Limestone.

Carbon and Oxygen Isotope Study

The Nudular Limestone has been analysed for & '*O and & '*C by
Tandon et al. (1995). The § 80 values vary from -5.24 to -20.67 °/ ,(PDB)
and 8 "*C values from 1.35 to -0.74 */_. They concluded that the carbon
isotope values indicate marine environment. According to Bhattacharya
et al. (1997) most of the samples from Nodular Limestone and Coralline
Limestone have & "*C values lying between 2.6 to -2.8 °/ (PDB) which
reflect their marine origin. & 'O values vary from -4.3 °/_  to
9.5°/ (PDB).

00
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Environment of Deposition

On the basis of fossil assemblage, it is concluded that the Bagh For-
mation represents marine deposits. Chiplonkar (1987) has reviewed the
available information of different fossil groups recorded in the Bagh sedi-
ments and suggested deposition at the depth of 40 to 200 m in clear tropi-
cal warm waters. According to Singh and Srivastava (1981). the presence
of ripple marks along with Thalassinoides burrows in the Nodular Lime-
stone indicates shallow environment. The Deola Marl indicates deposition
in subtidal environment, while the Coralline Limestone with large-scale
cross bedding, rare conglomerate layers and coral and bryozoa fragments
of medium to coarse sand size indicate shallower conditions. According
to Akhtar and Khan (1997), the vertical arrangement in the Bagh Formation
forms a shallowing upward sequence comprising nodular bedded
mudstones and wackestones of subtidal open marine shelf followed upward
by intertidal deposits comprising cross bedded. flaser bedded and ripple
bedded grainstone.

Lameta Formation

The sandy facies overlying the typical marine Bagh Formation has
been named as the Hathni Sandstone by Singh and Srivastava (1981) who
included it as the uppermost unit of the Bagh Formation. This unit is also
referred to as the Lameta Formation. It is represented by thoroughly
bioturbated, mottled, brecciated, calcareous sandstone or occasionally
arenaceous limestone. It shows conformable contact with the underlyving
Bagh sediments. The bedding is not seen. In lithological attributes it is
much similar to the Mottled Nodular Bed and Lower Limestone of the
Jabalpur area. It shows excellent preservation of the dinosaur eggs which
were studied in detail by Khosla and Sahni (1995). It is overlain by about
1 m thick massive red sandstone horizon. There are several localities where
fossil wood logs have been reported and Oyster beds have been noted.
The Lameta Formation has been assigned the Maastrichtian age and is
considered as a nonmarine deposit.

BALASINOR AREA, GUJARAT

In the Balasinor area, a sedimentary succession is developed between
the metamorphic rocks and granites, and the Deccan Traps. It has been
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Fig. 11.Dinosaur nest-sites, Balasinor-Rahioli area. (After G.S.1.).

designated as the Lameta Formation. The stratigraphic succession is given
in Table 4.

Lameta Formation

The Lameta Formation was reported for the first time from the
Balasinor area by Gupta and Mukherji (1938). It outcrops over a strike
length of nearly 40 km with a width of ca. 15 kms in parts of Kheda and
Panchmahal districts, Gujarat in western India (figs. 10 & 11). The Lameta
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sediments rest unconformably over the Precambrian metasediments and
granites and are overlain by the Deccan basalts. The lithology is repre-
sented by conglomerate, breccia, sandstone, calcareous sandstone and
arenaceous limestone and chert. The thickness varies from 4 to 12 m.

Table 4 : Lithostratigraphy of the Balasinor area, Gujarat (after Pant
et al., 1988)

Thickness in m

Deccan Traps

Siliceous limestone at places cherty ~ 3-4

Lameta Formation  Gritty sandstone 2
Conglomerate with ossiferous bed 2
........................................................ UNCONTOIMILY...ceovvreciieeiiesiesesrese s

Godhra Granites/Phyllites
of Aravalli Supergroup

The conglomerate unconformably overlies the Godhra granites. It is
made up of subrounded clasts of rock fragments, vein quarts and chert
bounded together by calcareous and siliceous cement with abundant bones
of dinosaurian remains. The conglomerate grades upwards into calcare-
ous sandstone. This horizon also contains stray dinosaurian bones and
teeth. The bedding is not well preserved possibly due to bioturbation. The
sandstone becomes fine grained upwards and grades into arenaceous lime-
stone. The limestone is grey to brown, siliceous with calcareous claystone
and brown marl. The limestone is generally full of fine to medium grained
subangular to subrounded detrital quartz. Itis pseudoconglomeratic, nodu-
lar, intraclastic and brecciated. It also shows desiccation cracks and has
undergone extensive silicification. It shows mottling. The intraclasts and
at times nodules are coated with limonitic rims. Isolated stringers and
nodules of chalcedonic chert are commonly seen in the upper part which
coalesce to form partings and thin veneer at the top. It is unconformably
overlain by the Deccan basalts which are generally nonporphyritic, ve-
sicular with fairly abundant glass blebs (Srivastava et al., 1986).
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Fossils and Age

The Lameta Formation of the Balasinor area has yielded well pre-
served dinosaurian remains. The dinosaur skeletal remains have been as-
signed to the sauropod Titanosaurus (Dwivedi et al., 1982). the theropod
Megalosaurus (Mathur and Srivastava, 1987) and an Ornithopod. On the
morphological, microstructural and ultrastructural studies. two tvpes of
dinosaur agg shells viz., Kheda Type ‘A’ and Kheda Type ‘B’ are de-
scribed by Srivastava et al. (1986). Sahni ef al. (1994) have referred to
these two types as Titanosaurid Type III and Titanosaurid Tvpe [
respectively. Mohabey (1995) has recorded Thalassinoides burrows in
the limestone (uppermost unit) and inferred sublittoral to below wave
base type environment of deposition. Mathur and Mathur (1985) have
reported angiospermic plants belonging to the family Boraginaceae tfrom
the egg shell-bearing limestones of the Balasinor quarry. It has not been
reported from the rocks older than Palaeocene. Reptilian teeth have also
been reported (Pant et al., 1988). The Lameta Formation of the Rahioli
area has been correlated with the typical Lameta Formation of the Jabalpur
area on the basis of lithology. In the absence of any data for fixing the age
of the Rahioli sediments the Maastrichtian age is suggested on the basis
of titanosaurids and megalosaurids (Srivastava et al., 1986).

Oxygen and Carbon Isotope Study

Sarkar et al. (1991) have analysed the Lameta Limestone beds of the
Kheda district in Gujarat. The limestone shows low values of & O (-8.0
°/ ,PDB)and d “C (-8.5°/ PDB). These values are indicative of a fluvial
or marshy lacustrine environment of deposition. & '“C values of the dino-
saur egg shells found in these beds are ca. -10%/ (PDB) and suggest that
the reptiles were surviving on plants of C, type (small palms. conifers.
dicot shrubs, etc.). The egg shell & '*O values vary widely from -8.0°/ to
+6.9° (PDB). This range suggests that the dinosaurs were drinking wa-
ter from a variety of fresh water sources - from rivers originating from
high altitude precipitation to small, confined evaporative pools and indi-
cates that the prevailing climate was semi-arid type.

Tandon er al. (1995) have also analysed egg shells and the associated
carbonates of the Lameta Formation for § 'O and 8 '*C. According to
them, the & "*O values vary between -3 and -10°/_ (PDB) suggesting that
the animal drank both from evaporated water bodies and the water which
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more closely reflected the & '®O of local precipitation. The & *C values
for the egg shell vary between -8 and -13°/_(PDB) which indicate that
the animals were feeding on C, plants.

Relationship between Bagh and Lameta Beds

l. The Lameta Formation in the Jabalpur area is considered both
as non-marine as well as marine.

2. The Bagh Beds include the Nimar Sandstone, the Bagh For-
mation and the Lameta Formation. The Nimar Formation can be considered
as fresh water deposit in the lower part and marine in the upper part. The
Bagh Formation, excluding the Hathni Sandstone ( the Lameta Formation),
is typically marine while the Hathni Sandstone is either coastal deposit or
a non-marine deposit. The same can be said about the Lameta Formation
of the Balasinor area.

3. There are two views regarding the relationship between the
Bagh Beds and the Lameta Formation: (i) both are synchronous in age
(Turonian and younger) and represent shallow marine deposits, (ii) the
Lameta Formation is younger than the Bagh Beds and represents fresh
water deposits of the Maastrichtian age.

4. The Intertrappeans are younger than the Lameta Formation
and may represent deposit of the Maastrichtian age which are fresh water
in nature but may have marine influence too in some parts. The different
intertrappean beds may not be synchronous in age.

5. A Turonian transgression has been proposed, which resulted
in the development of about 1000 km long marine embayment in the
Narmada Rift Valley up to Jabalpur in Central India. Possibly, this
transgression was short lived and lasted until the Senonian. In another
model, it is suggested that the Lameta sediments represent fresh water,
semi-arid deposits of the Maastrichtian age.

FIELD EXCURSION STOPS

For the study of important stratigraphic horizons ten areas have been
selected for field work. Four areas can be covered from Jabalpur (M.P.),
two from Zeerabad (district Dhar, M.P.), three from Kukshi (district Dhar,
M.P.) and one from Balasinor (district Kheda, Gujrat). Each area has been
referred to as a stop.
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Stop 1. Chui Hill Section (Jabalpur area)

This hill lies within the Jabalpur city near the fire brick factory. The
Chui Hill Section shows a complete succession of the Lameta Formation.
Both the sandstone and clay horizons of the Jabalpur Formation can be
seen in the lower part of the section and Deccan basalts are exposed at the
hill top (fig. 12A; plate [-A).

The section was well exposed due to mining activity for the cluvs of
the Jabalpur Formation, but for the last few years mining has been stopped
which resulted in large scale slumping of the overburden material cover-
ing a large exposed section of the Jabalpur Formation. This makes the
study of Jabalpur Formation somewhat difficult. However. the contact of
Jabalpur clays with the overlying Green Sandstone of the Lameta Forma-
tion is still exposed. A detailed litholog is given in fig. 13A. A good
section of the Lower Limestone and the Mottled Nodular Bed with
Thalassinoides burrows or calcrete horizon is well exposed. A few
fossiliferous bands in the limestone can be studied. Dinosaur egg shells
have also been reported from this section.

Stop 2. Bara Simla (Jabalpur area)

This hill is situated in the Cantt. area within the Jabalpur city. The
complete succession of the Lameta Formation can again be seen here und
the accessibility of the outcrops is very good (fig. 13B). All the lithounits
are exposed along the jeepable road. In the low lying areas. the Jubulpur
clays are seen and the top of the hill is covered with Deccan basalts. The
Thalassinoides burrows or calcrete rootlets can be studied in this section
(plate IB). There is a chance to collect the dinosaur bones near the contuct
of the Green Sandstone and the Lower Limestone horizon. This section
has yielded the best preserved dinosaur bones since last century.

Stop 3. Patbaba Ridge (Jabalpur area)

This ridge is adjacent to Bara Simla hill (Stop 2) and is famous for its
Hanuman Temple. Near the entrance of the Patbaba Temple, dinosaur egg
nest sites are exposed within the Lower Limestone close to the contact
with the Mottled Nodular Bed. At least two clutches of dinosaurian eggs
can be studied. Good outcrops of the Mottled Nodular Beds can be seen
between Patbaba Temple and Bara Simla Hill along the ridge.
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. 1 ; ey <X »
B. Thalassinoides burrows or calcrete horizon, Mottled Nodular Bed, Bara
Simla, Jabalpur.

Py aed - SR ]
C. Intertrappcan bed at Ranipur in the Gaur River Valley. In the
southwestern corner Deccan Basalt can be seen.

PLATE 1
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12.Litholog of the Jabalpur and Lameta Formations exposed at Chui Hill

and the litholog of Lameta sediments exposed at Bara Simla Hill, Jabualpur
area (After Singh, 1981).
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A. Contact of Deccan Trap with the underlying Lameta sandstone (?),

B. Wood trunk in the Lameta sandstone, north of Chakrud, Zeerabad.

C. Dinosaur egg shell clutch in the Lameta calcareous sandstone, Rahioli, Balasinor.

PLATE II
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RAJASTHAN

PRADESH
Jabalpur
GlLavaria
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|
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[
——H Limestone ( Calcrete)

Gritty Sandstone

T
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% Lameta Formation (Late Cretaceous).

Nests newly found ellipsoid eggs.

@ Nest of earlier known spherical dinosaur eggs.

Bones of Titanosaurids and Megalosaurids

Fig. 14.Nests and dinosaur bones near Rahioli, Balasinor area. (After G.S.1.).

Stop 4. Ranipur (Jabalpur area)

This locality lies in the Survey of India toposheet no. 64 A/4. The
area can be reached from Jabalpur by taking Jabalpur - Niwas motor road
up to Narela and from Narela, Ranipur can be reached via Dhanpuri and
Padwar.

In the Gaur River section near Ranipur an intertrappean succession
is well exposed (plate IC). Both upper and lower contacts with the Deccan
volcanic flows can be seen. Good outcrops of Deccan basalts are present
in the valley. The shales show preservation of fragments of plants and
microvertebrates. Dinosaur bones have also been reported.

Stop 5. Bariya Nala Section (Bagh area)

This locality can be covered from Zeerabad from where it is about 8
kms on Zeerabad - Awalda motor road. A good section can be seen in the
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Fig. 15.Distribution of egg shells at Rahioli, Balasinor area (After Srivastun
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nala section near Bariya Hanuman Temple.

In the Bariya nala section, complete succession of the Bagh Formation
is exposed (fig. 14-I). The river bed is made up of the Nimar Sandstone.
Its contact with the overlying Nodular Limestsone is well exposed. Trace
fossils are beautifully developed. There are two horizons of Coralline
Limestone. Hemiaster and brachiopods can be easily collected from the
marl beds. The nodular limestone horizon makes a scarp and can be studied
along the track to the river valley.

Stop 6. Chakrud Section (Bagh area)

The locality is about 2.5 km from the Bariya Hanuman Temple (Stop
5) towards Awalda on Zeerabad - Awalda motor road. In the nala section
1 km north of the Chakrud village, the Coralline Limestone is exposed at
the base (fig. 13-1II). Itis overlain by about 3 m thick marly horizon which
contains Oyster bed with Hemiaster, gastropods, pelecypods and
brachiopods. It is followed upward by a sandy facies which becomes
silicified at the top. The sandy facies represented by the current-bedded
mottled friable sandstone with abundant nodules. The hard silicified
topmost horizon contains abundant fossil wood trunks possibly of
gymnosperm plants (plate IIB).

In the same area. 1 km northwest of the Chakrud in another section,
at the base. the Coralline Limestone is exposed which is followed upward
by a sandy facies containing Oyster bed (fig. 13-III). This horizon can be
referred to as the Lameta Formation with a marine influence. A well ex-
posed contact of Deccan volcanic rocks with the underlying friable sand-
stone is seen (plate [TA). A good contact of the Deccan Traps with the
underlying infratrappean rocks, a rare sight in other sections, is well
exposed in this section the burning effects on the underlying rocks due to
lava flow can be studied.

Stop 7. Outcrop on Bagh-Jobat Motor Road (Bagh area)

The locality can be reached through Bagh-Kukshi motor road. After
the Bagh township there is a bifurcation for Jobat and the locality is 1.2
km from the bifurcation on Bagh-Jabat motor road. Good outcrops can be
seen on both the sides of the road. A good nesting site is seen in the
calcareous sandstone (Lameta Formation). A number of dinosaur egg
clutches are seen. The gradational contact with the underlying Nodular
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Limestone is well exposed. It is overlain by red sandstone (fig. 12-1\V).
The lateral variation of calcareous sandstone/arenaceous limestone can
be studied.

Stop 8. Bagh Caves (Bagh area)

It is a famous archaeological site and a tourist spot. The caves are
near Bagh township which is on Dhar-Kukshi motor road. The locality
can be covered from Indore (M.P.) via Dhar (M.P.).

It is a site famous for Budhist caves of 2nd to 7th century overlook-
ing the Bagh River (field photograph on the cover page). A complete
section of the Nimar Sandstone and the Bagh Formation can be seen in
this area. The caves have been cut within the Nimar Sandstone and
beautiful sections showing different bedding types are seen on the difterent
walls. Bedding surface features are also visible on the roof of the caves.

The caves were long been neglected and were extensively damaged
by rain water. Recently, the site has been renovated by the Archaeologicul
Survey of India. Some sculptures and evidences of wall paintings can still
be seen.

Stop 9. Hathni River Section (Bagh area)

A very good section of the Nimar Sandstone, the Bagh Formation.
the Lameta Formation and Deccan basalts can be seen in the Hathni River
valley. This locality is about 20 kms from Kukshi on Kukshi-Alirajpur
motor road.

The Nimar Sandstone is seen at the base which grades into the Nodular
Limestone. Different types of sedimentary structures are well preserved
including the trace fossils. Two Nodular Limestone horizons are developed.
The Coralline Limestone is seen within the Nodular Limestone horizon
(fig. 13-V). The Nodular Limestone grades into calcareous sandstone of
the Lameta Formation (the Hathni Sandstone of Singh, 1981). Dinosaur
egg shells are seen within this horizon. A few complete dinosaur eggs
were also recovered from this horizon. A good section of the Deccan
basalts can be seen in the nearby areas.

42



LaMETA AND BAGH BEDS, CENTRAL INDIA

Stop 10. Rahioli Section (Balasinor area)

This area has become very famous for dinosaur eggs and bones. It is
about 18 kms from Balasinor (district Kheda, Gujarat). To reach this area
one has to take a road up to 8 kms from Balasinore towards Lunawada
and from there another motor road will lead to Rahioli.

The Lameta Formation unconformably overlies the Godhra granites

(fig. 12). The basal conglomerate 1s made up of clasts of underlying rock
fragments. A very large collection of dinosaur bones were recovered from
the conglomerate horizon. The conglomerate grades into sandstone which
shows bioturbation or calcretisation(?). It becomes calcareous sandstone
“or arenaceous limestone. The beautifully preserved dinosaur egg shells
have been recorded and can be studied in detail (figs. 14 & 15; plate IIC).
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