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ABSTRACT

The Jaisalmer Basin represents the castern shelt part of the Indus Basin and belongs to a major tectonic province known as “West Rajasthan
Shelt™ which hosts a number of scdimentary basins viz. Barmer, Jaisalmer and Bikancr-Nagaur. The present study is confined to the detailed
Cenozoic lithostratigrphy of the Jaisalmer Basin. Availability of voluminous subsurtacc data gencrated in ONGC’s cxploratory wells has facilitated
the above study.

The Cenozoic lithounits arc well exposcd in southeastern part of the basin. Bascd on the study of surface and subsurface scctions. the entire
Cenozoic scquence is divisible into four formations which arc Sanu, Khuiala, Bandah and Shumar. The maximum devclopment of these formations
of the order of more than 2100m is rccorded in deeper part of the basin in the Shahgarh arca. Onc major unconformity between Tertiary and
Quatcrnary scquences along with disconformitics/paraconformitics has been mapped. Similarly, non-cxtension of marine Palacocence in the
outcropping arca, thinning and crosion of Tertiary-Quaternary formations in shorcward arcas and facics changes m basinward arca have been
obscrved.

The surface and subsurface lithofacics could be tied up preciscly based on adequate biostratigraphic control, and lithostratigraphy has been
standardized. Stratotypes of all formations have been cstablished and their depositional characters along with faunal and floral clements and their
stratigraphic rclationship with succceding formations have been discussed.
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INTRODUCTION

The Tertiary sequence of the Jaisalmer Basin is of a great
importance in view of the discovery of encouraging
hydrocarbon prospects in the equivalent scquence in the
adjoining Indus Basin. The Jaisalmer Basin is the castern
extension of the shelf part of the Indus basin and represents a
more or less central part of the tectonic province known as
“West Rajasthan Shelf™ which is located to the west of Aravalli
ranges and hosts a number ol sedimentary Basins which are
Barmer, Jaisalmer and Bikancr-Nagaur. The Jaisalmer basin
occupies an arca of 42000 sq.km. and most of its western part
is covered by desert sands and sand-dunes. Tectonically, it is
divisible into [our geotectonic blocks which [rom north to south
arca are Kishangarh sub-basin. Jaisalmer-Mari high, Shahgarh
sub-basin and Miajlar sub-basin (Fig.1).

Cenozoic rocks arc mainly exposed along the Eocenc Es-
carpment which forms a persistent and prominent feature in
the vast expanse of Thar or great Indian desert. These ex-
posed rocks represent the north western extremity of the out-
cropping area and go beneath the sand mantle in further north
western direction. The arenaccous to calcareous facies, cyclic
sedimentation of limestone and shale with frequent foramin-
ifera-bearing beds arc some ol the important [catures of Ter-
tiary sediments.

In the west of the outcropping arca, ONGC is carrying
out the exploration programme since last four and half de-
cades and has drilied so far 74 wells in almost all geotectonic
blocks cxcept Kishangarh sub-basin which falls under the
jurisdiction of Oil India Ltd. Cenozoic litho-column has been
encountered in almost all wells. In general, the wells have
been drilled up to Mesozoic (Jurassic) but a {few have encom-
passed the full sequence comprising basement, Palacozoic,
Mesozoic and Cenozoic rocks. The maximum thickness of
the Cenozoic sequence is of the order of more than 2100 m in
the basinward Shahgarh area.

The present paper incorporates the cvaluated and
standardised Cenozoic lithostratigraphy of the Jaisalmer Ba-
sin. The surface and subsurface scdimentary sequence ol this
basin could be tied up precisely on the basis of lithological
correlation with adequate biostratigraphic control.
Unconlormities and disconformities/paraconformitics have
been recognised. Stratotypes of all formations have been es-
tablished and described, indicating lithology, depositional char-
acter, faunal and floral elements, stratigraphic relationship of
their lower and upper boundaries and intrabasinal correlation
along with lateral lithofacies variations. Morcover, the index
species ol larger foraminifera from the Tertiary formations hav-
ing biozonal importance and mappable in the entire basin, have
been illustrated. This has also been considered relevant as
these have not been published so far.

TECTONIC SETTING

Tectonic setting of the Jaisalmer Basin has adequately been
discussed by the author in his previous paper, while dealing
with Mesozoic lithostratigraphy of the basin (Singh, 2006). The
basin has extensively been covered by various geoscientilic
surveys. ONGC and GSI have jointly carried out geological sur-
veys in 1957, Bose (1956) of GSI conducted gravity magnetic
survey in the Jaisalmer and Barmer arcas. Acromagnetic sur-
veys were conducted in 1956 under the aegis of Colombo plan
to cover the Western Rajasthan Shelf (Agocs, 1957). The acro-
magnetic and ground gravity magnetic data provided important
leads to have better understanding ol the basin architecture. It
has becn possible to trace surface structural featurcs including
faults and lincaments to the subcrop area. The Bouguer anomaly
data clearly define the highs and lows distributed over the west-
ern Rajasthan. Devikot-Pokrdn-Nachna high delimits the
Jaisalmer Basin in the cast. Fatehgarh fault isolates it from the
Barmer Basin in the southern part and basement ridges bound
the basin in the southwest. However, the basin opens up to-
wards north west and merges with the Indus Shelf.
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Fig. 1. Location map of the Jaisalmer Basin.

The Jaisalmer Basin is a pericratonic basin and is located on
the north western slope of the Indian platform. Moreover, it
represents the westerly dipping eastern flank of the Indus Shelf.
Dasgupta and Mahesh Chandra {1978) presented the first ac-
count of tectonic setting of the Jaisalmer Basin. Subsequently,
Datta (1983) also presented the structural analysis of the basin.
Structural style of the basin bas been controlled by master faults
(Mishra and Sharma, 1986). Its maximum effect is limited be-
tween Ramgarh and Kanoi master faults which are very exten-
sive and can be traced from outcrop to subsurface. The struc-
tural trends in the Jaisalmer Basin are mainly NNW-SSE or NW-
SE corresponding to the Dharwarian trend. Besides, a subsid-
iary NE-SW trend corresponding to the Aravalli ranges also
exists.

As already indicated, the Jaisalmer Basin is differentiated
from north to south into four geotectonic blocks. The
Kishangarh sub-basin is a part of north westerly homoclinally

gentle dipping shelf with NE-SW depositional strike. the
Jaisalmer-Mari High is not a simple upwarp in the basement
affecting overlying sediments. This high is a present-day grav-
ity high feature located along the shoulder zone of Kanoi fault
and is attributed to upthrusting and wrench faulting. [t is rather
a zone of lifted blocks. The Shahgarh sub-basin 1s deepest
depression and is less disturbed having NNW-SSE trending
faults while structurally simpler Miajlar sub-basin is located in
southern extremity of the basin.

A major uplift of the axial belt gave rise to a prominent
hiatus ranging in age from Maastrichtian to Danian (Upper
Cretaceous to Lower Palaecocence). This hiatus not only indi-
cales non-deposition but also’considerable erosion of the Cre-
taccous scquence along the basin margin and even on the
basinal highs (Rahman, 1963). The reliel of the structures was
accentuated in the post-Cretaceous. 1.e. alter the deposition of
the Parh Formation. It 1s inferred that strike-slip movement
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dominated in the basin at the end of Mesozoic syntaxial to the
formation of Cambay rift which has structural manifestation
towards NW through the Sanchor-Barmer basins up to the
Ramgarh-Kanoi graben.

LITHOSTRATIGRAPHY

As mentioned carlier, a major uplift of the axial belt gave
rise to a prominent hiatus ranging in age from Upper Cretaceous
to Lower Palacocene and brought an end to Mesozoic marine
cycle. In the outcropping arca of the Jaisalmer Basin, the Early
Cretaccous (Aptian) sediments of the Habur Formation are
overlain by the Palacocene sediments (Sanu Formation) with a
pronounced unconformity involving an appreciable hiatus of
approximately 47 million years. This, however, decreases
basinward where the Parh Formation of Coniacian age is
overlain by the Sanu Formation of Thanetian age as a result of
which Santonian, Campanian, Maastrichtian and Danian stages
seem to be missing. This indicates a hiatus of about 15 million
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years (Singh, 2003). The Tertiary formations, namely the Sanu,
Khuiala and Bandah got deposited after this major break. The
first major marine transgression engulfed the Jaisalmer Basin
during Thanetian (upper Palacocene). A phase ol igneous
activity started in the early Palacocenc in the Barmer Basin
and instability caused thereby brought about the most
widespread lower marine transgression that swept the Kutch,
Sanchor, Barmer, Jaisalmer and Bikaner-Nagaur basins and even
up to the Potwar Basin (Dasgupta, 1974).

The carlier studies on the systematic geological mapping
of the Jaisalmer area, are those by Blanford (1876), Oldham
(1886), Latouche (1902) and Allison (1938 in Arkell, 1956). This
was followed by the studies of Swaminath es «/. (1959),
Narayanan et a/. (1961), Narayanan (1964), Willm (1964),
Dasgupta (1974) and Singh (1984). Besides, the basin has also
been adequately covered by geophysical surveys by ONGC
in order to understand the subsurface stratigraphic set up and
structural featurcs.
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Fig. 2. Geological map of the Jaisalmer Basin, Rajasthan.
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The Tertiary-Quaternary outcrops are well exposed in the
northern and western extremity of the Jaisalmer district around
Khuiala Bandah, Sanu and Ramgarh villages (Fig. 2). The maxi-
mum development of lithofacies is observed in deeper parts of
the basin in subsurface sections but some of these do not ex-
tend to the surface. The author presented the updated Meso-
zoic-Tertiary stratigraphy of the basin, while discussing its bio-
stratigraphy in detail (Singh, 1996). The stratigraphic column of
the exposed sequence of Cengzoic formations along with their
thicknesses, age and brief lithology is given in Fig. 3.

The Jaisalmer Basin is under active exploration and 74
wells have so far been drilled by ONGC covering all the geo-
tectonic blocks barring Kishangarh Sub-basin which has been
explored by Oil India Ltd. A voluminous date on the Tertiary
sequences has been generated. The subsurface stratigraphy
of the basin has been worked out by a number of geoscientists
of ONGC. The contributions made by Sigal (1965, 1967a, 1967b),
Sigal et al. (1970, 1971), Sigal and Singh (1980), Mchrotra and
Singh (1968), Mathur and Mathur (1968), Dasgupta (1975),
Lukose (1974, 1977) and Singh (1969, 1976, 1982, 1984, 1996,
2003) are noteworthy and have helped in cvaluation of the
straigraphy of the basin substantially. Compilation of Mishra
et al. (1993) presented a composite picture for the first time
and same description of the formations was included in a com-
pilation entitled ‘Stratigraphy of Indian Petroliferous Basins’
by Pandey and Dave (1998) without adequate diagrams, fossil
illustrations and sequential presentation. The updated
generalised subsurface stratigraphy is given in figure 4.
Morcover, the lithologic correlation of the subsurface forma-
tions along EEN-WWS is also given to show the lateral be-
havior of different formations and unconformities (Fig. 5).

Cenozoic lithostratigraphy has been worked out in
accordance with the guidelines given by the International Sub-
commission on Stratigraphic Classification (1976). Adequate
biostratigraphic control has helped in cvaluation of the
lithostratigraphy. Popular nomenclature has been retained, and
formalisation of stratotypes of each formation attempted. Due
to non-availability of definite type localities in respect ol the
formations in the existing literature, the selcction of
lectostratotype was considered. In the low dipping (3° to 5°)
and poorly exposed Jaisalmer arca, it is not possiblc to
cncounter the entire section of a particular formation at one
place and hence two to three type localitics have been taken
into account to reconstruct the entire section. Besides, such
type localities were cssentially considercd which included
lower and upper limits of the formation (boundary stratotypc).
Under this broad frame work, description of the Cenozoic
formations is given as below :

SANU FORMATION

Nomenclature : Authors; Dasgupta, Dhar, Mchta (1973).
The formation was first designated by Dasgupta ef al. (1973)
after village Sanu. Narayanan er al. (1961) described this
lithounit as “Upper Habur bed” which was later refuted by
Willm (1964) and Dasgupta ef al. (1974). Willm (1964) included
this lithounit under the Pariwar Formation. Dasgupta ef al.
(1974) mapped this unit as Sanu Formation ol Palcocenc age.
Singh (1984) subdivided this formation into two members bascd
on his studies of subsurface scctions and finalised their
nomenclature as Mohammad Dhani Member and Kharatar
Mcmbers in correlation with the surface exposures. He obscrved
that only lower Mohammad Dhani Member is exposed.

Tvpe area and other reference sections: Typical section
of the formation is exposed in Pariwar hill located in the west of
Pariwar village. The entire exposed section of the formation
could be brought to record by integrating two localitics, namely
Mohammad-Ki-Dhani and Sam Nala Secction (Smgh, 1984)
Kharatar and Lang wells arc taken as reference wells for
describing the formation in subsurface. A maximum thickness
of 20 m has been reported by Dasgupta et a/. (1973) around
Pariwar village. In the subsurface, it is 670 m in Shahgarh sub-
basin.

Lower boundary: Lower boundary is a major unconformity
involving considerable hiatus between Mcsozoic and Tertiary
In outcrops, it overlies the Pariwar Formation n the north-
eastern areas whereas in south western part it overlies the
Habur Formation. In the subsurface, it overlies the Parh
Formation in basinward arcas and the Goru Formation in the
shoreward areas.

Upper boundary: The upper contact with the overlving
Khuiala Formation is conformablc in the subsurface. whercas
in outcrops it is unconformable duc to absence of overlving
Kharatar Member as a consequence ol strong o erlap.

Lithology: The formation is composed ol reddish brown
to unconsolidated, current-bedded sandstone (Fig.6). At
Mohammad Dhani area, its good section 1s exposed. The lower
part comprises ocherous ycllow to dark brown and reddish
black-coloured, coarse-to-fine grained modcrately hard 1
[riable, cross-bedded sandstonc. This grades upwards
light pink, argillaccous, silty sandstone having [ine to <1l
sized, occasionally, medium-grained quartz gramns.  In the
subsurface, particularly in the Kharatar well scction which hus
been considered as a reference well, the formation comprises
medium-to-coarse grained, [riable sandstone, argillaccous and
glauconitic in uppermost part. This is overlain by argillaccous
limestone with intercalations ol shale and thin streaks of hignite
It is divisible into two members.

Mohammad Dhani Member: 1t is a thick sequence
sandstone which is dominantly medium-to coarse-graimed.
[riable, clean and moderately sorted. At the base. the sandston:
is argtllaceous, medium grained with layers of chocolate br
clay. The sandstone in the upper part 1s argillaccous
grained with streaks of lignite intercalations and gren faile
shale.

Kharatar Member: 1t compriscs greenish cren, fne- o
coarse-grained argillaccous, slightly calcarcous sandstone with
coquinoidal layer in the lower part. This 1s ollowed by
argillaceous, light greenish grey, glauconitic lim
intercalated with marl.  The upper part is represented oy dark
grcy to black fissile shale and interbeds of sandstone.
Sandstone is light grey, medium- to coarsc-gramed with streaks
of'lignite. The top of the member is marked by chocolate brown
slightly silty shale/clay.  Singh (1984) analvzed i detail the
lithological succession of the Sanu Formation i the subsurlace
and indicated a persistent sandy ‘silty. glauconitie clay at the
base of the formation.

Age and depositional environment: In outcrops. the
formation 1s devoid of microfauna but in the subsurface the
upper member, i.c. Kharatat Mcember has vielded a lairly rich
microfauna. Both planktic and benthnic foraminifera occur in
this sequence.  The lower Mohammad Dhanmt Member shows
marine influence at its top in the basinward arcas  Sigal ef al.
(1971), Singh (1976, 1984) and Singh and Sharma (1991) have
reported rich foraminileral assemblage [rom the Kharatar

estone
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Fig.4. Generalised Cenozoic stratigraphy of the Jaisalmer Basin (Subsurface).

Mecmber. However, Singh (2003) has critically analyzed the
biostratigraphy of the Jaisalmer Basin and has indicated that
three biostratigraphic zones of global status such as
Planorotalites pusilla pusilla, P. Pseudomenardii and

Morozovella velascoensis/Assilina dandotica have been
recognized and have been dated as P 3 to P 6A on planktic
scale, i.e. upper Palacocene (Thanctian). The age of lower
member is therefore inconclusive, however, it 1s also inferred



CENOZOIC STRATIGRAHY OF THE JAISALMER BASIN

135

- WWS EEN —
LANG SHAHGARH-B SHAHGARH-A GHOTARU FORT GHOTARU BANKIA MANHERA TIBBA
(SG-B) (SG-A} (GTF) (GT)
OEPTH
™ -
AGE |2 tn on
TS, i [
| g0 MSL e
L1000 5 L]
g ™)
- J1&
I E = =2
x = ==
L 4 >
H = 500
- 500 4 ¥ v —
E ==
- N S
- q x
-] LEs
4 ug 4
L 1 1=
bad el P2
L1000 4 |os|=
«[oF|=
L =225
| J< : INDEX MAP
1
- 4- //— ~\ f
2 \
L - . /./ \
w N~
- 1500 _] x! > ':v y;
| VoW N
w : = v" / HT
- - - A} / BANKIA
— | v - GT @ RAMGARH
- 1800 4 | o 7 S6-A
< /9o Csen
& /
) INSALMER
i -
g | :
gl 2|z S L]
gl g R

Fig.5. Subsurface lithologic correlation of the Tertiary sequence in the Jaisalmer Basin.

to be Palaeocene on its stratigraphic position. Assilina
dandotica is generally taken to mark the top of Palacocene in
the subsurface sequence. This larger benthic forminifera along
with overlying early Eocene benthic foraminifera and
sporocarps of the algae Dasycladaceae is illustrated in Fig. 6.

The presence of highly argillaceous, friable calcareous
sandstone or bluish grey, pyritic, silty clays at the base of the
Sanu Formation in the subsurface indicates a continental en-
vironment with little marine influence. The upper part of for-
mation represented by argillaceous limestone, glauconitic sand-
stone with intercalated shale and marl consisting of keeled
planktic foraminifera with intervening benthic foraminifera rich
layers indicate a marine environment ranging from inner to
outer shelf regimes.

Correlation and regional lithological variation: The
sediments of the Sanu Formation are quite persistent
throughout the basin which is evident with earlier referred
profile (Fig. 5). In outcrops, the formation is represented only
by sandstone facies whereas in the subsurface a marine
sequence of limestone and marl develops over this clastic
sequence. The lower sandstone (Mohammad Dhani Member)
shows abrupt variations in thickness as noticed in the wells of
Manhera Tibba structure. This suggests an uneven
topography at the end of Mesozoic with highs and lows.
Laterally, the Mohammad Dhani Member shows an increase in
argillaceous content from the basin margin to the basinal part.
The basal sandy clays of the member which does not exceed
15 m in wells located on Jaisalmer-Mari High, has appreciable
thickness in the Lang well. The Kharatar Member representing
marine facies of alternating limestone and marl becomes quite
argillaceous in the Lang area and mainly shows marly facies.

Laterally, it is restricted only to the subsurface and does not
crop out anywhere. The formation is exposed around Pariwar
village and extends further in to southwest around Sanu,
Serawa and Habur villages and to the northeast of Ramgarh-
Biprasar fault. Beyond this fault the formation tapers to a
narrow strip in the south where it is overlain by the Khuiala
Formation. In the subsurface, it is extensive throughout the
Jaisalmer basin with gradual reduction in thickness towards
the east.

KHUIALA FORMATION

Nomenclature : Author; Narayanan, (1959). The Eocene
limestone beds were first mapped by Oldham (1886), who named
them as “Nummulitic limestone beds”. Ghosh (1952) and
Swaminath et al. (1959) followed the same. Dasgupta et al.
(1958) differentiated these beds into two lithounits; lower and
upper based on their litho association. Narayanan (1959)
formally introduced the Khuiala Formation for the lower litho
unit of Dasgupta (1974) after the village Khuiala. He further
classified this formation into six units which are 1) Gypseous
clay/ shale 2) Assilina bed 3) Shell limestone 4) Fragmental
limestone 5) White to yellow chalk and 6) Te-Takkar limestone.
Willm (1964) followed Narayanan’s (1959) classification. Again
Dasgupta (1975) divided Khuiala Formation in four members,
which from base to top are; Khuiala Scarp or Basal Member,
Sirhera Member, Te-Takkar Member and Hingola Member.
Singh (1984) redefined the exposed Khuiala Formation while
correlating with subsurface sequence. He placed upper limit
of the formation at the top of alternations of bentonitic clays,
silts and thin beds of fragmental limestone which Narayanan
(1964) included in the lower part of Bandah Formation. Singh
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KHARATAR AREA
{SUBSURFACE)

> KHUIALA FORMATION
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TYPE LOCALITY : WEST OF PARIWAR
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900
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SANDSSTONE UNCONSOLIDATED,
HIGHLY CURRENT BEDDED AND
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{AFTER DASGUPTA et al. 1973
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b
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HYPO-STRATOTYPE

(AFTER SINGH, 1984)

Fig. 6. Stratotype of Sanu Formation.

(1984) also subdivided the exposed Khuiala Formation into
two members, namely, Te-Takkar Limestone and Khinsar Shale.
In the subsurface, the Tertiary Formations were described as
the Ranikot, Laki and Kirthar formations. Dasgupta (1974)
extended the Sanu, Khuiala and Bandah formations in place of
above mentioned names. Misra et al. (1993) followed Singh’s
(1984) classification but observed that an argilloaceous
limestone sequence intervening the Khinsar shales had
additionally developed in the basinward areas of the Jaisalmer
Basin and hence they indicated four members; Te-Takkar, Lower
Khinsar, Sirhera and Upper Khinsar for the subsurface sections.

Type area and other reference sections: Te-Takkar scarp
located near west of Mohammad-Ki-Dhani. The complete section
of the Khuiala Formation is not exposed at one place. It has
therefore been erected after considering two type localities Te-
-Takkar and Khinsar. In the subsurface, the Kharatar and Lang
well sections have been taken as reference sections. Narayanan
et al. (1961) estimated its thickness around 30 m in the type area.
Dasgupta (1975) indicated 100 m sequence which seems to be
conjectural. Singh (1984) has indicated 45 m. In the subsurface,
the minimum and maximum thicknesses have been recorded as
78 m and 505 m in Lunar and Dangiwala wells respectively.

Lower Boundary: The formation disconformably overlies
the Sanu Formation in the exposed area. However, in the
subsurface the contact is conformable.

Upper Boundary: In the surface section the upper contact
with the Bandah Formation is disconformable. In the
subsurface, no disconformity is noticed, although a short break
at its upper contact with the Bandah Formation is observed in
shallower part which dies down in basinward areas.

Lithology: Narayanan et al. (1961) has classified the
Khuiala Formation into six beds as already mentioned. In
outcrops, the formation comprises dominantly lower carbonate
unit exposed at Te-Takkar scarp and upper shale unit exposed
near Khinsar (Fig.7). Based on two distinct lithological variation
the formation has been divided into the following two members
(Singh, 1984) which are ;

Te-Takkar Member: The lower part comprises alternations
of highly argillaceous yellow limestone, foraminiferal bed and
thin shale/clay beds, while its upper part is composed of pinkish
white to buff, soft chalky as well as hard compact limestone
studded with larger forminifera. Petrographically. it is described
as biomicrite.

Khinsar Member: It is mainly represented by ocherous

EXPLANATION OF PLATE I

1. Orbitolites complanatus 1Lamarck, lower to middle Eocene. The
broken pieces of the species are embedded in Tetakkar rock
fragement of Bakhri Tibba Well section, X 14.5

2. Tetakkar rock section from Bakhri Tibba well section having
Dictyoconoides flemengi X 16; early Lower Eocene (Ypresian).

3. Tetakkar rock section from Bakhri Tibba well section including
ovoidal bodies (sporocarps of algae Dasycladaceae), X 19, lower

Eocene.
4. Tetakkar rock section from Bakhri Tibba well section with algal
filaments and pieces of Orbitolites complanatus X 14.
5-9. Assilna dandotica Davies, late Palacocene, Loc. Bakhri Tibba
S, 8-9 : Axial sections, 5, X 22.5, 8, X 18 and 9, X
23. 6 : External view X 14: 7: Equatorial section X 16

well section.

Specimens 5 to 9 belong to megalosphaeric generation.
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yellow, gypseous shale with calcareous silt, rare argillaceous
thin limestone bed and foram test bed.

In the subsurface particularly in the Kharatar well sec-
tion which has been taken as a reference well, the formation
is divisible into four members, namely, Te-Takkar, Lower
Khinsar, Sirhera and Upper Khinsar. An additional develop-
ment of a sequence having alternations of argillaceous lime-
stone and shale interbedded with the Khinsar Member in the
basinward areas is responsible for such differentiation, oth-
erwise no major difference exists in lithological associations
between surface and subsurface sections. Similar situation
has been observed in the further basinward area in Lang
well.

Age and depositional environment: The formation is richly
fossiliferous both in the surface and subsurface sections. The
foraminiferal assemblage recorded from the exposed formation
is dominated by larger benthic foraminifera whereas subsurface
sediments have sheltered planktic foraminifera also. Sigal ef al.
(1971) and Singh (1976, 1984, 1996) recorded the classic
foraminiferal assemblage of lower Eocene. Assilina dominate
the assemblage in outcrops. Two biostratigraphic zones, namely
Assilina granulosa-Fasciolites globosa and Assilina daviesi
have been recognized. In the subsurface secions, an increase in
foraminiferal frequency and diversity is noticed. In addition to
the above, Morozovella formosa planktic zone has developed
within Assilina daviesi zone in the lower the Khinsar Member.
Not only that, in the basinward areas Planorotalites
pseudomenardii zone also falls in the basal part of the Khuiala
Formation. Considering the above faunal assemblages a late
Palacocene to lower Eocene age in the basinward areas and
lower Eocene (Ypresian) age in the shoreward areas including
the outcropping areas has been assigned to this formation.
Assilina granulosa, Assilina daviesi, Assilina lacunata,
Nummudlites mamilla, Nummulites burdigalensis;, Nummulites
irregularis are the classic fossils of lower Eocene (Ypresian).
Besides, the biostratigraphic zones mappable in the subsurface
(shoreward areas) and outcropping areas have also been
established based on above larger foraminifera. These have been
ilustrated in plates Il to VL.

The litho-association of limestone, shale and marl and
dominance of larger foraminifera in the exposed area suggest
that the sediments were deposited in an inner-nertic
environment. In the subsurface, the rise in bathymetry is
noticed in the lower part of the shale sequence with the
presence of Assilina spp and sporadic occurrence of planktics
such as Globigerina spp. and Planorotalites spp. An inner
to middle shelf environment is envisaged.

Correlation and regional lithological variation: The
formation i1s quite persistent and very well correlatable
throughout the basin (Fig. 5). The lower and upper
boundaries are marked by sharp changes in lithology. It is
exposed along a 16 km wide belt extending from southeast
of Khuiala to north-north-east up to Jiyadesar (Narayanan
et al.,, 1961) and beyond. However, Dasgupta (1975)
mentioned that this formation is exposed along the scarp
sections, more or less continuously over a distance of 100
km from southwest to northeastern part of the basin. In the
subsurface, this formation has been encountered in all the
wells drilled so far in the Jaisalmer Basin and gradually
becomes more argillaceous in the basinward areas
particularly in Shahgarh where the limestone sequences have
become shaly.

BANDAH FORMATION

Nomenclature: Author; Narayanan, (1959). The formation
was first proposed by Narayanan (1959) as “Bandah
Formation” after village Bandah with its type section south of
Bandah. He informally subdivided it into four beds including
shale sequence of Lower Eocene at its base which was equated
with the Ghajiz shales (Pakistan). Willm (1964) followed
Narayanan (1959) but subdivided the formation into two, i.e.
lower part and upper part and recognised the upper part as the
Bakhri Tibba Limestone Member. Verdier et al. (1967) described
“Kirthar Formation” in the subsurface and followed the
nomenclature of Willm (1964) for the Upper Member and
designated the lower limestone sequence as “Habib Rahi
Limestone Member”. Dasgupta (1975) did not accept the name
“Kirthar Formation” in sub-surface and extended the
nomenclature of Narayanan (1964) on the basis of its
correlation and lithological similarities but agreed for the
subdivisions proposed in subsurface by Verdier et al (1967).
Subsequently, Singh (1984) mapped a limestone sequence at
Batrewala Tibba and renamed the lower Habib Rahi Limestone
Member as the Batrewala Limestone Member. He also redefined
the lower limit of the formation and placed it at the top of shale
sequence (Khinsar Shale Member) rather than at its base
(Narayanan, 1959).

Type area and other reference sections: Exposure south
of Bandah Village. The complete section of the exposed
Bandah Formation is not available at one place. This has
therefore been erected on two type localities which are:
Batrewala Tibba and Shumarwali Talai. In the subsurface, the
Kharatar well has been taken as a reference well. In the
exposures, a maximum thickness of 25 m has been recorded by
Narayanan et al. (1961). In the subsurface, the thickness of
208 m is recorded from Dangiwala well and 8 m in Sattarwali
well. In the Shahgarh sub-basin, it shows maximum
development.

Lower Boundary: In outcrops, the formation has a
disconformable contact with the underlying Khuiala Formation.
The boundary is marked between the massive bioclastic
limestone of the Bandah Formation and the sandy shales of
underlying Khuiala Formation. In the subsurface, it is placed
between the limestone of the Bandah Formation and the
calcareous, sandy shales of the Khuiala Formation. The latter
has yielded fish teeth, ossicles and arenaceous foraminifera in
wells located on Jaisalmer-Mari High.

Upper Boundary: The upper boundary is marked by a
pronounced unconformity throughout the basin. It is overlain
by the Sub-Recent Shumar Formation.

Lithology: The formation generally compriscs bentonitic
clays argillaceous limestone and chalky to crystalline limestone
sequence as per Narayanan ef al. (1961) but it was revised by
Singh (1984). The formation comprises in general a foraminiferal
limestone sequence which has been subdivided into two
members, namely the Batrewala Limestone and the Bakhri Tibba
Limestone (Fig. 8).

Batrewala Limestone Member: 1t is represented by hard,
massive, pinkish white foraminifgral limestone which becomes
argillaccous towards base. The rock is studded with mega in-
vertebrates, e.g., cchinoids (Srivastava and Mathur, 1996) and
large-sized Nummulites sp. Assilina sp, Discocyclina sp and
Fasciolites sp which can be seen and identified even with the
naked cyes.
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Fig. 8. Stratotype of the Bandah Formation.

Bakhri Tibba Limestone Member: This member comprises

hard greyish white to creamish white foraminiferal limestone

“and contains large-sized, saddle-shaped Discocyclina sp. The

limestone is more dense compared to the underlying member.

In the subsurface, the above members are separated from

each other by grey to bluish grey, soft and sandy clay. In the

basinward areas, an additional layer of bluish grey plastic clays

intercalated with marl has developed on the topmost part of
the Bakhri Tibba Limestone Member.

Age and depositional environment: The formation
representing mainly a carbonate sequence has yielded a very
rich foraminiferal assemblage both in the surface and
subsurface sections. Larger benthics particularly Nummulites
and Discocyclina flourished in this carbonate sequence. Three
biostratigraphic zones, namely Assilina spira-Fasciolites
elliptica, Nummulites bagelensis and N. fabianii-
Baculogypsinoides sp. of middle—late Eocene have been
recognized (Singh, 1984). At the sites of deeper bathymelry, a
good diversity of characteristic middle Eocene planktic
foraminifera is observed and the Orbulinoides beckmanni zone
equivalent to P 13 on planktic scale is established. Based on
above zonal assemblages, the Lutetian to Priabonian (middle
to upper Eocene) age has been assigned to the Bandah
Formation. Assilina dominates the scene during early Eoccene,
whereas Nummulites chiefly flourished in great number during
middle Eocene. Nummulities bagelensis, Nummulites
pengaronensis, Nummulites beaumonti, Nummuliies
maculatus arc common index fossils of the middle Eocenc,
whereas Fasciolites (Fasciolites) elliptica, Fasciolites
(Flosculina) elliptica, Assilina spira, Assilina papillata and
Assilina subpapillata define the lower part of middle Eocene

. area.

scquence. Besides, Dictyoconoides cooki and number of th
species of Discocyclina are the diagnostic foraminifera ol this
scquence. In view of this, the above foraminifera have been
illustrated in Plates VII to XII.

Presence of foraminiferal limestone, grecnish grey clavs
and glauconitic marl in association with the planktic assem-
blage is suggestive of a marine shell environment ranging from
inner to middle shelf regime.

Correlation and regional lithological variation: The
formation shows excellent correlation and persistency in EEN-
WWS profile (Fig. 5). Though it is finely correlatable. 1t 1
totally absent towards east and south eastern part particularl:
in the Lunar well. There is a gradual thickening towards the
west and northwest (Kharatar area) of the basin. The formatio:
is exposed south of Bandah and extends towards north und
northeast up to Biprasar where it abutts agamst the older
Khuiala rocks separated by the liyadesar-Biprasar fault. Onl
the lower part of the formation is exposed towards the Bipras.s

In the subsurface, it is extensive throughout the 1
except in the eastern and south-castern part where 1t shows
effect of erosion. Laterally, there is no major hithol
variation except, the thickening of the marl und clay heds
towards the basinal parts which intervene as well as overlic
the limestone sequence.

I

SHUMAR FORMATION

Nomenclature :  Authors; Narayanan, er «/ (] The
Quaternary sequence was mapped originally by Dascupta ¢r al.
(1958) as “Sub-recent Formation”. Narayanan ¢z /. (1961} were
first to propose this sequence as “Shumar Formation™ by
grouping together the conglomerate and lateritic sequences

OG1)

EXPLANATION OF PLATE Il

Assilina leymerie (D’ Archiac and Haimc) carly Eocene, Loc.
Phulonwali Talai. | : Ixternal view X 10;

2, 5-6 : Equatorial scctions 2, X 12,5 & 6, X 7.

3-4 : Axial scctions, both X 11.

All spccimens belong to megalosphacric gencration.

’

7-11. Assilina granulosa (D’ Archiac). carly Locene. Loc. Phulonwali
Talai.
7-8 : Axial scetions 7, X 10, 8, X 8.5
10 : Equatorial section, X 12.5 ;

X735

11 : External view, X 7

9 @ External view,

All specimens belong to microsphacric generation.
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EXPLANATION OF PLATE III

1-9  Assilina daviesi Cizancourt, early Eocene, Loc. Tetakkar Scarp 1-5. Specimens are of microphaeric generation and 6-9 of
1, 5 : External views 1, X 9, 5, X 7.5 megalosphaeric generation.
2 : Equatorial section, X 8.

3-4 : Axial section 3, X 11, 4, X 10 6, 9 : Axial sections 6,X 21,

9,X 24 7 : External view, X 17 8 : Equatorial section, X 24
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EXPLANATION OF PLATE IV
+
*1-3. Assilina spria de Roissy, early middle Eocene, Loc. Batrewala 7 : Axial section, X 12 8 : Axial section, X 23.5
Tibba 1 : A part of external view X 10 2 : Equatorial 9-10, 12 : External views 9, X 16, 10, X 29 and 12, X 21,
section, X 6.5 3 : Axial section, X 7 11 : Equatorial section X 21,
4-12. Assilina lacunata Cizancourt, early Eocene, Loc. Sam Nala section All specimens belong to magalosphaeric generation except the

4-5 : Equatorial sections, 4,X 34, 5 X 15 6 : Axial section X 34, specimen at serial no. 7 which is microsphaeric.
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EXPLANATION OF PLATE V
1-5  Nummulites cuvillieri Sandcr, middle Eocene, Loc. Bakhri Tibba 10 : Axial scction, X ,30.5 11 : Equatorial scction, X 21.7

well scction  1-2 : External views both figures, X 20 3-4:
Axial scetions 3, X 23, 4, X 26.5,5 : Equatorial scction; X 20
All spccimens belong to megalosphacric gencration.

6-11,14. Nummulites mamilla (Fitchcl & Moll) latc Palcocene to carly
Eocenc, Loc. Along Eocene Scarp 6, 9 : Equatorial scctions 6, X
23, 9, X 27 7-8 : Axial scctions 7, X 43, 8, X 26,

14 : External view, X 22.5
All specimen, belong to megalosphacric gencration,

12-13 Nummulites burdigalensis (dc la Harpe), carly Locene Loc
Khinsar, Biprasar and Phulonwali Talai.
12 : Equatorial half cut scction, X 14 14 Axial scction. X 21 F
Both spccimens belong to microsphacric gencration.
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EXPLANATION OF PLATE VI
+
1-3. Nummulites cf. N. irregularis Deshayes, early Eocene, Loc. Khinsoer, Biperasar and Phulonwali Talai.
Khinsar & Ekal Beri. 4,7, 10, 12-13 : External views 4, X 28; 7, X 25; 10, X 22.5; 12,
1 : External view, X 7 ; 2 : Equatorial section, X 5; 3 : Axial X 23 and 13, X 30; S, 8, 9 : Equatorial sections 5 X 28. 8 X 23;
section X 7.5 and 9, X 29; 6, 11: Axial sections 6 X 29 and 11 X 35.5

4-13. Nummulites burdigalensis (de la Harpe), early Eocene, Loc. All specimens belong to megalosphaeric generation.
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generally overlying the Eocene rocks after the type locality
Shumarwali Talai. :

Type area and other reference sections: The formation is
best exposed in Shumarwali Talai area. Kharatar and Lang wells
arc taken as other reference sections. The thickness in type
section is 9.5 m (Narayanan et al., 1961). In the subsurface, it
has attained a thickness of 761 m in the western part of the
Shahgarh Sub-basin (Dangiwala well) and a minimum of 10 min
well Bakhri Tibba well. It has been completely eroded in the east
and south-east of the Jaisalmer Basin.

Lower boundary: The formation unconformably overlies
thc Bandah Formation.

Upper boundary: The formation is overlain by wind blown
Recent dune sand.

Lithology: The formation in the outcrop is mainly composed
of conglomerate with streaks of sandstone and silty clays. The
topmost surface shows lateritisation (Fig.9). In subsurface, the

formation is mainly represented by sandstonc, conglomerate
gravels, variegated clay and thin bed of arenaceous limestone.
The lower part of thc formation dominantly comprises fine
grained sandstone, conglomerate at places with strcaks of
variegated clay and ferruginous matter. This unit grades upward
into conglomerate/gravels, fine to medium-grained sandstonc
with gravels of quartz, occasional thin intercalations of varicgated
clay and limestone streaks. The succeeding litho-ussociation 1s
of buff to orange, hard, sandy limestone and thin intercalations
of calcarcous sandstone. The topmost part is of wind blown
sand, buff to grey argillaceous sand and sandy clay.

Age and depostional environment : After the deposition
of a thin veneer of late Eocene sediments, the sca completely
withdrew from the Jaisalmer Basin. This seems to be linked with
the major tectonic activity. During the late Palacocene and carly
Eocene, the Indian plate started colliding with the Asian plate
resulting in the final phase of regression of the sca durmg nuddlc

KHARATAR AREA

TYPE LOCALTY
SHUMARWALI TALAI

= LIMESTONE HARD SANDY WITH INTERCALATIONS OF
7 CALCAREQUS SANDSTONE.

SAND AND SANDSTONE, FINE GRAINED AT
PLACES CONGLOMERATE AND GRAVELS

OF QUARTZ.

INTERCALATIONS OF REDDISH BROWN CLAY

AND YELLOW TO BROWN LIMESTONE.

100
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GRAINED TOWARDS TOP CONGLOMERATIC WITH
STREAKS OF VARIEGATED CLAY, SANDSTONE
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200 1= =

(SUBSURFACE) OUTCROP
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L—-—SHUMAR
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BANDAH FORMATION
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Fig. 9. Stratotype of the Shumar Formation.

EXPLANATION OF PLATE VII

1-4. Fasciolites (Fasciolites) elliptica (sowerby), early middle Eocene,
Loc. Batrewala Tibba
1, 3 : Extemnal views 1, X 10.5 and 3, X 13
2 : Longitudinal section, X 11 ; 4 : Transverse section, X 16.
5-10. Fasciolites (Flosculina) elliptica var. nuttali Davies middle Eocene,

lLoc. Batrewala Tibba & Bangarwali Nay

S : External view, X 14 6 : Transverse section, X 10.5
7, 9 : Longitudinal sections 7, X 12.5, 9, X 10.5

10 : External views, both figures X 6

All specimens belong to megalosphaeric generation.
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4-8.

EXPLANATION OF PLATE VIl

Assilina papillata : Nuttall, carly middlc Eoccne, Loc. Batrewala
Tibba and Ekal Beri.

1 : External view, X 8 ; 2 : Equatorial scction, X 8 ; 3 : Axial
scction, X 14.

Assilina subpapillata var. Jaisalmerica n. Var. Singh, carly middlc

Eocene, Loc. Bakhri Tibl')a well scetion.

4 : Equatorial half cut scction, X 10.5 ; 5 : Axial scction, X 9.5
6 : Equatorial scction, X 7.5 ; 7-8 : Extcrnal views, both X 7.5
Specimens | to 3 belong to microsphacric gencration and
spccimens 4 to 8 belong to megalospacric gcncr.alion



Journal of the Palaeontological Society of India Plate IX
Volume, 52(2), December 2007

SINGH

EXPLANATION OF PLATE IX

+
1-8 Dictyoconoides cooki (Carter), middle Eocene (Lutetian), Loc.

Bangarwali Nay, Phatehwalai Talai

1, 5, 8 : External dorsal views, all the three figures, X 7.5

2 : External ventral view, X 7.5 ; 3, 6-7 : Vertical sections 3, X 11,
6, X8and 7, X 9.

4 Horizontal section of the specimen from upper surface, X 9.5



Journal of the Palacontological Socicty of India Plate X
Volume, 52(2), Dccember 2007

SINGH
EXPLANATION OF PLATE X
1-4.  Nununulites maculates Nuttall, latc middle Eocene, Loc. Shumarwali 5, 10 : Extcrnal views, 5 X 19 and 10, X 14
Talai & Bangarwali Nay 6, 8 © Axial scctions 6, X 10 and 8, X 12.
I : External view of half portion of the specimen X 8 7, 9 : Equatorial scctions 7, X 21 and 9, X 16.5
2 : Equatorial scction X 6.5; 3, 4: Axial scctions 3 X 6.5 and 4 X 7 Specimens 1 to 4 belong to microspacric gencration and specimens
5-10. Nummulites bagelensis verbeek, middle Eocene (Lulctian), Loc. 5 to 10 belong to megalospacric generation.

Batrcwala Tibba, Phatch wali Talai.
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EXPLANATION OF PLATE XI

1-3. Nummulites beaumonti d’ Archiac & Haime, middle Eocene
(Lutetian), Loc.

6-8,11. Batrewala Tibba, Phatehwali Talai.
1 : External view, X 10 ; 2 : Equatorial section, X 12.5
3 : Axial section, X 12.5. 6, 8 : Axial sections, 6 X 15, 8, X 14
7 : Equatorial section, 12.5 11 : External view, X 16.5
Specimens 1 to 3 belong to microsphaeric generation form
whereas remaining specimens belong to megalosphaeric generation.

4-5.  Nummulites pengaronensis Verbeck middle Eocene (Lutetian),
Loc. )

9-10 Phatehwali Talai.
12-14. 4 : Axial section, X 15; 5 : Equatorial section, X 13,

9-10: Axial sections, X 14.5 ; 12 : External view, X 7 ;

13 : Equatorial section, X 12.5 ; 14 : External view, X 11
Specimens 4, 12 and 13 belong to microsphaeric generation
remaining specimens belong to megalosphaeric generation.
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Eocene from eastern flank of the Indus Basin including the
Jaisalmer Basin (Datta, 1983). The uplifted Tertiary rocks supplied
clastics to the fluvial basin to the west and southwest during
the Quatemary Period. This phase was culminated during lower
Miocene when axial belt was completely uplifted and sea
retreated totally from the foredeep and the Indus Shelf.

The overlying sequence of the Shumar Formation got
deposited after a considerable hiatus. The formation has not
yielded microfauna or palynoflora. However, Singh (1982) has
opined that the sediments of this formation penetrated through
different well sections of the basin are not typical Sub-recent or
Recent type such as alluvium, Terraces, Kankar boulder beds,
etc. It may, therefore, be logical to tentatively assign Pleistocene
to Sub-recent age to the Shumar Formation. Presence of
conglomerate beds, gravels, coarse sand, nodular and ferrugi-
nous sandstone (often lateritic) and occasional thin limestone
bands suggest deposition in complex depositional environment
such as fluvial, lacustrine and eolian.

Correlation and regional lithological variation: 1t is
well correlatable throughout the basin (Fig. 5) and there is
practically no lateral facies variation except that some
arenaceous limestone bands are developed in the western
part of the basin in the Shahgarh area. A considerable increase
in thickness in Shahgarh sub-basin as compared to the
Jaisalmer-Mari High is observed. The formation is exposed
from the south of Shumarwali Talai and extends north-
eastward up to Ramgarh. In general, the formation is covered
by wind blown sands in the west of the outcropping area.
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EXPLANATION OF PLATE XII

1-11 Discocyclina dispansa (Sowerby) middlc Eocene, Loc. Patchwali
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1-2, 4 : External views |, X 6,2, X 7.5 and 4, X 8

5, 7 : Equatorial scctions 5, X 8, 7, X 12; 6 : Tangential scction
showing shell columns surrounded by a rosscttec of 9 to 15 scpta,

X 14,

8, 10 : Axial scctions. 8 X 16, 10, X 12
X 12 11 : External view, X 9.5
Specimens | to 7 belong to microsphacric generation whercas

9 @ Euatorial section,

remaining 8 to 1] spccimens belong to megalophacric gencration.
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