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Abstract. The Middle Jurassic seatransgressed the Rajasthan shelf simultaneously to the neighbouring Kachchh Basin on
the western part of the Indian Craton. Structurally, the part of the Rajasthan shelf which records marine Jurassic
sediments has been termed as the Jaisalmer Basin. The sediments in the basin range from non-marine siliciclastics to
brackish/marine mixed siliciclastic-carbonate muds. Lithostratigraphically, these sediments have been grouped into the
Lathi, Jaisalmer, Baisakhi and Bhadasar formations, in ascending order. Of these, the two older formations represent the
first transgressive/regressive cycle ranging from the Lower Jurassic to the Upper Jurassic (Oxfordian). Well cemented,
fossiliferous carbonate units represent the peak transgressive events, whereas thick, cross-bedded, non-fossiliferous
sandstone units predominantly characterize regressive units. Within the Early Jurassic—Bathonian (Middle Jurassic) time
interval, atotal of 91 parasequences of fourth order are recognized that have been grouped into 18 sequence cycles of third
order. The sequence cycles predominantly consist of transgressive (TST) and highstand systems tracts (HST). The
seguence stratigraphic framework reveal sthat the timeinterval between the Early and Middle Jurassic (i.e. up to Middle
Bajocian) recordsweak trangressive events which are represented by thin carbonate-rich units, whereasthe Late Bajocian
timeinterval, represented by thick rudstone units, documents the first peak of transgression. Similarly, the upper part of
the Bathonian records another peak of transgression. A gradual increase in the deepening of the basin and deposition of
marine sedimentsfrom the Late Bajocian to Late Bathonian isrecorded. The character of the sediments deposited during
the HST and the absence of any evidence of major change in the tectonic setting in the basin suggest that climatic change
has played amain rolein the relative sea-level change along with variationsin sediment supply.
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1Introduction

The pericratonic Jaisalmer Basin, situated to the west of
theAravalli axison thewestern part of the Indian craton,
formed the easternmost part of ,,Indo-Arabean Geological
Province" (Text-fig. 1). The basin has attracted the atten-
tion of geologists, palaeontologists and several other
non-professionals owing to its rich record of well pre-
served Jurassic to Tertiary fossils. Recently, the basin
has also been proved its potential for fuel oil and gas
reserves (ONGC unpublished report 1963, SHRIVASTAVA

1971, DatTa 1983). However, in terms of stratigraphic
studies, thebasinisstill poorly explored, e.g. no sequence
stratigraphic framework for the basin is available. The
sediments of the basin fill document a prolonged time
interval (Jurassic to the Recent) and both, surface and
subsurface data offer the potential for resolving several
stratigraphic problems, e.g. pertaining to global Jurassic
sea-level events and Jurassic-Cretaceous and Creta-
ceous-Tertiary (K/T) boundary problems.

2 Geological framework

The Jurassic seainundated the basin during the Bgjocian
simultaneously to the neighbouring Kachchh Basin
(SingH et al. 1982, PanDEY et a. 2006a). However, asevi-

dent from gradual lateral changein the character and thick-
ness of the facies, the basin has hitherto been considered
ashelf basin in contrast to the neighbouring rift basin of
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Text-fig. 1. A. Structural units of the Jaisalmer Basin (modified
after Misra et al. 1993). B Geological section across the Indo-
Arabian geological province (modified after Gansser 1964, KAvE
1970, REHMAN 1963, SHRIVASTAVA 1992).

Kachchh (Biswas 1982, 1991, FursicH et a. 2001). The
sediments of the Jaisalmer Basin range from non-marine
sandstones and conglomerates to nearshore, littoral,
brackish to marine sands, silts, clays and carbonates.

Structurally, the basin has been subdivided into four units
(Text-fig. 1) as revealed by geophysical investigations
conducted by the Oil and Natural Gas Commission
(RAGHAVENDRA RA0 1972, SiNHA et al. 1993, SincH et al.
2005). The Jurassic sediments are best exposed on the
southeastern part of the raised Mari-Jaisalmer Arch ex-
tending through the central part of the basin.

Lithostratigraphically, the strata have been grouped
into the Lathi, Jaisalmer, Baisakhi, and Bhadasar
formations in ascending order (Tab. 1, Text-fig. 2, Das
Gupta 1975, PanpEy et al. 2005, 20064, b). Thethickness
of individual formationsrangesfrom 70-1000 m (SwaMin-
ATHAN et al. 1959, Das Gupta 1975, Pareek 1984). Thetwo
older formations represent thefirst transgressive/regres-
sive megacycle ranging from the Lower to the Upper
Jurassic (i.e. up to the Oxfordian). These sediments com-
prise non-marine siliciclasticsto brackish-marine, mixed
siliciclastic-carbonate muds. The general dip of the beds
is gentle of about 2° towards the northwest. There are a
few post-Mesozoic faults cross cutting each other.

3 Methods

The lithological sections studied in the field were inter-
preted in terms of sedimentary facies and sequence strati-
graphy. The most significant features which were used
for the recognition of parasequences and the different
systems tracts include observations regarding the geo-
metry of rock units and their bounding surfaces, lateral
variations in microfacies, sedimentary structures, bio-
diversity, degree of bioturbation, ichnofabricsand tapho-
nomy. Also biogenic hardparts which, usually, carry a
wealth of ecological and taphonomic information, are of
potential use for identifying sequence stratigraphic
boundaries and units (e.g. Fursich & Panbey 2003).
Distribution, orientation, diversity and relationships of
trace fossils with respect to stratal surfaces are of great

importancein the understanding of several environmental
parameters of the depositional environment such as
oxygen availability, salinity, substrate consistency,
bottom water energy, rate of deposition, sediment supply,
type of organic matter and erosional surfaces. Bioturbated
beds, in most cases, suggest deposition below fair
weather wave base with low rate of sediment influx.

In all 18 investigated sections (L 1-L 18, see Text-fig.
2B) through Lower to the Upper Jurassic (i.e. up to the
Oxfordian) Lathi and Jaisalmer formations, exposed on
the southeastern part of the raised Mari-Jaisalmer Arch
on the east and southeast as well as north and northeast
of Jaisalmer, have been measured bed-by-bed and litho-
logical characters, sedimentary structuresand fossil con-
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Text-fig. 2. A. Geological map of the Jaisalmer Basin (after Das Gupta 1975). B. Locations of the sections measured
in the Bajocian-Bathonian Lathi and Jaisalmer formations.
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tents have been recorded systematically. The majority of
the sequences has been measured along cliff sections
(height up to 30 m), only in a few cases long-distance
transects have been taken. Laterally, these cliffs can be
traced for afew kilometers. Since the dip of the bedsis
not very large, several opportunities to observe the top
bedding surfaces of cap-rocks (mostly well cemented
pack- to rudstones) were available. In some casesit was
difficult to trace beds|laterally for morethan afew meters
either due to poor cementation or because they were
covered with scree material.

The most significant and conspicuous sedimentary
features recorded during the investigation are non-marine
followed by marine sequences (Pl. 1B, see also Text-fig.
4, PanDEY et d. 20063, b), erosive surfaces (M. 1C, Panpey
et al. 2006b), hardground surfaces (Panbey et a. 2007),
sedimentary structuresincluding hummocky cross-beds
(PanpEy et al. 2007), shallowing hemicycles, alternating
bioturbated (PI. 1D, G, H) and cross-bedded units (PI. 1E,
F), alternating poorly cemented siliciclastic and well

cemented carbonate units (Pl. 1A, Panpey et al. 2006a)
and aternating richly and poorly fossiliferous units. In
total, 13 sedimentary facies within the Lower—Middle
Jurassic (up to Bathonian) sequence have been recog-
nized. Thelateral continuity of the sedimentary faciesis
shownin Text-figs. 4-7. Thesefaciesboundariesfacilitated
the correlation of parasequences and sedimentary
sequence cycles.

In total, 91 parasequences of fourth order and 18
sequence cycles of third order have been recognized.
Out of the four systems tracts constituting complete
depositional sequences, the falling stage systems tract
(FSST) and the lowstand systems tract (LST) were not
recognized in the sequences studied here. The possibility
of preserving lowstand deposits is generally low in a
shallow water shelf basin. The recognition of para-
sequence of the FSST seems to be difficult due to limi-
tation of the outcrops. Thus, the transgressive systems
tract (TST) and highstand systems tract (HST) are the
building blocks of the studied sequences.

4 Sequencestratigraphy

The Jurassic outcrops of the Lathi and Jaisalmer forma-
tions have been broadly subdivided into three sub-areas,
based on comparable sequences and continuity of out-
crops (Text-fig. 2). For two of these areas, i.e. east/south-
east and north/northeast of Jaisalmer, comparable
sequence setshave beenillustrated in Text-figs. 4-7. The
seguence stratigraphic framework and the correlation of
individual systems tracts within each comparable suc-
cession are given below.

4.1 Sequencestratigraphic framework of the Jurassic
east and southeast of Jaisalmer

These sections correspond to the Thaiat Member of the
Lathi Formation and Hamira and Joyan members of the
Jaisalmer Formation (Tab. 1, Text-figs. 4, 5). They repre-
sent the Early to Middle Jurassic (up to the Late Bgjocian)
time interval (KAcHHARA & JopHAWAT 1981, PANDEY &
FursicH 1994) in the Jaisalmer Basin and expose the
complete Thaiat Member and the greater part of the Joyan

EXPLANATION OF PLATE1

Fig. A. Panoramic view of a rudstone unit representing the TST of sequence cycle 9 (Bathonian) exposed at Bara bagh. Note Bara bagh

cenotaphs in the background.

Fig. B. Fort section exposed 3 km northeast of Jaisalmer Fort representing at least five sequence cycles (section L11 in Text-fig. 6).
The basal non-marine sandstone (HST) is overlain by fully marine sequences.

Fig. C. Close-up view of well cemented alternating mud- to packstone overlain by a rudstone with erosional surfaces (TST) exposed 11
km south of Jaisalmer, uppermost part Joyan Member, Jaisalmer Formation.

Fig. D. Close-up view of Chondrites and Rhizocorallium irregulare on the upper surface of bioturbated calcareous mudstone, exposed
11.5 km southeast of Jaisalmer, Joyan Member, Jaisalmer Formation.

Fig. E. Close-up view of low angle trough cross-lamination in well cemented fine-grained calcareous sandstone, exposed 11.5 km

southeast of Jaisalmer, Joyan Member, Jaisalmer Formation.

Fig. F. Close-up view of low angle cross-bedding in the upper part of the fine-grained calcareous sandstone, exposed 11.5 km southeast

of Jaisalmer, Joyan Member, Jaisalmer Formation.

Fig. G. Rhizocorallium sp. on the lower undulated surface of a fine-grained calcareous sandstone, Joyan Member, Jaisalmer Formation,

Jaisalmer.

Fig. H. Rosselia sp. on the lower surface of a fine-grained calcareous sandstone, Joyan Member, Jaisalmer Formation, Jaisalmer.
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Text-fig. 3. Key of symbols for Text-figs. 4-7.

Member (consisting of siliciclastic sediments) aswell as
the major parts of the Hamira Member and topmost part
of the Joyan Member (consisting of carbonate sediments).
Based on maximum thickness and excellent outcrops, the
sectionsL1and L7-L9 (Text-fig. 2B) have been chosen as
reference sections for sequence stratigraphic classifi-
cation. In all, 42 parasequences and 9 sequence cycles
have been recognized (Text-figs. 4, 5). Parasequences
have been delineated on the basis of flooding surfaces

or maximum flooding surfaces (mfs), rapid shallowing
events and sequence boundaries (SB).

The parasequences recognized in the sections are
stacked in progradational and retrogradational para-
seguence sets, occasionally capped by sequence bound-
aries. In most cases the parasequence sets could be
laterally correlated. The parasequencesin the lower half
of thereference section,, L 1" can be easily confused with
thenormal TST and HST sequence cycles. The unfossili-
ferous ferruginous siltstone units representing para-
sequences 4 and 6, overlying fine-grained, occasionally
fossiliferous sandstone units of either the HST or TST
(parasequences 3 and 5) are suggested to have been
deposited in a non-marine, protected basin in the back-
shore zone of the continental shelf during lowstand of
sea-level. Therefore, they are deposited after the SB and
correspond to the next consecutive sequence cycles.
Hence, the parasequence 6 overlying 5 does not belong
to same sequence cycle. The corresponding para-
seguencesin the comparable section,,L2* show asimilar
seguence. Paraseguences 9 and 10, in fact, can befurther
divided into three parasequences each. However, based
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on limited thickness and outcrop conditions, and pending
more evidences, these units have been combined. The
rapid change in the depositional environment such as a
sudden decrease or increase of energy levels or rate of
influx of sedimentsor terrestrial influenceisevident from
rapid change in individual or a combination of sedi-
mentary characters such as colour, primary sedimentary
structures including geometry of sedimentary bodies,
degree of bioturbation and erosional surfaces, degree of
cementation, grain size, fossils, and taphonomic features.

The sequence stratigraphic correlation of the Jurassic
seguences exposed in this area suggests that the sedi-
ments were deposited on the continental shelf between
backshore and foreshore zones. A gradual increase in
the intensity of the transgressive events and the deposi-
tion of the marine sedimentsisrecorded. In nine sequence
cyclesonly seven TSTs could berecorded, of which para-
sequence no. 8 is only 8 cm thick. The TST units are
either well cemented limestones or at least calcareous
sandstones. Wood fragments, Rhizocorallium, Plano-
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lites, Chondrites and Thal assi noides are common (trace)
fossils. The unitsrepresenting HST are exclusively silici-
clastic. Wood fragments, Rhizocorallium, Planolites,
Chondrites, Taenidium, Thalassinoides and indeter-
minate burrow tubes are common. Bivalves, gastropods,
vertebrate bonefossilsand oyster fragments occur rarely.

The topmost unit of the area, comprising pack- to
rudstones with coral heads, high-spired gastropods and
afew bivalves (bed nos. 1-8 of L9), representsthe TST of
sequence cycle 9. Lithostratigraphically, this is the
youngest unit of the Joyan Member. This is one of the
most indurated and distinct unitsin the entire Bajocian—
Oxfordian sequence of the Jaisalmer Basin. The unit
shows several erosional surfaces (each unit between two
erosional surfacesis a parasequence) and was deposited
during the first peak of marine transgression. The fossil
record (Panpey & FursicH 1994) suggests that this first
peak of marine transgression inundating the Jaisalmer
Basin was contemporary to the Late Bajocian transgres-
siveevent inthe neighbouring rift basin of Kachchh (SincH
etal.1982).
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Text-fig. 5. Sequence stratigraphic correlation of the Jurassic succession (Lower
Jurassic—Upper Bajocian) exposed in the east and southeast of Jaisalmer.
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4.2 Sequencestratigraphic framework of the Jurassic
north and northeast of Jaisalmer

The sections correspond to the Fort and Badabag mem-
bers of the Jaisalmer Formation (Tab. 1, Text-figs. 6-7).
They represent the L ate Bajocian—Bathonian timeinterval
in the Jaisalmer Basin. The sediments following above
the TST of thelast sequence cycle (no. 9, see above), are
exposed only at the base of the Fort section north and
northeast of the city. They are characterized by pinkish,
grayish-white, poorly to moderately cemented, well sorted,
fine-grained sandstones at the base, and poorly sorted
silt- to medium-grained cal careous sandstones, weather-
ing to concretions (silcrete), in the upper part (bed nos. 1
and 2 in L12, Text-fig. 6). The sediments show strong
terrestrial influence and there is no (faunal) element
present which suggests marine influence. On the other
hand, in the view of the underlying transgressive units
(TST), representing the peak of the Late Bajocian
transgression, it is difficult to imagine a sudden fall of
sea level. These sediments either belong to the upper

DHIRENDRA K. PANDEY & SHIPRA CHPUDHARY

part of the HST (with strong fluvial influence) or were
deposited during afollowing FSST. Inthelatter case, the
sediments mark the beginning of a new sequence cycle.

The overlying sequence cycles can be broadly sub-
divided into two major transgressive events following
nonmarine-brackish water conditions. Brackish condi-
tions are evident by the occurrence of the bivalve genus
Eomiodon. Consequently, the sequence stratigraphic
framework of the Jurassic sequence exposed in the north
and northeast of Jaisalmer isshown separately (Text-figs.
6-7). Intotal, 49 parasequences and nine sequence cycles
have been recognized in the Upper Bajocian-Bathonian
of thisarea.

The transgressive systems tracts of the older trans-
gressivecycleexposed in the Fort section (L10-L 14, Text-
fig. 2) are not always represented. When present, they
are only characterized by thin cross-bedded, shelly to
fossiliferous pack- to rudstone units, whereas highstand
systems tracts are thick and generally characterized by
coarsening-upward successions. HST beds show fairly
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diverse depositional conditions consisting of mixed
carbonate and siliciclastic sediments; bioturbated units
are followed by cross-bedded units, alternating biotur-
bated and cross-bedded units, or are represented by only
cross-bedded units. The bioturbated units areinvariably
richly fossiliferous, the fauna consisting of fully marine
bivalves and echinoids. Thalassinoides and Planolites
are the most common trace fossils.

Thetransgressive systemstracts of the younger trans-
gressive cycle exposed at Bara bagh section (L15-L18,
Text-fig. 2) are characterized by often thick (thickness
morethan 2 m), cross-bedded, well cemented sandstones,

conglomerates and shelly to fossiliferous pack- to rud-
stones. In a few cases, their upper part is bioturbated.
Gyrochorte, Ophiomorpha, Rhizocorallium, Taenidium
and Planolites are the most common tracefossils. Rhyn-
chonellids are very common brachiopods. The units re-
presenting highstand systems tracts are thinner in com-
parison to the older transgressive cycle (see above),
exclusively siliciclastic, occasionally fossiliferous, bio-
turbated (predominant trace fossil Gyrochorte) and
followed by cross-bedded units. Erosional surfaces are
common features in these sequence cycles.

5Conclusions

The Lower—Middle Jurassic (up to the Bathonian) suc-
cession of the Jaisalmer Basin examined in the present
study displaysin general shallowing-upward sedimentary
hemicycles. The sediments demonstrate alternating | ow-
energy and high-energy depositional environments. The
units deposited in low-energy settingsareinvariably fine-
grained and bioturbated, whereas those of high-energy
environments are coarser grained and cross-bedded. The

rapid change in microfacies and taphonomic features is
explained mainly as the result of a change in the depo-
sitional environment dueto changesin relative sea-level
and climatic conditions.

The absence of any index fossil from the Lower—
Middle Jurassic succession (up to Middle Bajocian) of
the Jaisalmer Basin (Lukose 1972, PanDEy et al. 2006b)
doesnot allow for precise chronostratigraphic correlation.
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The earliest near-to-precise age which can be taken into
consideration is Late Bajocian, based on the occurrence
of the coral Isastraea bernardiana (Panpey & FursicH
1994) for the parasequence 42 of sequence cycle 9. Fur-
thermore, the sedimentary succession ranging from the
Upper Bajocian to the Upper Bathonian yiel ded theindex
ammonite genus Clydoni ceras BLake (Prasap et al. 2007)
of Middleto Late Bathonian age.

Consequently, within the sediments ranging from
Lower—Middle Jurassic (up to the Bathonian) of the Jaisal-
mer Basin, 91 parasequences and 18 sequence cycles
can be identified. It is difficult to locate the Bajocian—
Bathonian boundary. However, assuming an eustatic
control and counting five sequence cyclesin the Bathon-
ian (HArbenBoL et al. 1998) it can be suggested that the
Bajocian—Bathonian boundary lies just above sequence
cycle 13 (Text-fig. 6). The parasequences recognized in
these sectionsinclude stacking pattern of progradational
and retrogradational parasequence sets. The compilation
of information from sedimentary facies, depositional
environment and sequence stratigraphy suggests that
highstand sediments in the Lower—Middle Jurassic (up
to the Upper Bajocian) were deposited mostly in a pro-

tected basin on the continental shelf between backshore
and foreshore zoneswith salinity ranging from non-marine
to brackish water. The units are either non- or poorly
fossiliferous. In the Bathonian, the highstand deposits
arethinner, represented by fossiliferous, mixed carbonate-
siliciclastic to exclusively siliciclastic sediments depo-
sited in protected to open marine settings between the
nearshore to upper offshore transition zones. The trans-
gressive systemstract (TST) unitsare alwayswell cemen-
ted and consist of thin, fossiliferous, cross-bedded pack-
to grain- and rudstones with erosional bedding surfaces.
In case of complete sequences, the TST grades into a
richly fossiliferous maximum flooding zonefollowed by
the high-stand systems tract (HST) showing an upward-
coarsening or increasing energy levels as evident from
sedimentary structures. A gradual deepening of the basin
and deposition of increasingly marine sediments from
theLate Bgjocian to Late Bathonian isrecorded. Thefre-
guent occurrence of erosional surfacesand in most cases
absence of falling stage (FSST) and lowstand parts (L ST)
of the sequence cycles suggests that the sedimentary
record of the Lower Jurassic to Bathonian (Middle Juras-
sic) of the Jaisalmer Basin is considerably incompl ete.
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