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We report the first record of an age-diagnostic, but
depauperate assemblage of calcareous nannofossils, an
exclusively marine phytoplankton group, from the
Lathi Formation of Jaisalmer Basin, western India.
The nannofossil evidence, precisely constrains the age
of the Lathi Formation, traditionally considered to be
a Bajocian (Middle Jurassic) continental deposit.
Furthermore, the presence of several reworked nan-
nofossil taxa of Pliensbachian, Toarcian and Aalenian
ages suggests that the earliest epeiric sea transgressed
western India during the Early Jurassic. Thick and
luxuriant gymnosperm forests proliferated in the
Jaisalmer Basin during this time. The presence of cal-
careous nannofossils in both the lower and upper
members of the Lathi Formation (Odania and Thaiat
members) points to intermittent coastal marine depo-
sitional environment.

Keywords: Calcarcous nannofossils,
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Early-Middle

JAISALMER basin (JB) is a pericratonic basin of western
India, comprising sedimentary sequences that range in
age from the Early Jurassic to Early Cretaceous (Figure
1 a). Das Gupta' classified the succession into Lathi, Jais-
almer, Baisakhi, Bhadasar, Pariwar and Habur formations
in ascending order. Singh” discussed the surface and sub-
surface Mesozoic lithostratigraphy of JB and Pandey et
al.’ recently provided an overview. The Lathi Formation
(LF), which constitutes the basal part of this succession,
was initially classified as ‘Lathi Beds’ by Oldham® who
named this unit after the village Lathi on the Pokaran—
Jaisalmer road and considered it to be a continental de-
posit. Later redesignated as LF, this succession rests un-
conformably on the Precambrian or lower Paleozoic
rocks® and yields abundant silicified fossil woods and leaf
impressions, as well as silicified gastropods, fragmentary
foraminifers and microflora. The formation is divisible
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into two units, the lower Odania Member and the upper
Thaiat Member'. Pandey et al.” recorded marine bivalves,
gastropods and trace fossils from the upper part and root-
lets from the lower part of the Thaiat Member. Pien-
kowski e al.® reported dinosaur footprints from a level
above the rootlet-bearing horizon. The outcrop sections
were considered to be fluvial and deltaic deposits,
whereas the downdip sediments have been regarded as
marine. Lukose’ assigned a Liassic age to these sediments
on the basis of palynomorphs. LF has a conformable con-
tact with the overlying Jaisalmer Formation® and its
maximum thickness is estimated at ~600 m (ref. 10).

Here we report the discovery of nannofossils in LF. This
assemblage, recovered from the lower and upper members
of LF (Odania and Thaiat), includes several well-preserved,
diagnostic taxa that help assign a precise age to LF and
throws light on their environment of deposition.

Material and methods

In the present study, samples from Odania Member (OM)
were collected from Akal and Bhojka areas and the sam-
ples from Thaiat Member were collected from Tamira
Rai, Thaiat, Suleiman Pir areas (Figure 1). Care was taken
to collect samples from freshly dug, deep uncontaminated
profiles. A small amount of material was scratched from
each sample and smear slides were prepared following
the standard procedure''. Only a limited number of sam-
ples were found productive for nannofossils and the
frequency of occurrence was low. Nannofossils were
observed with a Leica DM 2500 P light microscope with
X10 occular and X100 objective, the latter requiring
oil immersion. Polarization and/or phase contrast was
adopted for species identification. Taxonomic and
nomenclature procedures are after Bown'.

The recorded nannofossil assemblage

Twenty eight nannofossil taxa were recorded from sam-
ples collected from five sections, namely Akal, Bhojka,
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a, Geological map of Jaisalmer Basin showing studied sections; b, Litholog of Bhojka section showing nannofossil-yielding level;

¢, Litholog of Thaiat ridge section showing nannofossil-yielding level; d, Litholog of Suleiman Pir section showing nannofossil-yielding levels,

e, Litholog of Tamira Rai section showing nannofossil-yielding levels.

Thaiat, Tamira Rai, Suleiman Pir (Figures 2—4). Although
the assemblage is poorly diversified and shows evidence
of minor overgrowth, many of the diagnostic characters
required for taxonomic identification are preserved (e.g.
sturdy architecture in Watznaeuria).

Bhojka (Figure 1b): South of Bhojka village
(26°57'54.7"N; 71°13'34.5"E), about 600 m from the
main road, two small hillocks expose the lower part of LF
(OM) consisting of gritty sandstone in the lower part with
prominent cross bedding. The sediments show prominent
colouration due to iron enrichment in the form of violet,
grey, dirty yellow and ochreous calcareous sandstone
with fossil woods. Only one sample (BJK-1) yielded a
moderately diversified and a little over grown but datable
nannofossil assemblage. The taxa recorded from this sec-
tion are Biscutum dubium (Lower Toarcian—Berriasian),
Carinolithus magharensis, Crepidolithus crassus, Diduc-
tius constans, Discorhabdus striatus, Lotharinguis con-
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tractus, L. sigillatus, L. velatus, Triscutum sullivanii,
Watznaeuria barnesae and Ascidian spicules.

Thaiat Ridge (Figure 1c¢): On the southern side of the Jai-
salmer—Jodhpur highway on the way to Thaiat village,
16 km east of Jaisalmer city, a prominent escarpment
section, the type-section of the Thaiat Member'
(26°55'47.8"N, 71°03'49.7"E), is exposed. From the lower
part of the section, footprints of Lower Jurassic dinosaur
Eubrontes cf. giganteus and Grallator tenuis have been
recorded'”. Up section, nerineid gastropods, bakevelliid
bivalves, oysters, Trigonia, Eomiodon, rhynchonellid
brachiopods, crinoids along with trace fossils Teichich-
nus, Gyrochorte, Rhizocorallium, Thalassinoides, and
Skolithos occur, indicating a marine environment of
deposition®”'?. Petrified wood fossils and pterosaur
bones have also been found in the upper part of the sec-
tion'"’. The occurrence of the coral Isastraea bernardiana
(d’Orbigny) in the lower part of the overlying Jaisalmer
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Biscutum dubium (BJK-1) Carinolithus magharensis (BJK-1) Crepidolithus crassus (BJK-1)

Gen sp. mdet Laguncula
(BJK-1) pitcherensis k-1

Crepidolithus crassus (SP-1) Crepidolithus cf. C. granulatus (SP-1) Discorhabdus striatus (SP-1)

L. velatus (SP-3) Biscutum finchii (TJ-2) Crepidolithus granulatus (T.J 2)

Figure 2. Recorded nannofossils from Bhojka and Thaiat ridge sections.
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Crepidolithus pliensbachensis (TJ-2) C. pliensbachensis (TJ-2)

Discorhabdus striatus (TR-4) D. striatus (TR-5) Laguncula pitcherensis (TR-5)

Figure 3. Recorded nannofossils from Thaiat ridge, Suleiman Pir and Tamira Rai sections.
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Lotharinguis velatus (TR-2)

Triscutum sullivanii (TR-5)

(BJK-1) (BJK-1) (SP-3)

Figure 4.

Formation’ constrains the upper age limit of the Thaiat
Member as Bajocian (Middle Jurassic). The nannofossil
taxa recorded are Biscutum finchii, Crepidolithus granu-
latus, C. pliensbachaensis, Cyclagelosphaera aff. C.
margerelii, Lotharinguis frodoi, L. haufii, L. sigillatus,
L. velatus, W. barnease, W. britannica, W. colacicchii
and Ascidian spicules. The assemblage points to a mar-
ginal marine environment with open marine connections.

Suleiman Pir (Figure 1d): The cliff section exposed in
front of Suleiman Pir tomb (26°51'07.4"N; 70°58'16.5"E)
at 2 km milestone on Jaisalmer—Barmer road exposes the
upper part of LF (i.e. Thaiat Member) and the overlying
JF (i.e. Hamira Member) with prominent nerineid gastro-
pod fossil bearing horizons. Three samples (SP1, SP3 and
SP4) from this section yielded calcareous nannofossils, of
which SP1 pertains to Thaiat Member, and SP3 and SP4
represent the Hamira Member of JF. The nannofossil taxa
recorded are Crepidolithus crassus and Crepidolithus cf.
C. granulatus from SP1; D. striatus from SP1 and SP4
and L. velatus from SP3. Ascidian spicules occur in all
samples indicating a shallow marine setting.

Tamira Rai Temple section (Figure 1e): This locality
(26°44'13.1"N; 70°84'17.6"E) is situated ~25 km from
Jaisalmer on a diversion just before Khuri road. A promi-
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L. velatus (TR-11)

N
.
A

Watznaueria barnesae (TR-11)

Ascidian spicule Ascidian spicule Ascidian spicule Ascidian spicule Ascidian spicule Ascidian spicule

(SP-1) (TR-4) (TR-4)

Recorded nannofossils from Tamira Rai section and ascidian spicules from Bhojka, Suleiman Pir and Tamira Rai sections.

nent ridge with temple and wind mills is seen. This sec-
tion exposes both members of LF. The lower part consists
of conglomerates with up to 2 m long wood fossils. The
upper part shows contact between LF and JF. Four
samples (TR2, TR4, TRS5 and TR11) yielded a poor but
diversified assemblage of calcarecous nannofossils. The
taxa recorded are Biscutum grande, Cyclagelosphaera
aff. C. margerelii, Discorhabdus striatus, Lotharinguis
frodoi, L. velatus, Triscutum sullivanii, Watznaueria ba-
rnesae, W. fossacincta and Ascidian spicules.

Akal and Basan Pir: Akal fossil park displayed huge and
thick silicified gymnosperm fossil woods in coarse grain
sandstones but with no diagnostic anatomical features
preserved. No nannofossils were found in Akal and the
Basan Pir sections. The Ascidian spicules suggest a
shallow marine depositional setting.

Age assignment

The oldest elements in the Lathi assemblage are two
reworked nannofossil taxa of Early Jurassic age found
in sample TJ2 of Thaiat section-Crepidolithus granulatus

(Late Pliensbachian NJ5a to NIJ5b, 185.53 Ma to
181.63 Ma) and Crepidolithus  pliensbachensis
1635
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Table 1. Record of nannofossil taxa in studied sections.

Name of species Range Suleiman Pir ~ Tamira Rai  Thaiat  Bhojka
Ascidian spicule Jurassic-Recent SP1&SP3 TR 4 TJ2 BJK 1
Biscutum dubium Early Toarcian (182.70 Ma) — BJK 1
(Noél, 1965) Grin in Griin et al., 1974 Berriasian (139.39 Ma)
Biscutum finchii Late Pliensbachian NJ5b TJ2
Crux, 1984 (182.70 Ma) — Toarcian NJ6 (180.49 Ma)
Biscutum grande Late Pliensbachian NJ5b
Bown, 1987 (182.70 Ma) — Toarcian NJ6 (180.49Ma) TR S
Carinolithus magharensis Aalenian NJ8a (174.59 Ma) — BJK 1
(Moshkovitz & Ehrlich, 1976) Bown, 1987 Bajocian NJ10 (168.67 Ma)
Crepidolithus crassus Early Pliensbachian NJ4b SP 1 BJK 1
(Deflandre in Deflandre & Fert, 1954) (189.13 Ma) — Tithonian
Noél, 1965 NJ17b (148.35 Ma)
Crepidolithus granulatus Late Pliensbachian NJ5a TI2
Bown, 1987 (185.53 Ma) — Late Pliensbachian
NJ5b (181.63 Ma)
Crepidolithus pliensbachensis Sinemurian NJ3 (193.61 Ma) —
Crux, 1985 Late Pliensbachian NJ5a (184.03 Ma) TI2
Crepidolithus cf. C. granulatus SP 1
Cyclagelosphaera aff. C. margerelii TRS TI2
Diductius constans Early Toarcian (182.70 Ma) — BJK 1
Goy in Goy et al., 1979 Bajocian NJ9 (169.69 Ma)
Discorhabdus striatus Toarcian NJ7 (180.49 Ma) — SP1&SP4 TR4&TRS BJK 1
Moshkovitz & Ehrlich, 1976 Oxfordian NJ15a (158.53 Ma)
Gen sp. indet BJK 1
Laguncula pitcherensis Jurassic-Cretaceous TR S BIK 1
Rai, 2006
Lotharingius contractus Early Aalenian NJ8b (171.79 Ma) — BIK 1
Bown & Cooper, 1989 Bathonian NJ12a (165.55 Ma)
Lotharingius frodoi Late Pliensbachian (187.56 Ma) — TRS TI2
Mattioli 1996 Toarcian (174.15 Ma)
Lotharingius hauffii Late Pliensbachian (187.56Ma) —
Griin and Zweili in Griin et al., 1974 Bathonian NJ12a (165.55Ma) TJ2
Lotharingius sigillatus Late Pliensbachian (187.56 Ma) — TI2 BIK 1
(Stradner, 1961) Prins in Griin et al., 1974 Oxfordian NJ15a (158.53 Ma)
Lotharingius sp. TI2
Lotharingius velatus Aalenian NJ8b (171.79 Ma) — SP 3 TR2& TR 11 TJ2 BIK 1
Bown & Cooper, 1989 Bathonian NJ12a (165.55 Ma)
Triscutum sullivanii Aalenian NJ8b (171.79 Ma) — TR S BJK 1
de Kaenel & Bergen, 1993 Bajocian NJ9 (169.69 Ma)
Watznaueria barnesae Bajocian NJ9 (170.10 Ma) — TR 11 TJ2 BJK 1
(Black in Black & Barnes, 1959) Late Maastrichtian (66.04 Ma)
Perch-Nielsen, 1968
Watznaueria britannica Bajocian NJ9 (170.10 Ma) — TJ2
(Stradner, 1963) Reinhardt, 1964 Early Cenomanian UCla (100.03 Ma)
Watznaueria colacicchii Middle Toarcian TJ2

Mattioli & Reale in Mattioli (1996)

Watznaueria fossacincta Bajocian NJ9 (170.10 Ma) — TR S
(Black, 1971) Bown in Bown & Cooper, 1989 Late Maastrichtian (66.04 Ma)
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Figure 5. Early-Middle Jurassic calcareous nannofossil bioevents and the diachronus nature of marker taxon.

(Sinemurian NJ3 to Late Pliensbachian NJ5a, 193.61 Ma
to 185.53 Ma). However, the FAD of several taxa (7. sul-
livanii, L. velatus, L. contractus and Watznaueria spp.;
Table 1) indicates that the age of the Thaiat Member is
slightly younger and ranges from the late Aalenian to
early Bajocian. This age assignment is also consistent
with the presence of Biscutum finchii, Lotharinguis fro-
doi, Biscutum grande. The stratigraphic ranges of various
marker nannofossil taxa including those with pronounced
diachroneity are plotted in Figure 5.

The Odania Member exposed at Bhojka yielded an
assemblage of long ranging nannotaxa, but the presence of
T. sullivani suggests a similar or slightly older age than
the overlying Thaiat Member. A plausible correlation
between two members of Lathi and the overlying JF is
depicted in Figure 6.

Discussion

The present nannofossil evidence suggests intermittent
marine transgressive events/episodes during deposition of
LF. These short pulses occurred during Early Jurassic
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(terminal Pliensbachain) to early Middle Jurassic (Bajo-
cian) time when siliciclastic sediments were dominantly
deposited in JB. Forests that existed at higher elevations
provided plant debris which was deposited in a coastal
marine environment in the lower part of LF without much
transport. Furthermore, the average size of nannotaxa re-
corded here is about half to two-thirds of the average
size. This suggests dwarfing of nannofossils, possibly
caused by lowered salinity due to the influx of fresh wa-
ter into the marginal marine depositional setting. Abun-
dant wood fragments probably also accumulated due to
such freshwater influxes. Nannofossils are rare in such
stressed marine conditions'?, as is the case here. How-
ever, nannofossils with sturdy architecture escaped disso-
lution and were preserved in several sections of LF.
Summing up, the present record of Early-Middle Juras-
sic nannofossils from Lathi Formation of Jaisalmer Basin
is consistent with a similar record of Early Jurassic (Pliens-
bachian) — Aalenian nannofossils from the Kachchh
Basin. Both these records need to be seen in the context of
Gondwanaland break-up and an Early Jurassic transgres-
sive event'’. The global eustatic rise coupled with local
tectonics was possibly responsible for this Early Jurassic
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Figure 6. Lateral correlation of members of Lathi Formation and contact with overlying Jaisalmer Formation in studied sections (Bhojka, Thaiat,

Suleiman Pir and Tamira Rai).
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Figure 7. Palaecogeographical map of Pliensbachian—Toarcian time (~190-185 Ma) and Early-Middle Jurassic
nannofossil record localities (modified after Dera ef al.'®).
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transgressive event in the Jaisalmer and Kachchh basins
of western India (Figure 7). Previous records of Pliensba-
chian-Toarcian nannofossils from Masirah Island of Sul-
tanate of Oman'®, and Aalenian-Bajocian (NJ8b Zone)
nannofossils from Kuwait'’ support this conclusion.
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