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Abstract. An integrated study based on calcareous nannofossils, organic-walled dinoflagellate cysts, and ammonites from the Washtawa 
and Kanthkot formations of the Wagad Uplift have allowed a detailed documentation of the stratigraphic position of these formations 
within the Oxfordian and Kimmeridgian sediments of the Kachchh Basin, western India. The nannofossil assemblages from the lower part 
of the Nara Shale Member exposed in the Nara and Washtawa domes, the Kanthkot Ammonite Beds along the Trambau River section, 
and the Patasar Shale Member exposed along the Trambau River section and the Patasar Tank section in the eastern part of the Wagad 
Uplift belong to the NJ 14 Cyclagelosphaera margerelli Zone of the Early Oxfordian, the NJ 15a Lotharingius sigillatus Zone of the Mid-
dle Oxfordian, and the NJ 15b Cretarhabdus conicus of Early Kimmeridgian age, respectively. Zonation schemes, based on calcareous 
nannofossils, dinoflagellate cysts, and ammonites were calibrated highlighting their biostratigraphic potential. These studies may represent 
a reference biochronology for Oxfordian–Kimmeridgian age strata applicable to the Tethyan realm of which India was a part during Late 
Jurassic times.
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lift, the northern island belt (comprising four uplifts called 
the Pachchham, Khadir, Bela, and Chorad islands), and the 
eastern most Wagad Uplift separated by the sandy sediments 
of the Rann (Fig. 1B).

GEOLOGY OF THE AREA

The Wagad Uplift (Fig. 1B, C) is situated in the eastern-
most part of the Kachchh Basin (Biswas, Deshpande, 1970). 
It is separated in the south from the Kachchh Mainland Up-
lift by a high angle fault with a regional east-west strike. 
It displays good exposures of Middle Jurassic (Callovian) 

INTRODUCTION

The marine Jurassic successions of the Kachchh Basin, 
western India (Fig. 1A, B), have been known globally for 
more than a century due to their rich and precisely datable 
ammonite faunas. Kachchh is a pericratonic basin which has 
experienced sedimentation during Mesozoic and Cenozoic 
times. The Mesozoic sedimentary succession comprises Up-
per Triassic continental sediments, Lower Jurassic (Pliens-
bachian) to Upper Jurassic marine sediments and Lower Cre-
taceous (up to Albian) marine to paralic sediments. The 
Mesozoic sediments crop out in the Kachchh Mainland Up-
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to Lower Cretaceous rocks (Biswas, 1971; Deshpande, 
1972; Deshpande, Merh, 1980). While Oxfordian to 
Kimmeridgian strata are characterized by strong condensa-
tion or stratigraphic gaps elsewhere in the basin (Alberti et 
al., 2013a), the Wagad Uplift preserves a comparatively con-
tinuous Oxfordian-Kimmeridgian succession of shallow-
water sediments and thus is ideally suited for the present 
 integrated study. 

Previous studies in the Wagad uPlift

The first detailed lithostratigraphic framework of the 
sedimentary succession of the Wagad Uplift was provided 
by Deshpande (1972), followed by Biswas (1980) and other 

workers (e.g. pandey et al., 2012; Fürsich et al., 2013). 
Lithostratigraphically, the Oxfordian and Kimmeridgian 
sediments have been grouped into the Washtawa, Kanthkot 
and Gamdau formations (Fig. 2). The ammonite bio strati-
graphy of these sediments has been improved in the recent 
past by the efforts of several national and international scien-
tific co-operations (Krishna et al., 1995, 1998, 2009a–c; 
pandey et al., 2012, 2013a, b). In comparison to the ammo-
nites, data on calcareous nannofossils and dinoflagellate 
cysts from the Jurassic rocks of the Kachchh Basin are very 
limited (Krishna et al., 1983; Jain et al., 1984, 1986; Kumar, 
1986a–c; Rai, 2003; Saxena, Jafar, 2008). The present study 
is an attempt to integrate both data on macro- and 
 microfossils from the Wagad Uplift to attain a more precise 
biostratigraphic resolution.
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METHODS

Samples were collected from the Nara and Washtawa 
domes, the Trambau River section, the Patasar Tank section, 
and the Kantkote area during three field sessions (January-
April 2012, January 2013, and December 2013–January 
2014). The aim was to integrate ammonite, nannofossil, and 
dinocyst data to give a precise biostratigraphy and to better 
interpret the palaeo environmental conditions. 

For nannofossils, two smear slides of each sample (fifty-
two in number) collected from the Nara Shale Member, the 
Kanthkot Ammonite Beds, and the Patasar Shale Member 
following the procedure given in Bown, Young (1998) were 
studied. For dinoflagellate cysts, only samples collected 
from the Patasar Tank area were processed. Slides were pre-
pared according to Wood et al. (1996). For biostratigraphic 
correlations, nannofossil zones NJ by Bralower et al. (1989) 
and Bown et al. (1988) were applied.

DATABLE HORIZONS IN THE WAGAD UPLIFT

WashtaWa formation, nara shale member

The Nara Shale Member of the Washtawa Formation ex-
posed in the Nara and Washtawa domes (Fig. 3A, B) has 
yielded nannofossils (Pls 1, 2) that have been analysed. This 
stratigraphic unit lacks ammonites and dinoflagellate cysts.

Kanthkot ammonite beds

The topmost part of the Nara Shale Member is represent-
ed by a highly ferruginous, sandy unit, rich in ammonites 
and belemnites, named the Kanthkot Ammonite Beds. These 
beds are well exposed at the base of the scarp near Kantkote 
village and along the Trambau River (Fig. 3C). Based on 
ammonites, the Kanthkot Ammonite Beds were assigned to 
the Middle to Upper Oxfordian (Lower Plicatilis to Lower 
Bifurcatus zones; Pandey et al., 2012). Shales associated 
with the well cemented sandy beds contain nannofossils 
(Pl. 2). The Kanthkot Ammonite Beds exposed along the 
Trambau River section are very rich in ammonites, gastro-
pods, wood fragments, and plant fructifications (Pandey 
et al., 2012; Alberti et al., 2013b). The oldest occurrence of 
bennetitalean fossil flowers in India has been recorded from 
these strata (Rai et al., 2016). 

KanthKot formation, Patasar shale member

The lower and middle parts of the Patasar Shale Member 
exposed near the Patasar Tank (Fig. 3D) have been found to 
contain abundant nannofossils and dinoflagellate cysts 

(Pls 3, 4), whereas the upper part, which is sandy and grades 
into the overlying Fort Sandstone Member, did not yield cal-
careous nannofossils and dinoflagellate cysts. So far no am-
monites have been recorded from the Patasar Tank section. 
Along the scarp near Kantkote village, the Patasar Shale 
Member has yielded a rather poorly preserved fragment of 
an ammonite assigned to Perisphinctes (Dichotomoceras) 
cf. besairiei Collignon. Here, the Patasar Shale Member may 
represent the Upper Oxfordian Grossouvrei Subzone of the 
bifurcatus Zone (pandey et al., 2012).

RESULTS

In the course of the integrated ammonite, calcareous nan-
nofossil, and dinoflagellate cyst studies, deposits from the 
above mentioned sections of the Wagad Uplift, mainly from 
the shales of the Washtawa and Kanthkot formations have 
been examined. The overlying Gamdau Formation did not 
yield any time-indicative macro- or microfossils. In addition 
ammonite data were adopted from the literature (Krishna et 
al., 1995, 1998, 2009a–c; Pandey et al., 2012, 2013a, b).

ammonoid biostratigraPhy

Waagen (1873–1875) was the first to document ammo-
nites from the Wagad Uplift in the Kachchh Basin followed 
by Spath (1927–1933). Later authors, such as Krishna et al. 
(1995, 1998, 2009a–c) and Pandey et al. (2012, 2013a, b), 
improved the biostratigraphic framework based on new col-
lections of ammonites. Accordingly, the shales of the Wash-
tawa Formation (Nara Shale Member, including the Kan-
thkot Ammonite Beds) and the Kanthkot Formation (Patasar 
Shale Member) range from the Middle to Upper Oxfordian 
(Lower Plicatilis Zone to Bifurcatus Zone; Fig. 4).

Washtawa formation, Kanthkot ammonite beds

The lower part of the Kanthkot Ammonite Beds exposed 
southwest of Kantkote village and along the Trambau River 
was studied by  Pandey et al. (2012) and assigned to the 
Lower Plicatilis Subzone of the Plicatilis Zone (lower Mid-
dle Oxfordian).

The central part of the Kanthkot Ammonite Beds is the 
most fossiliferous unit which yielded ten taxa of the genus 
Perisphinctes including several index species enabling Pan-
dey et al. (2012, fig. 66) to assign these strata to the Plicati-
lis–Parandieri subzones of the Plicatilis–Transversarium 
zones (Middle Oxfordian).
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The top part of the Kanthkot Ammonite Beds present in 
the sections near Kantkote village and in Trambau River 
yielded sixteen perisphinctid taxa allowing the assignment 
of these levels to the Stenocycloides Subzone of the 
Bifurcatus Zone (lower Upper Oxfordian; Pandey et al., 
2012).

Kanthkot formation, Patasar shale member

The lower part of this member may represent the Gros-
souvrei Subzone of the Bifurcatus Zone (lower Upper 
Oxfordian). This is based on a solitary record of P. (Dichoto
moceras) cf. besairiei Collignon from about 7 to 9 m above 
the highest bed of the Kanthkote Ammonite Beds near Kant-
kote Village (Pandey et al., 2012).

CalCareous nannofossils

nara shale member

This member was studied at the Washtawa and Nara 
domes. In the Nara Dome, out of seven samples, six samples 
(NA 1, 3–7) have yielded nannofossils (Fig. 3A). The assem-
blage contains Axopodorhabdus atavus, A. cylindratus, 
A. rahla, Biscutum dubium, B. finchii, B. novum, Cretarhab
dus sp., Cyclagelosphaera margerelii (FAD fide Roth et al., 
1983 marks Early Oxfordian), Diazomatolithus lehmanii, 
Discorhabdus criotus, Ethmorhabdus gallicus, Hexapodor
habdus cuvillieri, Lotharingius barozii, L. contractus, 
L. crucicentralis, L. hauffii, L. sigillatus (LAD fide Casella-
to, 2010 marks Middle Oxfordian), Orthogonoides hamilto
niae, Perissocyclus plethotretus, Polypodorhabdus escaigii 
(FAD fide Thierstein, 1976 marks Early Oxfordian), 
Stephano lithion bigotii bigotii, Triscutum sullivanii, Tubi
rhabdus patulus, Watznaueria barnesae, W. britannica, 
W. manivi tiae, Zeugrhabdotus erectus, and ascidian spicules 
(Pl. 1). In the Washtawa Dome, out of 17 samples only two 
samples (WAS 5 and 6) have yielded nannofossils (Fig. 3B). 
The nannofossil assemblage includes Cyclagelosphaera 
marge relii (FaD fide Roth et al., 1983 marks Early 
Oxfordian), Diazomatolithus lehmanii, Lotharingius hauffii, 
L. sigillatus (laD fide Casellato, 2010 marks Middle 
Oxfordian), Schizo sphae rella punctulata, Watznaueria bri
tannica, and ascidian spicules (Pl. 2). The record of Cycla-
gelosphaera margerelii (FAD; Early Oxfordian) and Poly-
podorhabdus escaigii (FAD; Early Oxfordian) suggests an 
Early Oxfordian age (NJ14 Zone of Bown et al., 1988) for 
the part of the Nara Shale Member exposed in the Nara and 
Washtawa domes stratigraphically below the Kanthkot Am-

monite Beds. Lotharingius sigillatus also occurs in this as-
semblage but it continues from the Late Pliensbachian much 
below (FAD fide Bown, Cooper 1998, LAD fide casellato, 
2010 marks Middle Oxfordian; Fig. 4).

shale intervals within  
the Kanthkot ammonite beds

Four beds within the Kanthkot Ammonite Beds at the 
Trambau River section (TR 1, 2, 4, and 5) have yielded 
a moderately diverse, slightly overgrown but datable nanno-
fossil assemblage (Fig. 3C). The assemblage contains Biscu
tum dubium, B. novum, Cretarhabdus sp., Cyclagelosphaera 
margerelii (FaD fide Roth et al., 1983 marks Early 
Oxfordian), Diazomatolithus lehmanii, Discorhabdus crio
tus, Ethmorhabdus gallicus, Hexapodorhabdus cuvillieri, 
Lotharingius hauffii, L. sigillatus (LAD fide Casellato, 2010 
marks Middle Oxfordian), Perissocyclus plethotretus, 
 Polypodorhabdus escaigii (FaD fide Thierstein, 1976 marks 
Early Oxfordian), Stephanolithion bigotii bigotii, Triscutum 
sullivanii, Watznaueria britannica, W. contracta, W. manivi
tiae, and Zeugrhabdotus erectus (Pl. 2). Based on the nanno-
fossil assemblages in the under- and overlying horizons the 
best age suggested for these shale beds of the Kanthkot Am-
monite beds is Middle Oxfordian (Fig. 4). Cyclagelosphaera 
margerelii (FAD; Early Oxfordian) and Polypodorhabdus 
escaigii (FAD; Early Oxfordian) continue upwards from un-
derlying part of the Nara Shale Member recorded in the Nara 
and Washtawa domes.

Patasar shale member  
from the trambau river section

Out of eleven samples (TR 6–TR 16) collected from the 
Patasar Shale Member of the Kanthkot Formation at the 
Trambau River section, four samples (TR 12, 13, 15, 16) con-
tained nannofossils (Fig. 3C). The nannofossil assemblage 
 recorded from TR 12, 13 and 15 consists of Biscutum dorse
tensis, B. dubium, B. novum, Cretarhabdus sp., Cycla
gelosphaera margerelii, Diazomatolithus lehmanii, Dis
corhabdus criotus, D. ignotus, Ethmorhabdus gallicus, 
Lotharingius contractus, L. hauffii, L. sigillatus (laD fide 
Casellato, 2010 marks Middle Oxfordian), Stephanolithion 
bigotii bigotii, S. hexum, Triscutum tiziense, Watznaueria 
britannica, W. manivitiae, and Zeugrhabdotus erectus which 
suggest a Middle Oxfordian age for this  part of the Patasar 
Shale Member in this section (Fig. 4; Pl. 3). Cyclagelosphaera 
margerelii, whose FAD (Roth et al., 1983) is much earlier in 
the Early Oxfordian, continues into this assemblage.
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Sample number TR 16 contains Biscutum dubium, B. 
finchii, Cretarhabdus conicus (FaD fide Casellato, 2010 
marks Early Kimmeridgian), Cyclagelosphaera margerelii, 
Diazomatolithus lehmanii, Lotharingius contractus, L. cru-
cicentralis (laD fide Casellato, 2010 marks Late Oxfor-
dian), L. hauffii, Stephanolithion bigotii bigotii, S. hexum, 
Watznaueria barnesae, W. britannica, and Zeugrhabdotus 
erectus (Pl. 3). The presence of C. conicus (FAD; Early 
Kimmeridgian) and L. crucicentralis (laD fide casellato, 
2010 marks Late Oxfordian) in this sample indicate a Late 
Oxfordian to Early Kimmeridgian age for the uppermost part 
of the Patasar Shale Member in this section (Fig. 4). The 
boundary between the Middle Oxfordian and Late Oxfordian 
in this section seems to lie between samples TR15 and TR16. 
C. margerelii (FAD fide Roth et al., 1983 marks Early 
Oxfordian) still continues in this nannofossil assemblage. In 
all possibility this uppermost part of the section, which is not 
very thick, represents a sedimentary condensation. 

Patasar shale member  
from the Patasar tank area

At the Patasar Tank, a thick shale succession (~15 m) is 
exposed along a scarp. The sediments are light to dark grey, 
gypsiferous in the lower part and greenish grey to khaki, 
silty in the upper part (Fig. 3D). The upper part is often 
marked by flaggy, yellowish brown siltstone alternations. 
Out of twelve samples, only six samples (PTS 2–5, 11 and 
12) contained a highly diverse, moderately preserved nanno-
fossil assemblage. The assemblage consists of Axopodor
habdus cylindratus, Biscutum dorsetensis, B. dubium, 
B. finchii, B. novum, Crepidolithus perforata (laD fide 
 Casellato, 2010 marks Early Kimmeridgian), Cretarhabdus 
conicus (FaD fide Casellato, 2010 marks Early Kim me r-
idgian), Cyclagelosphaera margerelii, Diazomatolithus leh
manii, Discorhabdus corollatus, D. criotus, D. ignotus, 
D. striatus (laD fide Bown et al., 1988 marks Late 
Oxfordian), Ethmorhabdus gallicus, Hexapodorhabdus 
 cuvilieri, Lotha ringius barozii, L. crucicentralis (laD fide 
Casellato, 2010 marks Late Oxfordian), L. hauffii, L. sigil-
latus (laD fide Casellato, 2010 marks Middle Oxfordian), 
L. velatus, Octopodorhabdus decussatus, O. praevisus, Po
dorhabdus grassei, Retecapsa octofenestrata, R. schizobra
chiata, Staurolithites lumina, Stephanolithion bigotii bigotii, 
S. hexum, S. speciosum octum, Triscutum beaminsterensis 
(laD fide Casellato, 2010 marks the boundary between Ear-
ly and Late Kimmeridgian), T. sullivanii, T. tiziense, T. ex
pansus, Tubirhabdus  patulus, Umbria granulosa, Watznaue
ria barnesae, W. britannica, W. contracta, W. fossacincta, 

W. manivitiae, and Zeugrhabdotus erectus (Pls 3, 4). Besides 
these zonal indices, reworked Early Jurassic nannofossils are 
also present in the assemblage viz. Crucirhabdus primulus, 
Mazaganella protensa, Diductius constans, and Parhabdoli
thus liasicus (Pls 3, 4).

The co-occurrence of Cretarhabdus conicus (FAD; Ear-
ly Kimmeridgian), Lotharingius sigillatus (LAD; Middle 
Oxfordian), L. crucicentralis (LAD; Late Oxfordian), Dis-
corhabdus striatus (LAD; Late Oxfordian), Crepidolithus 
perforata (LAD; Early Kimmeridgian), and Triscutum bea-
mensterensis (LAD; boundary between Early and Late 
Kimmeridgian) in the above mentioned samples suggest ei-
ther reworking and mixing of the Middle Oxfordian to Early 
Kimmeridgian species or extended stratigraphic range of 
some species. Contextually these shale samples in the suc-
cession at the Patasar Tank area suggest a Middle Oxfordian 
to Early Kimmeridgian age corresponding to the NJ 15b as-
semblage zonal placement of Bown et al. (1988). Cyclagelo-
sphaera margerelii, whose FAD (Roth et al., 1983) is much 
earlier in the Early Oxfordian, continues into this assem-
blage (Fig. 4; Pls 3, 4).

Based on the records of nannofossils in the two succes-
sions described above, sedimentary condensation from the 
Late Oxfordian to the Early Kimmeridigian can be envis-
aged. The record of Middle Oxfordian elements (such as 
Lotharingius sigillatus; LAD: Middle Oxfordian) from the 
Patasar Shale Member, which in fact has also been recorded 
from the underlying Kanthkot Ammonite Beds may also 
show repeated phases of reworking. The recorded nannofos-
sil taxa from various sections are plotted against the sample 
numbers to show their distribution and the markers utilized 
for age assignment (Fig. 4, Table 5).

dinoflagellate Cysts

A rich and well diversified dinoflagellate cyst (dinocyst) 
assemblage has been recovered from the lower part of the 
Patasar Shale Member (PTS 1), exposed along the Patasar 
Tank section (Pl. 5). The dinocyst assemblage consists of the 
following 32 species: Adnatosphaeridium caulleryi, Aldorfia 
aldorfensis, A. dictyota dictyota, A. dictyota osmingtonensis, 
Apteodinium sp., Batiacasphaera sp., Broomea sp., Cannin
gia sp., Chlamydophorella wallala, Circulodinium dense
barbatum, Cleistosphaeridium sp., Dingodinium jurassicum, 
D. tuberosum, Egmontodinium polyplacophorum, E. tory
num, Endoscrinium galeritum, E. luridum, Glossoidinium 
dimorphum, Gonyaulacysta jurassica, Leptodinium sp. cf. 
L. eumorphum, Lithodinia jurassica, Mendicodinium granu
latum, M. microreticulatum, Nannoceratopsis pellucida, 
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 Oligosphaeridium patulum, Pareodinia ceratophora, Proli
xosphaeridium anasillum, P. capitatum, Rigaudella aemula, 
R. filamentosa, Stiphrosphaeridium sp., and Tubotuberella 
apatela.

The characteristic and most common species in the pre-
sent assemblage include Aldorfia dictyota dictyota, A. dic
tyo ta osmingtonensis, Dingodinium jurassicum, D. tubero
sum, Endoscrinium luridum, Gonyaulacysta jurassica 
jurassica, and Stiphrosphaeridium dictyophorum. the 
occur rence of Egmontodinium polyplacophorum, E. tory
num, and Oligosphaeridium patulum is significant as these 
species have their first appearance in the Kimmeridgian 
(Riding, Thomas, 1992; Riding et al., 2010; Stover et al., 
1996). At the same time, the occurrence of Endoscrinium 
galeritum and E. luridum is also very important as these two 
species have their last occurrence in the Early Kimmeridgian 
(Riding, Thomas, 1992). The present dinocyst assemblage 
recorded from the Patasar Tank section, indicates an Early 
Kimmeridgian age for the PTS 1 part of the studied interval 
of the Patasar Shale Member (Fig. 4).

the occurrence of nannofossils, such as Lotharingius 
sigillatus (LAD; Middle Oxfordian), L. crucicentralis (LAD; 
Late Oxfordian), and Discorhabdus striatus (LAD; Late 
Oxfordian) in the upper part of the section (PTS 11 and 12), 
which is stratigraphically younger to PTS 1 (assigned here to 
the Early Kimmeridgian on the basis of its dinoflagellate 
cyst assemblage), suggest either reworking and mixing of 
the Middle and Late Oxfordian elements to the Early 
Kimmeridgian species (e.g. Cretarhabdus conicus, FAD; 
Early Kim me ridgian and Crepidolithus perforate, LAD; 
Early Kim me ridgian) or extended stratigraphic range. In all 
probability the sedimentary succession from PTS 1 to PTS 
11 & 12 represents the Early Kimmeridgian.

age interPretation

Krishna et al. (1995, 2009c) provided an ammonite bi-
ostratigraphic framework for the Wagad Uplift and assigned 
a late Middle Oxfordian age (Transversarium Zone, Schilli 
Subzone) to the Kanthkot Ammonite Beds and a Late 
Oxfordian (Bimammatum Zone) to early Early Kim-
meridgian (Platynota Zone) interval to the overlying Kanth-
kot Formation exposed along the Iddurgarh-Bharodia sec-
tion, near the village of Bharodia. Pandey et al. (2012) made 
further systematic collections of ammonites and assigned an 
early Middle Oxfordian age (Early Plicatilis Subzone of Pli-
catilis Zone) to the lower part of the Kanthkot Ammonite 
Beds, a Middle Oxfordian age (Plicatilis–Parandieri sub-
zones of the Plicatilis–Transversarium zones) to the central 

part of the Kanthkot Ammonite Beds, and an early Late 
Oxfordian age (Stenocycloides Subzone of Bifurcatus Zone) 
to the top part of the Kanthkot Ammonite Beds exposed 
southwest of the Kantkote village and along the Trambau 
River section (Fig. 4). The overlying Patasar Shale Member 
was assigned to the ?Grossouvrei Subzone of the Bifurcatus 
Zone with an early Late Oxfordian age on the basis of a soli-
tary record of P. (Dichotomoceras) cf. besairiei from about 
7 to 9 m above the highest bed of the Kantkote Ammonite 
Beds near Kantkote Village. In the Bharodia section in the 
extreme west of the Wagad Uplift, ammonite evidence led 
pandey et al. (2013b) to conclude a stratigraphic gap includ-
ing parts of the Upper Oxfordian to lower Lower 
Kimmeridgian similar to that known from the Kachchh 
Mainland (Krishna et al., 2009b).

The present findings of nannofossils from the lower part 
of the Nara Shale Member exposed at the Nara and Washta-
wa domes, the Kanthkot Ammonite Beds and the Patasar 
Shale Member exposed along the Trambau River section and 
the Patasar Tank section in the eastern part of the Wagad Up-
lift belong to the NJ 14 Cyclagelosphaera margerelli Zone 
of the Early Oxfordian, the NJ 15a Lotharingius sigillatus 
Zone of the Middle Oxfordian, and  the NJ 15b Cretarhab
dus conicus Zone of the Early Kimmeridgian, respectively 
(Fig. 4). The nannofossil biostratigraphy also suggests con-
densation and mixing of fauna in the stratigraphic succession 
of the Late Oxfordian to Early Kimmeridigian. Interestingly, 
the dinocyst assemblage recorded from a thin horizon within 
the Patasar Shale Member exposed at the Patasar Tank sec-
tion indicates an Early Kimmeridgian age (Fig. 4).

PALAEOBIOGEOGRAPHIC REMARKS

The dinocyst assemblage in the Patasar Shale Member 
contains several characteristic Late Jurassic species and 
shows marked similarities between Late Jurassic floras of 
Australasia and Indonesia as well as those recorded from In-
dia (Tethys Himalaya, Kachchh), East Africa, and Madagas-
car. At the same time, these assemblages also share consider-
able similarities with Boreal (European or northern 
hemisphere) assemblages. In other words, the dinocyst as-
semblages from India show a mixed Boreal, Tethyan and 
Austral aspect, a feature noted earlier by Jain et al. (1984), 
Garg et al. (2003), and Riding et al. (2010). Thus the present 
data set of dinoflagellate cysts tagged precisely with ammo-
nite and nannofossil data can potentially provide important 
tie points between European and Australian dinoflagellate 
cyst assemblages.
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Distribution of nannofossil taxa
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Table 1
against sample numbers
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CONCLUSIONS

1. This is the first synthesis of data incorporating ammo-
nites and two microplankton groups (calcareous nannofos-
sils and dinoflagellate cysts) from the Wagad Uplift.

2. The distribution of nannofossil assemblages within the 
Kanthkot Ammonite Beds fits quite well with that of ammo-
nites proposed by earlier workers (Krishna et al., 1995, 
2009c; Pandey et al., 2012, 2013b).

3. The nannofossil assemblages from the lower part of 
the Nara Shale Member exposed in the Nara and Washtawa 
domes, the Kanthkot Ammonite Beds along the Trambau 
River section, and the Patasar Shale Member exposed along 
the Trambau River section as well as the Patasar Tank sec-
tion in the eastern part of the Wagad Uplift belong to the NJ 
14 Cyclagelosphaera margerelli Zone of the Early Oxfordian, 
the NJ 15a Lotharingius sigillatus Zone of the Middle 
Oxfordian, and the NJ 15b Cretarhabdus conicus of the Ear-
ly Kimmeridgian age, respectively.

4. The nannofossil biostratigraphy suggests condensation 
in the stratigraphic succession of the Late Oxfordian and 
Early Kimmeridgian sediments. This corresponds to the hia-
tus recorded from Kachchh Mainland by earlier workers 
based on ammonites (Pandey et al., 2013b).

5. The dinocyst assemblage recorded from the Patasar 
Shale Member exposed in the Patasar Tank section indicates 
an Early Kimmeridgian age.
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Appendix 1

LIST OF TAxA

Genus Axopodorhabdus Wind et Wise in Wise, Wind, 1977
Axopodorhabdus atavus (Grün et al., 1974) Bown, 1987
Axopodorhabdus cylindratus (Noël, 1965) Wind et Wise 
in Wise, Wind, 1977
Axopodorhabdus rahla (Noël, 1965) Grün et Zweili, 
1980

Genus Biscutum Black in Black, Barnes, 1959
Biscutum dorsetensis (Varol et Girgis, 1994) Bown in 
Bown, Cooper, 1998
Biscutum dubium (Noël, 1965) Grün in Grün et al., 1974
Biscutum finchii Crux, 1984 
Biscutum novum (Goy in Goy et al., 1979) Bown, 1987

Genus Crepidolithus Noël, 1965
Crepidolithus perforata (Medd, 1971) Grün et Zweili, 1980

Genus Cretarhabdus Bramlette et Martini, 1964
Cretarhabdus sp. 
Cretarhabdus conicus Bramlette et Martini, 1964 

Genus Crucirhabdus Rood et al., 1973
Crucirhabdus primulus Rood et al., 1973

Genus Cyclagelosphaera Noël, 1965
Cyclagelosphaera margerelii Noël, 1965

Genus Diazomatolithus Noël, 1965
Diazomatolithus lehmanii Noël, 1965

Genus Diductius Goy in Goy et al., 1979
Diductius constans Goy in Goy et al., 1979

Genus Discorhabdus Noël, 1965
Discorhabdus corollatus Noël, 1965
Discorhabdus criotus Bown, 1987
Discorhabdus ignotus (Górka, 1957) Perch-Nielsen, 1968
Discorhabdus striatus Moshkovitz et Ehrlich, 1976 

Genus Ethmorhabdus Noël, 1965
Ethmorhabdus gallicus Noël, 1965

Genus Hexapodorhabdus Noël, 1965 
Hexapodorhabdus cuvillieri Noël, 1965

Genus Lotharingius Noël, 1973 
Lotharingius barozii Noël, 1973
Lotharingius contractus Bown et Cooper, 1989 
Lotharingius crucicentralis (Medd, 1971) Grün et Zwe-
ili, 1980
Lotharingius hauffii Grün et Zweili in Grün et al., 1974
Lotharingius sigillatus (Stradner, 1961) Prins in Grün 
et al., 1974 
Lotharingius velatus Bown et Cooper, 1989

Genus Mazaganella Bown, 1987
Mazaganella protensa Bown, 1987

Genus Octopodorhabdus Noël, 1965
Octopodorhabdus decussatus (Manivit, 1959) Rood 
et al., 1971 

Octopodorhabdus praevisus Noël, 1965 
Genus Orthogonoides Wiegand, 1984

Orthogonoides hamiltoniae Wiegand, 1984
Genus Parhabdolithus Deflandre in Grassé 1952

Parhabdolithus liasicus Deflandre in Grassé, 1952
Genus Perissocyclus Black, 1971 

Perissocyclus plethotretus (Wind et Cepek, 1979) Crux, 1989
Genus Podorhabdus Noël, 1965 

Podorhabdus grassei Noël, 1965
Genus Polypodorhabdus Noël, 1965

Polypodorhabdus escaigii Noël, 1965
Genus Retecapsa Black, 1971

Retecapsa octofenestrata (Bralower in Bralower et al., 
1989) Bown in Bown, Cooper, 1998
Retecapsa schizobrachiata (Gartner, 1968) Grün in Grün, 
Allemann, 1975

Genus Schizosphaerella Deflandre et Dangeard, 1938 
Schizosphaerella punctulata Deflandre et Dangeard, 1938

Genus Staurolithites Caratini, 1963 
Staurolithites lumina Bown in Bown, Cooper, 1998

Genus Stephanolithion Deflandre, 1939
Stephanolithion bigotii bigotii Deflandre, 1939
Stephanolithion hexum Rood et Barnard, 1972
Stephanolithion speciosum octum Rood et Barnard, 1972

Genus Triscutum Dockerill, 1987
Triscutum beaminsterensis Dockerill, 1987 
Triscutum expanses (Medd, 1979) Dockerill, 1987
Triscutum sullivanii de Kaenel et Bergen, 1993 
Triscutum tiziense de Kaenel et Bergen, 1993

Genus Tubirhabdus Rood et al., 1973
Tubirhabdus patulus Rood Hay et Barnard, 1973 ex 
Prins, 1969 

Genus Umbria Bralower et Thierstein in Bralower et al., 1989
Umbria granulosa Bralower et Thierstein in Bralower 
et al., 1989

Genus Watznaueria Reinhardt, 1964 
Watznaueria barnesae (Black in Black, Barnes, 1959) 
Perch-Nielsen, 1968
Watznaueria britannica (Stradner, 1963) Reinhardt, 1964
Watznaueria contracta (Bown et Cooper, 1989) Cobianchi 
et al., 1992
Watznaueria fossacincta (Black, 1971) Bown in Bown, 
Cooper, 1989 
Watznaueria manivitiae Bukry, 1973

Genus Zeugrhabdotus Reinhardt, 1965
Zeugrhabdotus erectus (Deflandre in Deflandre, Fert, 
1954) Reinhardt, 1965

Ascidian spicule



Plates



plate 1

Nannofossil assemblage of the Nara Shale Member from the Nara Dome

Fig. 1. Axopodorhabdus atavus
Fig. 2. Axopodorhabdus cylindratus
Fig. 3. Axopodorhabdus rahla
Fig. 4. Biscutum dubium
Fig. 5. Biscutum finchii
Fig. 6. Biscutum novum
Fig. 7. Cretarhabdus cf. C. conicus
Fig. 8a, b. Cyclagelosphaera margerelii
Fig. 9. Diazomatolithus lehmanii
Fig. 10. Discorhabdus criotus
Fig. 11. Ethmorhabdus gallicus
Fig. 12. Hexapodorhabdus cuvillieri
Fig. 13. Lotharingius barozii
Fig. 14a, b. Lotharingius contractus
Fig. 15. Lotharingius crucicentralis
Fig. 16. Lotharingius hauffii
Fig. 17a, b. Lotharingius sigillatus
Fig. 18a, b. Orthogonoides hamiltoniae
Fig. 19. Perissocyclus plethotretus
Fig. 20a, b. Polypodorhabdus escaigii
Fig. 21–23. Stephanolithion bigotii
Fig. 24. Triscutum sullivanii
Fig. 25. Tubirhabdus patulus
Fig. 26. Watznaueria barnesae
Fig. 27. Watznaueria britannica
Fig. 28a, b. Watznaueria manivitiae
Fig. 29. Zeugrhabdotus erectus
Fig. 30. Ascidian spicule

Wagad Uplift, Washtawa Formation, Nara Shale Member
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plate 2

Nannofossil assemblage of the Nara Shale Member from the Washtawa Dome 
and Kanthkot Ammonite Beds of the Trambau River section

Fig. 1a–c. Cyclagelosphaera margerelii
Fig. 2a–c. Diazomatolithus lehmanii
Fig. 3a–c. Lotharingius hauffii
Fig. 4a–c. Lotharingius sigillatus
Fig. 5a–c. Schizosphaerella punctulata
Fig. 6a, b. Watznaueria britannica
Fig. 7. Ascidian spicule
Fig. 8. Biscutum dubium
Fig. 9. Biscutum novum
Fig. 10. Cretarhabdus cf. C. conicus
Fig. 11. Cyclagelosphaera margerelii
Fig. 12. Diazomatolithus lehmanii
Fig. 13. Discorhabdus criotus
Fig. 14. Ethmorhabdus gallicus
Fig. 15. Hexapodorhabdus cuvillieri
Fig. 16. Lotharingius hauffii
Fig. 17. Lotharingius sigillatus
Fig. 18. Perissocyclus plethotretus
Fig. 19. Polypodorhabdus escaigii
Fig. 20. Stephanolithion bigotii
Fig. 21. Triscutum sullivanii
Fig. 22. Watznaueria britannica
Fig. 23. Watznaueria contracta
Fig. 24. Watznaueria manivitae
Fig. 25. Zeugrhabdotus erectus

Figs 1–7. Wagad Uplift, Washtawa Formation, Nara Shale Member, Washtawa Dome
Figs 8–25. Wagad Uplift, Washtawa Formation, Nara Shale Member, Kanthkot Ammonite Beds, Trambau River 

section
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plate 3

Nannofossil assemblage of the Patasar Shale Member  
from the Trambau River section and Patasar Tank area

Fig. 1. Biscutum dorsetensis
Fig. 2. Biscutum dubium
Fig. 3. Biscutum finchii
Fig. 4. Biscutum novum
Fig. 5, 6. Cretarhabdus conicus
Fig. 7. Cretarhabdus cf. C. conicus
Fig. 8. Cyclagelosphaera margerelii
Fig. 9. Diazomatolithus lehmanii
Fig. 10. Discorhabdus criotus
Fig. 11. D. ignotus
Fig. 12. Ethmorhabdus gallicus
Fig. 13. Lotharingius contractus
Fig. 14. Lotharingius crucicentralis
Fig. 15. Lotharingius hauffii
Fig. 16a, b. Lotharingius sigillatus
Fig. 17. Stephanolithion bigotii
Fig. 18. Stephanolithion hexum
Fig. 19. Triscutum tiziense
Fig. 20. Watznaueria barnesae
Fig. 21. W. britannica
Fig. 22. W. manivitiae
Fig. 23. Zeugrhabdotus erectus
Fig. 24. Axopodorhabdus cylindratus
Fig. 25. Biscutum dorsetensis
Fig. 26. Biscutum dubium
Fig. 27. Biscutum finchii
Fig. 28. Biscutum novum
Fig. 29. Crepidolithus perforata
Fig. 30a, b. Cretarhabdus conicus
Fig. 31. Crucirhabdus primulus
Fig. 32. Cyclagelosphaera margerelii
Fig. 33. Diazomatolithus lehmanii
Fig. 34. Diductius constans

Wagad Uplift, Kanthkot Formation, Patasar Shale Member
Figs 1–23 – Trambau River section, Figs 24–34 – Patasar Tank Area
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plate 4

Nannofossil assemblage of the Patasar Shale Member from the Patasar Tank area

Fig. 1. Discorhabdus corollatus
Fig. 2. Discorhabdus criotus
Fig. 3. Discorhabdus ignotus
Fig. 4. Discorhabdus striatus
Fig. 5. Ethmorhabdus gallicus
Fig. 6. Hexapodorhabdus cuvillieri
Fig. 7. Lotharingius barozii
Fig. 8a, b. Lotharingius crucicentralis
Fig. 19. Lotharingius hauffii
Fig. 10. Lotharingius sigillatus
Fig. 11. Lotharingius velatus
Fig. 12. Mazaganella protensa
Fig. 13. Octopodorhabdus decussatus
Fig. 14. Octopodorhabdus praevisus
Fig. 15. Parhabdolithus liasicus
Fig. 16. Podorhabdus grassei
Fig. 17. Retecapsa octofenestrata
Fig. 18. Retecapsa schizobrachiata
Fig. 19. Staurolithites lumina
Fig. 20. Stephanolithion bigotii
Fig. 21. Stephanolithion hexum
Fig. 22. Stephanolithion speciosum octum
Fig. 23a, b. Triscutum beaminsterensis
Fig. 24. Triscutum expansus
Fig. 25. Triscutum sullivanii
Fig. 26. Triscutum tiziense
Fig. 27. Tubirhabdus patulus
Fig. 28. Umbria granulosa
Fig. 29. Watznaueria barnesae
Fig. 30. Watznaueria britannica
Fig. 31. Watznaueria contracta
Fig. 32. Watznaueria fossacincta
Fig. 33. Watznaueria manivitiae
Fig. 34. Zeugrhabdotus erectus

Wagad Uplift, Kanthkot Formation, Patasar Shale Member
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PLATE 5

Dinoflagellate cyst assemblage from the Patasar Tank area

Fig. 1. Gonyaulacysta jurassica jurassica
Fig. 2. Endoscrinium galeritum
Fig. 3. Mendicodinium granulatum
Fig. 4. Rigaudella filamentosa
Fig. 5. Endoscrinium luridum
Fig. 6. Oligospheridium patulum
Fig. 7. Aldorfia dictyota
Fig. 8. Dingodinium jurassicum
Fig. 9. Prolixosphaeridium anasillum
Fig. 10. Chlamydophorella wallala
Fig. 11. Egmontodinium polyplacophorum
Fig. 12. Tubotuberella apatela

Wagad Uplift, Kanthkot Formation, Patasar Shale Member
Scale bar 20 μm
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