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Abstract Three corbulid species were discriminated from the
Cenozoic strata of Kutch, India. Two of them are
Caestocorbula gujaratensis n. sp. and Bicorbula kutchensis
n. sp. from the Palaeocene to Middle Eocene. The other
species, Corbula trigonalis Sowerby, from the Lower
Miocene is reassigned to Lenticorbula. The two new species
co-occur in the same horizons. Palaeobiogeographical distri-
bution of molluscs in general and corbulids in particular in the
Indian subcontinent, especially of India and Pakistan, reveals
h igh endemism. The d i s t r ibu t ion a l so ev inces
palaeobiogeographical closeness among the western Indian
basins and Pakistan, thus entailing their inclusion in the same
province. This province shows similarity in faunal composi-
tion with Africa and Middle East during the Lower
Palaeogene whereas with southeast Asian basins during the
Miocene. The pattern reflects a shift in biogeographical affin-
ity of the province from Tethyan to Indo-Pacific.
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Introduction

The Cenozoic sedimentary rocks are widely distributed in the
Indian subcontinent along a vast, almost continuous tract from
the Sind-Baluchistan region in Pakistan in the west to Assam-
Meghalaya, India in the east through the Himalayan foothills.
Contemporaneous deposits are also well exposed in
Myanmar, Java and other southeast Asian islands. In penin-
sular India, the Cenozoic deposits occur extensively along

narrow tracts of the east and west coastal belts (Krishnan
1982). Kutch in the west of India houses a thick Cenozoic
marine sequence (Biswas 1992), which yielded a rich mollusc
fauna. The Sind-Baluchistan region in the west of the extra-
peninsular part of the subcontinent is known for its richmollusc
record for a long time (d’Archiac and Haime 1854; Cossmann
and Pissarro 1909, 1927; Vredenburg 1925, 1928a, b; Cox
1930, 1931; Eames 1951, 1952; Iqbal 1969a, b, 1972, 1980).

Corbulid bivalves are a small component of this diverse
fauna. Most of the corbulid species have been reported from
the Sind-Baluchistan and their adjoining areas in the western
part of the extra-peninsula (d’Archiac and Haime 1854;
Cossmann and Pissarro 1927; Cox 1930, 1931; Vredenburg
1928a; Eames 1951; Iqbal 1969a, b, 1972, 1980).

Sowerby (1840) reported Corbula trigonalis Sowerby
1840 and Corbula rugosa Lamarck 1801 from the Lower
Miocene of Kutch for the first time. d’Archiac and Haime
(1854) also reported C. trigonalis from Sind and Kutch.
Vredenburg (1928a) reported five species of Corbula
Bruguière 1797 from Pakistan and Kutch, only two of which
come from the Lower Miocene of Kutch. They are
C. trigonalis and Corbula tunicosulcata Vredenburg 1928a.
The latter is a synonym of C. rugosa Lamarck sensu Sowerby
1840. Tandon (1971, 1976) recorded Corbula subexarata
d’Archiac and Haime 1854 and Corbula sp. from the lower
Middle Eocene Harudi Formation of Kutch. Kachhara et al.
(2011a) recorded four species from the Palaeocene of Kutch—
Corbula (Bicorbula) harpa d’Archiac and Haime 1854,
Corbula (Bicorbula) samanensis Cox 1930, Corbula
(Bicorbula) praexarata Cox 1930 and Corbula (Bicorbula)
cf. pseudorakhiensis Eames 1951. Kachhara et al. (2011b)
also noted the presence of C. (Bicorbula) subexarata var.
lituus de Cotter 1923 from the Upper Eocene of Kutch.
These are, so far, the only known fossil corbulid species from
the Cenozoic of Kutch. Sowerby (1840) did not provide a
detailed description of C. trigonalis. d’Archiac and Haime
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(1854) described the species very briefly. Neither did
Vredenburg (1928a) describe the species. However, he pro-
vided a detailed description of the other species from Kutch,
i.e., C. tunicosulcata. Tandon (1971, 1976), when dealt with
the biostratigraphy of the Middle Eocene rocks of Kutch,
erected a zone named after C. subexarata. He did not provide
any description or figure of the species. The report by
Kachhara et al. (2011a) is based only on a few specimens
and the documentation in terms of remarks and figures is
inadequate.

Here, we aim to make an account of the corbulids we have
found from the Cenozoic succession of Kutch in respect of
their systematics and palaeobiogeography. Furthermore, we
review the distribution of the Cenozoic corbulid species re-
ported so far from different parts of Pakistan and India to get a
picture of the palaeobiogeographical pattern of the Indian
subcontinent and its evolution.

Palaeobiogeographical and stratigraphical settings

Palaeobiogeography

It has been known since long that the Cenozoic basins of
Pakistan and those of Himachal Pradesh, Rajasthan and
Gujarat in western India, share a significant faunal similarity
(e.g., Sowerby 1840). This implies continued connectivity of
these basins through the Cenozoic. The Pakistan fauna is the
richest in diversity and has been representing the western part
of the Indian subcontinent in literature. This is also better
documented than the western Indian basin faunas. Kutch fauna
from the post-Eocene times is relatively better documented and
its palaeobiogeography has been studied in some detail in
recent literature (Sowerby 1840; Vredenburg 1925, 1928a;
Borkar et al. 2004; Harzhauser et al. 2009; Kulkarni et al.
2010; Kachhara et al. 2012). Pre-Oligocene molluscs from
Kutch are poorly known and their palaeobiogeographical study
is at a nascent stage (Kachhara et al. 2011a, b; Halder 2012).

Palaeobiogeographical affinity of the basins in the western
part of the Indian subcontinent with eastern African ones in
the Lower Palaeogene has been a commonplace observation.
Popov (1993) found strong faunal homogeneity of the Indian
fauna with those from Egypt and Somalia and erected the
Indo-African subregion consisting of these basins within the
Tethyan Region for the Upper Eocene. He observed that the
Mediterranean subregion lying to the north of Tethys, consti-
tuted of Italy and France, differs significantly from the Indo-
African to the south of the ocean. Cox (1930, 1936) found
Bahrain and south Iranian faunas of the Eocene similar to
faunas from Pakistan, Somalia, and Egypt. Iqbal (1969a, b,
1972) observed general similarity of the Palaeocene and
Eocene molluscs from Pakistan with western Tethys faunas
from Europe, Africa, and Middle East countries. Haas and

Miller (1952) also found similarity of the Eocene nautiloid
(Cephalopoda, Mollusca) fauna from Somalia with that from
Pakistan. On the other hand, Myanmar, Java, Borneo, and
Sumatra were believed to constitute a distinct bio-province,
which faunally differed almost entirely from Pakistan and
Somalia during the Eocene (de Cotter 1923). Martin (1931)
proposed an Indo-Malayian Province based on similarity of
the Upper Eocene faunas from Myanmar, Java, and eastern
India. This faunal disjunction between Pakistan and southeast
Asian countries apparently continued in the Oligocene (Vlerk
1931). Barron and Peterson (1991) demonstrated that
Myanmar and Java were separated from north-western India
by a strong western boundary current during the Eocene.

Harzhauser et al. (2002, 2007) and Harzhauser (2007)
recently formalized the biogeographic framework of the
Tethys Realm for the Oligocene and the Lower Miocene.
They included Kutch and Sind in the Western Indian
Province (sensu Harzhauser 2007) of the Western Tethys
Region belonging to the Tethys Realm for the Oligocene.
The province is akin to the Eastern African-Arabian
Province and also shares similarity to the Mediterranean-
Iranian Province. In the Lower Miocene, they observed, the
Indian fauna essentially got separated from the Western
Tethys Region and started getting influence from southeast
Asian faunas such as those from Indonesia, Java, and Borneo
(Harzhauser et al. 2002, 2007, 2009). Hence, Harzhauser et al.
(2002, 2007) considered this Lower Miocene Indian fauna to
belong to the Proto-Indo-West Pacific Region and termed the
province Proto-Western Indian Ocean Province.

Stratigraphy

The Palaeogene and Neogene formations of Kutch occur
along the present coast line in an arcuate outcrop (Fig. 1).
These Cenozoic sedimentary rocks unconformably overlie the
Deccan Traps and are tectonically less disturbed. Biswas
(1992) classified the sedimentary sequence into eight
lithostratigraphical units—the Matanomadh Formation, the
Naredi Formation, the Harudi Formation, the Fulra
Limestone, the Maniyara Fort Formation, the Khari Nadi
Formation, the Chhasra Formation and the Sandhan
Formation in ascending order (Fig. 2).

The Upper Palaeocene–Lower Eocene Naredi Formation is
composed mostly of gypseous shale interspersed with layers
of concretions in the lower part and capped by a ferruginous
claystone. Coal seams occur in the lower part of the formation
while a persistent limestone studded with the larger foramin-
ifer, Assilina sp., characterizes the middle part (Biswas 1992;
Garg et al. 2011). The foraminiferal assemblage indicates the
Early Eocene age of the formation. However, suggestions of
an earlier (i.e., Palaeocene) inception of deposition are also
there (see Biswas 1992; Chattoraj et al. 2009; Kachhara et al.
2011a). The Middle Eocene Harudi Formation is also an
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argillaceous unit with partings of thin to moderately thick
layers of carbonate concretions in its lower part. A few
mollusc-rich shell concentrations, which are persistent over a
large area, occur in this part of the formation. Sometimes the
shell concentrations are associated with carbonate concre-
tions. Tandon (1971) called this fossiliferous horizon the
C. subexarata Zone. A persistent key bed studded with
Nummulites spp. occurs in the middle of this formation. The
early Middle Eocene age has been assigned to this formation
(Biswas 1992; Banerjee et al. 2012).

The Lower Miocene Chhasra Formation is very widely
distributed and mostly composed of clayey shale in the lower
and siltstone in the upper part. Interspersed within this forma-
tion are some layers of richly fossiliferous marls and lime-
stones. Most of the fossils from this formation come from
these marl/limestone layers. The Burdigalian (Early Miocene)
age has been assigned to this formation (Biswas 1992;
Kulkarni et al. 2010).

Material and methods

The specimens have been collected from a single locality
(Loc. 1, Fig. 1) in the Naredi Formation, four localities
(Locs. 2 through 5, Fig. 1) in the Harudi Formation, and one
locality (Loc. 6, Fig. 1) in the Chhasra Formation (see
Table 1). All the specimens are deposited in the Department
of Geology, Presidency University, Kolkata (abbreviated PG).
Types and other specimens housed in the Repository of
Fossils, Curatorial Division, Geological Survey of India,
Kolkata (abbreviated GSI) have also been studied. Most of
the specimens were coated with magnesium oxide before
photography.

Palaeobiogeographical distribution of the corbulid species
from Kutch and other basins of India and Pakistan is studied
based on published literatures and plotted in palaeocoastline
maps of Smith et al. (1994) for the Middle Eocene and the
Lower Miocene. The extent of similarity and endemism of the
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faunas is used to interpret possible palaeobiogeographical
relationships among the basins.

The distribution data of the Cenozoic corbulids are collated
primarily from the following literatures—Sowerby (1840);
d’Archiac and Haime (1854); Cossmann and Pissarro
(1927); Vredenburg (1928a); Eames (1951), and Iqbal

(1969a, b, 1972). Mathur (1988) provided an outline of
mega-invertebrates reported from India. Later, Lyngdoh
et al. (1999) and Kachhara et al. (2011a, b) reported some
corbulids, respectively, from the Lower Miocene of
Meghalaya and the Palaeogene of Kutch. We have revisited
the species reported by Cossmann and Pissarro (1927) and
Vredenburg (1928a) but cannot do so for the others because of
inaccessibility of most of the collections. The species reported
by Kachhara et al. (2011a) from Kutch are based on inade-
quate documentation. Our knowledge of the fauna from the
area supports only two corbulids. The rest of Kachhara et al.
(2011a, b) are not considered here.

Systematic palaeontology

Class Bivalvia Linnaeus 1758
Order Myoida Stoliczka 1870
Family Corbulidae Lamarck 1818
Genus Caestocorbula Vincent 1910
Type species Caestocorbula gerardi Vincent 1922

(= Corbula henckeliusiana Nyst sensu Vincent 1890 (as
C. henckeliusi, spelling error), by original designation; non
C. henckeliusiana Nyst 1836). Eocene of Belgium.

Caestocorbula gujaratensis n. sp.
(Fig. 3)
1931 Corbula. (Bicorbula) subexarata d’Archiac and

Haime—Cox p. 84, pl. 4, fig. 14a–b.
1936 C. (Bicorbula) subexarata d’Archiac and Haime—

Cox p. 33, pl. 4, figs. 4–5.
2011 C. (Bicorbula) praexarata Cox—Kachhara et al., p.

87, pl. 1, fig. 8.

Type specimens Holotype: PG/Cb 134; paratypes: PG/Cb
192, 361, 384, 386, 398, 451, 452, 511, 512, 515.

Other material examined More than hundred specimens,
manywith original shell, a few single valve, others articulated,
in the collection of Presidency University.

Type locality, horizon and age Loc. 4, about 2 km north of
village Harudi (23°32′N, 68°40′52″E) (Fig. 1, Table 1),
Harudi Formation, lower Middle Eocene.

Etymology The specific name is after the state of Gujarat,
which subsumes the district of Kutch.

Diagnosis Large, strongly inequivalved; right valve larger,
more convex and more rostrate than left valve; hinge of right
valve bears a short blunt cardinal tooth, in left valve a nearly
horizontal chondrophore posterior to cardinal socket; very
shallow pallial sinus; surface of both valves with prominent

Fig. 2 Generalized lithostratigraphical section of part of the Cenozoic of
Kutch with the distribution of C. gujaratensis n. sp., B. kutchensis n. sp.
and L. trigonalis (Sowerby)
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commarginal ribs—in left valve closer and finer than in right,
left valve also bears some blunt faint radial ridges.

Description Shell large (maximum length observed
30.5mm), ovate-trigonal, prominently inequivalvedwith larg-
er right valve; right valve inflated, posteriorly rostrate, umbo
of right valve high, projected beyond its hinge, beak incurved,
prosogyral; beak of left valve tucked in just below and poste-
rior to beak of right valve; left valve less convex than right
valve; anterior margin rounded; posterior part narrow, poste-
rior margin truncated in left valve, in right valve often broken;
anterior slope wide, marked by a somewhat prominent border
in left valve; posterior slope narrow, traversed by a prominent
groove in left valve, slope boundary obscure except a low and
sharp ridge in left valve; hinge of right valve with a short blunt
cardinal tooth, tooth not projected beyond its beak, a deep
resilifer pit posterior to cardinal tooth to receive
chondrophore, a small tubercle present posteriorly and be-
tween beak and cardinal tooth; left valve hinge with a cardinal
socket, socket with a ventral floor, posterior to cardinal socket
a chondrophore oblique to hinge with horizontal dorsal sur-
face and upturned ventral surface; dorsal surface of
chondrophore bears a deep median longitudinal groove, ridge
anterior to groove somewhat longer and higher than posterior
ridge, ridges flanked by narrow flat marginal parts,
chondrophore transversely striate; two slightly unequal adduc-
tor muscle scars, anterior one slightly smaller and reniform,
posterior one subelliptical; pallial line with a shallow sinus,
sinus with rounded closure; interior of right valve bears a
strong venter-parallel groove marking position of left valve
margin in closed valves, groove continues into lateral lamellae
on either side of hinge; surfaces of both valves characterized
by strong commarginal ribs, number of ribs in both valves
comparable, ribs stronger and widely spaced in right valve
while finer and closer in left valve, left valve also bears faint
somewhat distantly spaced radial ridges, faint close-spaced

radial lines also visible in delaminated right valve,
commarginal growth lines numerous, commarginal lines and
ribs mainly of right valve show a small notch in their anterior
part; shell thick.

Discussion The genus Caestocorbula is characterized by a
strongly inequivalved shell, rostrate posterior side of the right
valve, prominent siphonal plates at the posterior end of the left
valve, a higher umbo in the right valve, absence of nepionic
cap and discrepant commarginal ornaments, which are stron-
ger in the right valve. The subgenus Parmicorbula Vokes
1944 differs from Caestocorbula s. s. only in the degree of
elaboration of the siphonal plates and is difficult to distinguish
in the absence of this structure. However, these plates are
rarely found and relative rostration of the right valve has
generally been used as the primary character for identification
ofCaestocorbula s. l. Recent descriptions, however, tended to
include hinge structure, albeit inadequately, for generic iden-
tification (e.g., Kozai 1987; Squires and Saul 2004). We also
use the genus sensu lato as siphonal plates are not preserved in
any specimen of our collection.

The monogeneric subfamily Caestocorbulinae Vokes 1945,
ranging from the Cretaceous to the Eocene, was erected based
on the presence of calcified siphonal plates in the left valve
(Vokes 1945). Some species of Varicorbula are also known to
possess calcified siphonal plates, which is whyMikkelsen and
Bieler (2001) placed the genus in this subfamily. Evolutionary
significance of the siphonal plates has never been explored.
The validity of the subfamily Caestocorbulinae based on a
single obscure character is questionable.

The present species bears all the diagnostic characters of
the genus. Relative rostration of the right valve in the Kutch
species is often less prominent than that in many known
representatives of the genus. However, the snout is mostly
broken in the specimens of our collection. The hinge of the
Kutch species closely resembles that of C. gerardi Vincent

Table 1 Fossil localities in the studied area and corbulid species reported from each of the localities

Locality GPS location Location with respect to the nearest village Formation Species

Loc. 1 23°34′32″N
68°38′55″E

Near Nareda Naredi Caestocorbula gujaratensis n. sp.
Bicorbula kutchensis n. sp.

Loc. 2 23°38′39″N
68°39′55″E

About 500 m SE of Godhatad Harudi C. gujaratensis n. sp.
B. kutchensis n. sp.

Loc. 3 23°35′03″N
68°36′40″E

About 3 km NWof Nareda Harudi C. gujaratensis n. sp.
B. kutchensis n. sp.

Loc. 4 23°32′N
68°40′52″E

About 2 km N of Harudi Harudi C. gujaratensis n. sp.
B. kutchensis n. sp.

Loc. 5 23°31′59″N
68°41′35″E

About 2.5 km NNE of Harudi Harudi C. gujaratensis n. sp.
B. kutchensis n. sp.

Loc. 6 23°06´N
69°02′52″E

About 2 km E of Vinjan in
Kankawati River section

Chhasra Lenticorbula trigonalis (Sowerby)
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1922, the type species of the genus from the Eocene of
Belgium, in having a posteriorly directed narrow projecting
chondrophore in the left valve with a prominent longitudinal
groove running through its middle (e.g., Fig. 3t, ab, ac).
However, the chondrophore in our species is horizontal while
that in C. gerardi is inclined. The cardinal tooth in the right
valve also seems stronger and more projected in the latter than
in the Indian form. Socket in the left valve of our species has a
distinct floor in its ventral side (e.g., Fig. 3s, ad), which is
absent in C. gerardi. The posterior slope in C. gerardi is

steeper and delimited by a more pronounced ridge in the left
valve. The right valve of C. gerardi bears fewer, thicker and
blunter costae thanC. gujaratensis n. sp. (Figs. 1–4 in Vincent
1922).

Caestocorbula henckeliusiana (Nyst 1836), from the
Oligocene of Belgium and former USSR is more elongated
and has a more prominent rostrum in its right valve than
C. gujaratensis n. sp. Its right valve also has a distinct angular
carina bordering the distal end of the posterior slope, which is
lacking in our species. The other Oligocene Caestocorbula

Fig. 3 C. gujaratensis n. sp. from the Eocene Harudi Formation. a-c PG/
Cb 134 (holotype)—external view of left valve (a), external view of right
valve (b), dorsal view (c). d PG/Cb 192 (paratype), dorsal view. e–g PG/
Cb 361 (paratype)—external view of left valve (e), external view of right
valve (f), dorsal view (g). h–i PG/Cb 384 (paratype)—external view of
left valve (h), external view of right valve (i). j PG/Cb 386 (paratype),
dorsal view. k–m PG/Cb 451 (paratype)—external view of left valve (k),
external view of right valve (l), dorsal view (m). n–o PG/Cb 452
(paratype)—external view of left valve (n), external view of right valve
(o). p–q PG/Cb 511 (paratype)—external view of left valve (p), external
view of right valve (q). r PG/Cb 416, right valve, internal view. s–t PG/

Cb 95, left valve, internal view (s), dorsal view (t). u–v PG/Cb 398
(paratype)—external view of left valve (u), external view of right valve
(v).w–x PG/Cb 512 (paratype)—external view of left valve (w), external
view of right valve (x). y PG/Cb 515 (paratype), external view of right
valve. z PG/Cb 543, left valve, internal view. aa PG/Cb 595, right valve
interior in close-up. ab PG/Cb 596, dorsal margin of left valve in close-
up. ac PG/Cb 597, dorsal view of left valve in close-up. ad PG/Cb 598,
left valve hinge in close-up. S, pallial sinus, R, chondrophore and L,
groove demarcating the position of left valve inside right valve marked
by arrow. Specimens except internal and close-up views coated with
magnesium oxide. Scale bar for a–z=10 mm, for the rest=5 mm
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from the USSR is Caestocorbula karaschokensis (Merklin
1974). It has a narrower and longer rostrum than in ours. Its
chondrophore is large and inclined and ornamentation is not
as strong as in the Kutch species (see Merklin 1974).

Caestocorbula? subtumida (Nagao 1928) from the Middle
and Upper Eocene of Japan is much smaller, smooth, and has
a nepionic cap. Its posterior rostrum is longer and marked by a
keel in the right valve (see Matsubara and Ugai 2006). All
other Caestocorbula species known to us come from the
Cretaceous and differ significantly from our species mostly
in having a more elongated snout-like rostrum (Kozai 1987
and references therein; Squires and Saul 2004 and references
therein).

C. (Bicorbula) subexarata d’Archiac and Haime 1854
sensu Cox 1931 is conspecific with our species as it resembles
C. gujaratensis n. sp. in all features and is different from
d’Archiac and Haime’s (1854) species. The latter is more
trigonal in shape, apparently does not have a prominent ros-
trum in its right valve and has much finer commarginal ribs.
Rostrum is broken in the specimen figured by Cox (1931, pl.
4, Fig. 14b). Later, Cox (1936) reported the same species from
Bahrain (GSI 17368, 17369). None of the specimens is well
preserved; one (GSI 17368) is an external mold of the left
valve while the other (GSI 17369) is an internal mold of the
right valve. The latter is entirely smooth while the former
bears sharp commarginal ribs. The size of the Bahrain form
is comparable to the present species.

Some species described from the Indian subcontinent as
Corbula Bruguière 1797 or Bicorbula Fischer 1887 are close-
ly comparable to C. gujaratensis n. sp. In our opinion, their
generic assignments are equivocal. Corbula (Bicorbula)
praexarata Cox 1930 sensu Kachhara et al. 2011a is conspe-
cific with C. gujaratensis n. sp. The posterior rostrum of the
right valve of the only specimen they recorded is broken, but
resembles our species in all respects including size, shape and
ornamentation. B. praexarata (Cox 1930) is characterized by
a prominently carinate posterior slope in the right valve, which
is absent inC. gujaratensis n. sp. The postero-dorsal margin of
the left valve of the former is more steeply inclined than the
latter. Commarginal ribs in the right valve ofB. praexarata are
stouter, closer and flat-topped whereas in C. gujaratensis n.
sp. ribs are higher, round-topped, and more distantly spaced.
Internal features of B. praexarata are not known. C.
(bicorbula) subexarata var. lituus de Cotter 1923 reported
by Kachhara et al. (2011b) from a higher stratigraphical hori-
zon of Kutch is equivocal. The figured specimen (Kachhara
et al. 2011b, pl. 1, Fig. 7) can be the internal mold of
C. gujaratensis n. sp.

Corbula harpa d’Archiac and Haime 1854 from the
Palaeocene of Pakistan has a prominent angular posterior
carina in the right valve and its left valve is essentially smooth.
Corbula daltoni de Cotter 1923 from the Upper Eocene of
Myanmar—smaller than C. harpa—is also characterized by

the angular carina in the right valve and nearly smooth left
valve. C. gujaratensis n. sp., in contrast, does not bear a
posterior carina in the right valve and its left valve is
ornamented with prominent close-spaced commarginal ribs.
The latter is also larger than the two former species.

Bicorbula tjiguhanensis (Martin 1922) from the Miocene
of Java is comparable in shape with C. gujaratensis n. sp.
However, the Java species differs in having an essentially
smooth left valve with only some radial ridges. This valve
bears a more prominent posterior carina than that of the latter
species. The hinge of the left valve in B. tjiguhanensis is
characterized by an inclined chondrophore separated from
the cardinal socket by a vertical ridge whereas the
chondrophore in C. gujaratensis n. sp. is horizontal and
projected. The right valve of the Java species is more strongly
rostrate and its cardinal tooth is more projected than the Kutch
species (see Leloux and Wesselingh 2009).

Measurements Table 2.

Genus Bicorbula Fischer 1887
Type species Corbula gallica Lamarck 1801. By

monotypy, Eocene of France.
Bicorbula kutchensis n. sp.
(Fig. 4)
2011 Corbula (Bicorbula) cf. pseudorakhiensis Eames—

Kachhara et al. p. 87, pl. 1, fig. 10.

Type specimens Holotype: PG/Cb 500; paratypes: PG/Cb 24,
151, 359, 368, 369, 501, 502, 506, 509.

Other material examined More than hundred specimens,
some with original shell, in the collection of Presidency
University.

Table 2 Measurements of Caestocorbula gujaratensis n. sp.

Specimen Type L (mm) W (mm) HLV (mm) HRV (mm)

PG/Cb 134 Holotype 23 18.3 16 20.7

PG /Cb 192 Paratype 21.8 16.5 15 19.1

PG /Cb 361 Paratype 24.4 17 15.6 20

PG /Cb 384 Paratype 28.7 19 18.7 23

PG /Cb 386 Paratype 24 18.3 17.8 21.8

PG /Cb 398 Paratype 26.4 19.5 17 21

PG /Cb 451 Paratype 22.8 15 15.8 18

PG /Cb 452 Paratype 25 18.1 17.1 22.5

PG /Cb 511 Paratype 30.5 16.5 17.5 24

PG /Cb 512 Paratype 26.4 17.2 15.6 23.2

PG /Cb 515 Paratype 28 22.6 18.4 25.9

L length, W width, HLV height of the left valve, HRV height of the right
valve
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Type locality, horizon and age Loc. 4, about 2 km north of
village Harudi (23°32′N, 68°40′52″E) (Fig. 1, Table 1),
Harudi Formation, lower Middle Eocene.

Etymology The species derives its name from the Kutch dis-
trict, Gujarat, India from where it is being reported.

Diagnosis Large, ovate-trigonal, strongly inequivalved shell;
left valve smaller, less convex and less rostrate; hinge with a
large cardinal tooth projected beyond beak in the right valve
and a horizontal posteriorly directed grooved chondrophore in
the left valve; surface of left valve characterized by prominent
commarginal ribs while that of right valve essentially smooth.

Description Shell large (maximum length observed 44 mm),
ovate-trigonal, inequivalved, slightly elongated and rostrate
towards posterior; right valve with high umbo projected be-
yond its hinge and incurved prosogyral beak; umbo relatively
low in left valve, beak of left valve prosogyral; anterior slope
wide, not clearly demarcated; posterior slope obscure, except

a blunt ridge only in left valve; hinge bears a strong tooth in
right valve that projects well beyond its beak and a corre-
sponding socket in left; a large horizontal chondrophore ex-
tends posteriorly from left valve into a deep resilifer in hinge
of right valve, a deep longitudinal groove divides its surface
into a broad anterior and a narrow posterior section, anterior
section anteriorly inclined and has rounded margin and its
surface commarginally striated, posterior section bounded by
a strong anterior ridge and a narrow sharp posterior ridge;
adductor muscle scars subequal in area; pallial sinus quite
prominent, shallow; surface of left valve ornamented by
close-spaced sharp fine commarginal ribs and faint radial lines
while right valve essentially smooth with distantly spaced fine
sharp commarginal lines; faint radial lines also discernible in
inner shell layer; right valve bears a small antero-ventral
notch; shell thick.

Discussion The present species has all the characteristics of
the genus such as an ovate-trigonal shape, a right valve with
strongly incurved prosogyral beak and highly elevated umbo,

Fig. 4 B. kutchensis n. sp. from
the Eocene Harudi Formation. a–
c PG/Cb 151 (paratype)—exter-
nal view of left valve (a), external
view of right valve (b), dorsal
view (c). d PG/Cb 24 (paratype),
dorsal view. e–g PG/Cb 359
(paratype)—external view of left
valve (e), external view of right
valve (f), dorsal view (g). h–i PG/
Cb 368 (paratype)—external
view of left valve (h), external
view of right valve (i). j–l PG/Cb
500 (holotype)—external view of
left valve (j), external view of
right valve (k), dorsal view (l).
m–n PG/Cb 502 (paratype), dor-
sal view (m) and its close-up with
right valve placed below left
valve (n). o–p PG/Cb 369
(paratype)—external view of left
valve (o), external view of right
valve (p). q PG/Cb 506
(paratype), dorsal view. r–t PG/
Cb 501 (paratype)—dorsal view
(r), external view of right valve
(s), external view of left valve (t).
u PG/Cb 509 (paratype), dorsal
view. C cardinal tooth, R
chondrophore marked by arrow.
Specimens except close-up (n)
coated with magnesium oxide.
Scale bar for n=5 mm, for the
rest=10 mm
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a hinge with strong and projected cardinal tooth and a large
protuberant chondrophore (Anderson and Roopnarine 2003).
The chondrophore of the present species is typical of the
genus having a rounded outer margin and a deep groove
separating a wide anterior section from a narrow posterior
section (e.g., Fig. 4m, n, u). The posterior part bears two
ridges—a thick one at its anterior border and a fine sharp
one at the posterior border. The genus is characterized by
almost smooth valves. Our species has a smooth right valve
while the left valve is ornamented with fine commarginal ribs.
The type species of the genus, B. gallica (Lamarck 1801)
resembles B. kutchensis n. sp. but has a more elongated left
valve where posterior carina is more prominent. In
B. kutchensis n. sp., the left valve somewhat abruptly becomes
depressed towards posterior. The shell of B. gallica is also
thinner than that of the Kutch species.

We place Corbula (Bicorbula) cf. pseudorakhiensis Eames
1951 sensu Kachhara et al. 2011a in the synonymy of the
present species with some hesitation. The only specimen
reported by Kachhara et al. (2011a) does not reveal the inter-
nal features and is much delaminated and hence, surface
features are not detectable. However, it resembles
B. kutchensis n. sp. in size and all shape parameters.
C. pseudorakhiensis Eames 1951 is much smaller and only
slightly inequivalved whereas the present species is very large
and strongly inequivalved. C. pseudorakhiensis is character-
ized by strong posterior carinae in both right and left valves
whereas in B. kutchensis n. sp. there is only an obscure carina
in the left valve.

The present species is closely comparable to Bicorbula
subexarata (d’Archiac and Haime 1854) in many respects
including shell shape, nature of beak, and umbo, and in the
absence of nepionic cap and posterior carina. However,
d’Archiac and Haime’s (1854) species is much smaller and
has a narrower and more elongated posterior part. The poste-
rior slope in it is also steeper than that in B. kutchensis n. sp.
Ornamentation also differs slightly in being similar in both the
valves of B. subexarata whereas in B. kutchensis n. sp. it is
discrepant with prominent fine sharp commarginal ribs in the
left valve whereas the right valve is essentially smooth.
d’Archiac and Haime (1854) reported some differences be-
tween their Sind form and those found from Subathu beds,
Himachal Pradesh, India. Both valves of the Subathu form is
covered by rather strong commarginal ribs and majority of
these are smaller than the Sind form. They were in doubt in
placing this form in B. subexarata. Mathur (1975) reported six
specimens of B. subexarata from the Subathus, all of which
are much smaller than the present Kutch species. The only
figure he provided resembles our species in shape but the
posterior part of the figured specimen is broken and the
features of the left valve, as revealed in the figure, are not
adequate for specific identification. Tandon (1971, 1976) re-
corded ‘Corbula subexarata’ from the same stratigraphical

level of Kutch (C. subexarata Zone of Tandon 1971) as our
species. However, these two cannot be compared as figure or
description of the former is not available.

B. subexarata remains an ill-defined species and has been
the source of much confusion. B. subexarata and its varieties
have been reported from several parts of the Indian subconti-
nent. Eames (1951) reported it from the Punjab area in
Pakistan. Cox (1931, 1936) reported the species from
Pakistan and Bahrain, which we have included in
C. gujaratensis n. sp. de Cotter (1923) described
C. subexarata var. lituus de Cotter 1923 from the Eocene of
Myanmar. Among his figured specimens, two are close to our
species (de Cotter 1923, pl. 1, Figs. 2, 3) although much
smaller and no information about their hinge is available.
The other two specimens (de Cotter 1923, pl. 1, Figs. 4, 5)
are, however, reminiscent of C. gujaratensis n. sp. Iqbal
(1969a, b) reported B. subexarata from different Eocene de-
posits of Pakistan. The photographs provided by him are
inadequate to ascertain their generic and specific identity.

Bicorbula vredenburgi (Cossmann and Pissarro 1927) from
the Eocene of Pakistan is distinctly more rostrate than our
species and its posterior slope is more clearly demarcated by a
carina. However, its surface ornamentation is comparable to
ours. B. lunica (Iqbal 1969a) from the Lower Eocene of West
Pakistan is much smaller than our species and has a different
shell outline. B. ickeae (Martin 1914) from the Middle Eocene
of Java resembles the present Kutch species in size, shape and
ornamentation. However, the chondrophore of the Java form
has a narrower and more elevated anterior section than that in
our species. Its posterior margin is more truncated and
postero-dorsal margin is somewhat higher than that of the
Kutch species.

Measurements Table 3.

Genus LenticorbulaMerklin 1974
Type species Corbula helmerseni Mikhailovsky 1912 by

original designation, Lower Oligocene of Romania, Upper

Table 3 Measurements of Bicorbula kutchensis n. sp.

Specimen Type L (mm) W (mm) HLV (mm) HRV (mm)

PG /Cb 500 Holotype 40 28.4 33 37.4

PG /Cb 24 Paratype 37 25 27.8 32

PG /Cb 151 Paratype 44 26.5 33.3 39.3

PG /Cb 359 Paratype 34 22.2 27.5 30.4

PG /Cb 368 Paratype 37.4 22 30.4 31.5

PG /Cb 369 Paratype 38 27 30 33

PG /Cb 501 Paratype 37.3 26 30.4 33.5

PG /Cb 502 Paratype 39.2 33.8 35 38.8

PG /Cb 506 Paratype 39 24.7 30 35

PG /Cb 509 Paratype 39.8 27.3 32.5 35

L length, W width, HLV height of left valve, HRV height of right valve
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Oligocene of Turkmenistan and Kazakhstan, and Lower
Miocene of Turkmenistan.

Lenticorbula trigonalis (Sowerby 1840), comb. nov.
(Fig. 5)
1840 Corbula trigonalis Sowerby pl. 25, fig. 4.
1854C. trigonalis d’Archiac and Haime p. 235, pl. 16, figs.

6-7.
1879 C. trigonalis Martin p. 93, pl. 15, figs. 12-13.
1928a C. trigonalis Vredenburg p. 461.

Material examined Two hundred fifteen articulated speci-
mens and several single valves; all from Loc. 6 in
Kankawati River near village Vinjan (23°06′N, 69°02′52″E)
(Fig. 1, Table 1), Chhasra Formation, Lower Miocene, in the
collection of Presidency University. GSI 13535, three articu-
lated specimens.

Description Shell small (maximum length observed
18.4 mm), trigonal, sub-equivalved with slightly larger right
valve, posterior rostrate, posterior side only slightly larger
than anterior, shape variable from quite elongated to only
slightly elongated and from quite wide to narrow; beaks
slightly prosogyral, umbo high but not projected beyond
hinge; posterior slope well-demarcated by a strongly angular
carina; postero-dorsal margin straight, antero-dorsal margin
curved, anterior margin narrowly curved, venter curved; hinge
narrow, curved, in right valve contains a strong wedge-shaped
cardinal tooth projected beyond hinge margin, behind it a
narrow deep resilifer pit; in left valve a socket corresponding
to right valve cardinal tooth on a platform at valve interior but

without a ventral floor and a horizontally projected
chondrophore to its posterior, surface of chondrophore bears
two closely spaced posteriorly directed ridges separated by a
thin shallow groove, chondrophore margin straight; a narrow
groove marking the position of left valve seen on both sides of
hinge in right valve; adductor muscle scars, pallial line and
sinus not detected; shell surface essentially smooth with in-
cipient to somewhat coarse commarginal ribbing, especially in
later ontogeny, often irregularly spaced.

Discussion C. trigonalis Sowerby 1840was reported from the
Lower Miocene of Kutch, Sind (Sowerby 1840; d’Archiac
and Haime 1854; Vredenburg 1928a) and Java (Martin 1879).
Kutch is the type area. The specimens referred by Vredenburg
(1928a, p. 461) (GSI 13535, three specimens) were examined
by us. Our species resembles them in all respects such as size,
shape, rostration, and possession of posterior angular carina
and fine surface ornamentation, and is considered conspecific.
They also come from the same horizon and area of Kutch.
However, we have a large collection of specimens, which
exhibits a much larger intraspecific variation than was shown
by the specimens of Vredenburg (1928a). Vredenburg (1928a)
did not describe and illustrate the species. The descriptions
provided by Sowerby (1840) and d’Archiac andHaime (1854)
were inadequate. That made this revision all the more neces-
sary. Here the species is reassigned to Lenticorbula Merklin
1974. The form shows all the typical features of the genus,
such as, small size, triangular shape, strong carination of the
posterior, a strong upturned wedge-like cardinal tooth in the
right valve (e.g., Fig. 5y, z) and a chondrophore with two

Fig. 5 L. trigonalis (Sowerby 1840) from the Miocene Chhasra Forma-
tion. a–c PG/Cc 12—external view of left valve (a), external view of right
valve (b), dorsal view (c). d–f PG/Cc 15—external view of left valve (d),
external view of right valve (e), dorsal view (f). g–i PG/Cc 250—external
view of left valve (g), dorsal view (h), external view of right valve (i). j–l
PG/Cc 199—external view of left valve (j), external view of right valve
(k), dorsal view (l). m–n PG/Cc 133—external view of left valve (m),
dorsal view (n). o–q PG/Cc 197—external view of left valve (o), external
view of right valve (p), dorsal view (q). r PG/Cc 52, external view of left

valve. s PG/Cc 38, dorsal view. t–v PG/Cc 259—external view of left
valve (t), external view of right valve (u), dorsal view (v). w PG/Cc 262,
chondrophore in close–up. x PG/Cc 261, left valve, dorsal view. y–z PG/
Cc 260, right valve—internal view (y), dorsal view (z). aa–ac PG/Cc
74—external view of left valve (aa), external view of right valve (ab),
dorsal view (ac). C cardinal tooth, R chondrophore marked by arrow.
Specimens except inw–z coated with magnesium oxide. Scale bar for w
=2 mm, for the rest=10 mm
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prominent ridges through its middle separated by a shallow
narrow groove (e.g., Fig. 5w).

The Kutch form resembles the type species, Lenticorbula
helmerseni (Mikhailovsky 1912), which comes from the
Upper Oligocene and the Lower Miocene of former USSR
and the Lower Oligocene of Romania. However, the latter has
a narrower umbonal angle, and its chondrophore is larger and
inclined while that in L. trigonalis is smaller and nearly
horizontal. Anterior section of its chondrophore is more deep-
ly impressed than that in L. trigonalis and is bordered by a
sharp anterior ridge.

L. helmerseni major (Merklin 1974) from the Oligocene of
former USSR is larger than the Kutch form and has a thicker
shell. Among several Oligocene forms from the former USSR
the one that is extremely close to L. trigonalis is L. sokolovi
slussarevi (Merklin 1974). The latter is known by more than
100 specimens and resembles L. trigonalis in almost all re-
spects except being slightly smaller. Maximum length record-
ed in it is 13 mm while L. trigonalis reaches up to 18.4 mm.
We feel, further studies are required before uniting the two
species. L. katherinae (Popov et al. 1993) from the Lower
Oligocene of Georgia is more elongated and has a thicker shell
than the present species.

The other form described from a coeval Miocene horizon
of Kutch by Vredenburg (1928a), C. tunicosulcata
Vredenburg 1928a (GSI 13434–13438), is similar in size
and shape with the present species. It however, differs in
having regularly spaced prominent commarginal costae and
a nepionic cap. Ornamentation on the nepionic cap is finer
than the rest of the shell surface. In C. tunicosulcata the
escutcheon is marked by an angular ridge that occurs between
the carina and the postero-dorsal margin. The ridge is more
prominent in the right valve. The hinge of the right valve of
this species bears a short peg-like cardinal tooth, which is
barely projected beyond the beak whereas the tooth is much
stronger, wedge-shaped and projected in L. trigonalis. Hinge
structure of the left valve of C. tunicosulcata is not known.

Some of the Corbula Bruguière 1797 species described by
Eames (1951) from the Eocene of Punjab, Pakistan resemble
the present species in external morphology. However, no
information on their hinge structure is known. Moreover, they
come from an older horizon.

Palaeobiogeography

Distribution patterns of the studied fauna of Kutch

C. gujaratensis n. sp. and B. kutchensis n. sp. appear in the
oldest Cenozoic marine deposit exposed in Kutch. This part of
the sequence is assigned to the Palaeocene age in recent
literature (Chattoraj et al. 2009; Kachhara et al. 2011a). Both

the species continue to the lower Middle Eocene beds of
Kutch, i.e. C. subexarata Zone (sensu Tandon 1971).
C. gujaratensis n. sp. is also known from the lower Middle
Eocene of Sind and the Middle Eocene of Bahrain (Cox 1931,
1936). B. kutchensis n. sp. is a close ally of B. subexarata
(d’Archiac and Haime 1854). The latter is known to occur
widely in the Eocene deposits of the Indian subcontinent.
Mathur (1988) found B. subexarata the most widespread
bivalve in India during the Eocene. It has been reported from
Himachal Pradesh, Haryana, Rajasthan, and Gujarat (Mathur
1988 and references therein). The species was known from the
Lower and Middle Eocene from several areas of Pakistan
(d’Archiac and Haime 1854; Eames 1951; Iqbal 1969a, b)
and the Upper Eocene of Myanmar (de Cotter 1923). The
species was also recorded beyond the Indian subcontinent
from the Middle Eocene of Egypt and Somalia (see Eames
1951) (see Table 4, Fig. 6).

L. trigonalis (Sowerby 1840) and C. tunicosulcata
Vredenburg 1928a come from the Lower Miocene of Kutch.
The species were known from the contemporaneous strata of
Sind (Vredenburg 1928a; Iqbal 1980). The former was also
reported from the Lower Miocene of Java (Martin 1879)
whereas the latter also comes from the Miocene of Myanmar
(Noetling 1901) (see Table 4, Fig. 7). The distribution of
corbulids from Kutch reveals that this Indian basin housed a
similar corbulid fauna as that of Pakistan during the Cenozoic.
This also roughly suggests a shift in affinity of this basin in
terms of corbulid fauna fromAfrican-Arabian in the Eocene to
western Pacific in the Miocene.

Patterns from the Cenozoic corbulids of the Indian
subcontinent

Three corbulid genera are common to the Cenozoic of the
Indian subcontinent—Corbula Bruguière 1797, Bicorbula
Fischer 1887, and Varicorbula Grant and Gale 1931. These
genera are cosmopolitan (e.g., Keen 1969). Only Corbula and
Bicorbula were reported from Kutch (Vredenburg 1928a;
Tandon 1971, 1976; Kachhara et al. 2011a). Caestocorbula
Vincent 1910 and LenticorbulaMerklin 1974were not known
from the Indian subcontinent. Caestocorbula is a cosmopoli-
tan genus whereas Lenticorbula is known mainly from differ-
ent parts of the former USSR (Keen 1969; Merklin 1974).

Bivalves including corbulids are much more diverse and
better known from Pakistan than from any Indian basin. An
analysis of the palaeobiogeographical distribution of corbulids
fromPakistan reveals that out of 21 species of corbulids known
to us from Pakistan, only 7 have also been reported from
outside Pakistan. Of the rest, which come exclusively from
Pakistan, 12 are from the Palaeocene–Eocene. B. subexarata is
the most widespread form there followed byVaricorbula harpa
(d’Archiac and Haime 1854). All other species are geograph-
ically restricted, often to a small part of the basin. A similar
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picture emerges from an analysis of all the benthic molluscs
known from the Palaeocene–Eocene of Pakistan based on
Eames (1951, 1952) and Iqbal (1969a, b, 1972)—out of 231
bivalve species, only 34 are known from outside Pakistan and
only 15 from India and out of 233 gastropods only 18 are also
known from outside Pakistan including 8 from India. Two
features of this distribution scenario are worth mentioning—
first, western India and Pakistan display the maximal faunal
similarity and second, the Pakistan fauna is characterized by
strong endemism. The first feature entails inclusion of western
India and Pakistan in a single palaeobiogeographical province.

The Western Indian Province (sensu Harzhauser 2007) of the
Oligocene may, hence, be considered to be taking shape al-
ready since the Lower Palaeogene.

Out of the two Eocene corbulids that also occur beyond this
province only B. subexarata was reported from the Indo-
Malayian Province (sensu Martin 1931) whereas both were
known from western Tethys basins of African and Middle
East countries (see Table 4, Fig. 6). This roughly indicates that
the Western Indian Province shared greater faunal similarity
with the western Tethys basins, especially African and
Arabian ones than with the southeast Asian basins during

Table 4 Distribution of the Cenozoic corbulid species of India and Pakistan with age based on primary literature mentioned in the text, Mathur (1988),
Lyngdoh et al. (1999) and this study

Age Species India Pakistan Other areas

Kutch,
Gujarat

Himachal
Pradesh

Rajasthan Surat-Bharuch,
Gujarat

Kerala Tamilnadu Meghalaya

Palaeogene Caestocorbula
gujaratensis n. sp.

P-ME EE-ME ME (Bahrain)

Bicorbula kutchensis
n. sp.

P-ME

B. vredenburgi P

B. praexarata P-ME

B. subexarata ME EE LE EE-ME LE (Myanmar), ME
(Egypt, Somalia)

B. lunica EE

Varicorbula harpa ME P

V. pseudopisum E

V. pseudocicer E

Corbula capsuloides P

C. samanensis P-EE

C. rakhiensis E

C. pseudorakhiensis E

C. pakistanica E

C. punjabensis E

C. soriensis E

C. carinata var.
oligolaevis

O

Neogene C. tunicosulcata M M M M (Myanmar)

C. rugosa M M (Myanmar)

C. acuticosta Pl M (Java)

C. mekranica Pl

Lenticorbula trigonalis M M M (Java)

Varicorbula scaphoides M Pl M (Java), Pt (Timor), R
(Indo-Pacific,
Australia)

V. sulcata M M R (Indian Ocean,
Senegal, Cape Verde,
Gulf of Thailand)

Anisocorbula socialis M Pl M M (Iran, Myanmar,
Pemba, Kenya,
Philippines), M-Pl
(Java), Pl (Timor,
Indonesia)

P Paleocene, E Eocene, EE Lower Eocene, MEMiddle Eocene, LE Upper Eocene, O Oligocene, M Miocene, Pl Pliocene, Pt Pleistocene, R Recent
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the Palaeogene. V. harpa, known from the Eocene in this
province comes from the Upper Cretacous of Lybia, indicating
an older relationship between these areas.

In the Neogene, distribution of corbulids reveals a different
picture. The two species that have been reported from Kutch
and Sind share affinity to the faunas from southeast Asia.
Other known corbulids corroborate this pattern of affinity.

Corbula acuticosta Martin 1885 from the Miocene of Java
was also recorded from the Pliocene of Pakistan (Vredenburg
1928a). Out of the three corbulid species known from the
Miocene of Kerala, India two—Varicorbula scaphoides
(Hinds 1843) and Anisocorbula socialis (Martin 1879)—are
also known from the Miocene of Java. The latter also comes
from the contemporaneous horizons of Myanmar (Noetling

Caestocorbula gujaratensis
Bicorbula kutchensis
Varicorbula harpa

Bicorbula subexarta
Varicorbula pseudocicer

Varicorbula pseudopisum
Corbula rakhiensis

Corbula pseudorakhiensis
Corbula pakistanica
Corbula pujabensis
Corbula soriensis

30°

30°

0°

60° 90° 120° 150°

N

Bicorbula praexarata

Fig. 6 Palaeobiogeographical distribution of the Middle Eocene corbulids of India and Pakistan shown in palaeocoastline map of Smith et al. (1994)

Lenticorbula trigonalis
Corbula tunicosulcata
Varicorbula scaphoides

Anisocorbula socialis

Varicorbula sulcata

Corbula rugosa

Corbula acuticosta

30° 60° 90° 120°

N

30°

0°

Fig. 7 Palaeobiogeographical distribution of the Lower Miocene corbulids of India and Pakistan shown in palaeocoastline map of Smith et al. (1994)
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1901; Dey 1961; Leloux and Wesselingh 2009) (see Table 4,
Fig. 7). Therefore, a shift in the affinity of the western Indian
basins from western Tethys in the Palaeogene to western
Pacific in the Neogene, as opined by Harzhauser et al.
(2002, 2007, 2009), is a strong possibility. The Lower
Miocene gastropod fauna from Kutch also displays similar
affinity to western Pacific faunas from Java and Sumatra
(Kulkarni et al. 2010).

It is pertinent to recall here that in contrast to the general
faunal similarity within this province constituted of western
Indian and Pakistan basins through the Cenozoic a high spe-
cific endemism of the fauna to certain parts of the province
especially in Pakistan cannot be overlooked (see also Halder
2012). Out of the 13 Palaeogene corbulids restricted to
Pakistan 7 are known from only a single locality, 5 from two
localities and the other from three localities. Kulkarni et al.
(2010) observed that the Lower Miocene gastropod fauna
from Kutch has high endemism—13 % of the gastropod
species are endemic to Kutch whereas 47 % are endemic to
the western part of the Indian subcontinent. Nautiloids, al-
though relatively rare and nektonic, also display similar re-
stricted occurrences (Halder 2012). Apparently, endemic
faunas evolved rapidly and lived simultaneously in these
geographically closely linked basins.

Conclusions

1. Corbulid bivalves are known from different parts of the
Indian subcontinent through the Cenozoic, most promi-
nently from Pakistan. However, a modern revision of the
species is wanting. Systematics, particularly generic status
of many of the previously known species is doubtful. A
thorough revision of all these forms is not possible be-
cause most of the earlier collections are inaccessible. We
have made large collection of three species from the
Cenozoic succession of Kutch. A detailed systematic
revision of these is done here. We have studied
C. tunicosulcata from repository specimens. Other spe-
cies known from Kutch are based on very few specimens
and their systematic studies were not rigorous. These
species are strongly doubtful and are not considered here
for the palaeobiogeographical analysis.

2. Palaeobiogeography of the Indian and Pakistan corbulids
is studied here. Similar forms seem to prevail in these
basins. Hence, the Western Indian Province constituted of
all these Pakistan and western Indian basins, as proposed
by Harzhauser (2007) for the Oligocene, may be consid-
ered to have evolved earlier during the Lower Palaeogene.
This province showed some resemblance in corbulid
composition to the African-Arabian Province (sensu
Harzhauser 2007) during the Lower Palaeogene.

3. The most striking feature of this distribution pattern,
however, is the strong provincialism of the fauna during
the Lower Palaeogene. Often, the species are localized
and not distributed throughout the province.

4. The Neogene corbulids of this province are not so restrict-
ed. They show clear affinity to the southeast Asian
corbulids.
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