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PALYNOLOGICAL FOSSILS FROM THE OLIGOCENE
SEDIMENTS AND THEIR BIOSTRATIGRAPHY
IN THE DISTRICT OF KUTCH, WESTERN INDIA

R. K. KAR
Birbal Sahni Institute of Palacobotany, Lucknow-226 007, India

ABSTRACT

. Palynological microfossils obtained from the Barkhana nala cutting; cart-track
Jjunction of the villages Goela-Walasar and Fulai-Ramania and the exposure in the nala
near the villages Ber-Mota and Maniyara Fort have been described. They consist of
pteridophytic spores, gymnospermous and angiospermous pollen, fungal elements and
microplanktons. The microfossils have been described under 39 genera and 33 identi-
fiable species. Amongst them, 12 genera and 11 species belong to pteridophytic group,
I genus and 1 species to gymnosperms and 12 genera and 9 species to angiospermic
pollen grains. Besides, 7 genera and 6 species belong to fungi and 7 genera and 6 species
to microplanktons.

The section from the Barkhana nala cutting yielded all types of microfossils whereas
from the section near the cart-track junction mostly microplanktons could be recovered.
The exposure near the Ber-Mota Village is very poor in spore-pollen and only a few
fungal spores and microplanktons could be recovered. Three palynological zones have
been proposed and a percentage chart has been given for the important palynological
taxa. The palynological assemblages have also been compared with the Eocene, Oligo-
cene and Miocene biostratigraphic assemblages of Kutch, Assam and South India.

Key-words — Palacopalynology, Fungal elements, Microplanktons, Oligocene,
Kutch (India).
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INTRODUCTION

mostly found in south and south-

western part of the district and are
well-known for their rich animal fossils.
Sowerby (1840) described for the first time
many invertebrate fossils and Grant (1840)
made a preliminary geological report of
this region; Wynne (1872) divided the Ter-
tiary rocks of Kutch into Subnummulitic,
Eoczne, Miocenz and ?Pliocene rocks. He
did not suspect that in Kutch there was any

THE Tertiary sediments in Kutch are

Stage in Kutch. But Krishnan (1943) and
Wadia (1953) put the Nari bads of Nuttal
(1926) and Vredenburg (1925, 1928) either
to thz Kirthar (Eocene) or the Gaj (Miocene)
stages.

Tewari (1957) investigated the geology
and stratigraphy of the area between the
Waghopadar and Cheropadi, in Kutch but
did not recognize any Oligocene sediments
in this region.

Poddar (1959) thought that the presence
of Oligocene was doubtful in Kutch and he
subdivided the Tertiary rocks as under:

AGE FORMATION THICKNESS TYPE OF
' SEDIMENTS
Pliocene Manchhar Series 250 m + Partially marine
............................................................ Unconformity
Miocene Argillaceous beds 300 m -+ Marine
Arenaceous beds 50 m - Estuarine
Unconformity
?0ligocene 10 m 4 Marine
Nummulitic limestone 200 m + Marine
Gypseous shale, etc. _
Eocene . ... | Lateritic clays and laterite 30 m + Terrestrial

Oligoczne rock. Medlicoit and Blanfo_rd
(1879) also failzd to rzcognize any definite
Oligocen= szdiments thcugh they referred
the arenaceous groups of Wynne (1872)
into ?Nari Stage. It was Nuttal (1926)
who for the first time could detect Oligocene
rocks in Kutch by studying the fossils. He
divided the Tertiary sediments in Kutch
as follows:

— Nari Limestone containing Nummulites
intermedius, N. clipeus, N. subclipeus,
N. fischteli. )

Lower part — Well-bedded white limestone contain-

of Middle  ing Nummulites acutus, N. maa_da{us,
Kirthar Assilina exponens, Alveolina elliptica,
Discocyclina dispansa, D. avana var.

Oligocene

indica, D. sowerbyr'._ Ac:.-';mc,}idina
alticostata, Dictyoconoides cooki, N.
djokdjokartae.
Shales

- .l‘,ateritc

Deccan Trap

Vredenburg (1925, 1928) also reqognized
the occurrence of the Nari (Oligocene)

Sen Gupta (1964) studied the biostrati-
graphy of Lakhpat and adjacent regions
and found Oligoczne beds. In his opinion,
batween Eoczne and Oligocene there is a
paraconformity bzcause bztween the two
there is an abrupt change of fossil contents.
The Oligocene is characterized by the
dominancz of Nummulites fischteli and not
one of the numerous larger foraminifera of
Eocene is found in Oligocene. Moreover,
in his opinion, forms like Pellatispira which
indicate the uppermost Eocene in India
(Nagappa, 1951; Biswas, 1954) have not
bzen found either in the Kirthar or in the
Nari strata of Lakhpat. The mollusks,
echinoids and the corals that are found in
abundance in Oligocene are in no case
preceded by ancestral forms in the older
strata. Besides, Sen Gupta (1964) also
could not observe any significant difference
between the lithologies of the Eocene and
Oligocene limestones. So far the Oligocene-
Miocene unconformity is concerned, he
could observe both faunal and lithic changes.
Miogypsina occurs in plenty in the Miocene
and also some new mollusks too appear,
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The Miocene limestones contain a high
percentage of sand-size terrigenous material
and occasionally the base of the strata is
marked by conglomerates.

Biswas (1965) equated Nari Series of Sind-
Baluchistan with Lakhpat Series and placed
it to the Oligocene. Biswas and Deshpande
(1970) replaced Lakhpat Series by Ber Moti
Series and subdivided into Ramania and
Waior stages. Biswas and Raju (1971)
also put forward a lithostratigraphic classi-
fication of Oligocene rocks in Kutch as
follows:

exposed on the southern side of the village
Sarangwara (Sanosra) already reported by
Chandra and Chatterji (1972) and the type
locality of Maniyara Fort Formation exposed
near the Maniyara Fort in the vicinity of the
village Ber Mota. Besides, samples from
the exposures near the village Waior were
also macerated but they did not yield any
microfossil.

The Lower Oligocene rocks are exposed
about 2 km west of the village Ramania at
the cart-track junction of the villages Goela-
Walasar and Fulai-Ramania. The rocks

ForMATION MEMBER

MANIYARA FORT  Ber
Moti

Member

Coral
Limestone
Member

FORMATION

Lumpy
Clay
Member

Basal
Member

LITHOLOGY

Upper — Foraminiferal limestones and marlite
Lower — Argillaceous, glauconitic sandstone

White, nodular, foraminiferal limestones, glauconitic biomicrites
and biospartites

Lumpy claystones with occasional limestone bands

Glauconitic claystones and siltstones

They observed an unconformity between
the Eocene and the Oligocene rocks and
found the Oligocene and the Miocene rocks
as conformable.

Chatterji and Mathur (1966) also estab-
lished Oligocene-Lower Miocene sequence
in Kutch demarcating the Lattorfian, the
Stampian and the Aquitanian horizons.

Poddar (1963) recorded for the first time
the palynological fossils from the Oligocene
of Kutch. He described Microthyrites,
Stegmatachytes, Hystrichosphaerids and
some angiospermic pollen.

Chandra and Chatterji (1972) reported
trilete and monolete spores, various types
of angiospermic pollen and microplanktons
from the upper part of the Nari beds exposed
about a kilometer south of the village
Sarangwara (Sanosra) (23°27': 68°43’) in
the Barkhana nala cutting.

The miospores described here have been
recovered from the type locality of Ramania
Stage (Lower Oligocene) proposed by Biswas
and his colleagues; carbonaceous shales

consist mostly of limestone with thin partings
of grey — slightly carbonaceous shales full
of Nummulites. The limestones are yellow-
ish in colour and thus could easily be distin-
guished from the white to yellowish-white
marl and limestones of Eocene exposed in
the neighbourhood. The Ramania Lime-
stone forms a few hillocks and have mostly
been taken away by the villagers for using
as building material.

Mention may be made here that the cart-
track of Fulai-Ramania is not being used
for a number of years due to the construc-
tion of a water reservoir in this area.
The locality is now situated on the southern
side of the eastern gate of the reservoir.
The distance from the gate is not more
than 200 m. From this locality mostly
the microplanktons could be recovered
from the shale samples.

On the southern side of the village Sarang-
wara in the Barkhana nala cutting, a good
exposure of Upper Oligocene rocks is
observed. The same rocks could also be
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seen in the canal cutting near the nala.
The lowermost part of the exposure is made
up of carbonaceous shale about 3-4 m
thick. This shale is gypseous and in some
places very light, tuffaceous and may even
be lignitic. In appearance, this shale unit
looks like the gypseous shale of Eocene
age. The upper part of the exposure com-
prises sandy shale which may be of various
colour at places. This unit is also about
3-4 m thick. Samples were collected at
close intervals but only the lower carbona-
ceous shale yielded spores, pollen grains,
fungal remains and microplanktons.

The nala besides the dilapidated fort of
Maniyara exposes a good section of Upper
Oligocene rocks. Its basalmost part seems
to be shale full of Nummulites. This is
overlain by coral limestone. The corals
are of huge sizes and could be observed
lying here and there in the nala. Above
this unit, is the calcareous marl with shale
partings at places. This is overlain by
dirty limestone which is full of invertebrate
fossils. Samples were macerated from all
the lithologic units but only a few micro-
planktons and fungal remains could be
recovered from the shale partings.

All the slides have been deposited in the
repository of the Birbal Sahni Institute of
Palaeobotany, Lucknow.

SYSTEMATIC PALYNOLOGY

Anteturma — Sporites H. Potonié, 1893
Turma — Triletes (Reinsch) Potonié &
Kremp, 1954
Subturma — Azonotriletes Luber, 1935
Infraturma — Laevigati (Bennie & Kidston)
Potonié, 1956

Genus — Cyathidites Couper, 1953

Type  Species — Cyathidites  australis

Couper, 1953.

Cyathidites cf. C. australis Couper, 1953

Pl. 1, fig. 1
Description — Spores  triangular  with
broadly rounded apices, 47-59 p. Trilete

well-developed, rays extending up to three-
fourths radius; exine up to 2-5 p. thick, laevi-
gate, exoexine sometimes present.

Remarks — Cyathidites australis Couper
(1953) is very common in the Upper Meso-
zoic strata (Potonié¢ & Gelletich, 1933;
Bolkhovitina, 1953; Dettmann, 1963; Ven-
katachala, 1967, 1969, 1970; Venkatachala &
Kar, 1969, 1972 & others). It is, however,
uncommon in the Palaecogene sediments.
For this reason the specimens, studied here
come closest to Cyuthidites australis, have
only been compared with it and not included
within the species.

Occurrence — Barkhana nala cutting, near
the village Sarangwara.

Cyathidites cf. C. minor Couper, 1953
Pl 1, fig. 2

Description — Spores subtriangular, 51-
69 ., apices bluntly rounded. Trilete dis-
tinct, rays extending up to two-thirds radius;
exine laevigate.

Remarks — Cyathidites  minor  Couper
(1953) has smaller size range than the speci-
mens investigated here. Besides, they have
also concave-straight interapical margin.

Occurrence — Barkhana nala  cutting,
near the village Sarangwara.

Genus — Intrapunctisporis Krutzsch, 1959

Type  Species — Intrapunctisporis  intra-
punctis Krutzsch, 1959,
Intrapunctisporis sp.
Pl. 1, fig. 3
Description — Spore  triangular, 70 g,

apices acutely rounded, interapical margin
straight. Trilete well-developed, rays ex-
tending up to equator. Exine about 1-5 p
thick, laevigate and intrapunctate.

Comparison — The present species is dis-
tinguished from Intrapunctisporis intrapunctis
Krutzsch (1959) by its well-developed trilete
rays.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Genus — Punctatisporites (lbrahim) Potonié &
Kremp, 1954

Type Species — Punctatisporites punctatus
Ibrahim, 1933.
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Punctatisporites sarangwaraensis sp. nov.
Pl 1, figs 4, 5
Holotype — PI. 1, fig. 4, size 72 p.; Slide

no. 5075/2.

Type Locality — Barkhana nala cutting,
near the village Sarangwara, Oligocene,
Kutch.

Diagnosis — Spores circular, 68-93 p,
trilete well-developed, extending up to two-
thirds equator. Exine laevigate and closely
intrapunctate.

Comparison — ?Punctatisporites sp. des-
cribed by Venkatachala and Kar (1969b)
from the Eocene sediments of Kutch resem-
bles the present species in shape and nature
of the trilete mark; but the latter is easily
distinguished by its larger size range and
closely intrapunctate structure.

Occurrence — Barkhana nala cutting, near
the village Sarangwara.

Punctatisporites sp.
Pl. 1, fig. 6

Description — Subcircular, spore 48 .
Trilete rays extending up to 2/3 radius. Exine
about 1 p thick, weakly intrapunctate.

Comparison — Punctatisporites sp. des-
cribed here comes near to Punctatisporites
sarangwaraensis in general organisation but
is differentiated by its much smaller size.

Occurrence — Barkhana nala  cutting,
near the village Sarangwara.

Infraturma — Toriati Krutzsch, 1959

Genus — Toroisporis Krutzsch, 1959

Type Species — Toroisporis torus (Pflug)
Krutzsch, 1959.

Toroisporis dulcis sp. nov.
PL 1, figs 7, 8

Holotype — P1. 1, fig. 7, size 60 w; Slide
no. 5077/4

Type Locality — Barkhana nala cutting,
near the village Sarangwara, Oligocene,
Kutch.

Diagnosis — Spores triangular, 53-78 p.
Trilete distinct, extending up to 3/4
radius, bifurcating at tips. Exine thickened
around trilete, laevigate.

Comparison — Toroisporis longitorus
Krutzsch (1959) is comparable to the species
described here in triangular shape, size
range and extension of the tori up to 3/
radius; but the former is separated by its
intrapunctate exine and the trilete rays also
do not bifurcate at tips.

Occurrence — Barkhana nala cutting, near
the village Sarangwara.

Remarks — Krutzsch  (1959)  instituted
Toroisporis to accommodate triangular-sub-
triangular, laevigate, trilete spores with
thickened area (tori) along the trilete rays.
He selected Laevigatisporites neddeni subsp.
torus Pflug, 1953 as the type species for the
genus. He observed that the spores assign-
able to Toroisporis are found from Keuper
(Upper Triassic) to Oligocene. Besides,
he also proposed Toripunctisporis and Tori-
pustulatisporites to include punctate and
sculptured spores with thickened margin
around the haptotypic mark respectively.
These two genera, in his opinion, are mostly
restricted to various Tertiary sediments.

Couper (1958) christened Dictyophyllidites
and later emended by Dettmann (1963) for
the triangular, laevigate to faintly patterned
trilete spores with thickenings around the
laesurate margin. Dettmann (1963) des-
cribed  Dictyophyllidites  pectinataeformis
(Dettmann, 1963, pl. 2, figs 9-12) which
was previously described by Bolkhovitina
(1953) as Matonia pectinataeformis (Bolkho-
vitina, 1953, pl. 8, fig. 23). This species
seems to be very similar tc Toroisporis irregu-
laris (Pflug) Krutzsch (1959, pl. 10, figs
73,74). Dettmann (1963) also mentioned
that Dictyophyllidites is comparable to
Toroisporis, Toripunctisporis and  Tori-
pustulatisporites but she did not point out
the difference of the former from the latter
genera.

It may be mentioned here that the spores
similar to Toroisporis are found in different
geographical regions and geological strata.
Recently, Kar and Bose (1976) have des-
cribed such spores under ?Dictyophyllidites
sp. (Kar & Bose, 1976, pl. 1, figs 4-6) from
assise a couches de houille (Permian) from
Greinerville region, Zaire.

Genus — Lygodiumsporites (Potonié, Thomson &
Thiergart) Potonié, 1956

Type Species — Lygodiumsporites adriennis
(Potonié¢ & Gelletich) Potonié, Thomson &
Thiergart, 1950.
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Lygodiumsporites lakiensis Sah & Kar, 1969

Remarks — Spores are subtriangular with
convex interapical margin, specimens studied
here are bigger in size range (56-74 () than
those originally described by Sah and Kar
(1969) from the undarlying Eocene sediments.
Triletes are generally unequal, rays extend-
ing up to 2/3 radius.

Occurrence — Barkhana nala cutting, near
the village Sarangwara.

Genus — Todisporites Couper, 1958

Type Species — Todisporites major Couper,
1958.

Todisporites kutchensis Sah & Kar, 1969

Remarks — Spores assignable to Todis-
porites kutchensis Sah & Kar (1969) are
subcircular in shape and have a larger size
range, viz., 75-101 p than those first reported
by Sah and Kar (1969) from the Naradi
Formation (Lower Eoceng). Trilete rays
are distinct-indistinct and they do not extend
more than 2/3 of the radius.

Occurrence — Barkhana  nala
near the village Sarangwara.

cutting,

Genus — Biretisporites (Delcourt & Sprumont)
Delcourt, Dettmann & Hughes, 1963

Type Species — Biretisporites
Delcourt & Sprumont, 1955.

potoniaei

Biretisporites convexus Sah & Kar, 1969
Pl 1, fig. 9

Remarks — The exine in the specimens
studied here referable to Biretisporites con-
vexus Sah & Kar (1969) is slightly granulose
in the contact area; otherwise they are very
much similar to the above mentioned species.

Occurrence — Barkhana  nala  cutting,
near the village Sarangwara.

Infraturma — Apiculati (Bennie & Kidston)
Potonié, 1956

Genus — Leptolepidites Couper, 1953

Type Species — Leptolepidites verrucatus
Couper, 1953.

Leptolepidites chandrae sp. nov.
Pl. 1, figs 10, 11

Holotype — PI. 1, fig. 10, size 46 y.; Slide
no. 5080/8.

Type Locality — Barkhana nala cutting,
near the village Sarangwara, Oligocene,
Kutch.

Diagnosis — Spores triangular-subiriangu-
lar, 34-56 p.; trilete, rays exiending up to
3/4 equator. Exine verrucose, verrucae
smaller in contact area but robustly built at
margin and on distal side.

Comparison — Leptolepidites sp. A and
B described by Sah and Kar (1969) are
proximally psilate. The present species pro-
posed here is distinguished from all the
known species of Leptolepidites by its pre-
sence of smaller verrucae at the haptotypic
area and the larger ones at equatorial margin
and on the distal side.

Occurrence — Barkhana nala cutting, near
the village Sarangwara.

Derivation of Name — After Sri A,
Chandra, Geological Survey of India,
Calcutta. ;

Leptolepidites sp.
Pl 1, fig. 12

Description — Spore  triangular, 36 p;
trilete distinct, rays extending up to 2/3
radius. Exine about 2 p thick, proximally
laevigate, distally verrucose, verrucae smaller
in size, interspersed with pila and bacula.

Comparison — Leptolepidites chandrae ha s
verrucae of different sizes and thus can
easily be distinguished from the present
species. Leptolepidites sp. A and B des-
cribed by Sah and Kar (1969) have very
well-developed and closely placed verrucae
on the distal surface.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Infraturma — Murornati Potonié & Kremp,
1955

Genus — Striatriletes van der 1956

emend.

Hammen,

Type  Species — Striatriletes
van der Hammen, 1956 emend.

susannae

1958 Ceratopteris Meyen, p. 156.
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Cicatricosisporites Potonié & Gelle-
tich: Biswas, p. 35.
Schizaeaceaesporites Baksi, p. 19.
Ceratopteris Baksi, p. 20.
Parkeriaceaesporites Baksi, p. 20.
Striatriletes  van der Hammen:
Banerjee, p. 3.

1962

1962
1962
1962
1964

1964 Mohria Ghosh, Jacob & Lukose,
p. 26.

1964 Ceratopteris Ghosh, Jacob & Lukose,

.20,

1965 gchfzaca (in parts) Ghosh, Jacob &
Lukose, p. 24.

1965 Anemia Ghosh, Jacob & Lukose,
pp. 24-26.

1965 Schizaeaceaesporites Baksi: Baksi, p.
2286.

1965 Parkeriaceaesporites Baksi: Baksi,
p. 2286.

1968 Cicatricosisporites Potoni¢ & Gelle-

tich: Sah & Dutta, p. 185. _
Magnastriatites Germeraad, Hopping
& Muller, p. 288.

Cicatricosisporites Potoni¢ & Gelle-
tich: Salujha, Kindra & Rehman,

1968
1972

p. 272. )
1975 Magnastriatites Germeraad, Hopping
& Muller: Salujha, Kindra &

Rehman, p. 272.

Cicatricosisporites Potoni¢ & Gelle-
tich: Nandi, p. 415.

Remarks — van  der Hammen (1956)
validly published Striatriletes to include
trilete spores with triangular-subcircular
shape and costae on both the surfaces.
He thought that the genus resembles the
extant spores of Anemia in some features.
But he also did not rule out its relationship
to the spores of Parkeriaceae. Later in
1957, he stressed its stratigraphic impor-
tance because the genus in Colombia and
neighbouring countries first found in Lower
Oligocene and shows its maximum develop-
ment in Middle and Upper Oligocene.

In the Tertiary sediments of India, the
spores assignable to Striatriletes are found
from various regions. The first report of
spores referable to this genus was by Meyer
(1958) from the Barail Series (Oligocene).
He reported it as Ceratopteris type spore
(Meyer, 1958, pl. 24, fig. 1) and observed
it as a most common type of spore occur-
ring in the series.

Biswas (1962) also reported parkeriaceous
spores from Langpar Formation (Upper
Cretaceous-Palaeocene) of the Um Sohryng-

1975

kew River section. He, however, described
them as Cicatricosisporites sp. (Biswas,
1962, pl. 3, fig. 41; pl. 4, fig. 53; pl. 5, fig. 54).
He observed that Schizaeaceaesporites starts
from Kopili Formation (Upper Eocene)
and continues up to Surma (Miocene) while
Parkeriaceaesporites begins at Barail and
ends at Surma. He instituted Schizaeaceae-
sporites making Schizaeaceaesporites knoxi as
the type species of the genus (Baksi, 1962,
p. 19, pl. 3, fig. 41). The other genus, viz.,
Parkeriaceaesporites also proposed by him
is lacking a type species and proper descrip-
tion. Baksi in the same paper also des-
cribed Ceratopteris macrocostata Biswas very
much resembling Schizaeaceaesporites and
Parkeriaceaesporites (Baksi, 1962, p. 20,
pl. 4, fig. 53).

It may be mentioned here that Thiergart
(1940) already proposed the name Schizaea-
ceaesporites for triangular-subcircular trilete
spores without any costae (Thiergart, 1940,
pl. 6, figs 5-7). Potonié and Kremp (1955)
designated Schizaeaceaesporites adriensis as
the type species of the genus. But later,
Potoni¢ (1956) commented that the said
species is not the genotype and so the genus
is without a type species.

Banerjee (1964) while describing palyno-
logical fossils from the Surma (Miocene)
of Garo Hills also reported some spores of
Striatriletes. He described them as Stria-
triletes sp. A (Banerjee, 1964, p. 3, pl. 1,
figs 11, 16, 17) and Striatriletes sp. B (Baner-
jee, 1964, p. 4, pl. 1, fig. 18).

Ghosh, Jacob and Lukose (1964) des-
cribed spores resembling the spores of
extant Parkeriaceae assignable to Striatriletes
and Schizaeaceae from the various Tertiary
sediments of India. They described 8 species
of fossil Schizaca, 4 species of Anemia,
I species of Mohria and 2 species of Ceratop-
teris. Most of the Schizaea species des-
cribed by them have monolete but at least
one of them seems to have trilete (Ghosh
et al., 1964, p. 24, pl. 1, fig. 5; text-fig. 2).
This is a folded spore belonging to Par-
keriaceae and in the present preparation
many spores having similar configurations
have been recovered along with the normal
proximo-distally flattened specimens. The
different species of Anemia and Mohria
described by them also are not distinguish-
able morphologically from Ceratopteris sp.
(Ghosh et al., 1964, pp. 24-26, pl. 2, figs
13-20; text-figs 11-16).
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Baksi (1965) also maintained Schizaea-
ceaesporites and Parkeriaceaesporites while
dealing with the stratigraphy of Barail
Series in southern part of Shillong Plateau,
Assam. He, however, did not elucidate
the difference between the two genera.
From the text-figures it seems that Schizaea-
ceaesporites described by him are the folded
specimens of Parkeriaceaesporites (Baksi,
1965, p. 2286, fig. 2).

Sah and Dutta (1968) pointed out the
stratigraphic significance of various palyno-
logical taxa in the Tertiary succession of
Assam. They placed Ceratopteris macrocos-
tatus Biswas described by Baksi (1962) into
Cicatricosisporites macrocostatus (Baksi) Sah
& Dutta.

Salujha, Kindra and Rehman (1972) des-
cribed two new species of fossil spores of
Parkeriaceae, viz., Cicatricosisporites venustus
(Salujha et al., 1972, pl. 1, figs 22-23) and
C. pudens (Salujha et al., pl. 1, figs 24,25)
from the Palaecogene of Garo Hills, Assam.
In 1974, they transferred Cicatricosisporites
venustus to Magnastriatites venustus (Salujha
et al., 1974, pl. 1, fig. 16). They, however,
also maintained and described spores under
Cicatricosisporites sp. (Salujha et al., 1974,
pl. 1, fig. 17). The spore described and
illustrated by them as Cicatricosisporites
does not show much difference from those
described by them as Magnastriatites.

Nandi (1975) observed the occurrence of
Cicatricosisporites in the Siwaliks of Punjab
(Nandi, 1975, pl. 1, fig. 10) and found it as
one of the stratigraphic markers for the
Lower Siwalik (Miocene) in that region.

It may be mentioned here that the genus
Cicatricosisporites was proposed by Potoni¢
and Gelletich (1933) from the Eocene brown
coal of Dorog, near Budapest, Hungary.
Cicatricosisporites dorogenesis Potoni¢ &
Gelletich (1933) was designated as the type
species of the genus (Potoni¢ & Gelletich,
1933, pp. 522-523, pl. 1, figs 1-5). This
genus is not restricted to Tertiary but also
found in abundance in the Mesozoic sedi-
ments throughout the world. This genus is
meant to accommodate the fossil spores of
schizaeaceous ferns, viz., Ruffordia goepperti
(Dunk) Seward: Couper, 1958 and Pelle-
tiaria valdensis Seward: Couper, 1958 which
have spores very much similar to Cicatri-
cosisporites. Similar spores have also been
described under Schizaeopsis americana Berry
and Anemia colwellensis Chandler (1955)

from Neocomian and Eocene sediments
respectively.

The spores of Schizaeaceae, particularly
those of Anemia and Mohria, are costate
like that of Ceratopteris (Parkeriaceae).
They are triangular to subcircular in shape
and have almost the same size range (60-
90 ). The differences between them are
rather subtle and as a consequence a good
deal of confusion has been resulted in deal-
ing with the dispersed spores.

The extant spores of Anemia and Mohria
have been investigated by Nayar (1967).
He also studied the spores of Ceratopteris
in detail. It has been observed that in all
the species of Anemia and Mohria, there are
two distinct sets of costae on proximal and
distal surfaces. One set of costae does not
continue on the other side but are confined
within the respective inter-radial area. They
may sometime, coalesce with each other
to form triangular area. In Anemia adianti-

Jfolia (Linn.) Seward, the proximal costae

are nearly parallel to the laesura and those
on the contact surfaces join together to
form a triangular area on the proximal
side. The succeeding costae also coalesce
on both the sides forming successive con-
centric triangles. The spores of Mohria
caffrorum (Linn.) Dev do not differ much
from that of Anemia. They also have dis-
tinct sets of costae for proximal and distal
sides. They can, however, be distinguished
from Anemia by the presence of paired costae.
Each pair is separated from the other by a
narrow depression simulating a slit-like
appearance while the adjacent pairs have
more space in between.

The spores of Ceratopteris thalictroides,
C. cornuta and C. siliqulosa of Parkeriaceae
are also costate. In these species costae,
however, arise on the proximal side at the
inter-radial area or at least at ray ends and
proceed on the distal side forming more
or less successive concentric rings. There
is no separate set of costae for the proximal
and distal surfaces; on the contrary, same
sets are present on both surfaces at each
inter-radial area producing thereby three
sets of costae.

It is apparent from above description that
though the spores of Schizaeaceae and
Parkeriaceae are similar they are quite
distinct from the organisational point of
view. Realising. this basic difference, Ger-
meraad, Hopping and Muller (1968) insti-
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tuted a form genus Magnastriatites to
accommodate fossil spores of Parkeriaczae.
They restricied Cicatricosisporites Potonié
& Gelletich (1933) for Schizaeaceous spores.

They diagnosed the genus Magnastriatites
as ** Spherical, trilete, coarsely striate, except
on the proximal contaci arza which is sur-
rounded by a circular ridge. Striae conti-
nuous, grooves about as wide as ridgs:s,
size around 100 p.”

As has already besen mentionad, van der
Hammen (1954, 1956, 1957) described simi-
lar spores of Parkeriaceae under the name
Striatriletes from the Lower-Middle Oligo-
cene of Colombia. In 1956, he validly
published the genus Striatriletes and selected
Striatriletes susannae as the type spzcies for
the genus (van der Hammen, 1956, pl. 2,
fig. 5). He described the type species as
“Trilete spore. Sculpiure-type  striate.
Size of type specimen 82x75 p, but
rather variable within the species. The
arms of the tetrad-mark are relatively long,
but in general do not reach the limit of the
proximal and distal sides. Tetrad-mark
sometimes slightly opened. Breadth of the
striae 2-3 p. The distance between the
striae is smaller than the breadih of the
striae. The majority of the siriae leave
divergating from the ends of the arms of
tetrad-mark. Bifurcations and liitle pro-
nounced constrictions of the striaz can be
observed somztimes.”

From the above description as wzll as
illustration provided by van der Hammen
mentioned earlier, it is apparent that Mag-
nastriatites proposed by Gearmeraad et al.
(1968) is a junior synonym of Striatriletes
van der Hammen (1956).

The spores assignable to Striatriletes are
found in abundance in the different Tertiary
formations of India. In Assam, they first
appear at the top of Tura Formation (Eocene)
and flourish in Barails (Oligoczne) and
Surmas (Lower Miocene). They gradually
dwindle in Tipam (Middle Miocene). In
Kutch, they are not found in Harudi For-
mation (Middle Eocene) and so far known
only from Maniyara Fort Formation (Oligo-
cene). While studying the dispzrsad spores
of Parkeriaceae, it was fzlt that the generic
description provided by van der Hammen
(1956) is rather insufficient to accommodate
all types of Parkeriaceous spores. This
necessitated the present author to elaborate
and emend the diagnosis of Striatriletes

so that all the hitherto known spores assign-
able to Parkeriaczae may bz accommodated.
Emended Diagnosis — Spores triangular-
subcircular in polar view, 40-140 u, trilzte
distinci-indistinct; costate, costae 3-7, gene-
rally arise at inter-radial area or at ray ends
and continuz on respzcitive distal side as
successive concentric rings, costae sparsely
or clos:ly placed, laevigate or ornamented.
Description — Spores  generally  subtri-
angular with rounded apiczs and straight
to slightly convex interapical margin.
Spores szem to bz lighter proximally due
to extension of costae more on distal side,
resulting variously folded spzcimens in pre-
parations. Proximal exine opposite to on:
of the apicas generally folded providing a
cordate appearance, sometimes one of the
apices covers soms minor to major part of
thz proximal side forming semicircular to
reniform shape, in fact, proximo-distally
fully flattened specimens rare. Trilete
generally discernible, rays equal, uniformly
broad, slightly raised, sometimes open, ex-
tending from half to 3/4 radius; commis-
sure distinct. Exine 2-8 p thick, mostly
laevigate, rarely intrapunciate, sometimes
infzcted by bacteria or fungi spzcially on
proximal side forming pssudoornamenta-
tional pattern. Costae appear as bands,
running + parallel to each other in one
inter-radial area and its corresponding distal
side. Generally, at lzast onz set of costae
found in each inter-radial area on proximal
side, they may be juxitaposad but never
coalesce each other, sometimes up to 3 sets
of costas may be observed proximally in
full proximo-distally flattensd specimens.
The rest sets of costas arise at ray ends and
depending on the extension of them, the
costae vary in length on proximal side;
in some specimens while trilete rays extend
up to 3/4, the costae may hardly be visible
on proximal side as they arise almost
at apical margin. The whole proximal
surface in this case may be without any
proper costae though sometimes they may
be replaced by minor folds. Three sets of
costae on the distal polar region come very
close to each other forming a triangular
area. Costae may be flat, lacinate or rope-
like, generally closely placed but allowing
some space in between them; in some speci-
mens, however, they are very adjacent to
each other without any spacz in between
them. Costae generally lasvigate, but some-
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times punctate or weakly intrastructured
and branched.

susannae van der Hammen,

1956 emend.
Pl 1, fig. 13a, b

Striatriletes

1968 Magnastriatites howardii Germeraad,
Hopping & Muller, p. 288, pl. 3, fig. 1.

1972  Cicatricosisporites venustus Salujha,
Kindra & Rehman, p. 272, pl. 1,
figs 22, 23.

1974  Magnastriatites  venustus  (Szlujha,

Kindra & Rehman) Salujha, Kindra
& Rehman, p. 272, pl. 1, fig. 16.

Holotype — van der Hammen, 1956, pl. 2,
fig. 5.

Type Locality — Samplz Ha-607, Colom-
bia (Lower-Middle Oligocene).

Emended Diagnosis — Spores, anisopolar,
triangular-subcircular in polar view with
rounded apices and slightly convex inter-
apical margin, 77-113 . Trilete, rays ex-
tending up to 2/3 radius. Exine costate,
costae 4-7, a few arising at inter-radial
area and rest at ray ends and continue on
distal side forming continuous, successive,
parallel, concentric rings. Costae of each
inter-radial area never coalesce with other
on proximal as well as on distal side. Costae
ribbon-like, sometimes branched, not very
closely placed, +laevigate.

Striatriletes cf. S. susannae van der Hammen,
1956 emend.

Pl. 1, figs 14, 15

Description — Spores triangular-subcircu-
lar generally with convex margin, 87-110 p.
Trilete indistinct not extending more than
2/3 of radius. Costae ill-developed, flatten-
ed, narrow, sometimes bifurcating.

Remarks — The present specimens com-
pare favourably with Striatriletes susannae
van der Hammen (1956), emended here,
in size range and shape but differs in possess-
ing ill-developed, flattened costae.

Striatriletes sp.
Pl 1, figs 16, 17

Description — Proximal side of spores
generally caved in on distal side forming

various shapes. Costae well-developed,
occasionally branched, costac as well as
inter-costate region punctate, puncta distinct,
closely placed.

Comparison — Striatriletes susannae des-
cribed earlier is distinguished from the
present species by its laevigate costae. The
exine in the former species is also psilate.

Turma — Monoletes Ibrahim, 1933

Subturma — Azonomonoletes Luber, 1935

Infraturma — Psilamonoleti van der
Hammen, 1955

Genus-— Laevigatosporites (Ibrahim) Schopf, Wilson
& Bentall, 1944

Type Species — Laevigatosporites vulgaris
Ibrahim, 1933.

Laevigatosporites lakiensis Sah & Kar, 1969

Remarks — The spores assignable to this
species are larger (72-89 1) than those recor-
ded by Sah and Kar (1969). Besides, mono-
lete is less developed and the exine is gene-
rally irregularly folded.

Occurrence — Barkhana  nala
near the village Sarangwara.

cutting,

Genus — Polypodiaceaesporites Thiergart, 1940

Type Species — Polypodiaceaesporites
haardti Thiergart, 1940.

Polypodiaceaesporites  chatterjii sp. nov.

Pl 2, figs 18, 19

1969  Polypodiaceaesporites sp. Sah & Kar,
p. 118, pl. 2, fig. 25.

Holotype — PL. 2, fig. 18, size 76 u.;
no. 5079/1.

Type Locality — Barkhana nala cutting,
near the village Sarangwara, Oligocene,
Kutch.

Diagnosis — Spores bean-shaped, 61-87
¢. Monolete generally ill-developed, ex-
tending not more than two-thirds along
longer axis. Exine up to 2:5 p thick, laevi-
gate.

Comparison — Polypodiaceaesporites  ter-
tiarus Sah & Dutta (1966) resembles the

Slide
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present species in shape but is distinguished
by its smaller size range and scabrate exine.
Occurrence — Barkhana  nala  cutting,
near the village Sarangwara.
Derivation of Name — After Dr A. K.
Chatterji, Geological Survey of India, Cal-
cutta.

Infraturma — Seculptatomonoleti Dybova &
Jachowitz, 1957

Genus — Polypodiisporites Potonié, 1934
Type Species — Polypodiisporites  favus
Potonié, 1934.

Polypodiisporites constrictus sp. nov.
Pl. 2, figs 20, 21

Holotype — PI. 2, fig. 20, size 48 p; Slide
no. 5087/4.

Type Locality — Barkhana nala cutting,
near the village Sarangwara, Oligocene,
Kutch.

Diagnosis — Spores bean-shaped, 33-58 p.,
monolete extending up to three-fourths along
longitudinal axis. Exine closely verrucose,
verrucae 2-4 . long, sometimes coalesce
together.

Comparison — Polypodiisporites sp. des-
cribed by Sah and Kar (1969) is subcircular
and thus can easily be separated from the
present species.  P. repandus Takahasi (1964)
described by Dutta and Sah (1970) and P.
mawkmaensis Dutta & Sah (1970) are bigger
in size range and generally not bean-shaped.
Besides, the verrucae are also in these two
species, robustly built and not so closely
placed.

Occurrence — Barkhana  nala
near the village Sarangwara.

cutting,

Genus — Cheilanthoidspora Sah & Kar, 1974

Type Species — Cheilanthoidspora  enig-

mata Sah & Kar, 1974,

Cheilanthoidspora monoleta Sah & Kar, 1974
Pl 2, fig. 22

Remarks — Spores are more or less of
same size as reported by Sah and Kar (1974)

from the Palana lignites (Lower Eocene),
Rajasthan. But the monolete mark in the
present specimens is better developed and
almost extends from one end to other.

Occurrence — Barkhana nala  cutting,
near the village Sarangwara.

SPORE TYPE — 1
Pl 2, fig. 23

Description — Spore  triangular, 22 p;
trilete distinct, rays narrow extending up to
equator. Exine pilate, pila up to 4 . long,
sparsely placed on both sides.

Remarks — The spore resembles Meyeri-
pollis Baksi & Venkatachala (1970) in out-
ward appearance; but Meyeripollis as desig-
nated by Baksi and Venkatachala (1970) is
trisyncolpate and has large tubercles at
apices.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Anteturma — Pollenites Potonié, 1931
Turma — Saccites Erdtman, 1947
Subturma — Disaccites Cookson, 1947
Infraturma — Podocarpoiditi Potonié,
Thomson & Thiergart, 1950

Genus — Podocarpidites (Cookson) Pofoni¢, 1958

Type Species — Podocarpidites ellipticus

Cookson, 1947,

Podocarpidites cognatus sp. nov.
Pl. 2, figs 24, 25

Holotype — Pl. 2, fig. 24, size 78 X 38 p;
Slide no. 5091/2.
Type Locality — Barkhana nala cutting,

near the village Sarangwara, Oligocene,
Kutch.

Diagnosis — Haploxylonoid, bilateral,
disaccate pollen grains, 51-8433-45 .

Central body distinct, microreticulate. Pro-
ximal attachment of sacci to central body
equatorial, distal attachment straight cover-
ing major part of central body. Sacci
hemispherical, intrareticulate.

Comparison — Podocarpidites classicus
Salujha, Kindra & Rehman (1972) described
from the Palacogene of Garo Hills, Assam
resembles the present species in size range
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and general organisation. But the central
body in P. classicus is foveolate whereas in
the present species it is microreticulate.

Occurrence — Barkhana nala  cutting,
near the village Sarangwara.
Infraturma — Sphaerozonisulcates Venkata-

chala & Kar, 1969

Genus — Proxapertites (van der Hammen) van der
Hammen, 1965

Type Species — Proxapertites operculatus
(van der Hammen) van der Hammen, 1956.

Proxapertites scabratus Jain, Kar & Sah,
1973

Pl. 2, fig. 26

Remarks — Only a solitary specimen
could be recovered. The spore is about
90 1 in size and has a suture by which it
splits into two. Exine is about 1 p thick
and more or less laevigate.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Proxapertites microreticulatus Jain, Kar &
Sah, 1973

Remarks — The spore is badly-preserved
and the intramicroreticulate structure of the
exine is not clearly discernible.

Occurrence — Barkhana  nala
near the village Sarangwara.

cutting,

Turma — Plicates (Naumova) Potonié, 1960
Subturma — Monocolpates Iversen & Troels-
Smith, 1950

Genus — Couperipollis Venkatachala & Kar, 1969

Type Species — Couperipollis perspinosus
(Couper) Venkatachala & Kar, 1969.

Remarks — Spinizonocolpites Muller (1968)
outwardly resembles Couperipollis by its
shape and sculptural elements. But the
former has a ‘continuous equatorial
colpus and it splits the pollen grains into two
slightly unequal parts. This phenomenon
is not found in Couperipollis,

Couperipollis microreticulata sp. nov.

Pl. 2, figs 27, 28

1972  Monocolpites van der Hammen:
Chandra & Chatterji, p. 31, pl. 6,

figs 26, 27. _
Holotype — PLl. 2, fig. 27, size 60 11; Slide
no. 5093/1.

Type Locality — Barkhana nala _cutting,
near the village Sarangwara, Oligocene,
Kutch.

Diagnosis — Pollen  grains + subcircular-
broadly oval, 53-75 1. Sulcus broad, extend-
ing from one end to other. Spines with
broad base and pointed tip, sparsely placed;
exine finely microreticulate.

Comparison — Couperipollis gemmatus
(Couper) Venkatachala & Kar (1969) has
very big sculptural elements. C. rarispinosus
(Sah & Dutta) Venkatachala & Kar (1969)
comes close to the present species by its
sparsely placed spines but is distingu_ished
by its elliptical shape and laevigate inter-
spinal exine.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Subturma — Triptyches (Naumova) Poto-

nié, 1960

Genus — Tricolpites (Erdtman) Couper, 1953

Type Species — Tricolpites thomasii Cook-
son & Pike, 1954.

Tricolpites sp. 1
Pl. 2, fig. 29

Description — Pollen grain subcircular,
tricolpate, 60 p. Colpi well-developed,
funnel-shaped. Exine  thick, baculate,
bacula sparsely placed, interbacular exine
laevigate.

Comparison — Tricolpites brevis Sah &
Kar (1970) and 7. minutus Sah & Kar (1970)
are differentiated from the present specimen
by their triangular-subtriangular shape and
scrobiculate structure.

Occurrence — Barkhana
near the village Sarangwara,

nala  cutting,
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Tricolpites sp. 2
Pl. 2, fig. 30

Description — Pollen grain subcircular,
tricolpate, 59 p. Colpi wide at equator,

constricted at polar region. Exine reti-
baculate.

Comparison — Tricolpites sp. 1 resembles
the present specimen in subcircular shape
but is separated by its bacular sculptural
elements.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Genus — Retitricolpites Pierce, 1961
Type Species — Retitricolpites  vulgaris
Pierce, 196].

Retitricolpites delicatus sp. nov.
Pl 2, figs 31, 32

Holotype — Pl. 2, fig. 31, size 3224 pu;
Slide no. 5097/4.

Type Locality — Barkhana nala cutting,
near the village Sarangwara, Oligocene,
Kutch.

Diagnosis — Pollen grains mostly found
in equatorial view, 18-36x<14-30 p. Tri-
colpate, colpi narrow, extending almost
from one margin to another. Exine micro-
reticulate.

Comparison — Relitricolpites robustus Sah
& Kar (1970) resembles the present species
in shape in equatorial view but is charac-
terized by broad, reticulate pattern which
is duplibaculate in nature.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Genus — Trisyncolpites gen. nov.
Type Species — Trisyncolpites ramanuj-
amii sp. nov.

Generic Diagnosis — Pollen grains trisyn-
margocolporate, margocolpi broad, thick-
ened, providing the appearance of triradiate
ridge in equatorial view. Exine pilate-
baculate, sometimes retipilate-retibaculate,
nexine very much thicker than sexine,
intrapunctate.

Description — Pollen grains subcircular in
polar view and more or less elliptical in

equatorial view; pollen in polar view more
common than equatorial one, 51-87 p.
Pila-bacula up to 6 p. long, closely placed,
providing retipilate to retibaculate appear-
ance. Nexine almost double than sexine,
minutely intrapunctate. Margocolpi very
well-developed, in equatorial view they
extend from pole to pole, in polar view they
join together in middle, margocolpi very
broad, appear as a dark triradiate ridge.
Pores elliptical, elongate.

Comparison — Myrtaceidites (Cookson &
Pike) Potonié (1960) resembles Trisyncolpites
in the presence of trisyncolpate nature but
the former is easily distinguished by its
triangular shape and laevigate-granulate
exine. Meyeripollis Baksi & Venkatachala
(1970) though trisyncolpate is also triangular
in shape and has tubercles as sculptural
pattern. Marginipollis Clarke & Frederik-
sen (1968) approximates Trisyncolpites in
trisyncolpate nature and subcircular shape
in polar view. But in Marginipollis, the
colpi margin is thickened which in equa-
torial view projects like beak. Besides, the
exine is also foveolate. Retisyncolporites
Guzman (1967) is trisyncolporate, reticulate
and the colpi are not thickened. Trisyn-
colpites proposed here is distinguished from
all the genera by its broad trisynmargocolpo-
rate nature, pilate-baculate sculptural pattern,
thickened  nexine, and intrapunctate
structure.

Remarks — Trisyncolpate pollen grains
are found in number of families of the extant
angiosperms. This phenomenon is common
in  Blechum laxiflorum of Acanthaceae;
Caryocar tessmannii of Caryocaraceas; Nym-
phoides indica of Gentianaceae; Heteropyxis
natalensis of Hernandiaceae; Barringtonia
acutangula and Planchonia crenata of Lecy-
thidaceae; Eucalyptus ficifolia of Myrtaceae,
Matayba apetala of Sapindaceae and others
(vide Erdtman, 1952). Blechum laxiflorum
is reticulate and Caryvocar tessmannii, Nym-
phoides indica, Heteropyxis natalensis, Euca-
lyptus ficifolia and Matayba apetala are all
parasyncolpate.

The present genus is somewhat comparable
to the pollen grains of Lecythidaceae by its
subcircular shape in polar view and presence
of broad colpi in syncolpate condition.
Venkatachala and Kar (1968) have studied
the living and fossil pollen of Barringtonia.
According to them, the pollen grains of
Barringtonia acutangula are trisyncolpate



KAR — PALYNOLOGICAL FOSSILS FROM OLIGOCENE SEDIMENTS 29

with crassimarginate colpi and colpi margin
terminating in oroid extension possessing
nexinous thickenings at the poles with
tegillar mesocolpial sexine simulating arco-
loidate pattern in surface view. In Plan-
chonia crenata, sexine is slightly thicker than
nexine and is partially covered by three,
slightly raised, mesocolpial sexine projec-
tions tapering towards the poles. The
colpi margins are markedly thickened and
the sexine is areoloidate in appearance.

The pollen grains described under Trisyn-
colpites do not show the characters enu-
merated above. But the general organisa-
tion shows some resemblance to the pollen
grains of Lecythidaceae.

It may be mentioned here that the pollen
grains assignable to Lecythidaceae have been
described by Venkatachala and Kar (1968)
from the Eocene sediments of Kutch. Be-
sides, Baksi (1962) and Salujha, Kindra and
Rehman (1972) have also described similar
pollen grains from the Palaecogene of Assam.
It would be no wonder, therefore, if some
form of pollen grains representing Lecythida-
ceae are also found in the Oligocene of
Kutch.

Muller (1973) studied intensively the
pollen morphology of Barringtonia calyptro-
calyx K. Sch. and traced the evolutionary
tendency of the pollen grains in Lecythida-
ceae. In his opinion, basic tricolpate proto-
type occurring in Foetidioideae, Napoleo-
noideae and Lecythidioideae gave rise to
trisyncolpate Barringtonia calyptrata type.
From this type arose trisyncolpate type with
marginal ridges and grooves found in Careya
and Planchonia. The ultimate evolution of
trisyncolpate type is found in Barringtonia
calyptrocalyx where the marginal ridges,
polar cushions and marginal grooves are
all very well-developed. The pollen grains
described in the present paper show broad
resemblance to Barringtonia calyptrata in
general organisation but differs in ornamen-
tational pattern.

The pollen grains described here, however,
resemble very closely to the living pollen
grains of Poinciana pulcherrima of Eucaesal-
piniacae described and illustrated by Tsukada
(1963, pl. 10, figs 173-175). These pollen
grains are also trisynmargocolporate, bacu-
late and punctitegillate. The pores are
elliptical and lolongate. Poinciana pulcherri-
ma grows in India and its pollen grains have
been described by Nair and Sharma (1962).

Trisyncolpites ramanujamii
Pl 2, figs 33-37

sp. nov.

Holotype — Pl. 2, fig. 33, size 57 p;
Slide no. 5099/6.

Type Locality — Barkhana nala cutting,
near the village Sarangwara, Oligocene,
Kutch.

Diagnosis — Pollen grains subcircular in
polar and elliptical in equatorial view,
51-87 u.. Trisynmargocolporate, margocolpi
broad, thickened, united to provide a pseudo-
triradiate ridge like pattern. Exine pilate-
baculate, in some specimens retipilate-reti-
baculate, nexine almost double than sexine,
intrapunctate. Pores lolongate.

Remarks — Similar type of pollen have
also been found by Dr C. G. K. Ramanu-
jam from South India.

Occurrence — Barkhana
near the village Sarangwara.

Derivation of Name — After Dr C. G. K.
Ramanujam, Botany Department, Osmania
University, Hyderabad, India.

nala  cutting,

Infraturma — Prolati Erdtman, 1943

Genus — Araliaceoipollenites Potonié, 1951
Type Species — Araliaceoipollenites eu-
phorii (Potoni¢) Potonié, 1951.

Araliaceoipollenites sp.
Pl. 2, fig. 38

Description — Pollen grain oval in equa-
torial view, 56 u, seems to be pentacolpo-
rate, pore distinct, circular, colpi extending
3/4 along longitudinal axis. Exine laevigate.

Comparison — Araliaceoipollenites mata-
namadhensis Venkatachala & Kar (1969)
approximates the present species in shape
but is tricolporate.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Genus — Retibrevitricolpites van Hoeken-
Klinkenberg, 1966

Type  Species — Retibrevitricolpites  tri-
angulatys van Hoeken-Klinkenberg, 1966,
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Retibrevitricolpites sp.
Pl. 2, fig. 39

Description — Pollen grain subcircular in
polar view, 49 .. Tricolporate, colpi funnel-
shaped, pore distinct. Exine reticulate.

Comparison — The present species is dis-
tinguished from Retibrevitricolpites triangu-
latus van Hoeken-Klinkenberg (1966) by
its larger size and retibaculate exine.

Remarks — Germeraad, Hopping and
Muller (1968) reported this genus from
Nigeria and Caribbean area. They found
R. triangulatus as tricolporate and not tri-
colpate as mentioned by van Hoeken-
Klinkenberg (1966).

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Genus — Paleosantalaceaepites Biswas, 1962

Type Species — Paleosantalaceaepites pri-
mitiva Biswas, 1962.

Paleosantalaceaepites ellipticus Sah & Kar,
1970

Remarks — Only a single pollen grain
could be recovered assignable to this species.
The colpi are well-developed, extending
almost end to end and the ora are lalongate.
The sexine is much thicker than the nexine.

Occurrence — Barkhana  nala  cutting,
near the village Sarangwara.

Paleosantalaceaepites minutus Sah & Kar,
1970

Pl. 2, figs 40, 41

Remarks — The pollen grains which could
be referred to the above mentioned species
are more elliptical in equatorial view than
the specimen illustrated by Sah and Kar
(1970) from the Lower Eocene of Kutch.
Colpi are also comparatively well-developed
and the ora are distinct. The exine is
laevigate in all the specimens studied here.

Occurrence — Barkhana nala  cutting,
near the village Sarangwara.
Turma — Poroses (Naumova) Potonié,

1960
Subturma — Monoporines
Naumova, 1939

(Naumova)

Genus — Monoporopollenites (Meyer) Potonié,
1960

Type Species — Monoporopollenites gra-
mineoides Meyer, 1956.

Monoporopollenites sp.
Pl. 2, fig. 42

Description — Pollen  grain  subcircular,
56 1. Pore distinct, circular, margin thicken-
ed. Exineabout 1p. thick, irregularly folded,
granulose.

Comparison — Monoporopollenites grami-
neoides Meyer (1956) illustrated by Rama-
nujam (1966) from the South Arcot District,
Madras is much smaller in size (22-25 p)
though the pore has thickened margin.
Monoporopollenites sp. described by Venkata-
chala and Kar (1969) from the Eocene sedi-
ments of Kutch is laevigate and devoid of
any thickening around the margin.

Occurrence — Barkhana  nala
near the village Sarangwara.

cutting,

Subturma — Triporines (Naumova) Potonié,
1960

Genus — Triporopollenites (Pflug) Thomson &

Pflug, 1953

Type  Species — Triporopollenites  cory-
loides Thomson & Pflug, 1953.
Triporopollenites exactus Salujha, Kindra

& Rehman, 1972
Pl. 2, fig. 43

Remarks — Only a single pollen grain
assignable to this species could be found.
Pores are distinct and the exine is more or
less laevigate.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Triporopollenites sp.
Pl. 2, fig. 44

subcircular,

Description — Pollen  grain
Exine

16 . Triporate, pores distinct.
laevigate,
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Comparison — Triporopollenites  exactus
Salujha, Kindra & Rehman (1972) is bigger
in size range than the present specimen.
T. communis Salujha, Kindra & Rehman
(1972) is oval in shape and thus can easily
be distinguished from the species described
here.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Subturma — Polyporines (Naumova) Potonié,
1960
Infraturma — Stephanoporiti (van der Ham-
men) Potonié, 1960

Genus — Stephanoporopollenites Pllug, 1953

Type  Species —
hexaradiatus (Thiergart) Thomson & Pflug,
1953.

Stephanoporopollenites sp.
Pl. 2, fig. 45

Description — Pollen  grain  subcircular,
56 p. Tetraporate, pore distinct, elliptical,
margin thickened. Exine about 1 p thick,
granulose.

Comparison — Stephanoporopollenites soli-
tus Salujha, Kindra & Rehman (1972)
somewhat resembles the present specimen
in shape but is hexaporate and foveolate.
S. proprius also instituted by Salujha, Kindra
and Rehman (1972) is pentaporate and
microreticulate. Polyporina excellens Sah &
Dutta (1968) has about 50 pores distributed
all over the body.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Genus — Malvacearumpollis Nagy, 1962

Type Species — Malvacearumpollis  bako-

nyensis Nagy, 1962.

Malvacearumpollis rudis sp. nov.
Pl 2, figs 46, 47

1972 Polyporites Chandra & Chatterji, p.
32, pl. 7, fig. 4.
Holotype — Pl. 2, fig. 46, size 65 y; Slide
no. 5049/4,

Stephanoporopollenites

Type Locality — Barkhana nala cutting,

near the village Sarangwara, Oligocene,
Kutch.
Diagnosis — Pollen  grains  subcircular,

52-76 u, panporate, pore+ elliptical. Exine
spinose, spine with bulbous base and pointed
tip; nexine thicker than sexine, latter with
rod-like processes extending up to base of
spines.

Comparison — Malvacearumpollis grandis
Sah (1967) described from the Upper
Neogene of Rusizi Valley, Burundi is very
much larger in size (115-139 1), the pores
are numerous and distinct. M. africana
Sah (1967) is also much bigger in size range
(97-110 1) and comparatively less spinose.
The spines are quite different from the
present species as they are devoid of bulbous
base and pointed tip.

Remarks — Germeraad, Hopping and
Muller (1968) have proposed Echiperiporites
estelae for pollen grains which show cha-
racters similar to the pollen grains of Malva-
ceae (Germeraad et al., 1968, pl. 10, fig. 1).
This species shows close resemblance to
Malvacearumpollis Nagy (1962).

Occurrence — Barkhana nala  cutting,
near the village Sarangwara.
FUNGI
Genus — Phragmothyrites (Edwards) Kar &
Saxena, 1976

Type Species — Phragmothyrites eocaeni-
cus (Edwards) Kar & Saxena, 1976.

Phragmothyrites eocaenicus (Edwards) Kar &
Saxena, 1976

Remarks — The specimens assignable to
P. eocaenicus (Edwards) Kar & Saxena
(1976) are rare in the present material.
Pseudoparenchymatous cells in middle region
are rarely observed in the specimens studied
here.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Genus — Notothyrites Cookson, 1947

Type  Species — Notothyrites
Cookson, 1947,

setiferus
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Notothyrites sp.
Pl. 3, fig. 48

Description — More or less subcircular
ascostromata, 92 p, dimidiate, ostiolate,
cells surrounding ostiole few cells thick,
ostiole margin thickened. Hyphae radially
arranged, interconnected to form squarish,
pseudoparenchymatous cells. Pores gene-
rally present.

Remarks — Only one specimen could be
obtained from the present preparation. It
is distinguished from Notothyrites setiferus
Cookson (1947) by its presence of squarish,
generally porate, peripheral cells. In N.
amorphus Kar & Saxena (1976), the hyphae
do not anastomose to form distinct pseudo-
parenchymatous cells.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Genus — Kutchiathyrites gen. nov.

Type Species — Kutchiathyrites eccentricus
Sp. Nov.

Generic Diagnosis — Ascostromata eccen-
tric in development, no free hyphae present,
dimidiate, nonostiolate. Radially arranged
hyphae thick, dark, diverging from one
another, transverse hyphae comparatively
thinner, + translucent, interconnecting radial
ones to form squarish, pseudoparenchyma-
tous cells without any pore.

Description — Microthyriaceous ascostro-
mata approximate semicircular shape in
most specimens, in others they look like
fish scales, size range 64-110x<41-73 .
Upper surface of ascostromata darker than
inner one; radial hyphae also well-pro-
nounced in former. Radial hyphae look
like dark strands; transverse hyphae ill-
developed, sometimes hardly discernible at
places.

Comparison — Phragmothyrites (Edwards)
Kar & Saxena (1976) resembles Kutchia-
thyrites in the presence of dimidiate,
nonostiolate ascostromata; but the former
is distinguished by its subcircular-circular
shape and in possessing pore in the pseudo-
parenchymatous cells. Parmathyrites Jain
& Gupta (1970) is also nonostiolate but has
prominent spines in the peripheral pseudo-
parenchymatous cells.  Paramicrothallites
Jain & Gupta (1970) and  Notothyrites
Cookson (1947) ars distinctly ostiolate,

Kutchiathyrites proposed here is differen-
tiated from all the known microthyriaceous
ascostromata by its eccentric development
of stromata, dark, strongly developed, diver-
gent radial hyphae and absence of pore in
the pseudoparenchymatous cells.

Kutchiathyrites eccentricus sp. nov.
PL. 3, figs 49-52

Holotype — Pl. 3, fig 49, sizz 72x49 p;
Slide no. 5106/6.

Type Locality — Barkhana nala cutting,
near the village Sarangwara, Oligocene,
Kutch.

Diagnosis — Microthyriaceous  ascostro-
mata eccentrically developed, 64-110x<41-
73 p. Stromata dimidiate, nonostiolate;
radial hyphae diverging, dark, better-deve-
loped than transverse ones; hyphae inter-
connecting each other to form squarish,
nonporate, pseudoparenchymatous cells.

Occurrence — Barkhana nala  cutting,
near the village Sarangwara.

Genus — Inapertisporites (van der Hammen) Elsik,
8

Type Species — Inapertisporites  typicus

van der Hammen, 1954.

Inapertisporites kedvesii Elsik, 1968
Pl 3, fig. 57

Genus — Pluricellaesporites (van der Hammen)
Elsik, 1968

Type Species — Pluricellaesporites typicus
van der Hammen, 1954.

Pluricellaesporites planus Trivedi & Verma,
1969

Pl. 3, fig. 53

Remarks — Individual cells are + square
in shape, eleven cells could be counted.
Pore is distinct, margin is thickened and
cells are bigger in size in middle region.

Occurrence — Barkhana nala  cutting,
near the village Sarangwara,
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Genus — Dyadosporonites Elsik, 1968

Type Species — Dyadosporonites schwabii
Elsik, 1968.

Dyadosporonites constrictus sp. nov.
Pl 3, figs 54, 55

Holotype — PL. 3, fig. 54, size 8232 p;
Slide no. 5109/2. '

Type Locality
near the village Sarangwara,
Kutch.

Diagnosis — Spore diporate, 65-89 < 31-
39 u, uniseptate. Pores distinct, circular,

~ Barkhana nala cutting,
Oligocene,

margin thickened, spore coat laevigate,
generally constricted in middle.
Comparison — Psilodiporites  bharadwaji

originally described by Varma and Rawat
(1963) and later transferred by Elsik to
Dyadosporonites resembles the present spe-
cies in general organization but is distin-
guished by its elliptical shape which has no
constriction in the septate region.
Occurrence — Barkhana  nala
near the village Sarangwara.

cutting,

Genus — Lacrimasporonites (Clarke) Elsik, 1968

Type Species — Lacrimasporonites clarke
Elsik, 1968.

Lacrimasporonites longus sp. nov.
Pl. 3, fig. 56

Holotype — PI. 3, fig. 56, size 74<36 p.;
Slide no 5111/1.

Type Locality — Barkhana nala cutting,
near the village Sarangwara, Oligocene,
Kutch.

Diagnosis — Spores  67-13232-47 4,
elliptical, carrot-shaped, monoporate, pore
circular, distinct, margin slightly thickened,
a lid-like projection present above pore;
spore coat laevigate.

Comparison — Lacrimasporonites  basidii
Elsik (1968), L. westii Elsik (1968) and
L. stoughii Elsik (1968) are differentiated
from the present species by their smaller
size ranges.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

MICROPLANKTONS
Genus — Polysphaeridium Davey & Williams, 1966

Type Species — Polysphaeridium subtilum
Davey & Williams, 1966.

Polysphaeridium (Hystrichosphaeridium)
microtriainum (Klumpp) comb. nov.

PL. 4, figs 63a-65

1953  Hystrichosphaeridium microtriaina
Klumpp, p. 390, pl. 17, figs 6-7.

1968 Cordosphaeridium microtrigina
(Klumpp ): Coninck, p. 31, pl. 8,
figs 26-29; pl. 9, figs 1-4.

1972 Baltisphaeridium sp. cf. B. multis-

pinosum Singh: Kar, Singh & Sah,
p. 146, pl. 1, fig. 1.

Remarks — Davey and Williams (1966)
studied intensively the various species assig-
ned to Hystrichosphaeridium Deflandre (1938)
and Cordosphaeridium Eisenack (1963). In
their opinion, Hystrichosphaeridium should
include subcircular cysts possessing a reflec-
ted tabulation of 4’ (—5'), 6", 6C, 5-6'",
Ip, 1"" and a variable number of sulcal
processes. Processes are hollow, open dis-
tally and have one process per plate. Num-
ber of processes do not exceed 30 and the
archaeopyle is apical.

For Cordosphaeridium they advocated that
the chorate cysts should be subcircular with
central bodies having two distinct layers.
The periphragm is variably developed form-
ing well-developed processes reflecting a
tabulation of 1’, 6", 6C, 6", (lp), 1.
The number of sulcal processes is variable,
the archaeopyle is apical, haplotabular and
never possesses a zigzag margin.

It is obvious from the above two diagnosis
of Hystrichosphaeridium and Cordosphaeri-
dium that the specimens described as Hystri-
chosphaeridium microtriaina by Klumpp
(1953) and Cordosphaeridium microtriaina
(Klumpp) Coninck (1968) can not be accom-
modated in both the genera. The specimens
described by them can, however, be placed
in Polysphaeridium instituted by Davey &
Williams (1966).

The specimens belonging to Polysphaeri-
dium microtriainum in the present preparation
have subcircular shape, size range of the
central body varies from 35-65 1, processes
are slender, translucent and generally with
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bifurcated tips. The archaeopyle in most
of the specimens is distinct, it is apical in
position and possesses more or less a tri-
angular shape.

It may be mentioned here that some of
the specimens described as Hystrichosphaeri-
dium mineralosum by Varma and Dangwal
(1964, pl. 1, figs 8, 9) from the different
Tertiary horizons of India might also belong
to Polysphaeridium microtriainum.

Occurrence — Barkhana nala  cutting,
near the village Sarangwara; near the junc-
tion of Ramania-Fulai and Goela-Walasar
cart-tracks; in the nala cutting, near the
village Ber Mota.

Polysphaeridium cephalum sp. nov.
Pl 4, figs 66a-67

Holotype — Pl. 4, fig. 66a, size 39 p;
Slide no. 5118/1.
Type Locality — Barkhana nala cutting,

near the village Sarangwara, Oligocene,
Kutch.
Diagnosis — Central body subcircular,

51-64 ., processes numerous, slender, 4-8 .
long, central body generally intrapunctate;
archaeopyle mostly distinct, apical, triangu-
lar-subtriangular with straight margin.

Comparison — Polysphaeridium microtriai-
num (Klumpp) comb. nov. resembles the
present species in subcircular shape of the
central body and the nature of the archaeo-
pyle but the latter is easily distinguished
by its very slender processes and intrapunc-
tate central body. P. subtilum Davey &
Williams (1966) is bigger in size and has
longer, spongy, tubular processes.

Occurrence — Barkhana nala  cutting,
near the village Sarangwara; near the junc-
tion of Ramania-Fulai and Goela-Walasar
cart-tracks.

Polysphaeridium sp.
PL 4, fig. 68

Description — Central body subcircular,
78 p., processes numerous, conied-granulose,
not more than 3 p high; archaecopyle not
observed.

Comparison — The present specimen is
comparable to Polysphaeridium cephalum in
the presence of numerous slender processes;
but in the latter, though the processes are

slender but never conied or granulose. The
other species like P. microtriainum, P. subti-
lum and P. pastielsi Davey & Williams
(1966) have all bigger processes.

Occurrence — Barkhana nala  cutting,
near the village Sarangwara.
Genus — Cleistosphaeridium  Davey, Downie,

Sarjeant & Williams, 1966

Cleistosphaeridium diver-
Downie, Sarjeant &

Type Species
sispinosum  Davey,
Williams, 1966.

Cleistosphaeridium heteracanthum (Dzflandre
& Cookson) Davey, Downie, Sarjeant &
Williams, 1966

Remarks — Microplanktons assignable to
this species have subcircular central body,
size range is 51-69 p.; processes are nume-
rous and slender, weakly bifid at tips, pro-
cesses seem to be more on distal side, very
closely placed. Archaeopyle is apical and
distinct in most of the specimens.

Occurrence — Near the junction of Rama-
nia-Fulai and Goela-Walasar cart-tracks;
Barkhana nala cutting near the village
Sarangwara; in the nala cutting, near the
village Ber Mota.

Genus — Spiniferites (Mantell) Sarjeant, 1970

Type Species — Spiniferites Famosuy

(Ehrenberg) Mantell, 1950.

multibrevis
1970

Spiniferites  ramosus  cf.  var.
(Davey & Williams) Sarjeant,
Pl. 4, fig. 69

Description — Central body oval, 62 o,
processes long, slender, generally trifurcate
at gonal and bifurcate at sutural parts;
tabulation not distinct; archaeopyle pre-
cingular

Comparison — Spiniferites ramosus var.
multibrevis (Davey & Williams) Sarjeant
(1970) has more robustly built processes
than the present species. Besides, the tabu-
lation is also more clear in the former one.

Occurrence — Barkhana  nala  cutting,
near the village Sarangwara.
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Genus — Membranilarnacia Eisenack, 1963

Type Species — Membranilarnacia lepto-
derma (Cookson & Eisenack) Eisenack,
1963.

Membranilarnacia delicata sp. nov.
Pl. 4, figs 70, 71

Holotype — Pl. 4, fig. 70, size 70 p.; Slide
no. 5120/2.

Type Locality — Near the junction of
Ramania-Fulai and Goela-Walasar cart-
tracks, Oligocene, Kutch.

Diagnosis — Central body subcircular,
61-86 1, generally finely intrastructured.
Processes numerous, tubular, up to 12 p
high, joined by a translucent membrane
distally; archaeopyle apical.

Comparison — Membranilarnacia  reticu-
lata Williams & Downie (1966) is not much
comparable to the present species because
the former has only a few, long, tubular
processes which are embedded by a reticulate
membrane on the distal side.

Occurrence — Near the junction of Rama-
nia-Fulai and Goela-Walasar cart-tracks;
Barkhana nala cutting, near the village
Sarangwara.

Membranilarnacia sp.
Pl 4, fig. 72

Description — Central body subcircular,
76 ., processes few, short, strongly built,
bifid, attached by an envelope on distal side,
shell coat thin, smooth; archacopyle not
observed.

Comparison — Membranilarnacia  delicata
described earlier has many slender processes
and thus is easily separated from the present
species. M. reticulata Williams & Downie
(1966) though has few processes but is
characterized by the presence of a reticulate
envelope on the distal side.

Occurrence — Barkhana
near the village Sarangwara.

nala  cutting,

Genus — Homotryblinm Davey & Williams, 1966

Type Species — Homotryblium  tenuispi-

num Davey & Williams, 1966.

Homotryblium sp.
Pl 4, fig. 73

Description — Central body subcircular,
58-82 ., processes long, slender, many,
capitate; archacopyle when observed seems
to be epitractal.

Comparison — Homotryblium  tenuispino-
sum Davey & Williams (1966) and H.
pallidum Davey & Williams (1966) have
bigger and stouter processes.

Occurrence — Near the junction of Rama-
nia-Fulai and Goela-Walasar cart-tracks;
Barkhana nala cutting, near the village
Sarangwara.

Genus — FFromea Cookson & Eisenack, 1958

Type Species — Fromea amphora Cookson
& Eisenack, 1958.

Fromea pachyderma sp. nov.
Pl 4, fig. 75

Holotype — Pl. 4, fig. 75, size 79 p.; Slide
no. 5077/3.

Type Locality — Barkhana nala cutting,
near the village Sarangwara.

Diagnosis — Microplankton  subcircular,
thickening of shale up to 6 w+ laevigate;
cingulum hardly traceable; archaeopyle api-
cal, well-pronounced.

Comparison — Fromea acambra Sah, Kar
& Singh (1970) described from the Langpar
Formation of Therriaghat, Assam is dis-
tinguished from the present species by its
pitcher shape, thin shell coat with granulose
sculptural elements. F. amphora Cookson
& Eisenack (1958) has also thin shell coat,
elliptical shape and grana.

Remarks — The specimens assignable to
Fromea are very rare in the present material.

Occurrence — Barkhana nala  cutting,
near the village Sarangwara.
Genus — Aplanosporites gen. nov.
Type Species — Aplanosporites robustus
Sp. mov.
Generic Diagnosis — Spore  generally

subcircular, irregularly folded, inaperturate,
lacvigate. A tail-like appendage present
in most specimens.



36 THE PALAEOBOTANIST

Description — Fully flattened specimens
without folds rare, spores take various shapes
due to haphazard foldings, 68-134 .. Spore
coat up to 2 p. thick. Characteristic appen-
dage-like projection probably forms from
original hyphae, terminal part of which
swollen to form spore (?aplanospore). In
some specimens (Pl. 3, fig. 58) this hyphae
like growth seems to originate from other
hyphae. Appendage-like structure may be
preserved terminally but may also be ad-
pressed to body of spores (Pl. 3, figs 61,
62).

Comparison — Inapertisporites (van der
Hammen) Elsik (1968) resembles the present
genus in inaperturate nature but the latter
can easily be distinguished by its tail-like
flagellum. ZInaperturopollenites (Pflug) Poto-
ni¢ (1966) is also inaperturate, but has
intrapunctate exine and most probably
gymnospermous in origin. Thecaspora Elsik
(1966) apparently resembles Aplanosporites
in having a tail-like projection but has a
distinct trilete mark and the spinose
perispore drawn out proximally into a
trifolium.

Remarks — Aplanosporites proposed here
resembles some of the planktonic forms.
Jen (1958) described a supposedly fungal
spore from the Lower Cretaceous of Sou-
thern Hunan, China which resembles the
present genus. Besides, Kar and Sah (1970)
described plankton type-1 from Vemavaram
(Upper Jurassic) which is also characterized
by a long appendage. Kar and Bose (1976)
also reported another plankton type-1 with
a very long appendage from assise d couches
de houille of Greinerville region, Zaire.

Aplanosporites robustus sp. nov.
Pl 3, figs 58-62

Holotype — PI. 3, fig. 58, size 98 p.; Slide
no. 5112/3.

Type Locality — Nala cutting, near the
village Ber Mota, Oligocene, Kutch.

Diagnosis — Spores originally subcircular
but due to irregular folds take various shapes,
68-127 p.  Spore coat up to 2 p thick, laevi-
gate. A tail-like appendage which seems
to be remnant of hyphae present in most
specimens.

Occurrence — Nala
village Ber Mota.

cutting, near the

DISCUSSION

The palynological assemblages recovered
from the Barkhana nala cutting, near the
village Sarangwara; cart-track junction of
the villages Goela-Walasar and Fulai-Rama-
nia and the exposure near the village Ber-
Mota and Maniyara Fort comprise pterido-
phytic spores; gymnospermic and angios-
permic pollen grains; fungal spores, hyphae,
microthyriaceous ascostromata and micro-
planktons. They have been placed into 39
dispersed genera and 33 identifiable species.
Of them, 12 genera and 11 species belong
to pteridophytes, 1 genus and 1 species to
gymnosperms, 12 genera and 9 species to
angiosperms, 7 genera and 6 species to fungi
and 7 genera and 6 species to microplanktons.

The samples from the Barkhana nala
cutting were the most productive and they
yielded almost all the genera and species
enumerated above. The samples from the
cart-track junction of the villages Goela-
Walasar and Fulai-Ramania produced only
the microplanktons except a few angios-
permic pollen and fungal bodies whereas
those near the village Ber-Mota were mea-
grely represented by few fungal bodies and
microplanktons.

The palynological assemblage recovered
from the Barkhana nala cutting is dominated
by angiospermic pollen grains (50 %) followed
by pteridophytic spores (299). The fungi
contribute 15 per cent while microplanktons
and gymnospermic pollen share 4 and 2 per
cent respectively. Ofthe angiosperms, Trisyn-
colpites is most common and contributes 37
per cent to the assemblage. Tricolpites (9%)
comes next in abundance. Paleosantalaceae-
pites represents only 2 per cent, while Proxa-
pertites and Stephanoporopollenites each con-
tribute 1 per cent. Amongst the pteridophy-
ticspores, Striatriletes (13 %) is quite common
and Laevigatosporites (3%,) and Polypodia-
ceaesporites (39%) are occasionally found.
Leptolepidites and Polypodiisporites each share
2 per cent to the assemblage. Of the fungi,
Inapertisporites (10%,) is most common.
Dyadosporonites (2,) and Lacrimasporonites
(2%) are rarely met with and Phragmothyrites
is found only in 1 per cent. Microplank-
tons are represented by Polysphaeridium
(2%), Membranilarnacia (1%) and Homotry-
blium (1%).

The miospore assemblage from Goela-
Walasar and Fulai-Ramania cart-track junc-
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tion, as has already been stated, is over-
whelmingly dominated- by microplanktons
(89 %) and poorly followed by fungi (11%).
No angiospermic pollen are encountered
within the percentage count. Amongst the
microplanktons, Polysphaeridium (72%) is
most abundant. Cleistosphaeridium (9%,)
comes next while Membranilarnacia and
Homotryblium represent 5 and 3 per cent
respectively. Inapertisporites (109,) gene-
rally contributes for the fungi except Phrag-
mothyrites which contributes only 1 per
cent,

The fungal elements (769)) are most
dominant in the assemblage recovered from
the nala cutting near the village Ber-Mota
and Maniyara Fort. Of them, Aplano-
sporites is found 73 per cent and /naperti-
sporites contributes only 3 per cent. Micro-
planktons represent 24 per cent out of
which Polysphaeridium (17%,) contributes the
bulk. Cleistosphaeridium shares 4 per cent
while Membranilarnacia and Homotryblium
each share 1 per cent to the assemblage.

PALYNOSTRATIGRAPHIC ZONATION

From the foregoing data, it is apparent
that the assemblages can be divided into
3 distinct cenozones as under:

3. Aplanosporites robustus Cenozone.

2. Trisyncolpites ramanujamii Cenozone.

1. Polysphaeridium micretriainum Ceno-

zone.

Polysphaeridium microtriginum Cenozone

Reference Locality — Near the cart-track
junction of Ramania-Fulai and Goela-Wala-
sar villages.

Lithology — Limestone with thin
bands.

Lower Contact — The basal member of
Polysphaeridium microtriainum Cenozone is
a thin shale band full of invertebrate animal
fossils.

Upper Contact — The upper contact of
this cenozone is also a thin shale band
within the limestone.

Characteristic Species of the Cenozone —
Polysphaeridium cephalum, Cleistosphaeridium
heterocanthum, Membranilarnacia delicata,
Homotryblium sp., Inapertisporites kedvesii
and Phragmothyrites eocaenicus.

shale

Indicator of the Cenozone — Polysphaeri-
dium microtriainum is found in 60 per cent
in the samples and by its dominance alone
this cenozone can be distinguished from the
overlying Trisyncolpites ramanujamii Ceno-
zone (Table 1).

Trisyncolpites ramanujamii Cenozone

Reference Locality — The Barkhana nala
cutting, near the village Sarangwara.

Lithology — Lower part shale, upper part
sandy shale and sandstone.

Lower Contact — The carbonaceous shale
at the base of the section constitutes the
basal unit.

Upper Contact — The sandy shale below
the sandstone provides the upper contact.

Characteristic Species of the Cenozone —
Leptolepidites chandrae, Striatriletes susannae,
Laevigatosporites lakiensis, Polypodiaceaes-
porites chatterjii, Polypodiisporites constrictus,
Podocarpidites cognatus, Proxapertites scab-
ratus, Paleosantalaceaepites ellipticus, Dya-
dosporonites constrictus and Lacrimasporo-
nites longus.

Indicator of the Cenozone — Trisyncolpites
ramanujamii is very common and contributes
37percent to the assemblage. Besides, Stria-
triletes susannae is also frequently met with.
By the common occurrence of these two
species, this cenozone can be differentiated
from the underlying and overlying ceno-
zones.

Aplanosporites robustus Cenozone

Reference Locality — The nala cutting
near the village Ber-Mota and Maniyara
Fort.

Lithology — The shale bands between the
limestones.

Lower Contact — The lower shale band
forms the basal unit of this cenozone.

Upper Contact — The upper shale band
is the topmost unit.

Characteristic Species of the Cenozone —
Polysphaeridium microtriainum, Polysphaeri-
dium cephalum, Cleistosphaeridium hetero-
canthum, Membranilarnacia delicata, Homo-
tryblium sp., Inapertisporites kedvesii and
Phragmothyrites eocaenicus.

Indicator of the Cenozone — The very
high frequency (73%) of Aplanosporites
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robustus is alone sufficient to identify this
cenozone.

COMPARISON  WITH OTHER  ASSEMBLAGES

The palynological assemblage of the Lower
Eocene sediments of Kutch described by
Sah and Kar (1969, 1970) and Venkatachala
and Kar (1969) have 21 genera and 30 spe-
cies of pteridophytic spores, 4 genera and
4 species of gymnospermic and 42 genera
and 65 species of angiospermic pollen grains
and some fungal elements. Of the trilete
genera Cyathidites, Intrapunctisporis, Lygo-
diumsporites,  Todisporites,  Biretisporites,
Leptolepidites, Laevigatosporites, Polypodia-
ceaesporites and Polypodiisporites are com-
mon to both the assemblages. But Stria-
triletes, one of the most significant genera,
found in the present assemblage has not
been reported in the Lower Eocene.

Amongst gymnospermic genera, only
Podocarpidites is common to both the
assemblages. Angiospermic elements are,
by far, better represented in Eocene of
Kutch than in Oligocene. A few strati-
graphically insignificant genera like Couperi-
pollis. Tricolpites, Araliaceoipollenites, Paleo-
santalaceaepites and Monoporopollenites are
found common in the two assemblages.
But majority of the important genera of
Lower Eocene, viz., Cryptopolyporites, Um-
belliferoipollenites, Polybrevicolporites, Sas-
triipollenites, Pseudonothofagidites, Sonne-
ratioipollis, Lakiapollis, Verrucolporites, Pelli-
cieroipollis,  Meliapollis,  Striacolporites,
Ghoshiacolpites and Thymelaepollis are absent
in the present material. Of the fungi, the
microthyriaceous genus Phragmothyrites and
Inapertisporites are occasionally met with
in both the assemblages. )

Baksi (1962, 1965) investigated the micro-
fossils from the Oligocene sediments around
Shillong Plateau, Assam and proposed
Simsang Palynological Zone III. In his
opinion, this zone is characterized by the
(i) abundance of °gemmate-syncolpate’
pollen, later designated by Baksi and Ven-
katachala (1970) as Meyeripollis, (ii) first
appearance of finely striate-tricolpate pollen,
(iii) frequent association of tubercle bearing
monolete belonging to Polypodiaceae,
(iv) very frequent occurrence of smooth
Leiotriletes, (v) occasional presence of
schizaeaceous/parkeriaceous spores, (vi) pre-

sence of some granular pollen tetrads,
and (vii) frequent occurrence of monocolpate
spinose pollen.

It may be mentioned here that Meyeri-
pollis, the most abundant genus of Oligocene
in Assam, is conspicuous by its absence in
the present assemblage. Besides, striated-
tricolpate pollen and granular pollen-tetrads
arc also not observed in the latter. But the
frequent occurrence of parkeriaceous spores
and smooth, triangular trilete spores are
recorded in both the asszmblages. But
Trisyncolpites — a prominent angiospermic
genus in the present assemblage is not
reported from the Oligocene in Assam.

Baksi (1972) also established Bengal Paly-
nological Zone IV for the Oligocene sedi-
ments of Bengal Basin comprising Burdwan
and a part of Memari formations. This
zone is quite similar to the Simsang Palyno-
logical Zone III of Baksi (1962) except the
abundance of minute tricolpate, tricolporate
and triporate pollen grains in the former.
According to Baksi (1972), the entire Assam
area contains a distinct Meyeripollis pzak
zone at the base succeeded by Polypodi-
isporites oligocenicus and Cicatricosisporites
cenozones. All these three cenozones are
found condensed into one in the Oligocene
sediments of Bzngal.

The Bengal Palynological Zone IV of
Baksi (1972) is not much comparable to the
present miospore assemblage because of the
poor representation of minute sized tri-
colpate, tricolporate and triporate pollen
grains. Besides, the microplanktons of
Bengal Basin is generally represented by
Simsangia whereas in the present material
they are constituted by Polysphaeridium,
Cleistosphaeridium, Spiniferites, Membrani-
larnacia, Homotryblium and Fromea.

The Bengal Palynological Zone V of Baksi
(1972) is of Miocene age and does not
show much similarity to the present assem-
blage because of its explosive abundance
of small tricolpate, tricolporate and triporate
pollen and its first appearance of a few diag-
nostic pollen species assignable to Barring-
tonia, Polygonaceae and Bauhinia. The
microplanktons recorded by Baksi (1972)
as dinoflagellate and hystrichosphaerid
species are also seen to be different from the
present one.

Venkatachala and Rawat (1973) proposed
Magnastriatites cauveriensis zone for the
subsurface sediments of Madanam and
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Karaikal wells of Oligocene age. This
zone is characterized by the appearance of
Cicatricosisporites  macrocostatus, — Mono-
poropollenites gramineoides, Foveotricolpites
perforatus, Proteacidites granulatus and Mag-
nastriatites cauveriensis. Bzsides, in the opi-
nion of Venkatachala and Rawat (1973)
the abundance of Verrucatosporites sparsus,
Polypodiisporites  ornatus, Costatipollenites
pauciornatus and  Myricipites harrissi can
easily distinguish this cenozone from Eocene
and Miocene sediments.

A perusal of the above list indicates that
the present palynological assemblages are

not much comparable to those describzd by
Venkatachala and Rawat (1973) except the
presence of Striatriletes (Magnastriatites),
Polypodiisporites and Monoporopollenites.

The Lacrimapollis pilosus zone instituted
by Venkatachala and Rawat (1973) for
Miocene sediments from the same wells
does not show any resemblance to the present
one as the important palynological taxa of
the former zone like Lacrimapollis pilosus,
Costatipollenites  pauciornatus,  Caryapol-
lenites cauveriensis and Verrucatosporites
bullatus are totally absent in the Kutch
assemblage.
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EXPLANATION OF PLATES

(All the photomicrographs are enlarged .ca. x 500).

PrLaTE 1

1. Cyathidites cf. C. australis Couper; Slide no.
5072/2.

2. Cyathidites cf. C. minor
5073/1.

3. Intrapunctisporis sp.; Slide no. 5074/2.

4,5. Punctatisporites sarangwaraensis sp. nov.; Slide
nos. 5075/2, 5075/6.

6. Punctatisporites sp.; Slide no. 5076/3.

7.8. Toroisporis dulcis sp. nov.; Slide nos. 5077/4,
5078/3.

9. Biretisporites convexus Sah & Kar; Slide no.
5079/2.

10,11. Leptolepidites chandrae sp. nov.; Slide nos.
5080/8, 5081/5.

12. Leptolepidites sp.; Slide no. 5080/7.

Couper; Slide no.

13a,13b. Striatriletes susannae van der Hammen;
Slide no. 5082/6.
14,15. Striatriletes cf. S.  susannae van  der

Hammen; Slide nos. 5083/3, 5084/2.
16,17. Striatriletes sp.; Slide nos. 5085/1, 5086/3.

PLATE 2

18,19. Polypodiaceaesporites  chatterjii  sp.
Slide nos. 5079/1, 5080/9.

20,21. Polypodiisporites constrictus sp. nov.; Slide
nos. 5087/4, 5088/8.

22. Cheilanthoidspora Sah & Kar;
Slide no. 5089/2.

23. Spore type — 1; Slide no. 5090/5.

24,25. Podocarpidites cognatus sp. nov.; Slide nos.
5091/2, 5087/3,

nov.;

monoleta

of 1867-68 and 1869-69. Mem. geol. Surv.
India, 9 (1-2): 1-289.
26. Proxapertites scabratus Jain, Kar & Sah;

Slide no. 5092/5. )

27,28. Couperipollis microreticulata sp. nov.; Slide
nos. 5093/1, 5094/11.

29. Tricolpites sp. 1; Slide no. 5095/3.

30. Tricolpites sp. 2: Slide no. 5096/6. )

31,32. Retitricolpites delicatus sp. nov.; Slide nos.
5097/4, 5098/6.

33-37. Trisyncolpites ramanujamii gen. et sp. nov.;
Slide nos. 5099/6, 5094/2, 5099/5, 5092/3, 5100/4.

38. Araliaceoipollenites sp.; Slide no. 5080/3.

39. Retibrevitricolpites sp.; Slide no. 5089/1.

40,41. Paleosantalaceaepites minutus Sah & Kar;
Slide nos. 5123/5, 5101/2.

42. Monoporopollenites sp.; Slide no. 5102/3.

43. Triporopollenites exactus Salujha, Kindra &
Rehman; Slide no. 5076/2. ;

44, Triporopollenites sp.; Slide no. 5104/5.

45. Stephanoporopollenites sp.; Slide no. 5080/4.

46-47. Malvacearumpollis rudis sp. nov.; Slide nos.
5094/4, 5098/1.

PLATE 3

48. Notothyrites sp.; Slide no. 5105/1.
49-52. Kutchiathyrites eccentricus gen. et sp. nov.;
- Slide nos. 5106/6, 5106/1, 5107/5, 5108/2.

53. Pluricellaesporites planus Trivedi & Verma;
Slide no. 5106/7. .
54,55. Dyadosporonites constrictus sp. Slide

nos. 5109/2, 5110/3. .
56. SLlcﬁ.';I."iwmp(:rwf."res longus sp. nov.; Slide no.
57. Inapertisporites kedvesii Elsik; Slide no. 5111/2.

nov.;
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58-62. Aplanosporites robustus sp. nov.; Slide nos.
5112/3, 5113/1, 5114/3, 5115/4, 5112/2.

PLATE 4

63a-65. Polysphaeridium microtriainum (Klumpp)
comb. nov.; Slide nos. 5116/2, 5117/1, 5116/5.

66a,67. Polysphaeridium cephalum sp. nov.; Slide
nos. 5118/1, 5119/2.

68. Polysphaeridium sp.; Slide no. 5100/2.
69. Spiniferites ramosus cf. var. multibrevis (Davey
& Williams) Sarjeant; Slide no. 5086/8.
70,71. Membranilarnacia delicata sp. nov.; Slide
nos. 5120/3, 5121/6.

72. Membranilarnacia sp.; Slide no. 5087/2.

73. Homotryblium sp.; Slide no. 5122/5.

74. 7Epitractal archaeopyle of Homotryblium;
Slide no. 5075/1.

75. Fromea pachyderma sp. nov. ; Slide no. 5077/3.
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