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ABSTRACT

Mandal J & Guleria JS 2006. Palynology of Vastan lignite (Surat District), Gujarat: its age, palacoecology
and depositional environment. The Palaeobotanist 55(1-3): 51-66.

The paper deals with the palynological investigation of lignite of Vastan lignite mine, located near
Surat in Gujarat, western India. A rich and diverse palynoassemblage comprising 71 genera and 82 species
of pollen-spores, algal-fungal remains and dinoflagellate cysts has been recovered for the first time from
the mine. The study has added to our knowledge the occurrence of one new genus and four new species
of angiospermous pollen. The assemblage is dominated by angiospermous pollen and can be distinguished
from contemporaneous assemblages by high frequency of polycolpate taxa and scarcity of pteridophytic
spores. The assemblage suggests deposition of Vastan lignite during the early Eocene in deltaic conditions
under brackish water influence and depicts prevalence of humid tropical climate.

Key-words—Palaeopalynology, Palaeoecology, Early Eocene, Vastan lignite, Gujarat.
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INTRODUCTION

IGNITE deposits in Gujarat are confined to four

districts, namely Kachchh, Bhavnagar, Bharuch
and Surat. Of these, detailed palynological studies have
been done on the lignites of Kachchh and Bharuch
districts (Kar, 1985; Kar & Bhattacharya, 1992;
Kumar, 1996; Samant & Phadtare, 1997) and some
work has been done on Bhavnagar lignite (Samant,
2000). Lignite of Surat district has not been investigated
palynologically so far. Presently Gujarat Industries
Power Company Limited (GIPCL) is exploiting lignite
of the Vastan lignite mine (Surat District) for production
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Fig. 1—Location map showing Vastan (after Chandra &
Chowdhury, 1969).

of electricity. This mine is situated about 60 km
northwest of Surat. No megaplant fossils have been
recorded so far from thus mine though one of the authors
(JSG) has collected some fossil woods, which are under
investigation. A preliminary investigation of the fossil
woods has shown that they belong to dicotyledonous
group of angiosperms. Recently Alimohammadian et
al. (2005) recorded fungal bodies, cuticular structures,
a flower with projecting stamen-like structures,
Proxapertites, insects and spiders preserved in amber
nodules from the Vastan lignite mine. Beside this, fish
remains, molluscs, benthic foraminifera, ostracodes and
marsupials have also been reported (Bajpai & Kapur,
2004; Bajpai et al., 2005; Bhandari et a/., 2005). In
the present paper the authors have put on record the
palynoassemblage of Vastan lignite and deduced age,
palaeoclimate and palacoecology on the basis of
palynoflora.
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Fig. 2—Lithocolumn showing two lignite seams from where
samples were collected.
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Fig. 3—Intectocolporites baculatus showing free columellae.

The material was collected from an open pit of
Vastan lignite mine situated about 5 km northeast of
village Nani Naroli, Surat District, Gujarat (Fig. 1).
There are two lignite seams in this mine. The seams are
separated by alternation of grey to greenish clay and
shale. When the samples were collected, the seam-1I
has been fully exploited and only one lignite sample
(VLM-1) was collected. Nine lignite samples (VLM-
2-10) were collected from seam-II (about 5 m thick).
The lithocolumn and position of samples are shown in
Fig. 2.

The slides, photo negatives and samples are
deposited in the Museum of Birbal Sahni Institute of
Palaeobotany, Lucknow.

SYSTEMATICS
The study records one new genus and four new

species of angiosperm pollen. These along with a few
little known taxa from India are described below.

Genus—INTECTOCOLPORITES gen. nov.

Type species—Intectocolporites baculatus sp.
nov.

Diagnosis—Pollen grains subprolate to prolate,
tricolporate, colpi long, exine intectate.

Comparison—There is no known comparable
tricolporate, intectate fossil genus. ‘

Intectocolporites baculatus sp. nov.
[P1. 2.13, 14-15(Holotype); Fig. 3]

Diagnosis—Pollen grains subprolate in equatorial
and triangular in polar views; tricolporate, exine
intectate, columellate, columellae baculate, free.

Description—Pollen grains radially symmetrical,
isopolar, mostly preserved in equatorial position,
subprolate in equatorial view and triangular with convex
sides in polar view, 27-30 x 28-34 um (equatorial),
36-40 x 31-36 um (polar) in size. Tricolporate, colpi
22-24 um long, tenuimarginate; pore simple, elliptical,
5 x 3 um. Exine 1.5-2 pm thick; nexine 0.5 um at
mesocolpia and 1 pm thick near apertures; sexine
columellate, columellae baculate, free, closely placed,
about | pm long, 0.5 um broad. Surface granular at
top focus.

Remark—Ten specimens recorded in the
assemblage.

Genus—VERRUTRICOLPITES Pierce, 1961

Type species—Verrutricolpites sphaeroides
Pierce, 1961

Verrutricolpites longicolpus sp. nov.
[PL. 2.25, 26 (Holotype)]

Diagnosis—Pollen grains prolate, tricolpate, colpi
long, exine verrucate.

Description—Pollen grains radially symmetrical,
isopolar, large, 50-55 x 68-78 um in equatorial view,
64 x 66 um in polar view, amb sub triangular. Tricolpate,
colpi 55-60 um long, nearly touching the poles, margin
uneven due to verrucae. Exine 2 pm thick; nexine
uniformly 0.5 um thick; sexine verrucate, verrucae larger
and closely placed at equatorial area which reduces
gradually in size toward poles and appear nearly smooth
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atplaces; larger verrucae 3-4 pm broad and 1 pm high.
Surface negatively reticulate.

Comparisons—Verrutricolpites perverrucatus
Ramanujam (1966) is smaller (26 pm) and has short
colpi. V. triangulus Sah and Kar (1970) is medium
sized (34-44 pm) having 3-7 um thick exine and short
colpi. V. sphaeroides Pierce (1961) has short colpi
extending half of equatorial length. The new species is
distinct in being longicolpate and large in size.

Remark—The species is common in the
assemblage.

Genus—YEGUAPOLLIS Elsik, 1974
Type species—Yeguapollis colporatus Elsik, 1974
Yeguapollis indicus sp. nov.
[PL. 2.1, 2 (Holotype), 3, 4]
Diagnosis—Tricolporate apiculate pollen grains,
exine thicker at poles, sexine columellate, columellae

thin, closely placed and vary in size from pole to
equator.

Description—Pollen grains radially symmetrical,
isopolar, prolate, apiculate, 33-35 x 44-45 um in size
inequatorial view. Tricolporate, apertures indistinct due
to dense sculptures; colpi 28 pm long, narrow,
tenuimarginate; pore lolongate, elliptical, 5 pm long, 2
um wide, simple. Exine 2.5-3 um thick at equator and
4-4.5 pm at poles, tectate; nexine distinct, uniformly
0.5 um thick; sexine columellate, columellae baculate,
slender, closely placed, variable in size, 1.5-2.5 um long
at equator and longer (3-3.5 pm) at poles; tectum thin,
distinct at poles. Surface reticulate, reticula at
mesocolpia broad; lumina irregular in size and shape,
2-5 umlong, 1-3 pmbroad; muri 0.5 pm thick, crooked.

Comparisons—Yeguapollis colporatus Elsik
(1974) 1s subprolate with thicker nexine at poles and
have finer reticulation. Y. prolatus Frederiksen (1994)
1s comparatively smaller (38 x 24 pm, holotype) with
lolongate endoaperture and has clavate columellae.

Remark—This is an infrequent pollen type
represented by four specimens.

Affinity—Yeguapollis indicus compares closely
with pollen of extant genus Lagerstroemia of family
Lythraceae except lolongate pores.

PLATE 1

(Bar on Fig. 2 represents magnification of rest of the photographs)

1. Unidentified spore. Slide No. BSIP13078 (E41/2).

2. Spinomosulcites achinatus (Sah & Kar) Singh & Misra,
1991, Slide No. BSIP13072 (V16/3).

3 Spinomosulcites sp. Slide No. BSIP13075 (Y33).

4. Florschuetzia rajpardiensis Samant & Phadtare, 1997,
high and low foci in parts, Slide No. BSIP 13075 (N30).

5. Ovoidites parvus (Cookson & Dettmann) Nakoman,
1966, Slide No. BSIP13076 (Q36/3).

6. Schizaeoisporites palanaensis Sah & Kar, 1974, Slide
No. BSIP13074 (P11/4).

7. Retistephanocolpites ornatus (Dutta & Sah) Saxena,
1982, Slide No. BSIP13072 (V 9).

8. Ghosiacolpites globatus Sah & Kar, 1970, Slide No.
BSIP13073 (R 23).

9. Proteacidites retusus Anderson,1960, Slide No.
BSIP13074 (K42).

10. Ctenolophonidites sp. Slide No. BSIP13072 (S9/1).

11. Retistephanocolpites flavatus (Sah & Kar) Saxena, 1979,
Slide No. BSIP13072 (T36/4).

12. Verrustephanocolpites sp. Slide No. BSIP13072 (W 11/
2).

13. Plicatiaperturites retipilatus Kar, 1985, Slide No.
BSIP13079(G42).

14. Unidentified pollen, Slide No. BSIP13081 (H10/2).

15, Acanthotricolpites intermedius Singh & Misra, 1991,
Slide No. BSIP13080 (J50/3).

16.  Polybrevicolporites cephalus Venkatachala & Kar,
1969, Slide No. BSIP13082 (028/3).

17. Pseudonothophagidites kutchensis Venkatachala &
Kar, 1969, Slide No. BSIP13074 (K42).

18.  Albertipollenites crassireticulatus (Dutta & Sah)
Mandal & Rao, 2001, Slide No. BSIP13074 (§24/2).

19. Crototricolpites annemarie Leidelmeyer, 1966, Slide
No. BSIP13080(S26/1).

20.  Retitrilatiporites kutchensis (Venkatachala & Kar)
Misra et al.,1996, Slide No. BSIP13080 (L.30).

21.  Ladakhipollenites pachyexinus (Couper) Mathur &
Jain, 1980, Slide No. BSIP13072 (T43/3).
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Genus—VERRUTRICOLPORITES van der
Hammen & Wymstra, 1964

Type species—Verrutricolporites rotundiporis
van der Hammen & Wymstra, 1964

Verrutricolporites cambayensis sp. nov.
[P1.2.10 (Holotype), 11]

Diagnosis—Pollen grains tricolporate, colpi long
with margo, pores lalongate, costate, surface verrucate.

Description—Pollen grains radially symmetrical,
isopolar, spheroidal, 30-38 x 32-41 um in equatorial
view; broadly triangular, 38 x 48 um in polar view.
Tricolporate, colpi long up to 22 pm, margin 2 pm
thick; pores distinct to indistinct, lalongate, 7 pm long
and lpumbroad, costate, costae 2 pm thick. Exine 1.5-
2 pm thick; nexine-sexine not separable, sexine
verrucate, verrucae 1-1.5 pmbroad, 1 pm high, closely
placed, occasionally fused together. Surface scabrate.

Comparisons—In Verrutricolporites rotundiporis
van der Hammen and Wymstra (1964) pores are round
and simple. V. kadiensis Rawat et al. (1977) and V.
aveceniales Rawat et al. (1977) have lalongate pores
but are smaller in size (19-22 x 25-28 pmand 26 x 35
pm, respectively). In ¥ haplites Garcia Guzman (1967)

apertures are costate but smaller in size (25-35 pm).
The new species has thickening around apertures and
comparatively larger in size.

Remarks—The species is common. There are
variations in surface texture due to differential verrucae
size and also length of pores. This variation is considered
as developmental stages of grains.

Genus—ECHITRICOLPITES De Silva Pares
Regalietal., 1974

Type species—Echitricolpites communis De Silva
Pares Regalietal., 1974

Echitricolpites communis De Silva Pares Regali et
al., 1974

(Pl.2.19, 20)

Description—Pollen grains radially symmetrical,
isopolar, subprolate, 18-20 x 22-25 um in equatorial
view, 24 X 27 pm in polar view, amb broadly triangular.
Tricolpate, colpi 15 pm long, close, tenuimarginate.
Exine about 1 um thick, tectate; nexine thin but distinct;
columellae layer obscure, tectum thin. Surface echinate,
echine small, 1 pm long, 0.5 pm broad at base, tips
acute, sparsely distributed all over; inter-echinate area
smooth.

PLATE 2

—

(Bar on Fig. 1 represents magnification of rest of the photographs)

14.  Yeguapollis indicus sp. nov., Figs 1, 2 Holotype in two
foci, Slide No. BSIP13076 (E22/4), Figs 3, 4, another
grain in two foci, Slide No. BSIP13081 (H11).

5, 6. Striatricolpites sp. In two foci, Slide No. BSIP13077
(K26/3).
7. Araliaceoipollenites descretus Venkatachala & Rawat,

1973, Slide No. BSIP 13075 (Q44/3).

8. Tetraporites sp. Slide No. BSIP13078 (R20/2).

9. Paleosantalaceaepites primitiva Biswas, 1962, Slide
No.BSIP13081 (D37/1).

10,11. Verrutricolporites cambayensis sp. nov., Fig.10
Holotype, Slide No. BSIP13077 (L19), Fig. 11, Slide No.
BSIP13078 (P32).

12. Rﬁoipites anacardioides Ramanujam, 1987, Slide No.
BSIP13080 (F12/4).

13-15. Intectocolporites baculatus gen. et sp. nov., Fig. 13,
polar view, Slide No. BSIP13074 (W23/4), Figs 14, 15,

Holotype in two foci, Slide No. BSIP13077 (T38/4).

16,21. Rhoipites pilatus Sah & Kar, 1974, Fig.16, Slide No.
BSIP13076 (Y35/2), Fig. 21, Slide No. BSIP13074 (W35/
).

17, 18. Unidentified pollen in two foci, Slide No. BSIP13075
(Q36).

19,20. Echitricolpites communis De Silva Pares Regali et al.,
1974, Fig. 19, Slide No. BSIP13073 (W25/4), Fig. 20,
Slide No. BSIP13073 (S31/2).

22. Unidentified pollen, Slide No. BSIP13075 (D36/1).

23. Minutitricolporites minutus Kar, 1985, Slide No.
BSIP13075(Q41/2).

24, Incrotonipollis neyvelii (Baksi et al.) Jansonius &
Hills, 1981, Slide No. BSIP13077 (J18).

25,26. Verrutricolpites longicolpus sp. nov., Fig. 25 in polar
view, Slide No. BSIP13072 (J25), Fig. 26, Holotype in
equatorial view, Slide No. BSIP13072 (G32/3).
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Remarks—The species is rare in the assemblage
(three specimens) and is the first record from India.
Koshal and Uniyal (1986) recorded Echitricolpites
sp. from Cambay Basin but did not provide any
description.

Genus—CROTOTRICOLPITES Leidelmeyer,
1966

Type species—Crototricolpites annemarie
Leidelmeyer, 1966

Crototricolpites annemarie Leidelmeyer, 1966
(PL. 1.19)

Description—Pollen grains radially symmetrical,
isopolar, 42-44 x 45-46 um in size in polar view, amb
subtriangular. Tricolpate, colpi long, gaping (10 pm) at
equator and pointed at poles. Exine intectate, 3.5-4
pum thick; nexine 1 pm thick; columellae clavate,
compactly arranged, about 3 pm long, 2.5 pmbroad at
top, appear triangular on top focus. Surface crotonoid,
5-7 clavae arranged in a crotonoid pattern.

Remarks—Crototricolpites densus Salard —
Cheboldaeff(1978) recorded by Rao and Ramanujam
(1982) from Quilon bed (Miocene) of Kerala is smaller
in size (26-35 pm) and is colpate to colporoidate.
C.annemarie is the first record from India . The species
1s rare in the assemblage and represented by two
specimeris.

Affinity—Euphorbiaceae (Rao & Ramanujam,
1982).

Genus—TETRAPORITES Samoilovich, 1965

Type species—Tetraporites parvus Samoilovich,
1965

Tetraporites sp.
(PL. 2.8)

Description—Pollen grain radially symmetrical,
isopolar, subprolate, 32 x 40 um in size. Tetraporate,

pores circular, 3 pm in diameter, subequatorial, costate,
costae 2 pm wide. Exine 1.5 um thick, tectate; nexine
thin, about 0.5 pm; sexine columellate, columellae
baculate, slender, 1 pm apart; tectum smooth, 0.5 pm
thick. Surface scabrate to microreticulate.
Remarks—This genus has been rarely recorded
in India. Tetraporites sp. has been recorded by Koshal
and Uniyal (1984) from the Palaeocene-early Eocene
subsurface sequence of North Cambay Basin without
any description or photograph. Only one specimen has
been recorded here and thus no specific name is given.

DISCUSSION

The palynological assemblage recovered from
Vastan lignite mine is diverse and rich. The assemblage
consists of 71 genera and 82 species of pteridophytic
spores, angiosperm and gymnosperm pollen and algal
bodies. In addition, fungal remains are also recovered
in good number. Moreover, a few spores and pollen
grains could not be identified (Pl. 1.1, 14;2.17, 18).
The study recorded one new genus Intectocolporites
and four new species i.e., Intectocolporites baculatus,
Verrutricolpites longicolpus, Yeguapollis indicus,
Verrutricolporites cambayensis of angiospermous
affimity. Angiosperm pollen overwhelmly dominate in
the assemblage while pteridophytic spores (5 genera)
and gymnosperm pollen (one genus) are poor in both
variety and number. Fungal remains are represented
by spores, hyphae and microthyraceous fruiting bodies.
Dinocysts, Botryococcus and some spores like
Psiloschizosporis, Ovoidites represent algal forms. A
list of taxa with their distribution and abundance in each
sample is shown in Fig. 4 and some important taxa are
illustrated in Plates 1 and 2.

A single sample from seam-I has yielded few spores
and pollen. On the other hand, few samples (nos. 2, 5,
7) from seam-I1 are very rich in palynomorphs while
the yield is moderate to poor in other samples. The
palynoassemblage shows dominance of genera at
different levels of seam-I1. Polycolpate genera dominate
in sample no. 2 and subdominant forms are
Ladakhipollenites spp., Albertipollenites
crassireticulatus, Verrutricolpites longicolpus and
Minutitricolporites minutus. In samples no. S and 6,
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Albertipollenites retibaculatus 1s the dominant taxon
and the other important taxa are Verrucolporites
verrucus, Angulocolporites microreticulatus,
Plicatiaperturites retipilatus, Florschuetzia
rajpardiensis. Samples no. 7-9 are dominated by
Acanthotricolpites spp. and Proxapertites spp. and
subdominant species are Retipilanopites cenozoicus,
Lanagiopollis regularis and dinoflagellate cysts. A few
taxa like Spinomonosulcites achinatus, Spinomono-
sulcites sp., Retistephacolpites flavatus occur in good
number throughout the seam II. Other taxa show
irregular distribution (Fig. 4).

AGE OF VASTAN LIGNITE

The published data on distribution of palynomorphs
reveal that a number of taxa exhibit short vertical and
wide lateral distribution which helps to determine
precise age of an assemblage (Kar, 1985; Samant &
Phadtare, 1997; Thanikaimoni ef al., 1984,
Venkatachala er al., 1989). Vastan assemblage is fairly
rich and contains a number of taxa possessing dating
potential.

Generally Proxapertites spp., Acanthotricolpites
spp., Spinomonosulcites achinatus, Ladakhi-
pollenites spp., Spinizonocolpites baculatus,
Matanomadhiasulcites maximus, Tricolpites
reticulatus, Lakiapollis ovatus are restricted within
the late Palaecocene—early Eocene. Although the late
Palaeocene—early Eocene palynofloras show close
similanty yet the late Palaeocene can be differentiated
by the presence of genera like Droseridites,
Kielmeyerapollenites, Lycopodiumsporites,
Dandotiaspora particularly D. dilata. Likewise
Tricolporocolumellites, Tricolporopilites, Dermato-
brevicolporites are characteristic forms of the middle
Eocene which are absent in the present assemblage.
Moreover, association of taxa like Retitrilatiporites,
Cheilanthoidspora, Acanthotricolpites, Ladakhi-
pollenites, Lakiapollis, Dracaenoipollis, Clavaperi-
porites, Angulocolporites, Minutitricolporites,
Sastripollenites, Striacolporites, Pseudonyssa-
pollenites, Pseudonothofagidites, Incrotonipollis,
Tricolpites reticulatus in the assemblage indicate an
early Eocene age. Vastan assemblage is closely similar

to the early Eocene flora of Kachchh (Kar, 1985),
Rajpardi (Kar & Bhattacharya, 1992; Samant &
Phadtare, 1997) and Bhavnagar (Samant, 2000).
Thus an early Eocene age has been inferred for
the Vastan lignite. A similar age (Ypresian) has been
assigned to the lignite sediments of Vastan by Bajpai
and Kapur (2004) and Bhandari et al. (2005) on the
basis of ostracodes, gobiids, molluscs and benthic
foraminifera, e.g., Nummulites burdigalensis. Bajpai
et al. (2005) discovered marsupials from this mine and
designated middle Ypressian (~ 52 Ma) age.

PALAEOECOLOGY AND PALAEOCLIMATE

For deducing palaeoecology, fossil pollen taxa have
been compared with the pollen of extant plants with
the assumption that fossil taxa had more or less similar
ecological preferences. Several ecological and climatic
indicator palynotaxa have been recovered in the
assemblage, which are shown in Fig. 5.

The fungal spores, hyphae and microthyraceous
fruiting bodies present in the assemblage are commonly
found in the mesophytic forests of tropical to subtropical
climate where precipitation is high (Selkrik, 1975). Algal
elements such as Psiloschizosporis, Ovoidites of
Zygnemataceae and Botryococcus generally reflect
fresh water conditions. Pteridophytic spores are
represented by Schizaeaceae (Schizaeoisporites,
Lygodiumspovrites), Polypodiaceae (Polypodii-
spovites, Laevigatosporites) and indicate the
occurrence of hot and humid conditions.

Angiosperm pollen are represented by at least
eighteen families of which monocot belongs to three
families (Fig. 5). The pollen grains of Arecaceae
(Spinomonosulcites, Spinizonocolpites, Retitrilati-
porites, Acanthotricolpites), Araceae (Proxaper-
tites), Dracaenaceae (Dracaenoipollis) indicate
tropical climate. The coastal condition is reflected by
Rhizophoraceae (Florschuetzia, Paleosantala-
ceaepites) and Nypa pollen (Spinizonocolpites), a
core mangrove element. These mangroves are found in
true tropical climate with high precipitation. Equatorial
position of India during the early Eocene (Dercourt et
al., 1993) also supports the prevalence of tropical
climate. Pollen referable to Gunneraceae (I¥icolpites
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reticulatus), Bombacaceae (Lakiapollis), Ctenolo-
phonaceae (Ctenolophonidites, Ghosiacolpites),
Polygalaceae (Polygalacidites) suggest presence of
fresh water swamps. The families like Euphorbiaceae
(Incrotonipollis, Crototricolpites), Annonaceae
(Matanomadhiasulcites), Caesalpiniaceae (Margo-
colporites), Lythraceae (Yeguapollis), Meliaceae
(Meliapollis), Linaceae (Clavaperiporites),
Anacardiaceae (Rhoipites anacardioides),
Alangiaceae (Lanagiopollis) suggest lowland
evergreen vegetation. ‘

The accurrence of Araliaceae (Araliaceoi-
pollenites, Paleoaraliaceaepites), Proteaceae
(Proteacidites) and Podocarpaceae (Podocarpidites)
probably indicate the influence of upland flora from the
near by highlands.

DEPOSITIONAL ENVIRONMENT

As mentioned earlier, fungal remains comprising
fruiting bodies, hyphae and spores occur in plenty in
organic matter rich Vastan sediments, indicating activity
of saprophytic fungi. Generally deltaic sediments
provide such substrate (Traverse, 1988). Occurrence
of dinoflagellate cysts and mangrove taxa
Spinizonocolpites, Paleosantalaceaepites and
Florschuetzia in the seam-II indicate marginal marine
conditions. Operculodinium centrocarpum, the
dinocyst taxon, suggests shallow depths in inner neritic
zone and low salinity (Harland, 1983; Morzadec—
Kerfourn, 1983). Benthic foraminifera, ostracodes and
gobiids recorded from the shale horizon above the
seam-1I (Bajpai & Kapur, 2004; Bhandari ez al., 2005)
also support prevalence of marine conditions.
Moreover, frequent occurrence of lammelibranch shells
in the lignite indicating coastal shallow depth deposition
throughout the sequence. The lithological evidences of
the early Eocene transgression in the Cambay Basin
(Bhandari & Raju, 1991) also support this conclusion.
Thus it can be concluded that lignite in Vastan was
- deposited in a delta, which was frequently inundated
by seawater incursions.

PALYNOFLORAL COMPARISON

The present palynoassemblage can be compared
with the early Eocene assemblages of Gujarat recorded
from Rajpardi lignite (Kar & Bhattacharya, 1992;
Kumar, 1996; Samant & Phadtare, 1997); Bhavnagar
lignite (Samant, 2000); subsurface of Cambay Basin
(Koshal, 1991; Venkatachala & Chowdhary, 1977);
Kachchh (Kar, 1985; Venkatachala & Kar, 1969);
Rajasthan (Jain et al, 1973; Kar & Sharma, 2001;
Naskar & Baksi, 1978; Sah & Kar, 1974; Tripathi et
al., 2003) and West Bengal (Baksi, 1971; Baksi &
Deb, 1980, 1981; Bera & Banerjee, 1995).

All the recorded (early Eocene) assemblages are
dominated by angiosperm pollen and show similarity in
their compositions. But each assemblage also differs in
the presence, absence and frequency of certain
important taxa. A brief palynofloral comparison is
presented here.

Most distinct of these assemblages are from
Rajasthan. In spite of showing general similarity in
possessing a number of common taxa such as
Proxapertites, Spinomonosulcites, Spinizono-
colpites, Retistephanocolpites, Acanthotricolpites
kutchensis, there are some significant taxa namely
Primofoveomonocolpites excellensus Kar and
Sharma (2001), Bithnokiapollis striatus Kar and
Sharma (2001), Spinitetradocolporites spinosus Kar
and Sharma (2001), Kapurdipollenites gemmatus
Tripathi (1993), Retiverrumonosulcites barmerensis
Tripathi (1993) which are confined to Barmer and
Bikaner basins of Rajasthan.

The common taxa with Bengal Basin are
Proxapertites, Spinizonocolpites, Incrotonipollis,
Spinomonosulcites, Acanthotricolpites, Paleosan-
talaceaepites, Tricolpites reticulatus and abundance
of polycolpate forms. However, diporate pollen, one
of the major elements of Bengal flora (Bera & Banerjee,
1995) is totally absent here. Both quantitatively and
qualitatively Vastan assemblage is richer than the Bengal
palynoflora.

The present assemblage also shows close similarity
with Kachchh flora. The early Eocene flora of Kachchh
consists of 78 genera and 116 species of which 37
genera and 32 species are in common to Vastan flora.
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The present assemblage can, however, be differentiated
having meagre pteridophytic spores and abundance of
polycolpate pollen. Moreover, several significant taxa
of Kachchh assemblage like Marginipollis,
Umbelliferoipollenites, Pellicieroipollis, Sonneratioi-
pollis, Ligulifloraedites, Spinulotetradites,
Tripilaorites, Intrareticulites are absent here.

The Cambay Basin flora from subsurtface also has
some genera common with the present one but the
important taxa of Cambay assemblages like
Cicatricosisporites, Osmundacidites, Annutri-
porites, Myricipites are absent in the Vastan
assemblage.

The Bhavnagar lignite flora consists of 66 genera
and 85 species of which 21 genera are common to
Vastan. The important constituents of Bhavnagar flora
like Pellicieroipollis, Umbelliferoipollenites,
Triangulorites, Quilonipollenites, Bombacacidites,
Marginipollis are absent in the present assemblage.

The Rajpardi (Bharuch District) palynoflora is
tairly rich consisting of 84 genera and 138 species.
Of these, 30 genera and 23 species of spores and
pollen grains are common to Vastan flora. In spite of
a lot of similarity, the present assemblage contains
some significant taxa such as [ntectocolporites
baculatus, Verrutricolpites longicolpus,
Verrutricolporites cambayensis, Yeguapollis
indicus, Crototricolpites annemarie, Echitricolpites
communis, Angulocolporites, Sastripollenites
which are absent in Rajpardi flora. It is evident from
the above comparison that the present assemblage
shows close relationship with Kachchh, Rajpardi and
Bhavnagar palynofloras and the observed differences
probably reflect variations in local vegetation.

CONCLUSIONS

The following inferences can be made from the
study of rich Vastan assemblage:
1. Vastan palynoflora indicates an early Eocene age.
2. The flora shows close similarity with Rajpardi,
Bhavnagar and Kachchh assemblages compared
to other known floras.
3. Lignite was deposited in a coastal deltaic
environment under marine influence.

4. The palynoassemblage indicates existence of
tropical climate at the time of lignite deposition.

Acknowledgements—The authors are thankful to Dr Samir
Sarkar for identification and interpretation of dinocysts.
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