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ABSTRACT

Samant B 2000. Palynostratigraphy and age of the Bhavnagar Lignite, Gujaral, India. Palaeobotanist
49( I) • JO 1- 118.

A good frequency of pollen and spore taxa are recovered during the palynological study of the Bhavnagar
Lignite of Gujarat. Pollen assemblage consist of 66 genera and 85 species. Of these, eight genera and 12
species are of pteridophytic spores, one genus of gymnosperms and 57 genera and 74 species of angiosperms.
Amongst these, one gcnus and nine species are described as new. On the basis of abundance, the Bhavnagar
palynoassemblage is divided into two cenozones in ascending order as TriplallO!Jpori/es Sill/./OliS Cenozone
and Ari'llgapollelliles i1chillaIus Cenozone. Palynotlora suggests deposition of this lignite during Early Eocene
period under warm humid tropical climatic conditions.

Key-words-Palynology, Lignite, palaeoclimate, palacoenvironmelll, Early Eocene.
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INTRODUCTION

THE Bhavnagar Lignite deposits are associated with Tertiary
rock exposures around western margin of the Cambay

Basin between latitude N 21°26", 21°43" and longitude

E 72°7"30', 72° 16"30' (Fig. I). The Tertiary exposures in this
area extend to about 202 sq km, with an extension of 60 to 70
km in length (North-south) and 2-3 km in width (West-East).

The Directorate of Geology ~l1ld Mining (DGM), Gujarat
has carried out detailed geological study of the area. Accord-
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102 THE PALAEOBOTANIST

mg to the DGM (unpublished report) Deccan traps form the
basement for the Supratrappean (Paleocene-Eocene) sequence.
Supratrappeans are unconformably overlain by Kharsalia Clay
Formation of Eocene age. About 2-10 m thick lignite sequence
IS a part of the Kharsalia Clay Formation. This formation is
unconformably overlain by the Gaj Formation of Miocene age.
All these formations are concealed under the thick alluvial
deposits of Sub Recent to Recent age. The generalised lithol­
ogy this sequence is given Fig. 2.

The comprehensive palynological study of the Bhavnagar
Lignite has shown good frequencies of pollen and spore taxa.
The present paper discusses in detail some of the new fossil
taxa recovered from the deposi ts. With the help of palynotaxa
recovered an attempt is made to interpret the palaeoclimate,
palaeoecology and depositional environment of the basin. The
palynoassemblage is also used for the demarcation of
palynostratigraphic cenozones and evaluation of age of the
deposits.

MATERIAL AND METHODS

About55 samples of the Bhavnagar Lignite were received
from Petrography and Mineral Chemistry Laboratory at
Gandhinagar, with due permission of the Directorate of
Geology and Mining, Ahmedabad. Generalised lithology of
the bore holes is given in Fig. 3. The material slUdied consists
of grey clay, carbonaceous clay and lignite. Almost all the
samples collected have yielded microfossils. For the recovery
of microfossils, the samples were subjected to standard
maceration techniques. Ten slides of each sample have been
prepared for the microscopic study.

All the type and figured specimens are deposited in the
repository of the Department of Geology, Nagpur University,
Nagpur.

220

"

" I 21°

"

""

: 1\

" "'KM "
,,' 0 20
. I I I

7~

-,c, "__ ,
\ I
I J
I \

t ', \

" \, '\ ' ... _... "
t

.CD
~JHAGADIA"

CD .":,,\~,, "

ANKLESHW.AJ(·.:·W>
'.:->'- ::' '" " ,"

./ " " "/"/
/"

co:JARKESHWAR "

~" " 1\ "<--
~

." " " " "
"

"
"

"

72"

"

"
" "

'"-- ./~..~:='~/"
" "

"

BHAVNAGAR
I.

GOGHA
1\

"

21°

22"

~ DECCAN TRAP ~ PALEOCENE I::::::::JEOCENE

~ BHAVNAGAR LIGNITE DEPOSITS

Fig. 1- Geological map ofthe Cambay
basin (Modi lied after Mathur
ell/I., 1968)



SAMANT - PALYNOSTRATIGRAPHY AND AGE OFTHE BHAVNAGAR LIGNITE 103

-------Unconformity----------

--------Unconformity----------

I I VARIEGATED
CLAY

Lithology

Soil and Alluvium
Dunes and Beach sand

Variegated
shales with
Gypsum. sandstone
Marl and conglomerate

Grey to greenish
grey clays, fossiliferous
grey clays. sandstones
Lignite with siderite
nodules

Formation

Recent
Deposits

Gaj
Formation

Kharsalia
Clay
Fonnation

Age

Recent to
Subrecent

Lower
Miocene

Eocene

~(I)
In::
I- W
0...1­
WW
O~

Or-

z
~
:::>
-l
o
oo
I
I­
-l

v V V V

V V V V

o 0 0 0

o 0 0 0

W
I- >­U5 (9'

WOO
-lZ-l
0...«0
~ I
« ~
(I) -l

TOP SOIL!
ALLUVIUM

FINE GRAINEC
SAND

--------Unconformity'---------- 10 -.-._~-

Bentonite,
Laterite and reworked
Bentonite clay

Trap tlows
with intrusions

Supra­
trappean

Deccan
Trap

Paleocene to
Lower
Eocene

Upper
Cretaceous
to Lower Eocene

- -'-.-
- _0_'-

_.-.-.­
_.-.-.-

ASH GREY
CLAY WITH

SANDY
MATRIX

Fig. 2- Geological formations and lithology of the area (after DGM).

SYSTEMATICS

PTERIDOPHYTES

Genus-POLYPODIISPORITES (Polonie) Poloni\; 1956.

Type species-POLYPODIISPORITES FAVUS (Potonie)
Potonie 1956
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POLYPODIISPORITES CONN US sp, nov.

PI. 1·10

Diagnosis-Spores slighlly concavo-convex; monolete;
laesura less than half the longer axis of the spore; exosporium
thick; conale, coni coalesce together to fOlln reticulations.

Description-Spores bilateral, slightly concavo-convex;
34-36 x 61-651Jm in size; monolete; laesura less than half the
longer axis of the spore, almost closed, ends pointed;
exosporium 1-21Jm thick; conate, coni pointed, coni coalesce
together to give reticulate appearance. OJ
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Fig. 3-Generalised lilhocolumn of the Bhavnagar Lignite.
'-
/' o UNPRODUCTIVE • PRODUCTIVE



104 THE PALAEOBOTANIST

Rel1larks-The above described spore differs from all the
known species of the genus in having short laesura and conate

sculptural elements which coalesce together to give reticulate
appearance.

Holotype-Slide no. DGN/C-1121717.

A.tfinity-Polypodiaceae.

ANGIOSPERMS

Genus-JACOBIPOLLENITES Ramanujam, 1966

Type species-JACOBIPOLLENITES MAGNIFICUS
Ramanujam, 1966

JACOBIPOLLENITES RAMANUJAMII sp. nov.

PI. 3,]

Diagnosis-Pollen grains spheroidal; monoporate; pore
small. almost circular, distinct margins; exine thick reticulate
heterobrochate.

Description-Pollen grains spheroidal; 25-30 11m in di­

ameter; monoporate: pore almost circular, small, 4-6 11m in

diameter. slightly crassimarginate, pore margins smooth, regu­
lar; exine 2-3 11m thick, nexine slightly thinner than sexine,
nexine smooth to slightly undulating, columellate, semitectate;
reticulate, simple to duplibaculate, heterobrochate, muri 1- 1·5

11m thick. lumina about 111m wide, circular to polygonal.

Remarks-The genus JacobipolleniLes Ramanujam
(1966) incorporates spheroidal, monoporate pollen grains with

retipilate sculpture pattern. Jacobipollenites magfllficus
Ramanujam (1966, pI. 5, figs 88 and 89) has almost indistinct

pore margins, homobrochate retipilate sculpture pattern and
wide lumina. I l1Iagniporus Singh & Mishra (1991) has very
large pore and polygonal lumina. I cressimllrus Singh &
Mishra (1991) appears similar to the proposed specimen, how­
ever distinctly large size (80-95 11m), thick exine (10-15 pm)

and fused pila heads differentiate this morphotype from theI
Ral1/(lnujamii sp. nov. I arthungalensis Rao (1990) possess
thick annulus around pore and retipilariate sculpture. Small
size. distinct aperture margin and reticulaLe heterobrochate

sculpture pattern are the diagnostic characters of this speci­
men. This is a common morphotype of the Bhavnagar lignite
assemblage.

Holorype-Slide no. DGN/CDT-97/5A/30.

AjjinifV-J. ramanujamii appears similar to extant
Madagascaran palm Ravena (Lauve!ia) albicans.

Genus-NYMPHAEACIDITES Sah 1967

Type species-NYMPHAEACIDITES TYPICUS Sah

1967

NYMPHAEACIDITES sp.

PI. 4·3

Descripfion-Pollen grains prolate; 72 x 57 11m in size:
monosulcatc; sulcus open at two ends, tenuimarginate, sulcus
margins beset with bacula: exine about 0·5 11m thick, intectate.
sexinc and nexine undifferentiable; baculate, bacula sparsely
distributed, intrabacuJate exine psi late.

Remarks-N. SpillOSIlS Saluja et al. (1980) is spinulate.
N. decorafus Venkatachala & Rawat (J 973) is granulate.

Distinct monosulcate aperture and baculate sculpture pattern
differentiate this palynomorph from other known species.
Single species, could be recovered from the assemblage.

Aflillity-Nymphaeaceae.

Genus-POLYBREVICOLPORITES Venkatachala &
Kar 1969

Type species-POLYBREVICOLPORITES
CEPHALUS Venkatachala & Kar 1969

POLYBREVICOLPORITES RETICULATA sp. nov.

PI. 4'7-8

Diagnosis-Pollen grains isopolar: circular in polar view;
7-8 colporate; colpi short; ora almost indistinct; exine distinctly
thick, reticulate nexinalthickening in intcrcolpal region.

Description-Pollen grai ns isopolar, circular, about 40­
41 11m in size; 7-8 colporate; colpi short, open, margins smooth
to slightly irregular, extention of sculpture pattern up to col pal

PLATE 1
(All magnification x 1000 unless otherwise mentioned)

"./

Crmhidites lIuslrafi.< Couper, DGN/C-I22/6/7.
2. Dlilldoliasf'lIra f'huall (Sah & Kar) Sah. Kar & Singh. DGN/C-IIO/

8(H x 40.
:I LlIe"iRlItlsf,"riles !lIkiellsis Sah & Kar. DGN/C-I I 1/6/4.
-I L. Rracili.~ Wilson & Websler, DGN/C-116/8/1.'i.
5. LlIeI'iRlIIlIsfJlJriles sp., DGN/C-117/6/16.
6 P,eridoClifites trianguflilus Sah, DGN/c-114/7/10.
7 LrglldiumSf)lIrites !lIkiellsis (Sah & Karl R"o & Singh. DGN/CDT-98f

Inl

8. P"!Yf'"diisf'"riles wtl/omii (Ramanujam) Rao & Ramanujam, DGN/
C-112/7/7

9. PllfYf)()dii,l,!,orites cOlIslriC/us Kar. DGN/C-I I 1/7/5,
10. P. CIII/US sp. nov, DGN/C-112/7/7.
II T"disf'"riles mllj"r Couper. DGN/C-IIO/6/1
12. T//ovotus Sah & Kar, DGN/C-11J/6/38
1:1. Trif)f(ll/llSfJl)rites sil/ulIUS Pflug, DGN/C-72/1/22.

14. Schi::oeoisf'orites muflistria/us R"o & Ramanujam. DGN/C-74/4/23.
15. P"d"wrf'idiles sp.. DGN/C-116/8/15.
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HoLotype-Slide no. DGN/C-73/2/39.

Affinity-This described palynomorph resembles the
extant Pometia pinnata (PI. 5,5, 6) of Sapindaceae (Samant,
1996a). The comparative morphology of the fossil and extant
pollen of Pomelia pinnma is given below:

Description-Pollen grains suboblate, triangular; 20-21
x 20-22 pm in size; tricolporate; apertures situated at angles,
slightly protruding; colpi short, 2-3 flm long in polar view,
tenuimarginate, ends pointed, almost inconspicuous, col pal
margins smooth; ora endexinous, circular, 1-2 flm; exine about
1-1'5 flm thick, nexine and sexine of same thickness at
intercolpal region, nexine around aperture 2 flm thick,
columellate, reticulate, heterobrochate, brochi rather irregular
in outline; lumina about I flm wide and muri about 1 flm thick.

margins, tenuimarginate, ends pointed to blunt; ora almost
indistinct; endexinous, circular to lalongate; exine 5 flm thick,
distinctly thicker (3 flm) than sexine (2 flm), nexine forms
crescent shaped thickening in the intercolpial region, thin at
the aperture margins, columellate, semitectate, reticulate,
simply baculate, homobrochate.

Remarks-PoLybrevicoLporites cephaLus Venkatachala &
Kar (1969) is 5 lobed with intrabaculate sculpture pattern. P
antiquum (Ramanujam) Kar (1978) is six colporate and
reticulate to granulate. P karii Rao & Ramanujam (1982) is 5
colporate with thin exine and intrareticulate sculpture. P
distinctus Samant & Phadtare (1996) has crescent shaped
thickening at colpal ends. This palynomorph differs from all
the known species in having 7-8 colporate aperture, reticulate
sculpture and distinctly crescent shaped nexinal thickening in
the intercolpal region.

HoLotype-Slide no. DGN/C-116/6/l4.

PometiapoLLeniles
reticuLatus gen. et. sp. nov.

Pometia pinnata

Type species-PSILODIPORITES HAMMENII Varma
& Rawat 1963

Genus-PSILODIPORITES (Varma & Rawat)
Venkatachala & Rawat 1972

PSILODIPORITES sp. A

PI. 5·10

Description-Pollen grain oval in shape; 26 x 28 flm in
size; diporate; pores elliptical, about 8 flm long, distinct col­
lar-like thickening at pore, margins rugged; exine about 1·5
flm thick, nexine thinner than sexine; psilate.

I .3-2 flm thick

triangular

16-29 x 20-38 flm

tribrevicolporate
2-6 flm in diameter

(Polar view)
2-5 flm in diameter

reticulate to
microreticulate

5. Exine: 1-1'5 flm thick

b) Pori: 1-2 flm in diameter

4. Sculpture: reticulate to
microreticu late

I. Shape: triangular

2. Size: 20-21 x 20-22 flm

3. Aperture: tribrevicolporate
a) Colpi : 2-3 flm in diameter

POMETIAPOLLENITES RETICULATUS gen. et sp.
nov.

Diagnosis-Pollen grains suboblate; triangular
tribrevicolporate; colpi short; ora aspidate, circular; exine thin,
reticulate sculpture.

Affinity-Unknown.

Genus-POMETIAPOLLENITES gen. nov.

POMETIAPOLLENITES RETICULATUS gen. et sp.
nov.

PI. 5-4

Generic DiagJ:osis-Pollen grains suboblate, tricolporate,
slightly protruding aperture; colpi short; exine thin; reticulate.

Remarks-The genus SympLocoipoLLenites Potoni€
(1960) includes oblate, triangular pollen grains, short colpi
with vestibulum and granulate to rugulate sculpture pattern.
The genus Cupanidites (Cookson & Pike) Chumura (1973)
includes triangular, tricolpate pollen grains, nonsyncolpate,
syncolpate or parasyncolpate colpi, inconspicuous pore and
reticulate to scabrate sculputre. The proposed genus can be
differentiated from these genera in having suboblate shape,
slightly protruding aperture, very short col pi, aspidate ora and
distinctly reticulate sculpture pattern.

PLATE 2
(All magnificalion x 1000 unless otherwise mentioned)

"/'

Anacolosidires rrilobarus Venkalachala & Rawat. DGN/C-116/7/33.
2. Arfcipires bellus Sah & Kar, DGN/C-115/8/13.
3. Am!iaceoipo/leflires descrerus Venkalachala & Rawal, DGN/C-III/

6/4.
4. Cryplopolyporires cryplus Venkatachala & Kar, DGN/C-111/6/4.
5. Exlant pollen of Gonystylus bomeensis. DGN/G/35.
6. BombaCiJcidires lriwl[iulalus Kar, DGN/ 111/8/36.

7. Inirarericulires brevis (Sah & Kar) Kar, DGN/C-112/7n.
8. Arefliiapollenires echiflalus Kar, DGN/C-112/7/7.
9. Creflolophonidires wswrus van Hoeken Klinkenberg. DGN/C-117/7/

17.
10. Cupwlidires!laccidijilrmis Venkatachal & Rawal, DGN/CDT-70/8/ 19.
II. Halora[iidacidiles neyvelii Ramanujam. DGN/C-III/2/3.
12. lil[iopollis relraporires Venkatachala & Rawal. DGN/C-70/3/18.
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Remarks-Distinctly oval shape and collar-like thicken­

ing around the pore differentiates the recovered palynomorph
from all the recorded specimens of Psilodiporiles. A single
specimen could be recovered from the assemblage.

Affillil)'-Uncertain.

PSILODIPORITES sp. B

PI. 5·9

DescripiiOl/-Pollen grain barrel-shaped; 25 x 26 jJm in
size: diporate; pores of unequal size, pores about 10-\2 jJiTI
long margins thin, rugged; exine about \·5 jJm thick, sexine
and nexinc undiiTerentiable; psilale.

Remarks-Presence of pores of unequal size is the

dillcrentiating character of this specimen. A single specimen

could be recovered from the assemblage hence no specific name
IS glvcn.

Afjinity-Uncertai n.

Genus-RACEMONOCOLPITES Guzman 1967

Type species-RACEMONOCOLPITES RECEMATUS
(van der Hammen) Guzman 1967

RACEMONOCOLPITES BHAVNAGARENSIS sp. nov.

PI. 5·13

Diagnosis-Pollen grains triangular; trichotomosulcate;
exine thick; heteroclavate; intrasculpture exine psi late.

Descriplion-Pollen grains triangular, about 34-35 x 41­

46 jJm in size; trichotomosulcate; sulcus long extending up to
margins; tenuimarginate, margins beset with clavae, smooth,
sulcus open or closed; exine )·5 to 2 jJm thick, sexine and

nexine undifferentiable, exine slightly undulating; clavate,
heteroclavate, clava 2-4 ~lm long, intrasculpture exine smooth.

Remarks-The above described palynomorph resembles

R. Irichotomosulcatlls reported by Mandai (199 I. pI. I figs.

1-4) from Palaeocene sediments of Thanj inath, Meghalaya in
having trichotomosulcate aperture pattern, however the later

is distinctly bigger in size with clavate, baculate and gam mate
sculpture pattern and intrasculpture clements microbaculate/

granulose.

HoloI,pe-Slide no. DGN/CDT-97/5A/30.

Affinil)i-Unknown.

Genus-RETITRlBREVICOLPORITES Kar 1985

Type Species-RETITRlBREVICOLPORITES
MATANOMADHENSIS (Venkatachala & Kar) Kar 1985

RETITRlBREVICOLPORITES FOVEOLATUS sp.
nov.

PI. 6·3

Diagnosis-Pollen grains almost circular;
tribrevicolporate; colpi and os of almost same size; os margin
thin: exine thick; foveolate.

Descriplion-Pollcn glains circular; about 50-52 jJm in
size. Tribrevicolporate; col pi short, tenuimarginate, margins

smooth, ends rounded, sculpture extending upto colpal mar­
gins, colpi ± 6 jJm long and ± 6 jJm wide; exine about 4 jJm
thick, sexine and nexine of same thickness; foveolate:
pluricolumellate, lumina 1-2'5 jJm wide, wider away from the
aperture, muri about 2-3 jJm thick.

Remorks-The genus Retilribrevicolporiles as emended
by Kar ( 1985) incorporales reI ilri brevicolporate pollen grai ns

with colpi and os of same size, thick pore margins and reticu­
late sculpture pattern. The present study shows that the ge­

neric diagnosis of the genus Relilribrevicolporiles should be
emended to incorporate pollen grains with foveolate sculp­

ture pattern. Relilribrevicolporiles rubra (DUll a & Sah) Kar
& Kumar, 1986 (PI 8 Fig.18) has thick os margins and dis­
tinctly thin exine and faveoraticulate sculpture. R.
malallomadhensis (Vcnkatachala & Kar) Kar (1985) possess
costate ora had reticulate sculpture pattern. Presence of dis­
tinct foveolate sculpture pattern and thin aperture margins are

the diagnostic features of this specimen.

Holotype-Slide no. DGN/C-l 14/4/9.

Affinily-Unknown.

Genus-SYMPLOCOIPOLLENITES (Potonie) Potonie,
1951

Type species-SYMPLOCOIPOLLENITES VESTIBU­
LUM (Potonie) Potonie, 195 1

PLATE 3
(All magnification x 1000 unless olherwise Inenlioned)

.......
7'

}ilcobi,}ollclliles ml/lIIlILt}WlIii sp. nov., DGN/CDT-97/5A/l0.
2. SEM photograph of the similar lype.

Ulligil!'I'I"/i1es proxiI!Jerroides van del' Hamrnen & Garcia de MlIlis,
DGN/CDT-9g11 131.

4. LOII!luper/ires wllleelldellbLlIgii Gerrneraad e/ ul.. DGN/C-III 1614.
5. L IIII1/1II/ellii Rao & Ramanujarn, DGN/C-III17/5.
6. '- /iiilllgulil/lis Samant & Phadlare, DGN/C-II3I6/l8.
7 L. rel/pililrus Kar, DGN/C-II3I2/8.

8. NeOlrich%l/lIJsuiciles (/(TWOlllio Samant & Phadtare, DGN/C-1151
8113

9. Dmulloipollis circul"ris Sah & kar, DGN/C-1121717.
10. Pillileouroliaceaepile., indislill{"/u.' Sarnant & Phadtare, DGN/CDT­

95/l/41
II Millginipollis kl//chensi\ (Yenkalachala & Kar) Kar, DGN/CDT-98/11

31.
12. Laki,,!,ollis ova/us Yenkalachala & Kar, DGN/C-114/4/9
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SYMPLOCOIPOLLENITES BHAVNAGARENSIS sp.
nov.

PI. 6-4

Diagnosis-Pollen grains triangular in polar view;
tricolporate; col pi open, broad; ora distinct, lalongate; exine
thick; punctate to reticulate.

Descriplion-Pollen grains triangular in polar view; 28­
31 x 35-38 ~m in size, tricolporate; colpi short, open. margins
thin, regular smooth. ends poi nted, 3-4 ~m long and 2-3 ~m

broad; os lalongate, crassimarginate, 5-6 ~m wide; exine 1·5
to 3 ~m thick, exine thinner at aperture margins, generally
sexine thicker than nexine, rarely sexine and nexine of same
thickness, nexine smooth, columellate, semitectate; generally
reticulate, rarely punctate, homobrochate, simply baculate.

Remarks-Symplocoipolleniles pUllclalus reported by
Venkatachala & Rawat (1972, Pl. 4. figs 5-7) is punctate, how­
ever It has distinctly small size and slit like aperture. S.
jacksonious Traverse (1955) is small in size with scarsely vis­
ible pores. S. baksii Ramanujam (1987, PI. 3, fig. 6) is smaller
in size with very short, narrow, streak like colpi and punctate

to microreticulate sculpture pattern. The above described
palynomorph can be differentiated from the known species in
possessing long, open colpi, distinctly thick margined os and
reticulate to punctate sculpture pattern.

Hololype-Slide no. DGN/CDT-9312/40.

Ajfinity-Symplocaceae.

Genus-TRIORITES (Erdtman & Cookson) Couper 1953

Type species-TRIORITES MAGNIFICUS Cookson
1950

TRIORITES PROTRUDUS sp. nov.

PI. 6·12

Diagnosis-Pollen grains rounded triangular; triporate;
pores protruding, tenuimarginate; exine thick; psi late.

Descriplion-Pollen grains rounded triangular,
anguloaperturate, 26-27 x 24-26 ~m in size; triporate; pores
distinctly protruding, pore margins thin, in'egular; exine about
2 ~m thick, sexine and nexine of aimos! same thickness except
at aperture region where sexine is distinctly thick; psilate.

PLATE 4
(A!lrnagnification x 1000 unless otherwise mentioned)

'-
/'

Murl'0col!'orlle.\· venklllucholii Samanl & Phadtare. DGN/C-1121717.
2. M. silllOleyii Ramanujam. DGN/CDT-98/1/31.
3. Nympllllecidiles sp. DGN/C-114/4/9. x 40.
4. Pelliciemilwllis ltil/I'el/hemii Sah & Kar, DGN/C-lll/2/J
S. Polnwetwllel/iles elollguilis Samant & Phadtare, DGN/C-I J4/4/9.
6. P ('ocenieus (Biswas) Sah & DUlla. DGN/CIIS/6/12.
7. & 8. Polyhrevicol!,orile., reliclilotlis sp. nov.. DGN/C-116/6/ 14

9. Polycol!,iles orn(ltlls DUlia & Sah, DGN/C-115/6/12.
10. P tlm'ullis Sail & Kar, DGN/CDT-70/3/18.
II Polybrev/col/wriles indislinellls Samanl & Phadtare, DGN/CDT-97/

IA/l7.
12. Pmleocidiles IriOlll'lIlolllS Kar & Jain, DGN/C-III/6/4.
13. Rocinwrwcolpites b!7avll(l!iorensis sp. nov., DGN/CDT-97/SA/30.

PLATES
(Allmagnifieation x 1000 unless otherwise mentioned) See page no. I 12

'-
/'

2.
3
4.

S.
6.

7.

Pmxopeniles WI'SIIS van Hoeken Klinkenberg. DGN/CDT-98/1/31.
P I/llI/Xil/otus (Yenkalaehala & Karl Singh, DGN/C-IIS/6/12.
Relilelmcol!'ile.\· medicol!,lIs Mathur & Jain. DGN/C-114/4/9.
Pomelio!'ollel/ires reliclllwlIS sp. nov.. DGN/C- 73/2/39.
Extant pollen of POII/elio !'ill/wtll. DGN/P/34.
SEM photograph of similar type.
Psi/ulricol!Joriles SUl'illOIUS Samant & Phadtare, DGN/C-71/4/20.

8. Relilricolpite.' C!'O.HireliclilolllJ (Dulla & Sah) Samant & Phadtare,
DGN/CDT-97/SAJ:l0

9. Psi/odiporileJ sp. B ,DGN/CDT-95/3/41
10. Psi/odilwrileJ sp. A, DGN/CDT-95/4/37.
II P m(l!i'llis Samant & Phadtare, DGN/C-I I1/2/3.
12. Polyg(ll(lcidires milll/lus Samant & Phadtare, DGN/C-I 11/2/3.
13. SEM Photograph of the similar type.

PLATE 6
(AIIlllagni fieation x 1000 unless otherwise mentioned) See page no. 113

"/'

2.

.1.
4.

S.

6.

Pseudollorlwtagidiles belll'(liellsis (Mathur & Chopra) Samant &
Phadtare. DGN/C-I I 1/2/3.
RetrpolleJlile5 cOlltil.HI., Gonzalez Guzman. DGN/C-115/6/12.
Retllribrel'iwl!'orile.lfi,veolullis sp. nov.. DGN/C-114/4/9.
Symplocoi{JolleJliles hh(lvl/(ll!urellsis sp. nov, DGN/CDT-93/2/40.
S!'inizollllCollJ;leSpmlllinlllus (Me Intyre) Stover & Evans, DGN/CDT­
98/11:.1
SrriucollJoriles siriotus Sah & Kar, DGN/C-116/8/1S.

7. Umbelli(emipolleniles bm(lchensis Sarnant & Phadtare, DGN/C-IIS/
6/12

8. U. I)'picu., Samant & Phadtare, DGN/C-IIS/6/12.
9. Tricolpompilites mhuJtus (Kar & Saxena) Kar, DGN/C-111/2/3.
10. Tricolporocollumelliles {Jsilotus Kar, DGN/C-I I1/6/16.
II hi(lllgllioriles minutus (Sah & Kar) Kar, DGN/C-I I1/1/2.
12. Trioriles pmtrudus sp. nov., DGN/CDT-9:1/1/28.
13. T s(lhii, sp. nov., DGN/C-114/8/11.
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PLATE 4
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Remarks-Triorites hirsutus Sah & Kar (1974) possess
protruding ora, however, it is baculate to finely reticulate. T
microreticulatus Rao & Ramanujam (1982) has reticulate
sculpture pattern. Rounded triangular shape and distinctly pro­
truding ora are the diagnostic characters of this specimen.

Holotype-Slide no DGN/CDT-93/l/28.

Affinity-In overall shape and aperture pattern this pollen
resembles with that of extant Epilobiulll (Oenotheraceae).

TRIORITES SAHlI sp. nov.

PI. 6·13

Diagnosis-Pollen grains rounded, triangular; sides con­
vex; triporate; pores slightly protruding, tenuimarginate; exine
thick, sexine distinctly thick at aperture margins; psilate.

Description-Pollen grains rounded, triangular; sides
convex; 60-65 x 65-67 ~m in size, triporate; pores slightly
protruding, about I 0 ~m wide, tenuimarginate, margin smooth
to irregular, exine about 3 ~m thick, nexine (2 ~m) thicker
than sexine (I ~m) however at pore margins nexine is dis­
tinctly (6 ~m) thicker than sexine (I ~m) psilate.

Remarks-Triorites inferius Rawat et al. (1977)
possesses pouting pores and finely reticulate sculpture pattern.
T protrudus has small size, distinctly protruding ora with
distinctly thick exine at aperture region. Large size, slightly
protruding ora, thick nexine at aperture region and psi late
sculpture pattern are the differentiating characters of this pollen.

Holotype-Slide no. DGN/C-114/8/ II.

Affinity-Unknown.

List of pollen and spores reported from the Bhavnagar
Lignite

Pteridophytic spores
Cyafhidites australis Couper, 1953
Dandotiaspora plicara (Sah & Kar) Sah. Kar & Singh, 1981
Lacvigatosporites lakicnsis Sah & Kar, 1969
L. gracilis Wilson & Webster, 1946
L. sp.
Lygodiumsporites lakier/sis (Sah & Kar) Rao & Singh, 1978
Polypodiisporites ratnamii (Ramanujam) Rao & Ramanujam, 1978
P constrictus Kar. 1979
Pteridacidifes triangulafliS Sah, 1967
Todisporites major Couper. 1968
Tjlavaflls Sah & Kar. 1969
Triplanosporitcs sinUOSliS Pflug, 1953

Gymnosperms
Podocarpiditcs sp.

Angiosperms
Anacolosiditcs trilobatlls Venkatachala & Rawal. 1972
A. Iweoides Cookson & Pike. 1954
Araliaccoipol/cllitcs dcscrctliS Venkalachala & Rawal. 1973

Arecipites bcl/us Sah & Kar, 1970
A. intrapllllctatus Kar & Saxena, 1981
Arengapollcnites achinatus Kar, 1985
BOlJlbacaciditcs triangulatlls Kar, 1985
Clavapalll1iditcs hall1menii Rao & Ramanujam, 1978
Clavapcriporitcs homoclavGfUs Samant & Phadlare, 1997
Cryptopolyporitcs cryptlls Venkatachala & Kar, 1969
CtcnolopllOniditcs costatus van Hoeken Klinkenberg, 1966
Cupaniditesjlaccidijonnis Venkatachala & Rawat, 1972
Dracenoipollis cirClilaris Sah & Kar, 1970
Echitriporites minUfIlS Samant & Phadlare, 1997
Favitricolporites retipilatlls Samanl & Phadtare, 1997
Florschuctzia rajpardiensis Samant & Phadtare. 1997
J-1aloragidaciditcs neyvclii Ramanujam. 1966
Intrareticulites brcvis (Sah & Kar) Kar. 1985
Illgopollis tetraporitcs Venkatachala & Rawat, 1972
Lanagiopollis I'llglllatlis Phadtare & Thakur. 1990
Liliacidites minireticulatus Mathur & Mathur. 1969
L. clubensis Samanl & Phadlare. 1997
wlIgapcl1ites vanendcllbllrgii Germeraad et al.. 1968
L. proxapcrtoidcs van del' Hammen & Garcia de MUlis. 1965
L. IwmlJlcnii Rao & Ramanujam. 1978
L. rcfipilatlls Kar, 1985
L. I riangllialus Samant & Phadlare, 1997
Lakiapollis ovalliS Venkatachala & Kar. 1969
Margocolporilcs venkatachalii Samanl & Phadtare. 1997
Marginipol/is klltchcnsis (Venkalachala & Kar) Kar. 1985
NCOlricholomoslilcilcs acrocomiae Samant & Phadlarc. 1997
Palaeoaraliaceacpilcs indislinclus Samant & Phadtare. 1997
P dislincuts Samant & Phadtare. 1997
Paripollis broachcnsis Samanl & Phadlare. 1997
Palll1aepolleniles cocenicus (Biswas) Sah & DUlla, 1968
P klilchcnsis Venkalachala & Kar, 1968
P ovalllS Sah & Kar, 1970
P clongatlls Samant & Phadlare, 1997
Pcllicieroipollis langenhcmii Sah & Kar, 1970
Polybrevicolpites indistinctllS Samant & Phadlare, 1997
Polycolpilcs omalus Dutta & Sah. 1970
P ./lavaflls Sah & Kar, 1970
Polygalacidiles minlilUS Samanl & Phadtare, 1997
P. lJIagnus Samant & Phadlare, 1997
Preclenolophonidilcs primiliva Samant & Phadlare, 1997
P. dislinCfl/s Samant & Phadtare, 1997
Proleacidiles Iriangulallts Kar & Jain, 1981
P. relllSlls Anderson, 1960
ProxapcrtilcS cllrsus van Hoeken klinkenberg, 1966
P marginatlls (Venkalachala & Kar) Singh, 1975
Psilalricolporiles sagiffalus Samanl & Phadlare, 1997
Psilodiporilcs hammcnii Varma & Rawal, 1963
Psclldonolhojagidilcs bcngalensis (Mathur & Chopra) Samanl &
Phadlare 1997
Quilonipollclliles mimI/liS Samant & Phadtare. 1997
RClill/ollocolpilcs rhallikaimollii Samant & Phadtare. 1997
Relislephallocolpiles williamsii Gcrmeraad el aI., 1968
RClilelracolpilcs medicolpus Mathur & Jain, 1988
RClipollelliles collfusus Gonzalez Guzman, 1967
RelilricolpilCS crassirCliclllalllS (Dulla & Sah) Samant & Phadlare.
1997
Spinizollocolpiles proll/illalllS (Mc Intyre) SlOver & Evans. 1973
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PALEOECOLOGY AND PALEOCLIMATE

? Maloniaceae

Botanical affinity

Olacaceae (AI/aco!osa)

Bombacaceae
Gonyslylacc,lc (COII\'SI\/I/I)

Ctcnolophonaceae
(CICIlO!U!llioll)

Sapi ndaceae
Dracenaceac (Dracello)

Gunneraceae (Cullllera)

Bombacaccae (Durio)

Lecyelhidaceae (Barril/glolliil)

Sapindaceae (Pollie/iil)

Proteaceae
Ebcnaccae
Symplocaceae

Oenolheraceae (EpilobiI1l/1)

Fossil Tax<I

CII!wnidi/es j!accidi!urillis

DracaellOipo!!is cirCitiaris

!lIlmrel;culi/es brevis

Lakiopo!lis om/ItS

Mwginipo/lis ku/ehl'nsis

POlllc/iopo!!eni/es I'l'licu!a/lls

Pro/eacidiles I'eluslls

Psi!illrico!pol'iles .wgilfO/IIS

S\'IIIJI!Ocoi!JO!!l'll i/l's

III iCl'Orei ieu!ill 115

Triol'iles pro/mdus

a) Pteridophytic spores
Danduliils!wra !>!ica/a

b) Angiosperms
Monocols
Aren8i1J!o!!elli/es acliillillilS Arecaccae (Arellga)

Claval'o!lIlidilt'S !wl/1l1lellii -do- (/riarlea pinallgil)

Jilcubipulleni/es I'({lItallujwnii -do- (Rilvl'lla a!hiealls)

Neo/l'ic!lOlO/llOsu!ei/cs ilerocollliilC -do- (Acrocolllia)

Rc/il'u!!elli/es ('OIl!USUS -do- (flol'assuidal')

Spillizullucu!pili's pl'olllinalus -do- (Nypa)

Dicots
Allaco!osidiles /I'ilo/)alus

BOlllhacilcidi/es /riilllgu!a/us

C/TP/oJlo!."p0l'i/es cnplf{S

Cteno!op!lOnidiles COS/(/IIIS

The study shows that palynological assemblage of lhe
Bhavnagar Lignite has good frequency of fern sp'ores repre­
sented by Osmundaceae (Todisporiles), Schizeaceae
(LygodiLtJ1lsporiles), Polypodiaceae (Po/ypodiisporiles and
Laevigalosporiles) and Glcicheniaceae (Trip/al/osporiles).

Cyalhea (Cyalhidiles) and Pleris (Pleridacidiles) as well as
tree ferns. The presence of fern taxa suggests warm humid
tropical climatic condition.

The dominance of palm pollen Arengapo//el/iles,

Pa/maepo//eJ1iles, Longaperriles and NeolrichoLOmosli/ciles

in the Bhavnagar Lignite indicates prevalence of thick and
closed vegetation. Similarly the record of aquatic herbs of
Nymphaeaceae (Nympheacediles), Lentiblliariaceae
(Po/yeo/piles omalits). Myrioph.l'//wll (Ha/oragacidiles) in the
assemblage indicates some fresh waleI' infiuence in the basin.
Characteristic swamp elements such as Conysly/us

(Crvplopo/rporilcs) of Gonystylaceae, CUI/Ilero

(lnlrareliculiles) of Gunneraceae, Durio (Lakiapo//is) of
B0 In bac ac cae, Clel/%pholl (C Ie lI%pholl ic! i Ie s,

Preclel/%phollidiles) and /?elislephalloco/piles wi//iamsii) of

A good frequency of pollen and spore are present in the
Bhavnagar lignite assemblage. The micronora is represented
by 66 genera encompassing 86 species. Out of these,
pteridophytes composed of both monolete as well as of tri lete
spores and are c1assi fied under 8 genera and 12 species.
Monolete spores are the most dominating members amongst
pteridophytes.

S/ri(/co!pori/es s/na/lis Sah & Kar, 1970
TriaI/811!ori/es /llil/li//iS (Sah & Kar) Kar, 1985
Trico!porocol/lll/e!!i/cs psi!a1l/s Kil[, 1985
Triw!poro!lilileS robl/s//IS (Kar & Saxena) Km. 1985
UlI/beilijeroi!)(I!!eniles broaclicl/si.\· Samant & Phadtare, 1997
U 1I'IliCl/S Samanl & Phadtarc. 1997

Photomicrographs of some of the important
palynomorphs are shown in Plate 1-6.

Apart from {he above discussed palynomorphs, a good
number of the recovered tax.a show affinities with extant fami­
lies (Fig. 4).

DISCUSSION

A few grains of gymnosperm pollen taxon represented
by Poc!ocwpidi/es could be recovered from this lignite. A
t'elatively low frequency of this wind pollinated plJnt in the
assemblage suggests its location some distance away from the
deposition sileo

Angiosperms are represented by the pollen of both
monocotyledons and dicotyledons which are distributed in
about 57 genera and 74 species. OUI of these, one genus and
seven species are described as new. Monocot pollen grains
account for 13 genera and 25 species and dicot pollen by 44
genera and 49 species. During the present study an auelllpt
has been made to establish botanical afrinities of the recov­
ered fossil palynomorphs.

One of the interesting finding of the present study is the
"ccord of fossil pollen of POII/e/iapo!/elliles relicl//allls sp. nov.
This pollen in overall morphology, resembles that of extant
POII/elia pil/Ilma of the family Sapindaceae. Muller (1981)
asserted that so far the oldest report of the genus POJ1lelio ­

Iype pollen of subfamily NephaJeae is from the Miocene of
Borneo (Muller, 1972; Anderson & Muller, 1975). Graad der
van el (II. (1990) while discussing the origin of POll/Clio,

postulatedlhat this pollen might have originated in MalJysia.
Record of the POJllelia - type pollen from the Early Eocene
deposits of the Bhavnagar Lignite suggests its much older
existence (Samant, 1996).

Similarly. the botanical affinity of fossil pollen Trioriles

!llOll'IIdllS sp. nov. is proposed with that of extant tropical genus
Ef/i/ohiLtIl/ of Oenolheraceae.

Fig. 4 - List of fossil pollen taxa showing affinities with distinctly
tropical families.
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Clenolophonncene nnd Pomelia (Pomeliapolleniles) of
Sapindaceae have also heen recorded from this assemhlage.
The presence of montnne evergreen nora in the ne:.lrby region
is indicated by Proteaceae (Pmleacidiles) ilnd Symplocaceae
(Sl'llIp!ocoipol!eniles). Deltaic or near deltaic conditions are
suggcsted by record of Nypa (Spinizonoco!piles) of Arecaceae
and Barrinf!,1onio (Morg inipo!!is).

Prcsence of cxclusively tropical families (Fig. 4) :
Arccaceae, Araceae, Dracenaceae, Bombacaceae, Ebenaceae,
Cteno\ophonilceae, Gonystylnceae, Gunneraceae,
Lecylhidnceae, Olacaceae, Oenothograceae, Proteaceae,
Sapolaceae, Sapindaceae, and Sonneratiaceae coupled with
high frequency of fern spores and epiphyllous fungal fruiting
bodies (Samanl. 19(9) in lhe assemblage collectively point
towards warm humid tropical climate and high degree of rain­
fall.

IllIporJonl IOXO-This Cenolone is marked by the
significant dominance of Trip!anosporiles sinllo.llIs,
Pomelirrpol!eniles relicli!rrlli.l', Lrxodilllllsporiles !okiclIsis and
ProxaperJilcs. Other important taxa of the CenolOne arc
Todisporiles major. Lakiopo/lis OV(//liS and Anacolusidiles.

LOlver limil-Lower Iim it of this Cenozone is marked by
dominancc of Triplannsporilcs Sil1/./0SlI.I' and
POl1leliopn!!eniles.

Upper !il1lil-Significanl drop in Trip!allospnrilcs
SillllOSUS and appe:.lrance and dominance of ProxaperJiles
ClirsUS. PreClcnolopllOnidilcs pril1litiva also appcared in the
upper part of the Cenozone.

ArengapolJenites achinatus Cenozone

LiIIIO!ogy-Lignitc :.lnd carbonaceous shale.

Posiliol1-From C-95 to C-I O.

PALYNOSTRATIGRAPHIC ZONATIONS

On the basis of qualitative analysis of the samples the
pollen/spore :.lssemhlage of the Bhavnagar Lignite is divided
Into two cenozones (Fig. 5) 111 the descending order as.

I) AreJlJ;apol!eniles ochinal/o Cenozone

2) Trip!anosporiles SillliOSliS CenOl.one

Triplanosporites sinuosus Cenozone

LiI11lJ!ogl'-Grcy clay, Lignitc and Carbonaceous shale.

Posilion-From Sample no. C-76 to 96.

Il1IfJOrJ((111 /{IX((-! mponanl taxa of this Cenozone are
Umbel/iferoipo!!ellites brochellsis, U. lypicIIs, Arengapn!!e­
niles achinallis, Palnwcpollcllires lenuilllarginaflls,
Ha!oragacidiles, Cryplopollporiles crypills, CJeno!opho­
nidiles coslallls, Proleocidiles, Qlli!onipol!clliles l1Iin/llus,
Ara!iaceoipo!!elliles. NCOlricholol1losll!riles spp. and
Spinizol1uco!piles pron/illalus.

LOlva Iil1lil-Lower limit oflhis Cenozonc is marked by
first appearance of Qllilol1ipo/lenitcs l1IinullIs and
Aret!iaceoipo!!eniles.

Upper Iil7lil-Upper limil is marked by appearance of
SpiniZOlloco!piles and drop in pollen population of

o '0
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CnplOpolYporilcs tnpills, Arcllgapo//ellilcs achinotlts,

UIll!Jc/lijeroipo//clliICS bmchcllis and U. lypiclIs.

DEPOSITIONAL ENVIRONMENT

Plan! laxa recovered during lhe palynofloristic study of
the Bhavnagar Lignite arc indicators of depositional environ­
ment.

The lowermost grey clay sequence has yielded very few
palynomorphs. however, thin lignite bed (Fig. 5) overlying il
ha~ shown high Crequency of fungal hyphae and pleridophytic
spores along with some angiosperms. The dominance of fern
spores of Polypodiaceae and Schil.aeaceae along with
fJol//cliapo//ClliICS (Poll1clia). Mwgoco/poriles, Lukiapo/lis

(Durio) and CIII/I/era (!l/lrarclitlllilcs) in this pari indicate
the existence of a small marsh. Above the lower most thin
lignite bed, is a grey clay sequence which is practically devoid
of microfossils. This sudden change of lithologic condition from
lignltc to grey clay (i.e. reducing to oxidizing environmental
condition) could be due to transgression of the sea or
o\'crflooding of the basin.

Some climatic change is indicated at the upper pan of
the Tri/J/Ollosporites SiJlllOSLIS Cenozone by steep decline of
spores and gradual increase in dicot pollen populalion. The

record of typical back mangrove clement Margillipo//is

(Boril/glOl/ia) of Lecythidaeeae in this pan suggeSI some brack­
ish water influence in the basin.

The A rCl/gapol!cllilCs ochil/(IIIIS Cenozone shc)ws amel­
iorating trend in the ecological and climatic conditions. Dur­
ing the deposition of this Cenozone, dicots and palms were
fairly well established in comparison to Trip/ollosporilcs

SillltOSlIS Cen07.one which was dominated mostly by
pteridophytes.

In the middle horizon of the Arellgapol!ellitcs achillaills

Cen07.0ne Iypical woody taxa of Araliaceae, Ebenaceae.
Proteaceae and Symplocaeeae along with swamp dwellers such
as DlIrio (Lokiapo/lis), CIIIlllera (/lIlrarcliCllIiICS) and
Conl'sly/IIS (CnplOpo/vporiles) and members of
Ctenolophonaceae were fairly well established.

The basin experienced transgression during the deposi­
tion of the uppermost pari of the Arcl/fI,apo//enilcs achillallls

Cenozone. The record of typical mangrove element NI'IH{

(Spillizolloco/pilcs) in the uppermost horiLOn undoubtedly
indicates the deltaic environmental condition. Recovery of
megafossils like shells of lammelibranchs and foraminifers from
this horizon corroborates this assumption. It is further sup­
ported by the record of Early Eocene transgression in (he
CambayBasin (Bhandari & Raju, 1991).

Paleocene

E M

Eocene

L

Oligocene Miocene

to Recent

Taxa

PSe!ldollol!lo!agidiles spp.

LOllgapeniles vaneell!lellbllrgii

Reristtfi!lanocolfiiles willi((J/1sii

UlI1bellijewil'olleniles spp.

Polrcoll'ileS omalllS

Po/rcull'ileS j!I/I'((/(tS

DrucuellOifiIJllis ci Il'/I/aris

S/JinizollOColl'i les fimllliwlllIS

Relisl('fi'wllocull'ileS klllcitensis

Lakial)olli.1 OW//(t.1

Psilow/wriles 1/((II1117ellii

Pru.wfierliles ClIrsllS

Cn'IJlufiolYfiorill!S CI),/JllIS

Arellg0l'0llelliles oclri/la/lls

Todisporiles .f!O\!({/lIS

TricolfioWl'ililes robllSlltS

Relifiollellires CUlljrlSIlS

Illgofioilis lelrol'0rites
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Fig 6 - IlIlpol1ant pollcn spore laxa of the Bhavnagar Lignilc with their stratigraphic range in other Teniary deposits of India.



II X THE PALAEOBOTANIST

AGE OF THE BHAVNAGAR LIGNITE

According to DGM. Gujarat (Unpublished report) the

Bhavnagar Lignite deposit is part of the Kharsalia Clay

Formation of Eocene.

Palynostratigraphic literature ofIndian Tertiary sediments

reveals record of some stratigraphic marker taxa. Detailed

palynological studies of the lignite, clay shale sequence reveal

the presence of some significant palynotaxa which could help

in unveiling the geological age of this lignite. Fig. 6 shows

chronostratigraphic range of some important palynomorphs

of the BhavnagarLignite.

Presence of Anacolosidites lrilobarus, Retipollenites

confllslIs. Tricolporopilites robustus, A rengapollenites

achinatlls and Cr\'ptopolvporites cryptus collectively indicate

the Early Eocene age for this lignite. Overall palynotaxa of the

Bhavnagar Lignite also agrees with that of Early Eocene

deposits of Naredi Formation of Kachchh (Kar, 1978) and

Rajpardi Lignite ofBroach (Kar & Bhattacharya, 1992; Samant

& Phadtare. 1997).
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