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THE Tertiary sediments of India are overwhelmingly
rich in a diverse variety of angiospermous pollen and
more thaI} 400 genera and 1000 species of these
pollen have been described. However, many of these
taxa are not tenable as they are not properly cir­
cumscribed and their diagnoses overlap with those
of others. This limits their application. It was therefore

felt necessary to restudy the holotypes and other
specimens of the pollen taxa for their character as­
sessment and relationship with extant taxa. With the
above objective, Thanikaimoni et at. (984) res­
tudied, described, illustrated and discussed selected
Indian and African Tertiary pollen ta.a. In continua­
tion to this, Venkatachala et at. (989) restudied 11
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pollen taxa which are markers of Palaeocene-Eocene
sediments of India and tropical Africa. The present
paper is yet another attempt in the same direction.
Holotypes, paratypes and Other specimens of some
selected pollen taxa, available at the repository of the
Birbal Sahni Institute of Palaeobotany, Lucknow have
been restudied and critically evaluated and their mor­
phological limits circumscribed. Efforts have also
been made to suggest their extant relationship.

A list of palynotaxa studied is given in Table 1.

DESCRIPTION

Genus--Acantbotrlcolpttl!s Kar 1985

Type species - Acanthotricolpites bul­
bospinosus Kar, 1985

Original dIagnosis (Kar, 1985, p. 72) - Pollen
grains subcircular in polar view. Tricolpate, colpi
long. Exine spinose, spines with bulbous base and
pointed tip, interspinal space densely covered with
grana and bacula.

Emended diagnosis (Singh & Misra, 1991, p. 224)
- Pollen circular, isopolar; usually folded; tri- to
tetraporate; pores medium to large, ± circular, un­
thickened, difficult to recognize due to heavy or­
namentation and multiple exinal folds rendering sul­
cate (false sulcus) nature to the grains; exine thin,
spinose; spines broad based, long, vary in shape and
size and shed off easily leaving scars, gemmae oc­
casionally present interspersed with spines; exine
columellate, nexine usually indistinct; interspinal
area microreticulate, appears to be microgranulate in
different foci.

Species studied:

Acanthotricolpites bulbospinosus Kar 1985

PI. 4, figs 1-2; PI. 7, figs 7-8

Holotype-Kar, 1985, pI. 11, fig. 4, slide no.
3357/1; Repository-B.S.I.P., Lucknow.

Type locality, horizon and age-- Bore core no.
13 near Baranda, Kutch District, GUjarat; Naredi For­
mation; Early Eocene.

Original diagnosis (Kar, 1985, p. 73) - Pollen
grains subcircular in polar view, 42-55 x 40-53 11m.
Tricolpate, colpi generally indistinct, broad. Exine 1-2
11m thick, sexine as thick as nexine, spinose, spines
strongly built, 5-8 11m long, 1-2 11m broad at base,

spines gradually taper to form pointed tip, spines
sparsely placed, generally 4-8 11m apart. Interspinal
space densely granulate-baculate. •

Redescription (Singh & Misra, 1991, p. 224) ­
Pollen grains isopolar, 40-65 11m, usually folded; 3-4
porate; pores 10- 16 11m, unthickened margins; exine
1-2 11m thick (excluding spines), spinose, spines 0-3
11m broad x 3-9 11m long) gradually tapering from
base to apex, straight or curved, shed off leaVing
scars; exine columellate (columellae up to 1 11m
long), nexine usually indistinguishable; interspinal
area microreticulate.

Number ofspeCimens studied - 38.
Description:
Symmetry and form: Isopolar; subtriangular in

polar view, always preserved in polar view.
Dimension: 40-71 11m (including spines).
Aperture: Triporate, rarely tetraporate, pores

equatorially elongated, 15-20 11m in diameter, pore
margin thin, devoid of spines.

Exine: 3 11m thick, tectate, spinose.
Sexine: Tectum between spines granulate, spines

supratectal, with bulbous base and acute tips, 4-9 x
1.5-4 11m in size and 4-13 11m apart, infratectum
columellate, columellae closely placed, 0.5 x 1.3 11m.

Nexine: Not clearly distinguishable.
Occurrence--Naredi Formation (Early Eocene),

Kutch (Kar, 1985); Lakadong Sandstone
(Palaeocene), Meghalaya (Mandai, 1987); Kopili For­
mation (Late Eocene), Meghalaya (Trivedi, pers.
com.); Neyveli Formation (Eocene), Tamil Nadu
(Singh & Misra, 1991).

Affinity- The sculpture of exine is close to that
of Nypasuggesting its affinity toArecaceae. However,
it could not be compared with any extant taxa.

Remarks- The holotype is tectate and has three
equatorially placed, big pores instead of colpi. The
interspinal exine is scabrate.

Genus -AlnngtopoUts Krutzsch 1962

Type species-Alangiopottis barghoornianus
(Traverse, 1955) Krutzsch 1962.

Original diagnosis (Krutzsch, 1962, p. 279) ­
Large tricolporate pollen with relatively short polar
axis; figure spherical or oval-lenticular; amb approx.
circular; exocolpi usually widely gapping, not very
long, narrowing towards the poles to a V-shape,
hardly depressed in the equatorial region; endopores
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large (up to over 10 11m diameter) round to somewhat
oval, cavernae variously thickened; structure and
sculpture variable, in part very strongly reticulate­
striate; structured part of the wall (especially along
the side) thicker than the smooth inner walliayer(s).

Species studied:

Alangiopollis arcotensis Navale & Misra 1979

PI. 10, figs 1-2

Holotype-Navale and Misra, 1979, pI. 1, fig. 18,
slide no. 10996, Repository - B.S.I.P., Lucknow.

Type locality, horizon and age-Neyveli Lig­
nitefield, South Arcot District, Tamil Nadu; Neyveli
Formation; Eocene.

Original diagnosis (Navale & Misra, 1979, p.
230) - Pollen grain isopolar, rounded triangular,
subcircular to circular in polar view, 70-120 x 70-120
11m in size. Tri- to tetracolporate, colpi distinct, length
varying from medium to short, 20-35 11m deep, bor­
dered by thickened margo, colpi membrane psilate,
ends acute to rounded. Pore distinct, lalongate, cir­
cular or rarely lolongate, pore margi-n thinned. Exine
2.5-5Ilm thick, sexine thicker than or equal to nexine,
surface tegillate, reticulate, retipilate, simplicolumel­
late, capita more or less rounded, columellae short
and thin, lumina small of varying shapes, smaller near
colpi margins.

Number ofspeCimens studied - 11.
Description·

Symmetry and form: Isopolar, rounded trian­
gular, subcircular to circular.

Dimension: 70-120 11m.
Aperture: Tri- to tetra col porate', ectoa perture dis­

tinct, 20-25 11m deep, bordered by thick margo; en­
doaperture lalongate, margin thin.

Exine: Semitectate, 2.5 11m thick, sexine thicker
than nexine.

Sexine: Reticulate, retipilate, simplicolumellate,
capita .:t: rounded, columellae short and thin; lumina
vary in shape and size, smaller towards margin.

Nexine: Evenly thick, continuous.

Occurrence - Neyveli Formation (Eocene),
Tamil Nadu (Navale & Misra, 1979).

Afjinity- Alangium (Alangiaceae).

AlangiopollisgemmatusNavale & Misra 1979

PI. 8, figs 4-9

Holotype- Navale & Misra, 1979, pI. 1, fig. 17,
slide no. 200/5/4, Repository-BSIP, Lucknow.

Type locality, hon'zon and age-Neyveli Lignite
field, South Arcot District, Tamil Nadu; Neyveli For­
mation; Eocene.

Originaldiagnosis(Navale & Misra, 1979, p. 230)
- Pollen grain isopolar, subtriangular, size 63 x 60
11m. Tricolporate, angulaperturate, colpi short(?)
faintly visible, pore Simple, distinct, pore diameter
3-3.5 11m. Exine 3-4.7 11m (including surface or­
namentation) thick. Surface provided with wart-like
prOjections-gemmae, gemmae of various sizes, 1.5-3
11m, irregularly distributed, exine area between gem­
mae microgranulate.

Number ofspecimens studied - 9.
Description·

Symmetry andform : Isopolar, subtriangular.
Dimension: 50-70 11m.
Aperture : Tricolporate, angulaperturate; ec­

toaperture small; endoaperture distinct, almost cir­
cular, 3-3.5 11m across.

Exine: 2.5-3 11m thick; sexine as thick as nexine.
Sexine: Tectate, gemmate, gemmae 1.5-3 11m in

size, irregularly distributed; intergemmal area
microgranulate.

Nexine: Evenly thick.
Occurrence - Neyveli Formation (Eocene),

Tami! Nadu (Navale & Misra, 1979).
Affinitv - Alangium villosum (Alangiaceae).

Genus -Anguwcolporltes Kar 1985

Type species--Angulocolporites microreti-
culatus Kar 1985

PLATE 1

(All photographs are enlarged x 1(00)

1-:;. PlicaliaperlUrilesrelipilatusKar Slide no. I3SIP 6373/4 14. Cruciferoipollenites elongalus Navale & Misra. Slide no. BSIP
4-6. Polypurina multiporosa Kar Slide no. BSIP 8248/3 10991
7·13 Trisyncolpites ramanujamii Kar Slide nos. BSIP 5099/6. BSIP

';099/5. BSIP 5092/3 and BSIP ';09412.
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Original diagnosis (Kar, 1985, p. 76) - Pollen
grains triangular- subtriangular in polar view. Tricol­
porate, angulaperturate, colpi long, pores distinct-in­
distinct. Exine microreticulate.

Remarks-Generic diagnosis of Angulocol­
porites Kar 1985 is very similar to that of Foveotricol­
porites Pierce 1961. A detailed study of both these
genera is therefore recommended.

Species studied·

Angulocolporites microreticulatus Kar 1985

PI. 6, figs 1-3; PI. 9, figs 10-11

Holotype - Kar, 1985, pI. 16, fig. 8, slide no.
3353/6. Repository-B.S.I.P., Lucknow.

Type locality, horizon and age - Bore core
no.13 (depth 20 m), Kutch District, Gujarat; Naredi
Formation; Early Eocene.

Original diagnosis (Kar, 1985, p. 76) - Pollen
grains triangular-subtriangular i~ polar view, 30-45 x
29-44 J.1.m. Tricolporate, angulaperturate, colpi long,
funnel-shaped, pores generally indistinct, margin not
thickened. Exine 1.5-2.5 J.1.m thick, sexine thicker than
nexine, laevigate and microreticulate.

Number ofspecimens studied - 9.
Description:

Symmetry and form: Isopolar, triangular-sub­
triangular.

Dimension: 40-50 x 30-35 J.1.m.
Aperture : Tricolporate, angulaperturate; ec­

toaperture long, funnel shaped; endoaperture dis­
tinct, lalongate, 4-8 J.1.m in diameter.

Exine: About 1 J.1.m thick, sexine thicker than
nexine.

Sexine: Microreticulate; meshes about 1 J.1.m in
diameter, muri as thick as lumina, lumina circular to
elongated, sexine pattern uniform.

Nexine: Very thin, continuous.
Occurrence - Naredi Formation (Early

Eocene), Kutch (Kar, 1985).
Affinity- Not known.

Genus -Arecipites Wodehouse 1933

Type species--Arecipitespunctatus Wodehouse
1933 (designated by Potonie, 1958, p. 97)

Original diagnosis (Wodehouse, 1933, p. 497)
- Ellipsoidal, 23-25 J.1.long, with a single longitudinal
furrow which may close tightly throughout its entire
length, not gaping at its ends.

Emended diagnosis- (Nichols et aI., 1973, p.
248}-- Monocolpate pollen, amb elongate - ellip­
sOidal; colpus tapered, not expanded or gaping at
ends. Exine tectate in structure, but exine stratifica­
tion often obscure; sometimes exhibiting columellae
in optical section Exine psilate to finely foveolate or
scrobiculate, diameter of foveolae about 0.5 J.1.m. Size
variable in different species, ca. 20-50 J.1.m.

Species studied·

Arecipites bel/us Sah & Kar 1970

PI. 4, fig. 8; PI. 6, figs 4-5

Holotype- Sah and Kar, 1970, pI. 1, fig. 19, slide
no. 3367/8, Repository- B.S.I.P., Lucknow.

Type locality, horizon and age- Bore core no
15, Kutch District, Gujarat; Naredi Formation; Early
Eocene.

Original diagnosis (Sah & Kar, 1970, p. 128-129)
- Pollen grains oval, 58-66 x 48-55 J.1.m. Monocol­
pate, colpus extending end to end. Exine punctate

Number ofspecimens studied - 12.

Description:
Symmetryandform: Heteropolar, oval.
Dimension: 85-66 x 48-55 J.1.m.
Aperture: Monosulcate, :,ulcus extending up to

equator.
Exine: 1-2 J.1.m thick; sexine slightly thicker than

nexine.
Sexine: Tectate, reticulate, tectum columellate,

muri of the reticulum much thicker than lumina,
l'Jmina mostly circular but may also be elongated.

PLATE 2

(All photographs are enlarged x1000)

1-7. Parumbelliferotpollentlesdu/cl~'KaL Slide no. BSIP 3258/1. flSIP

3256/9
8-11. Cruciferotpolleniles e/ongalus NavAle & Misra. Slide no. flSIP

10991

12-13. P/umbuginuclpiles neyuelit Navale & Misra. Slide no. 13SIP 10992
14-16. Dub.shinipnllenileSlripabshiNavale& Misra. Slide no. flSIP 10993
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Nexine: 0.5-1 ~m thick, continuous.
Occurrence-Naredi Formation (Early Eocene),

Kutch (Sah & Kar, 1970; Kar, 1978, 1985); subsurface
Middle - Late Eocene sediments, Kutch (Kar &
Saxena, 1981; Kar, 1985); Lakadong Sandstone
(Palaeocene), Meghalaya (Kar & Kumar, 1986).

Affinity - This type of pollen are produced by
palms and several other monocotyledons
(Thanikaimoni, 1969, 1970)

Genus -Arengapolknttes Kar 1985

Type species- Arengapollenites achinatus Kar
1985

Onginal diagnosis (Kar, 1985, p. 70)-Pollen
grains monocolpate, oval-subcircular in shape,
achinate, spines so arranged on margins of colpus
that they interlock the aperture on invagination, in­
terspinal exine laevigate.

Species studied:

Arengapollenites achinatus Kar 1985

PI. 9, fig. 3

Holotype -Kar, 1985, pI. 7, fig. 9, slide no.
8236/2, Repository-B.S.I.P., Lucknow.

Type locality, horizon and age - Panandhro
Lignite mine, Kutch District, Gujarat; Naredi Forma­
tion; Early Eocene.

Original diagnosis (Kar, 1985, p. 71) - Pollen
grains monocolpate, colpus distinct, extending end
to end, equally broad, oval-subcircular in shape,
spinose, spines with broad base and pointed tip,
sparsely placed except in apertural region where they
are closely placed on two margins in alternate fashion
so as to close the aperture on invagination. Exine 1-2
~m thick, interspinal exine laevigate.

Number ofspecimens studied- 21

Description:
Symmetry andform : Heteropolar, oval- subcir­

cular.

Dimension: 42-53 x 28-36 ~m (excluding spines).
Aperture: Monosulcate, sulcus extended.
Exine: 1-2 ~m thick, sexine as thick as nexine.
Sexine: Tectate, tectum smooth, spinose, spines

with broad base and pointed tips, 3-5 ~m long.
Nexine: Evenly thick, continuous.
Occurrence--Naredi Formation (Early Eocene),

Kutch (Kar, 1985; Kar & Bhattacharya, 1992).
Affinity- Arenga (Arecaceae).

Genus -Bombacacidttes Couper 1960

Type species--Bombacacidites bombaxoides
Couper 1960

Original diagnosis (Couper, 1960, p. 53)­
Isopolar, tricolporate, colpi short, planaperturate
(apertures midway between sides of grains in polar
view); peroblate, triangular in polar view, clearly
sculptured.

Emended diagnosis (Krutzsch, 1970, p. 278) ­
Shape flat lenticular to spheroidal, equatorial outline
typically over-round, in part subcircular or convexly
triangular. Three equatorial germinals, in the over­
round forms in centre of the sides, in other aspects in
part also apparently displaced towards the corners.
Exocolpi short, perpendicular and symmetrical with
respect to the equator. Endopore distinctly thickened
or only weakly so. Surface always clearly reticulate,
but in the corner regions often with finer meshes.
Sometimes (secondarily) with fine sculpture such as
spinules, granulate, pilate, etc. Small to medium-large
in size, rarely large forms.

Species studied:

Bombacacidites triangulatus Kar 1985

PI. 3, figs 8-9

Holotype - Kar, 1985, pI. 30, fig. 1, slide no.
8242/2; Repository - B.S.I.P., Lucknow.

Type locality, horizon and age- Kaiyari, Kutch
District, Gujarat; Maniyara Fort Formation;
Oligocene.

Onginal diagnosis (Kar, 1985, p. 137)-Pollen
grains triangular in polar view, 56-80 x 55-79 ~m.

PlATE 3

(All pholographs are enlarged x1000)

1-6. Verrucolporites lIaT'UCUS Sah & Kar. Slide no. BSIP 3351/8, BSIP 10·11 RacemcmocolpitesthanjinathensislVlandal. Slide no. BSIP 9580/3
3367/2 12-13. Neowuperipollis kutchensis (Venkalachala & Kar) Kar & Kumar.

7 71Jymelaepollis crotonoidisSah & Kar. Slide no BSIP 3372/12. Slide no. BSIP 3315/, v 34
8-9 BomhacaCldltes triangulatus Kar. Slide no BSIP 8250/3.
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Tricolpate, colpi situated midway between sides,
margin thickened, brevicolpate, pores not traceable.
Exine 1.5-2.5 11m thick, sexine thicker than nexine,
reticulate, reticulum broader in middle and shorter at
apices.

Number ofspecimens studied-10.

Description :
Symmetryandform: Isopolar,"triangular.
Dimension: 60-80 x 55-70 11m.
Aperture: Tricolporate; ectoaperture small, mar­

gin thickened; endoaperture indistinct.
Exine: 1.5-2.5 11m thick; .sexine thicker than

nexine.
Sexine: Semitectate, reticulate, lumina 1-2.5 11m

in diameter, smaller at apices; sexine thick around
ectoa pertu re.

Nexine: Evenly thick, continuous.
Occurrence---Maniyara Fort Formation

(Oligocene), Kutch (Kar, 1985); Oligocene sedi­
ments, Kerala (Raha et al., 1987).

Affinity-Bombacaceae.

Genus - CawpbyUumpoUenttes Sah & Kar 1974

Type species - Calophyllumpollenites rotundus
Sah & Kar 1974

Original diagnosis (Sah & Kar, 1974, p. 172)­
Pollen grains subcircular-circular with three constric­
tion due to apertures. Tricolporate, colpi long, pore
margin ± thickened. Exine thick, ± laevigate-finely
reticulate.

Species studied:

Calophyllumpollenites rotundus Sah & Kar 1974

PI. 9, fig. 12

Holotype---Sah & Kar, 1974, pI. 2, fig. 47, slide no.
4360/25; Repository- B.S.I.P., Lucknow.

Type locality, hon'zon and age - Palana,
Bikaner District, Rajasthan; Palana Lignite; Early
Eocene.

Original diagnosis (Sah & Kar, 1974, p. 173)­
Pollen grains subcircular-circular in polar view, 36-48

11m, .3 colporate, colpi long, pore margin thickened.
Exine thick, laevigate to finely reticulate.

Number ofspecimens studied - 9.

Description:
Symmetry and form: Isopolar, subcircular-cir­

cular.
Dimension: 50-60 x 45-50 11m.
Aperture: Tricolporate, ectoaperture long, wide,

margin thickened, endoaperture distinct with
uniformly thickened margin, circular.

Exine: 2-2.5 11m thick; sexine thicker than nexine
or equally thick.

Sexine: Tectate, perforate.
Nexine: 0.5-1 11m thick; uniform.
Occurrence---Palana Lignite (Early Eocene),

Rajasthan (Sah & Kar, 1974).
Affinity-Not known.

Genus -Composttotpolknttes Potonle 1951 ex Potonle 1960

Type species - Compositoipollenites
rhizophorus (Potonie, 1934) Potonie 1960.

Original diagnosis (Potonie, 1960, p. 105)­
Spherical pollen; 3 pores (and colpi ?); exine all over
ornamented with spinae which are often ± irregular
and often bent; spinae 3-4 11m in holotype, at their
bases separated by a negative reticulum.

Species studied:

Compositoipollenites tricolporatus Kar 1985

PI. 4, figs 5-7; PI. 5, fig. 12

Holotype - Kar, 1985, pI. 30, fig. 3, slide no.
8243/10, Repository - B.S.I.P., Lucknow.

Type locality, horizon and age - Nala cutting
on the eastern side of the village Kaiyari, Kutch Dis­
trict, Gujarat; Maniyari Fort Formation; Oligocene.

Original diagnosis (Kar, 1985, p. 137) - Pollen
grains more or less subcircular both in polar and
equatorial views, 20- 28 x 18-26 11m. Tricolporate,
colpi pore distinct, lolongate. Exine up to 211m thick,

PLATE 4

(All pholographs are enlarged x1000)

1-2. Acanrbolricolplles bulbosplnosus Kar. Slide no. BSIP 10997. 8. Arecipites bel/us Sah & Kar. Slide no. BSIP 6369/1
3-4. Verrupolyporites globosus Kar. Slide no. BSIP 8247/4. 9-12. Ratan'acolpOtites plicatus Kar. Slide nos. BSIP 6365/4 and I3S1P
5-7 Composltolpollenltes tricolporatus'Kar. Slide no BSIP 8246/9. 6368/19
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spinose, spines robustly built with bulbous base a'ld

pointed tip, base of spines pilate, rest part of the exine

also pilate.

Number of:"pecimens studied - ] 2.

Description·
Symmet/y andform : Isopolar, spheroidal.

Dimension: ]8-28 x ]6-28 ~m.

Aperture: Tricolporate; colpi long, endoaperture

lolongate, 2 ~m in diameter.

Exine: ]-2 ~m thick, sexine thicker than nexine.

Sexine: Spinose, spines robust, sharply tapering,

3-4 ~m long, ]. 5-3 ~m at the base, spine ends pointed.

Nexine: Uniformly thick, continuous.

Occurrence--Maniyara Fort Formation

(Oligocene), Kutch (Kar, ]985).
Affini~y- Asteraceae.

Remarks----This grou p of pollen is stratigrafica lly

important in post-Eocene sediments.

Genus - Cruciferoipolleniles Navale & Misra 1979

Type species-Crucijeroipollenites elongatus
Navale & Misra] 979

Original diagnosis(Navale & Misra, ] 97 9, p. 226)
- Pollen grain isopolar, prolate, size range 47-]20 x

33-]]0 ~m. Tricolpate to tricolporoidate, colpi long,

generally uneven, distinct and extending almost up

to the poles. Exine 3-4 ~m thick, sexine thicker than

nexine. Surface tegillate, granulate to microreticulate,

grana comparatively denser at the poles.

Species studied.

Cruciferoipollenites elongatus Navale & Misra] 979

PI. ], fig. ] 4; PI. 2, figs 8-] ]

Holotype- Navale and Misra, ]979, pI. ], fig. ],

slide no. ]099], Repository - 8.S.J.P., Lucknow.

Type locali~y, horizon and age---Neyveli lig­

nitefield, South Arcot District, Tamil Nadu; Neyveli

Formation; Eocene

Originaldiagnosis(Navale&Misra, ]979, p. 227)
-Isopolar pollen grain, prolate, mostly seen in
equatorial compression while in polar compression
they are seldom intact. Size range 47-56 x 33-54 ~m
Tricolpate to tricolporoidate, colpi quite long, mar­
gins generally uneven, distinct, extending up to the
pole, mesocolpi convex towards periphery. Exine
3.5-4 ~m thick, thinning gradually towards colpi.
sexine nearly double the thickness of nexine, tegil­
late, surface structure finely microreticulate, lumina
of varying shapes.

Number ofspecimens studied - 9.

Description:
Symmetryandform: Elliptical in equatorial vic,v

Dimension: 47-67 x 33-54 ~m.

Aperture: Tricolpate, colpi 30 ~m long, narrow,
margin uneven due to ornamentation.

Exine: 4-6 ~m thick, tect~1te, sexine thicker than
nexine.

Sexine: 3.5-4 ~m thick, tectum perforated with
perforations of irregular shapes and sizes, infratec­
tum columellate, columellae 2.2 ~m long, irregularly
shaped.

Nexine : ]. 5-2 ~m thick, uniformly thick, con­
tinuous.

Occurrence- Neyveli Formation (Eocene).

Tamil Nadu (Navale & Misra, ] 979).
Affinity- Not known.

Genus - Dakshinipolleniles Navalc & Misra 1979

Type species-Dakshinipollenites tripakshi
Navale & Misra] 979

Original diagnosis(Navale & Misra, ] 979, p. 229)
-Pollen grain isopolar, triangularto subtriangular( in
polar' view), subprolate to suboblate (equatorial
view); 48-70 x 48-66 ~m in size. Tricolporate, an­
gulaperturate, colpi long, narrow and deep, apocolpi
small. Ora faint to indistinct, lalongate, slit-like. Exine
thin (].5 ~m) in the middle part of the mesocolpi
where it is projected out like a hump: gradually
thickens laterally, being thickest (3-4.5 ~m) on the

PLATE 5

( All photographs 'Ire enlarged x 1000)

1-'1. fiippucruteuceaedites Wl1striClus Sah & Kar. Slilk no. 43')4/9. 11 DermutuhreIJiw!purilesdemwtus(Sah & K"r) K"r. Slide no. I\SII'

')-7 Liguli(lurueditespliwtus K"r. Slide no. I\SII' X240/3 6360/')

X-IO. Pu!yw!puriles indicus Mehrotr;1. Slide nm. 1\SII' 9446. Y 49: 1\SII' 12. Cump()silll1jJ()!!enite.\ IrIwlp()l'Utus K"r Slide Il<) 1\SII' X2'iV] II

9'144. F '19: 1\SII' 9392. v 30/2
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11H THE PALAE0130TANIST

colpi margins. Surface microgranulate to granulate,
granulation more prominent towards colpi margins.

jpecies studied:

Dakshinipollenites tripakshi Navale & Misra 1979

PI. 2, figs 14-16

Holotype-NavaleandMisra,1979,pI.1,fig.13,
slide no. 10995, Repository - B.S.I.P., Lucknow.

Type locality, horizon and age-Neyveli lig-
nite field, South Arcot District, Tamil Nadu; Neyveli
Formation; Miocene.

Originaldiagnosis(Navale & Misra, 1979, p. 229)
-Isopolar pollen grain, subprolate to suboblate in
equatorial view, triangular to subtriangular in polar
view. Size range 48-70 x 48-66 ~m. Tricolpate, an­
gulaperturate, longicolpate, colpi deep and narrow,
extending quite upto the poles, apocolpium small.
Pore obscure, lalongate, like a slit. Exine thin 0.5-2
~m) in the middle part of the mesocolpi (clearly
visible in the polar view) projecting outwards like a
hump, gradually thickening laterally, being thickest
(3-4.5 ~m) at the colpi margins. Microgranulate to
granulate, granulation becoming more prominent

towards colpi margins.

Number ofspecimens studied- 12.

I)escription :
Symmetry and form: Isopolar, subprolate to

oblate in equatorial view, triangular to subtriangulaT
in polar view.

Dimension: 48-70 x 48-66 ~m.

Aperture: Tricolporate; ectoaperture long, nar­
row, endoaperture laJongate, obscure.

Exine: 1.5-2 ~m thick in the middle part of the
mesocolpi and 3- 4.5 ~m thick at ectoapertural mar­
gins; sexine thicker than nexine.

Sexine: Intectate, baculate, pilate; pila heads up

to 1 ~m wide, free.
Nexine: Evenly thick, continuous.
Occurrence-Neyveli lignite (Miocene), Tamil

Nadu (Navale & Misra, 1979).

AffiniZrNot known.

Genus - Dellsiverrupollellites Tripathi & Singh 1984

Type species-DensivelTupolleniles eocenicus
Tripathi & Singh 1984

Original diagnosis CTripathi & Singh, 1984, p.
154) -Pollen grains spheroidal to subspheroidal in
polar view, tricolporate, apertures subequatorially

placed, brevicolpate, ora circulartoslightly lalongate:
exine ornamentation verrucae beset with gemmae.

Species studied.

Densiven1Apollenites eocenicus Trip:lthi & Singh
1984

PI. 10, figs 5-6

Holotype-Tripathi and Singh, 1984, pI. 1. fig. 3
slide no. 6958, Repository-B.S.I.P., Lucknow.

7)'Pe locality, horizon and age- At 133 kill from
Shillong on Shillong Badarpur road, )aintia Hills.
Meghalaya: Kopili Formation: Late Eocene.

Original diagnosis CTripathi & Singh, 1984. [J.

155) -Pollen grains spheroidal to subspheroidal:
tricolporate, brevicolpate; apertures subequatorially
placed; exine 1.5-2.5 ~m thick, sexine as thick as
nexine, verrucate to gemmate, verrucae and gemmae
very closely placed.

Number ofspecimens studied - 17.

Descnption.
Symmetry and form : Spheroidal to sub­

spheroidal.
Dimension: 70-95 x 65-75 ~m
Aperture: Tricolporate, ectoaperture small, lalon­

gate, 8-10 ~m long: endoaperture circular to slightly
lalongate with thickened margin.

Exine: Intectate, 1.5-2.5 ~m thick, sexine as thick
as nexine.

Sexine : Gemmate, verrucate; gemma 1-2 ~m

high, 2-3 ~m wide, closely placed.
Nexine: Uniform.

PLATE 6

( All pholographs are enlarged x 1000)

1-3 Anguluwlpurites microreticu/atus Kar. Slide no I\SII' 4359/10. 1'-9. Sastriip()lIenites lriluhullis Venkalachala & K;Ir. Slide no lI~jl'

4-5 ArecipilesheliusSah & Kar. Slide no IISII' 33<S7/H 9419. N 43/4.

<S-7. Plicatiaperlurites reupilatus Kar. Slide no. IlSI P <S373/5
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120 THE PALAE0130TANIST

Occurrence-Kopili Formation (Late Eocene),
Meghalaya (Tripathi & Singh, 1984).

A.ffini~y-Ala ngiaceae.

Genus - Dennatobrevicolporltes Kar 1985

Type species -DermatobrevicolpOrites der­
matus(Sah & Kar, ]970) Kar, 1985

Original diagnosis (Kar, 1985, p. 89)-Pollen
grains triangular-subtriangular, tricolporate,
brevicolpate, pore large, margin thickened, exine
thick, laevigate-finely intrastructured.

Species studied:

Dermatobrevicolporites dermatus (Sah & Kar, 1970)
Kar 1985

PI. 5, fig. 11, PI. 8, figs 1-2

Holotype-Sah and Kar, 1970, pI. 2, fig. 49, slide
no 3365/20, Repository - B.S.I.P, Lucknow.

Type locality, horizon and age - Bore core no.
15 near Baranda and Panandhro (depth 7 m) , Kutch
District, Gujarat; Naredi Formation, Early Eocene.

Original diagnosis (Sah & Kar, 1970, p. 140)­
Pollen grains subtriangular-subcircular, 30-38 x 28-35
~, 3-orate, ora with thickened margin. Exine thick, ±
laevigate-finely intrastructured.

Restated diagnosis (Kar, 1985, pp. 89-90) - Pol­
len grains triangular-subtriangular, 30-38 x 28-35 ~m,

always found in polar view, tricolporate, colpi short,
10-15 ~m in length, pore well developed, 5-10 ~m in
diameter. Exine 2-4 ~m thick, sexine thicker than
nexine, more or less psilate or sometimes weakly
intrastructured.

Number ofspeCimens studied - 9.

Description :
Symmetry and form . Isopolar, triangular to sub­

triangular in polar view.
Dimension. 30-45 x 28-35 ~m.

Aperture. Tricolporate; ectoaperture 10-15 ~m
long, endoaperture 5-10 ~m in diameter, slightly
protruded, margin thickened.

Exine. 1.5-3.5 ~m thick, undifferentiated.
Occurrence-Naredi Formation (Early Eocene),

Kutch (Sah & Kar, 1970); Miocene sediments, Kerala
(Raha et al., 1986).

A.ffinit~Not known.

Genus -Echimonoporopollis Saxena et aL 1991

Type species-Echimonoporopollis grandiporus
Saxena et al. 1991

anginal diagnosis (Saxena et at, 1991, p. 46)­
Pollen grains spherical, subspherical or ovoidal,
small to medium sized. Monoporate. Exine generally
thin, spinose, spines vary in shape and size.

Species studied.

Echimonoporopollis grandlporus Saxena et at 1991

PI. 9, figs 1-2,4-5

Holotype- Saxena et al. 1991, pi 1, fig. 1, slide
no. 9945a. Repository- B.S.I.P., Lucknow.

Type locality, hon'zon and age-Jayamkon­
dacholapuram well-12 (depth 142.3 m from ground
level), Tiruchirapalli District, Tamil Nadu, Neyveli
Formation (lower part), Palaeocene.

Original diagnosis (Saxena et al. 1991, p. 48)­
Pollen grains spherical to subspherical in shape. Size
range 30-42 x 29-40 ~m (excluding spines).
Monoporate, pores distinct, circular to oval, ca. 7-13
~m in diameter, pore margin unthickened. Exine up
to 1.5 ~m thick, sexine as thick as nexine, spinose.
Spines 3-6 ~m long, evenly distributed, bases of
spines bulbous, tips ofspines mostly pointed but may
also be blunt. Interspinal area psilate, punctate or
microreticu late.

Number ofspecimens studied- 14.

PLATE 7

(All photogr<lphs <lre enl<lrged xIOOO)

1-4.

';-6.

lcacin{)ip{)/Ieniles spinu/atus N<lv<lle & Misr<l. Slide no. BSIP 7-R

10994
TribrelJic{)/p()hleS e()cenicus K<lr. Slide no:,. BSIP 336212. 11-12. 9

BSIP 3372/7 10.

Acanthotrico/piles bu/bmpinmus K<lr. Slide nos. I3SIP 1099H <lnd

BSII' 10999.
Thymelt/epo/lis crolonoidis S<lh & K<lr. Slide no BSIP 3372/12

P/icaliaperluriles relipi/aIUS Kar. Slide no. BSI!' (,373/')
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Description:
Symmetry andform : Spherical to subspherical.
Dimension: 28-47 x 26-4111m (excluding spines)
Aperture: A singeI distal pore, circular to oval,

8-13 11m in diameter, margin not thickened.
Exine: Spinose.
Sexine: 1 11m thick, spines 4-7 11m long, broader

and bulbous at base and pointed towards tip, evenly
distributed, interspinal area psilate, punctate, or
microreticu late.

Nexine: As thick as sexine, smooth.
Occurrence--Neyveli ForIT?ation (Palaeocene),

Tamil Nadu (Saxena et al., 1991).
Affinity-Not known.

Echimonoporopollis neyveliensis Saxena et al. 1991

PI. 9, figs 8-9

Holotype- Saxena et aI., 1991, pI. 1, fig. 6, slide
no. 9944, Repository - B.S.!.P., Lucknow.

Type locality, horizon and age--Jayamkon­
dacholapuram well-12 (depth 144.0 m from ground
level), Tiruchirapalli District, Tamil Nadu; Neyveli
Formation, Palaeocene.

Original diagnosis- (Saxena et al., 1991, p. 48)
- Pollen grains spherical to ovoidal in shape. Size
range 41-46 x 38-45 11m (excluding spines).
Monoporate, pore distinct, circular, 10-14 11m in
diameter, pore margin unthickened. Exine 0.5-1.0 11m
thick, sexine as thick as nexine, spinose. Spines
uniformly distributed, robustly built, broad at base
and gradually taper towards the tip, spine bases not
bulbous, length ofspines 6.2 - 9.611m. Interspinal area
punctate - microreticulate.

Number ofspecimens studied - 13.

Description:
Symmetryandform: Spherical to subspherical.
Dimension: 40-48 x 36-46 11m (excluding spines).
Aperture: A single distal pore, circular, 8-14 11m

in diameter, pore margin not thickened.

Exine: Spinose.
Sexine: 0.5 11m thick, spines evenly distributed,

broad at base, and tapers towards the tip, 6.2-9.6 11m
long, interspinal area punctate-microreticulate.

Nexine: As thick as sexine, smooth.
Occurrence- Neyveli Formation (Palaeocene),

Tamil Nadu (Saxena et aI., 1991).
Affini~y- Not known.

Genus --Foveotricolporltes Pierce 1961

Type species-Foveotricolporites rhom-
bohedralis Pierce 1961

Onginal diagnosis (Pierce, 1961, p. 52) ­
Foveolate, tricolporate pollen.

Species studied:

Foveotricolporites reticuloidus Kar 1985

PI. 9, figs 6-7

Holotype--Kar, 1985, pI. 15, fig. 6, slide no
3364/13, Repository - B.S.1.P., Lucknow.

Type locality, horizon and age - Bore core no.
15 near Baranda and Panandhro (depth 3 m), Kutch
District, Gujarat; Naredi Formation, Early Eocene.

Original diagnosis (Kar, 1985, p. 79)-Pollen
grains oval in equatorial view, 36-44 x 34-41 11m,
tricolporate, colpi long, pore distinct, lalongate.
Exine 2-3 11m thick, sexine much thicker than nexine,
tectate, reticuloid, reticulate appearance being
formed by pila.

Number ofspecimens studied - 10.

Description:
Symmetryandform: Isopolar, oval in equatorial

view.
Dimension: 36-44 x 34-41 11m.
Aperture: TricoJporate; ectoaperture long; reach­

ing to the pole; endosperture distinct, large C4-511m)
lalongate, bordered by thick costae.

PLATE 8

(All photographs are enlarged xl000)

1-2. Drmnalobrevlwlporllesdennulus(Sah & Kar) Kar. Slide no, 13SIP 10-12. Varlsplnilriporiles rulurlensis Kar. Slide nos BSIP 6353/11 and

3377/12. BSIP 6352/8
3. Tbymelaepoilis crolonoidts Sah & Kar. Slide no. BSIP 3372/12. 13. Rucemonowlpites thunjinuthensisMandal. Slide no. BSIP 95111. L

4-9 Alanglopoilis gemmalus Navale & Misrd. Slide no. I3SII' 10995: 54/3.
BSIP 10993.
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Gellus -[cacilloipoUe"ites Navale & Misra 1979

Number ofspecimens studied - 11.

Species studied:

Jcacinoipol!enites spinulatus Navale & Misra 1979

Description:
Symmetry andform: Isopolar, triangular to sub­

triangular.
Dimension: 40-50 /lm.
Aperture: Tricolporate; ectoaperture long with

thickened margin, endoaperture 3-5 /lm in diameter,
margin thickened.

Exine: 3-5 /lm thick, sexine as thick as nexine.
Sexine: Intectate, reticulate, reticulum formed of

pila, pita 3-4 /lm long, closely placed.
Nexine: Thin, uniformly Wide, continuous.
Occurrence - Palana Lignite (Early Eocene),

Rajasthan (Sah & Kar, 1974).
Affinity-Hippocrateaceae.

PI. 7, figs 1-4

Holotype- Navale and Misra, 1979, pI. 1, fig. 8,
slide no. 10994, Repository -B.S.I.P., Lucknow.

Type locality, hOrizon and age- Neyveli lignite
field, South Arcot District, Tamil Nadu; Neyveli For­
mation; Eocene.

Type species - Jcacinolpol!enites spinulatus
Navale & Misra 1979

Original diagnosis (Navale & Misra, 1979, p. 228)
- Pollen grain isopolar, subprolatc to oblate, size
range 41-68 x 30-56 /lm. Tricolpate, brevicolpate,
colpi slit -like, surrounded by lip-like thickening.
Exine 2.5-55 /lm thick, crassisexinous, tegillate,
spinulate, spinules very small (l /lm). Surface
microgran ulate.

Genus - Hippocrateaceaedites Ramanujam 1966

Exine: 2-3.5 /lm thick, sexine much thicket thal1 apices, 3 colporate, pore margin thickened. Exine
nexine. pilate - reticulate.

Sexine: Irregularly baculate, 2-2.5 /lm thick.
Nexine: Up to 1 /lm thick, uniform.
Occurrence-Naredi Formation (Early Eocene),

Kutch (Kar, 1985).
Affinity- Dodonaea(Sapindaceae).

Type species - Hippocrateaceaedites vancam­
poae Ramanujam 1966

Onginal diagnosis (Ramanujam, 1966, p. 170)­
Pollen grains isopolar, oblate tosuboblate, 3-zonicol­
porate. Amb subtriangular. In polar view the sexine
of each lobe is prolonged into characteristic knob­
like process on either side of col pus. Colpi broad at
equator suddenly narrowing towards poles, sur­
rounded by a thickened exine, longicolpate, ora
prominent, rounded with a thick annulus interrupted
at equator. Exine punctitegillate.

Emended diagnosis (Rao & Ramanujam, 1982, p.
77) - Pollen grains oblate to suboblate, amb trian­
gular to subtriangular, tricolporate, longicolpate, in
polar view sexine prolonged into characteristic knob­
like processes on either side of colpus. Colpal margin
thickened, ora prominent, rounded to lalongate with
a thickened rim interrupted at equator. Exine
punctitectate to finely reticulate.

Species studied·

Hippocrateaceaedites constrictus Sah & Kar 1974

PI. 5, figs 1-4

Holotype- Sah and Kar, 1974, pI. 2, fig. 46, slide
no. 4354/9, Repository - B.S.I.P., Lucknow.

Type locali~y, horizon and age - Palana lig­
nitefield, Bikaner District, Rajasthan; Palana Lignite;
Early Eocene.

Original diagnosis (Sah & Kar, 1974, p. 170)­
Pollen grains triangular with marked constriction at

PlATE 9

( All photographs are enlargeu xl (00)

1-2.4-';. /;'chimonupompoI!L\ Iv(.mdip0nls Saxena el a/. Stiue no. IlSI»
994')

3. ArenRapo/leniles uchinalus Kar. Sliue no. IlSII' 1l236/2.
6-7. /-iweolrico/p0f'iles retiw/aidus Kar. Sliue no. IlSI» 3364/13

1l-9. /;'chimanopompoI!L\ neYlJeliensisSaxena el u/..~licle no. IlSI» 9944
10-11. AnRu/ow/poriles miuoreticu/alus Kar. Slide no. BSIP 33')3/6
12. Cu/ophy/lumpo/leniles mlundus Sah & Kar. Sliue no IISI)'

4360/2')
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Original diagnosis (Navale & Misra, 1979, p. 228)
-Isopolar pollen grain, subprolate to oblate (in
equatorial view) 41-68 x 38-561..lm in size. Tricolpate,
brevicolpate, slit -like colpi surrounded by lip-like
thickening about 2.5-3 I..lm thick. Exine 3.5-4.5 I..lm
thick, crassisexinous, sexine nearly 3-4 times thicker
than nexine, tegillate, spinulate, spinules very small
Ol..lm long) but their bases are distinctly seen in the
surface view, surface microgranulate.

Number ofspecimens studied - 8.

Description:
Symmetry and form : Spheroidal in equatorial

view.
Dimension: 41-68 x 38-62I..lm.
Aperture: Tricolpate, colpi 121..lm long, narrow,

margin uneven accompanied by lip-like raised struc­
ture on either side.

Exine: 4-5 I..lm thick, tectate, spinulose.
Sexine: Crassisexinous, sexine 3.5-4.5 I..lm thick;

columella very closely placed, 3.5-4 I..lm long;
spinules supratectal, 1-25 I..lm long, 3-7 I..lm apart,
regularly present on colpi margin; interspinal areas
granulate, infra tectum distinctly columellate.

Nexine: 0.5 I..lm thick, continuous.
Occurrence- Neyveli Formation (Eocene),

Tamil Nadu (Navale & Misra, 1979).
Affinity- According to Navale and Misra

(979), the pollen grains resemble Desmostachys
preussii of the family Icacinaceae. However, this af­
finity needs rechecking.

Remarks - While describing this species,
Navale and Misra (979) spelled the genus as
Icacinacipo//enites instead of Icacinoipo//enites. This
has been considered a typographic error, hence cor­
rected.

Genus -l.igulifloraedites~ 1985

Type species -Ligulijloraeditespilatus Kar 1985
Original diagnosis (Kar, 1985, p. 91) - Pollen

grains generally subcircular, radially symmetrical,
apertures indistinct, probably tricolpate - tricol­
porate. Exine thick, roughly differentiated into a pat-

tern of intectate lacunae and tectate-columellate cris­
tae, columellae bearing pila.

Species studied:

Ligulijloraedites pilatus Kar 1985

PI. 5, figs 5-7

Holotype - Kar, 1985, pI. 7, fig. 18, slide no.
8230/3, Repository - B.S.I.P., Lucknow.

Type locality, horizon and age - Panandhro
lignitefield, Kutch District, Gujarat; Naredi Formation;
Early Eocene.

Original diagnosis (Kar, 1985, pp. 91-92) ­
Pollen grains radially symmetrical, subcircular with
slight undulated margin, 45 x 54 - 44 x 53 I..lm. Aper­
tures not distinct, seem to be tricolpate-tricolporate.
Exine 5-71..lm thick, sexine much thicker than nexine,
differentiated into a pattern of intectate lacunae and
tectate-columellate cristae, columella 4-6 I..lm broad,
bearing single row of pin-headed pila, pila robustly
built.

Number ofspecimens studied -'-7.

Description:
Symmetry and form : Radially symmetrical;

spheroidal in polar view.
Dimension: 45-65 x 44-65 I..lm.
Aperture: Tricolporate.
Exine: 6-71..lm thick, tectate, pilate-reticulate.
Sexine: Pila robust, 3.5 - 6.5 x 1-3.5I..lm, pila head

occasionally fused, up to 41..lm broad; on one surface
pila are arranged in single row and form irregular
reticulum, lumina 3.5 - 13).tm, on the other side pila
are in 2-3 rows forming very thick bands, bands join
to form irregular reticulum; muri 3.5-9 I..lm wide,
lumina 3-15I..lm; infratectum distinctly columellate.

Nexine. 1.5 I..lm thick, continuous.
Occurrence- Naredi Formation (Early

Eocene), Kutch (Kar, 1985).
Affinity-This species closely resembles the

pollen of some members of Caesalpiniaceae, e.g.,
Delonix and Peltophorum.

PlATE 10

(All photow~ph,~re enl~rged x1000)

1-2. Alanglopol/(~ arcolensls N~v~le & Misr~. Slide no. BSIP 10996. 5-6. Denslwrrupollenltes euwnlcus Tripathi & Singh. Slide no. 13SI P
3-4 Liliacldlles baculaIus Venk~l~ch~l~ & K~r. Slide no. BSIP 3312. 6951>/1.
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Genus - Ltliacidites Couper 1953

Type species -Liliacidites kaitangataensis
Couper 1953

Original diagnosis (Cou per, 1953, p. 56) - Free
anisopolar, bilateral, monosulcate, occasionally
trichotomosulcate; sulcus long, broad; grain usually
elongate; exine clearly reticulate, lumina of reticulum
variable in size; clavate, baculate in optical section
(muri composed of baculae or clavae).

Emended diagnosis (Krutzsch, 1970, p. 30) ­
Monosulcate (abnormally also trichotomosulcate)
pollen with coarsely reticulate exine, muri underlain
by a distinct columellae or baculae layer, the com­
ponents of which in part may protrude freely to the
exterior as clavae. Medium sized to large forms.

5pecies studied.

Liliacidites baculatus Venkatachala & Kar 1969

PI. 10, figs 3-4

Holotype- Venkatachala and Kar 1969, pI. 1, fig.
17, slide no. 3312, Repository - B.S.J.P., Lucknow.

Type locality, horizon and age- Bore core no.
14 (depth 45 m), Matanomadh, Kutch District,
GUjarat; Naredi Formation, Early Eocene.

Original diagnosis (Venkatachala & Kar, 1969,
p. 16m-Pollen grains oval-elliptical in shape, 45-65
x 30-45 /lm. Col pus well-developed, funnel shaped.
Exine intrab"r'date forming negative reticulum in
surface view.

Number oj:.pecimens studied - 8.

Descnption .'
5:ymmelly andJonn : Heteropolar, oval to ellip-

tical.
Dimel7Sion: 45-65 x 30-45 /lm.
Aperture: Monosulcate, sulcus extended.
Exine: 3-4 /lIn thick, sexine much thicker than

ncxine.
Sexine: Tectate, reticulate, retipilate, pila 2.5-3

/lm long.
Nex;ne. Continuous, about 1 /lm thick.
Occurrence- Naredi Formation (Early Eocene),

Kutch (Venkatachala &: Kar, 1969).
AJJinity- This species is closely comparable to

the pollen of Eugeissona insignis.

Remarks - Liliacidites baculatus was trans­
ferred to Matanomadhiasulcites by Kar (985).
Liliacidites baculatus Venkatachala & Kar 1969 has
extended sulcus hence does not come under the
generic circumscription of either Liliacidites or
Matanomadhiasulcites Thanikaimoni et al. (984)
suggested resemblance of this species with
Quilonipollenites.

Genus - Neocoupe,-tpoUis Kar & Kumar, 1987

Type species--Neocouperipollis kutchensis
(Venkatachala & Kar, 1969) Kar & Kumar 1987

Original diagnosis (Kar& Kumar, 1987, p. 172)
- Pollen grains more or less elliptical in polar view,
monosulcate, echinate, sulcus extending from one
end to the other along the longest axis, spines pointed
with nexinal thickening at the base, exine more or
less smooth between the spines.

Remarks - The genus Couperipollis was desig­
nated by Venkatachala and Kar (969) with a view to
maintain homogeniety in Monosulcites Erdtman
1947. Monosulcites, originally proposed to accom­
modate laevigate, monocolpate pollen, was
emended by Couper (953) and monocolpate,
spinose forms were also included in it. Considering
this emendation untenable, Venkatachala and Kar
(969) proposed Couperipollisdesignating Monosul­
cites perspinosus Couper 1953 as its type species.
Later, it was 'found that holotype of Monosulcites
perspinosus is not traceable in the slides prepared by
Couper (Norris, 1962; Pocknall & Mildenhall, 1984).
The type locality, from where Couper's material was
collected, has been eroded by sea (Pocknall & MiI­
denhall, 1984). To overcome this problem, Kar and
Kumar (987) proposed Neocouperipollis, designat­
ing N kutchensis (Venkatachala & Kar, 1969) Kar &
Ku mar 1987 as its type species.

Species studied,'

Neocouperipollis kutchensis (Venkatachala & Kar,
1969) Kar & Kumar 1987

PI. 3, figs 12-13

Holotype - Venkatachala and Kar, 1969, pI. 1,
fig. 16, slide no. 3314, Repository - B.S.J.P., Luck­
now.

Type locality, horizon and age - Bore hole no.
14, Matanomadh, Kutch District, Gujarat; Naredi For­
mation; Early Eocene.
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Original diagnosis (Venkatachala & Kar, 1969,
p. 16l)-Pollen grains subcircular in shape, 35-65 x
30-60 /lm. Monosulcate, sulcus ill- developed, hardly
discernible, extending from one end to other. Exine
spinose, spines with bulbous base and pointed tip.

Emended diagnosis (Kar & Kumar 0987, p. 173)
- Pollen grains more or less subcircular to oval in
shape, 35-65 x 30-60 /lm. Monosulcate, exine
spinose, spines strongly built with bulbous base and
pointed tip, interspinal space more or less laevigate
to granulose.

Number oj~pecimensstudied - 26

Description:
Sy1?1.1netly andJonn: Heteropolar, subcircular to

oval.
Dimension: 35-65 x 30-60 /lm.
Aperture: Monosulcate, sulcus long, obscured by

spines.
Exine: 1.5-2 /lm thick, not clearly differentiated,

spinose. spines with bulbous base and pointed tip,
5-8 /lm long, 4-7 /lm wide at base; interspinal area
laevigate to granulate, 15-2 /lm thick.

Occurrence - Matanomadh, Naredi and
Harudi formations (Palaeocene - Eocene), Kutch
(Venkatachala & Kar, 1969; Kar, 1978,1985; Saxena,
1979); Palana Lignite (Early Eocene), Rajasthan (Sah
& Kar, 1974); subsurface middle-Late Eocene sedi­
ments of Kutch (Kar &. Saxena, 1981); Lakadong
Sandstone (Palaeocene), Meghalaya (Kar &. Kumar.
1986; Mandai, 1990).

A.ulni~y - Arecaceae.

Genus - ParumbelliferoipoUis Ka.. 1978

Type species -Parumbelliferolpollis dulcis Kar
1978

Original diagnosis (Kar, 1978, p. 168) - Pollen
grains elliptical in equatorial view. Tricolpate, colpi
distinct to indistinct. Exine thick, rugulate to scrobicu­
late; sexine as thick as nexine at poles, but much
thicker than nexine at equator.

Species studied:

ParumbelliferoipolliS dulcis Kar 1978

PI. 2, figs 1-7

Holotype - Kar, 1978, pI. 1, fig. 20, slide no.
.)254/13, Repository - B.S.l.P., Lucknow.

Type locality, horizon and age - Harudi, Kutch
District, Gujarat; Harudi Formation; Middle Eocene.

Original diagnosis (Kar, 1978. p. 169) '- Pollen
grains only found in equatorial view, elliptical,
without any marked constriction in middle region.
Tricolpate, colpi long, distinct to indistinct, extending
up to three-fourths along longer axis. Exine 2-5 /l
thick at polar region, 6-10 /l broad at equator; sexine
as thick as nexine at equator; pita closely placed and
fused to form rugulate to scrobiculate structure.

Number oj~pecimensstudied - 15.

Description.
Sy1?1mehyandfonn: Elliptical in equatorial view
Dimension: 40-60 x 26-35 /lm.
Aperture: Tricolpate. colpi 23-35 /lm long, nar­

row.
Exine: 3-5 /lm thick, tectate, reticulate.
Sexine: Much thicker than nexine at equator, pila

heads fuse to form reticulum; lumina 1 /lm in
diameter, pila 1.5 x 0.5 /lm; infratectum columellate.

Nexine: 1-1.5 /lm thick, thinner at equator.
Occurrence -Harudi Formation (Middle

Eocene), Kutch (Kar, 1978,1985).
AjJinitv - Kar (978) doubtfully assigned this

genus to Apiaceae. The present study reveals that in
its sexine structure the pollen are also comparabk to
some members of Acanthaceae. However, pollen of
these two families always bear endoaperrures.

Genus -Plicatiaperturites Ka.. 1985

Type species-P/icatiapertu rites retipilatus Kal
1985

Original diagnosis (Kar, 1985. p. 124) - Pollen
grains subcircular in polar and oval in equatorial
views. Tricolporate, pore distinct, margin thickened.
colpi long with thickened margin. Exine 1.5-25 /lm
thick, retipilate-reticul,\te, ornamentation mOle in
mesocolpial than in aperrural region.

Species studied·

Plicatiaperturites retlpi/utus Kar 1985

PI. I, figs 1-3; PI. 6, figs 6-7: PI. 7, fig. 10

Holo~')/pe - Kar &. Saxena, 1981, pI. 3. fig. 61.
slide no. 6373/4. RepOSitory - B.SI.P. Lucknow.
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Type locality. horizon and age - Bore core no.
27 (depth 30 m), Rataria, Kutch District, Gujarat;
subsurface: Middle-Late Eocene sediments.

Diagnosis-(Kar, 1985,p.124) -Pollengrains
subcircular in polar and oval in equatorial views,
20-30 x 18-28 ~m. Tricolporate, pores distinct, margin
thickened, pores lalongate in equatorial view. Colpi
distinct. long, bordered by exinal thickening on both
sides. Exine up to 2.5 ~m thick, sexine thicker than
nexine, retipilate-reticulate ornamentation more on
mesocolpial than in apertural region.

Numher ojspeumells studied - 11.

Descnptioll .
SymmetlY and form Isopolar, subcircular in

polar view, oval in equatorial view.
Dime17Sioll: 20-30 x 18-20 ~m.

Aperture: Tricolporate. ectoaperture long. ex­
tending up to 2/3 of the polar axis, endoaperture
circular, costate.

Exine: Tectate; 2 - 3 ~m thick, thicker in intercoJ­
pium; sexine thicker than nexine.

Sexine: Retipilate, pita forming reticulate pattern:
pila smaller near aperture: pila heads up to 1 ~m in
diameter.

Nexine: Up to 1 ~m thick. uniform.
Occurrence - Subsurface Middle-Late Eocene

sediments. Kutch (Kar, 1985).
AJfinity - Haldina (Rubiaceae) produces pol­

len having same type of apertures and exine pattern.

Genus -P/urnbagillactpiles Navale & Misra 1979

Type species - Plumhaginacipites neyuelii
Navale & Misra 1979

Originaldiagnosis(Navale& Misra, 1979, p. 227)
- Pollen grain isopolar, oblate, suboblate to
spheroidal. Size ranges from 60-95 x 60-70 ~m. Tricol­
pate, colpi simple, long and deep, do not reach the
poles, mesocolpi rounded. Exine always thick (5-7
~m), sexine thicker than nexine, sexine with distinct
rod layer, rods are long, papillate to clavate showing
a granular to microreticulate surface pattern..

Species studied·

Plumhaginacipites neyvelii Navale & Misra 1979

PI. 2, figs 12-13

Holotype - Navale and Misra, 1979, pI. 1, fig. 4,
slide no. 10992, Repository - B.S.I.P., Lucknow.

Type locality, horizon and age - Neyveli lig­
nitefield, South Arcot District, Tamil Nadu; Neyveli
Formation; Eocene.

Original diagnosis(Navale & Misra, 1979, p. 227)
-Isopolar pollen, oblate to spheroidal, 60-95 x 60-70
~m in size. Tricolpate, colpi longicolpate, deep but
do not reach the poles, mesocolpi ~re rounded at the
periphery. Exine 5-7 ~m thick, sexine thicker (2-3
times) than nexine, gradually thinning towards the
colpi margins. Distinct rod layer is present in the
sexine, rods are long, papillate to clavate forming
granulate to finely micro-reticulate surface structure.

Number o/~pecimellsstudied - 9.

Descnptioll :
Symmefly andfonn : Spheroidal in polar view.
Dimension: 60-95 x 60-80 ~m.

Aperture: Tricolpate; colpi 25 ~m long with
rou nded ends.

Exine: 6.5 ~m thick. tectate, ornamented with
v;\Iying sculptural elements (bacula, clava).

Sexine: Thicker than nexine, 4-5 ~m thick, tectum
perforated; sculptural elements 05-1 ~m apart, 0.5­
1.2 x 3-4 ~m in size; heads of the elements occasional­
ly fused: thin near colpi margin, infratcctum columel­
late, columellae 5 x 1 ~m, shorter near the colpi.

Nexine: 1-1.5 ~m. uniformly thick.
Occurrence - Neyveli Formation (Eocene),

Tamil Nadu (Navale & Misra, 1979, pI. 1, figs 4-6);
subsurface Pleistocent: sediments, Bengal Basin
(Mathur & Chopra, 1987).

AJfini~y - According to Navale and Misra
(979) this' species has affinity with Plwnhaginae
zeylanica of family Plumbaginaceae described by
Selling (947).

Genus -Po/yeo/portles Mehrotra 1983

Type species - Po~ycolporites indicus Mehrotra
1983

Original diag nosis ( Mehrotra, 1983, p. 15)-Pol­
len grains circular-subcircular, polycolporate, colpi
long, reaching up to radius; exine ornamentation
scabrate.

Remarks- Stephanocolporate pollen with long
ectoaperture, distinct apertural membrane and
laevigate-pitted exinal pattern are accommodated in
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this genus. Polymargocolporites Kar & Kumar 1986

has similar morphological characters. Polymargocol­
porites K::u & Kumar 1986 is therefore a junior

synonym of Polycolporites Mehrotra (983).

Species studied:

Polycolporites indicus Mehrotra 1983

PI. 5, figs 8-10

Holotype -Mehrotra, 1983, pI. 4, fig. 2, slide no.

6481, Repository - Palynology Laboratory,

O.N.G.C.,Dehradun.
Type locality, horizon and age - Kopili­

Kharkor River section, Garampani, North Cachar

Hills, Assam; Mikir Formation, Palaeocene.
Original diagnosis (Mehrotra, 1983, p. 15) ­

Pollen grains circular; size range 44-52 11m, hexacol­

porate, colpi reaching upto the radius, pores distinct,

5-6 11m wide, elongate; exine 2 11m thick, scabrate.
Number of specimens ::>ludied - 19.
Description:

Symmetry andform: Subcircular-lobate in polar

view, oval in equatorial view.
Dimension: Equatorial axis 52-60 11m, polar axis

48-55 11m.
Aperture: Penta- to hexacolporate, ectoaperture

reaching almost up to poles, elliptic with tapering

ends, endoapertures eHiptic, 4-5 x 3-4 11m, apertural

membrane present except at endoapertures.
Exine: 2-3 11m thick, sexine thinner than nexine.
Sexine : 0.5-1 11m thick, laevigate -pitted,

reticulum irregular, lumina 0.5-1 11m in diameter;

infratectum colu mellate.
Nexine: 1.5 - 211m thick.
Occurrence--Mikir Formation (Palaeocene),

Meghalaya (Mehrotra, 1983), Lakadong Sandstone

(Palaeocene), Meghalaya (Kar & Kumar, 1986).
Affinity - ? Rubiaceae.
Remarks - Polymargocolporites mawlensis Kar

& Kumar OY86, p. 204, pI. 10, figs 2-4, 6-8, 12) is

identical to Polycolporites indicus, hence is con­

sidered its junior synonym. The margo structure not

described by Mehrotra (983), is distinct in the il­

lustrations.

Genus - Polyporina Naumova ex Potonie 1960

Type species -Po~yporina multistigmosa
(Potonie, 1931) Potonie 1960

Original diagnosis (Potonie. 1960, p. 134) ­
With numerous foveae, more or less closely spaced.
distinctly recessed, with double contours, exine be­
tween the circular foveae more distinctly granulate
than in the foveae.

Species studied:

Polyporina multlporosa Kar 1985

PI. 1, figs 4-6

Holotype - Kar, 1985, pI. 30, fig. 13. slide no.
8248/3, Repository - B.S.J.P .. Luck now.

Type locality, hon'zon and age- Nab cutting on
the eastern side of the village Kaiyari, Kutch District,
Gujarat; Maniyara Fort Formation; Oligocene.

Original diagnosis (Kar, 1985, p. 138) - Pollen
grains subcircular-circular, more or less radially sym­
metrical. 27-35 x 26-34 11m, polyporate. pores subcir­
cular 25-35 in number, 2-4 11m in diameter, 6-10 11m
apart, evenly distributed. Exine I-211m thick, sexine
as thick as nexine, interporal space ± microreticulatc.

Numbel' ofspeCimens studied - 12.

Description:
Symmetry andform: Spheroidal.
Dimension: 25-35 11m.
Aperture: Periporate, pores numerous (more

than 24 in number), circular, 2-2.5 11m in diameter,
margin thickened, 1.5 11m in Width, pores evenly
distributed, 6-7 11m apart.

Sexine : Tectum 1.5 11m thick, infratectum
columellate, columellae 0.5-1 11m

Nexine: 1 11m thick, psilate.
Occurrence- Maniyara Fort Formation

(Oligocene), Kutch (Kar, 1985); Mayyanad Formation
(Eocene), Kerala (Raha et al., 1986).

Affinity- Not known.
Remarks- This pollen type is common to several

families (Muller, 1981).
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Genus - Racemonocolpites Van der Hammen 1954 ex Gonzalez

Guzman 1967

Type ;,pecies - Racemonocolpites racematus
Van der Hammen 1954 ex Gonzalez Guzman 1967

Original diagnosis (Gonzalez Guzman, 1967, p.
50) - Monocolpate pollen grains with gemmate­
baculate-c1avate sculpture.

Species studied:

Racemonocolpites thanjinathensis Mandal 1990

PI. 3, figs 10-11; PI. 8, fig. 13

Holo~ype- Mandai, 1990, pI. 1, fig. 5, slide no.
9580/5, Repository - B.S.I.P., Lucknow.

Type locality, horizon and age - Thanjinath,
Meghalaya; Sylhet Limestone, Lakadong Sandstone
Member; Palaeocene.

Original diagnosis (Mandai, 1990, p. 326) ­
Pollen grains elliptical in polar view; monosulcate,
sulcus distinct, extending up to margin. Exine sculp­
tured with closely placed clava, bacula and gemmae,
intersculptural exine granulose/ microbaculose.

Number ofspecimens studied - 14.

Description:
Symmetry andform: Heteropolar, elliptical.
Dimension: 50-82 x 42-56 /..lm.
Aperture: Monosulcate, sulcus extending up to

equator.
Exine: Up to 1.5 /..lm thick, intectate, covered with

dense clavae, bacula and gemmae; clavae 3-5.5 /..lm
long and 2.5-3 /..lm broad, bacula 2-4.4 /..lm long and
1-3.2 /..lm broad, gemmae 3-5.2 /..lm broad; inter­
sculptural area granulate to microbaculate.

Occurrence - Lakadong Sandstone
(Palaeocene), Meghalaya (MandaI, 1990).

Affinity - In'artia (Arecaceae).

Genus - Ratarlacolporltes Kar 1985

Type species -Ratariacolporites plicatus Kar
1985 •

Original diagnosis (Kar, 1985, p. 123)- Pollen
grains triangular-subtriangular in polar view.
Tribrevicolporate, apertures situated at angles,

generally associated with folds, exine.±. laevigate to
intrastructured.

Species studied:

Ratariacolporites plicatus Ka r 1985

PI. 4, figs 9-12

Holotype- Kar and Saxena, 1981, pI. 4, fig. 73,
slide no. 6368/19, Repository - B.S.I.P., Lucknow.

Type locality, horizon and age- Bore core no.
27 (depth 34 m), Rataria, Kutch District, GUjarat;
subsurface Middle-Late Eocene sediments.

Original diagnosis (Kar, 1985, p. 123)-Pollen
grains triangular-subtriangular in polar view, 50-60 x
48-58 /..lm. Tricolporate, brevicolpate, colpi 10-18 /..lm,
colpi generally indistinct, pore circular-oval. Exine
1-2.5 /..lm thick, more or less laevigate, sometimes
weakly granulose, feebly intrastructured. Exine
folded regularly in interapertural region, folds
originate in one apertural region and end in other, ±
run parallel to margin.

Number of;,pecimens studied - 12.

Description·
Symmetry and form: Isopolar, subtriangu]ar to

triangular in polar view.
Dimension: 60-80 x 55-70 /..lm.
Aperture: Tricolporate; ectoaperture 10-18 /..lm

long; endoaperture circular to oval.
Exine: Tectate; 1-2 /..lm thick; sexine as thick as

nexine.
Sexine: Laevigate, sometimes weakly granulose;

feebly intrastructured.
Nexine: Up to 1 /..lm thick, inner part granular.
Occurrence - Subsurface Middle-Late Eocene

sediments, Kutch (Kar & Saxena, 1981; Kar, 1985\
subsurface Eocene sediments, Kerala (Raha et ai,
1986).

Affinity-Not known.

Genus -Sastrlipolumites venkatachala & Kar 1969

Type species-SastrilpoUenites trilobatus
Venkatachala & Kar 1969

Original diagnosis (Venkatachala & Kar, 1969,
p. 169)- Pollen grains tricolporate, margocolporate,
three-lobed; colpi long, funnel shaped, ora distinct to
indistinct. Exine granulose to intrabaculate.
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Species studied:

Sastriipotlenites trilobatus Venkatachala & Kar 1969

PI. 6, figs 8-9

Holotype - Venkatachala & Kar, 1969, pI. 3, fig.
69, slide no. 3321/18, Repository - B.S.J.P., Luck­
now.

Type locality, horizon and age- Bore core no.
14, Matanomadh, Kutch District, Gujarat; Naredi For­
mation; Early Eocene.

Original diagnosis (Venkatachala & Kar, 1969,
p. 169) - Pollen grains isopolar, trilobed in
equatorial view. Tricolporate, margocolpate, colpi
well developed, invaginated inwards. Ora distinct to
indistinct. Exine up to 211m thick, intrabaculate.

Number ojspecimens studied - 15.

Description:
SymmetlY and jorm: Isopolar, subcircular,

trilobed in equatorial view.
Dimension: 30-40 x 28-36 11m.
Aperture: Tricolporate; margocolpate; ectoaper­

ture long, extending up to poles, invaginated in­
wards; endoaperture distinct, lolongate.

Exine: Tectate; 1.5-2.5 11m thick; sexine thicker
than nexine.

Sexine: Punctate, puncta up to 1 11m across.
Nexine: Up to 1 11m thick, uniform.
Occurrence-Naredi Formation (Early Eocene),

Kutch (Venkatachala & Kar, 1969; Kar, 1978, 1985);
Mayyanad Formation (Eocene), Kerala (Raha et at,
1986); Lakadong Sandstone (Palaeocene),
Meghalaya (Kar & Kumar, 1986).

A.f!inity- Unknown.
Remarks-Kar 0985, p. 8) observed Sastn'lpol­

lenites trilobalus to be tricolpate. However, our
study on the type material (slide no. 3320/18,
Venkatachala & Kar, 1969) shows it to be tricolporate

Genus - TbymeUlepoUts Sah & Kar 1970

Type species - Thymelaepotlis crotonoidis Sah
& Kar 1970

Original diagnosis (Sah & Kar, 1970, p. 140)­
Pollen grains circular-subcircular. Po]yporate, pores
uniformly distributed. Exine thick, baculate-spinose,
sometimes with excrescences on top.

Species studied:

Thymelaepotlis crotonoidis Sah & Ka r .1970

PI. 3, fig. 7; PI. 7, fig. 9; PI. 8, fig. 3

Holotype- Sah and Kar, 1970, pI. 2, fig. 71, slide
no. 3372, Repository - B.S.J.P., Lucknow.

Type locality, horizon and age - Bore core no.
15, depth 23 feet, Kutch District, Gujarat; Naredi
Formation; Early Eocene.

Original diagnosis (Sah & Kar, 1970, p. 140) ­
Pollen grains circular-subcircular, 42-54 x 40-53 !1f'11.
Polyporate. Exine 2-4 11m thick, mostly baculate,
some times with excrescences at top.

Number ojspecimens studied - 10.

Description'
SymmetlY and jorm Spheroidal - oblate

spheroidal.
Dimension: 50-53 11m.
Aperture: Periporate, pores numerous, circular,

2-2.5 11m in diameter, pore margin thin.
Exine lntectate, 3-5 11m thick (including

sculpturing elements)
Sexine: Columellate, Columellae 311m long, top

of the tectum scabrate.
Nexine: 1.5 11m thick, continuous.
Occurrence- Naredi Formation (Early Eocene).

Kutch (Sah & Kar, 1970).
A.f!inity- Not known.

Genus - Tribrevtcolporiles Kar 1985

Type species - Tribrevicolporites eocenicus Kar
1985

Onginal diagnosis (Kar, 1985, p. 80) - Pollen
grains subtriangular in polar view, tribrevicolpordte.
pore margin not thickened. Exine finely reticulate to

scabrate.

Species studied:

Trib1'evicolpontes eocenicus Kar 1985

PI. 7, figs 5-6,11-12

Holotype - Kar, 1985, pI. 13, fig. 9, slide no.
3362/2, Repository - B.S.IP., Lucknow.

Type locality, horizon and age - Bore core no.
15 (depth 6.5 m), Kutch District, Gujarat; Naredi
Formation; Early Eocene.
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Original diagnosis (Kar, 1985, p. 80) - Pollen
grains subtriangular-triangular in polar view,
tribrevicolporate, colpi 10-20 11m long, pores distinct,
4-10 11m in diameter. margin not appreciably thick­
ened. Exine 2 - 311m thick, sexine as thick as nexine,
finely reticulate, meshes appearing as pits in surface
view.

Numherof~pecimensstudied -12.

Description
Symmetly and form: Isopolar, subtriangular to

triangular in polar view.
Dimension: 40-55 x 36-50 IlIn
Aperture: Tricolporate; ectoaperture 10-20 11m

long; endoaperture 4-10 11m in diameter, margin
slightly thickened.

Exine: Tectate; 25 - 3.5 11m thick; sexine as thick
as nexine.

Sexine: Columellate, columella closely placed,
intramicroreticulate; sexine 2 - 2.511111 thick.

Nexine: 1 - ]. 5 11m thick; uniform.
Occurrence- Naredi Formation (Early Eocene),

Kutch (Kar, 1985); Lakadong Formation
(Palaeocene), Meghalaya (Kar &. Kumar, 1986; Man­
daI. 1987); Mayyanad Formation (Early Miocene),
Kerala (Raha et al.. 1987)

A.D1nity- Not known.

Genus - Trisyllcolpttes Kar 1979

Type species - Tri~)!/1colpites ramallujamii Kar
]979

Original diagnosis (Kar, 1979, p. 28) - Pollen
grains trisynmargocolporate, margocolpi broad,
thickened. providing the appearance of triradiate
ridge in equatorial view. Exine pilate-baculate, some­
times retipilate-retibaculate, nexine velY much thick­
er than sexine, intra punctate.

Species studied

Tri~yncolpitesramanujamii Kar 1979

PI. 1, figs 7-13

Holotype - Kar, 1979, pI. 2, fig. 33, slide no.
5099/6. Repositoly - B.S.I.P., Lucknow.

Type locality, horizon and age- Barkhana nala
cutting near the village Sarangwara, Kutch District,
Gujarat; Maniyara Fort Formation; Oligocene.

Original diagnosis (Kar, 1979, p. 29) - Pollen
grains subcircular in polar and elliptical in equatorial
view, 51-87 11m Trisynmargocolporate, margocolpi
broad, thickened, united to provide a pseudo­
triradiate ridge like pattern. Exine pilate- baculate, in
some specimens retipilate-retibaculate, nexine al­
most double than sexine, intrapunctate. Pores lolon­
gate.

Numher of speCimens studied - 9.

Description:
Symmetry and form: Isopolar, subcircular in

polar view and ± elliptical in equatorial view.
Dimension: 50-65 11m.
Aperture: Trysynmargocolporate. ectoaperture

broad, thickened at margin; endoaperture lolongate.
Exine: Intectate; 3 - 5 11m thick; nexine thicker

than sexine.
Sexine: Clavate - baculate: clavae and baculae

ends free
Nexille: Uniform; 2 - 2. 5 ~ll11 thick.
Occurrence--Maniyar:l Fort Formatioll

(Oligocene). Kutch (Kar, 1979, ]985)
Affinity-Not known.

Genus - Varispinitriporites Kar 1985

Type species - Vari~pinitnporites ratariensis
(Kar &. Saxena, 198]) Kar 1985

Original diagnosis (Kar, 1985, p. 125) - Pollen
grains subcircular-circular. Triporatc. pore margin
thickened, exine ornamented with two kinds of
spines, bigger one sparsely placed, smaller one close­
ly placed.

Species studied.

Vari.,pillitnporites ratarlensis (Kar &. Saxena 1981)

Kar 1985

PI. 8, figs 10-12

Holo~ype - Kar and Saxena, 1981, pI. 4, fig 75.
slide no. 6352/8, RepOSitory - B.S.I.P., Lucknow.

Type locality, horizon and age - Bore core no
27 (depth 27 m), Rataria, Kutch District, GujaraL
Middle-Late Eocene.

Original diagnosis (Kar &. Saxena, 1981, p 114)
- Pollen grains subcircular, 55 - 62 x 50 - 60 11m,
triporate. pore margin thickened. Exine up to 2 11m
thick, baculare, interbacular space granulose.
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Restated diagnosis (after Kar, 1985, p. 126) ­
Pollen grains subcircular, 55-62 x 50-60 /lm.
Triporate, pore distinct, 8-15 /lm, equally spaced,
margin thick, spinose, spines of two types, bigger one
3-6 /lm long, 2-3 /lm broad, tips somewhat pointed,
spines placed 8-12 /lm apart, smaller spines 2-3 11m
long, about 1 /lm broad, very closely placed.

Number ofspecimens studied - 14.

Description:
Symmetry and form: Isopolar, subspheroidal.
Dimension: 55-66 x 50-61 /lm.
Aperture : Triporate, pores distinct, equally

spaced, 8-12/lm in diameter, pore margin thickened,
4-5.5 11m thick; few long and curved, spines present
on pore margin.

Exine: Tectate, sexine thicker than nexine.
Sexine: Echinate, 2-2.5 /lm thick, two types of

spines present, short spines less than 1. 5/lm in length
and ± 1 11m in width closely placed, long spines 3-6
/lm in length and 2-2.5 /lm in width, sparsely dis­
tributed, 8-10 /lm apart.

Nexine: 1-2 /lm thick, smooth, continuous.
Occurrence - Middle- Late Eocene sediments,

Kutch (Kar & Saxena, 1981).
AjJinity- Pterospermum (Sterculiaceae).

Genus - Verruco/pori/es Sah & Kar 1970

Type species - Verrucolporites verrucus Sah &

Kar1970
Original diagnosis (Sah & Kar, 1970, p. 132)­

Pollen grains oval-elliptical in equatorial and subcir­
cular in polar view. 3 colporate, colpi long, pore
generally indistinct. Exine thick, verrucose.

Species studied:

Verrucalporites verrucus Sah & Kar 1970

PI. 3, figs 1-6

Holotype- Sah & Kar, 1970, pI. 2, fig. 33, slide
no. 3351/8, Repository - B.S.I.P., Lucknow.

Type locality, horizon and age- Bore core no.
13 (depth 48'), Kutch District, Gujarat; Naredi Forma­
tion; Early Eocene.

Original diagnosis (Sah & Kar, 1970, p. 133)­
Pollen grains oval-elliptical in equatorial and subcir-

cular in polar view. 30- 50 x 25-4411, 3-colporate. colpi
long, pore indistinct. Exine strongly verrucose.

,.

Numberofspecimens studied -16.

Description:
Symmetry and form: Isopolar, oval to elliptical

in equatorial view, subcircular in polar view.
Dimension: 30-50 x 25-44 11m.
Aperture: Tricolporate; ectoaperture long, ex­

tending up to poles; endoaperture obscured by or­
namentation.

Exine: Intectate, 3 - 5 11m thick; sexine thicker
than nexine.

Sexine: ] .5-3 11m thick, verrucose, verrucae 4-8
11m high, closely placed; appearing as negative
reticulum in surface view.

Nexine: ] - 2 11m thick; uneven.
Occurrence- Naredi Formation (Early

Eocene), Kutch (Sah & Kar, ] 970).
AjJinity- Not known.

DISCUSSION

The Indian Tertiary angiospermous pollen flora
is much diversified. The palynoflora of north-eastern
and western India, particularly in the Early Tertiary.
exhibit broad similarities. Certain important
palynotaxa occur for the first time in the two regions
at more or less the same time. In general,
Matanolnadhiasulcites maxin7Us, Triangu10rites
pachyexinus, Recemorwcolpites thanjinathensis,
Echimonoporopollis grandiporus and
Echimonoporopollis neyveliensis are common to
both Palaeocene and Early Eocene sequences.

The luxuriant vegetation in the Palaeocene and
Eocene epochs resulted into the deposition of coal in
north-eastern and lignite in western India The an­
giospermous pollen are better represented in [he
Eocene. The following 33 species are restricted to the
Eocene: Clavaperiporites clavatus,
Ctenolophonidites neyveliensis, Septacolpites
radiatus, Palaeomalvacipollis rudis, Meliapollis
tamilii, M. pachydermis, M. simplex, Ornatetradites
droseroides, Pseudonothofagidites cel-ebrus, Retipol­
lenites confusus, Cryptopolyporites oyptus,
Tnpilaorites triangulus, Tricolporopilifes robustus,
Tricalporocolumellites pilatus, Cruciferoipollenites
elongatus, Icacinoipollenites spinulatus,
Ligulijloraedites pilatus, Parumbelliferoipollenites
dulcis, Plumbaginacipites neyvelii, Al'engapollenites



136 THE PALAE0130TANIST

Tablel- Stratigraphic ranges of important palynotaxa from the
Tertiary sediments of India

Proxapertites assamieus

Proxapertites eursus

Longaperlites oaneedenbergii

Meliapoll is neyuelii

Pe"icteroip(:"is /angenheimii

Po/yw/pilesjlauatus

Po/yw/pitespedaliaceoides

Triangu/orites pachyexinus

Racemonoco/pilesthanjinathensisl I

/:-chimlmoporopclllisgrandipll7us

/:'chimonop(lropollis neyoeliensis

Neowuperipollis achinatus

Ctenil/ophonidilesstellatus

!up,opollis tetraporiles

Kie/meyerapolleniles ellcenicus

Lakiapollis ooatus

Retilribreoiw/pon'tes
matanomadhensL"

Ne(Jecluperipo//is rarispinclsu,'

Cten%phonidiles wstatw'

Dlw/popollis ka/ewensis

Marginipollis kutchensis

Marginipol/is wncinnu,'

Margoco/porites ~,'ukadae

Meliapolll~" ramanujamii

Meliapollis quadrangu/ari~

Pa/maepollenites kutcben~is

Pa/maepollenites nadhamunil

Pa/maepollenites ovatw'

Pa/maepollen/les eocenicus

Po/ybreuiw/porites cepba/u~

Po/ywlp/les granu/atus

Pseudonothojap,ldites kutcbensis

Triw/pites reticu/atu~

Clauaperipon'tes c1alJatus

Cten%phonidites neyve/iensi,'

Septaw/piles radiatus

Pa/aeoma/lJaceaepol/is rudis

MeliapollL~ tami/Ii

Meliapo/b pachydermis

Meliapollis simp/e;"

Ornatetradiles drosemides

Pseudonothofugidites cerebrus

Pn,xapertites llpereu/attL~

Psi/odiporites hammenii

Psi/odipclrites erdtmanii

Psi/odiporites hl:mp,a/ensis

Retistephanoccl/piteswi/liam,'ii

Striawlpclriles eepha/us

Striawlporites striatu\,

Matanomadhiasu/eiles kutehensis I I I

Proteacidiles protrudus

Tn'anp,u/orites hellu~

Po/yw/pon'tes maw/ensis

TrihrelJico/pon'tes elJeen ieu~

Arecipiles hellu~

Acanth,ltriClI/pites hu/lxlspinllsu~

NeowuperipolliS kutchc!nsis

Ghoshiuw/pitesg/ohatus

Srn'aeo!pcm'tes o{Jatu~

Verrueo/porites uerrucus

Anaw/usidiles /uteoides

c<::ne

Pala<::o- Eocen<:: Oligo- Mioc<::ne

c<::n<::

Matanomadhiasu/c:ltes maximus

Taxa

achinatus, Liliacidites baculatus, Alangiopollis ar­
cotensis, A, gemmatus, Angulocolporites
microreticulatus, Calophyllumpollenites rotundus,
Densiverrupollenites eocenicus, Dermatobrevicol­
pon'tes dermatus, Foveotn'colporites reticuloides,
Plicatiaperturites retipilatus, 7bymelaepollis
erotonoides, Varispinitriporites ratariensis, Hip­
pocrateaceaedites constn'ctusand Dakshinipollenites
tnpakshi

The frequency of angiospermous pollen
decreases in the Oligocene sequence, However,
Bombacacidites triangulus, Compositoipollenites
tricolporatus, Coneopollis decorus, C reticulatus,
Lacnmapollis pilosus, Meyeripol/is naharkotensis
and Trisyncolpites ramanujamii appear for the first
time, Of these, Bombacacidites triangulatus and
Compositoipollenites tn'colporatusare confined to the
Oligocene whereas the remaining species extend
into the Miocene,

The Miocene palynoflora is impoverished and is
characterized by the presence of Crototricolpites den­
sus, Tn'colpopollis kockeli, Loranthipites elegans,
Paravuripollis mulleri and Warkallipollenites
erdtmanii (Table 1).
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Retfpollenltf!S con/usus

Cryptopolyporitf!S cryptus

Tripilaoritf!s tn'angulus

Trimlpompilitf!s mbustus'

Tn'mlpvrocolumf!llitf!s pitatus

Cmcijf!YOipvl/f!nites elcmgatus'

lcacinoipollenitf!s spinulatus

Ligulijloraf!ditespilatus

Pammbel/ijf!YOipvl/f!nitf!s dula,

Plumbaginacipitf!s nf!ywlil

Arengapvllffiites achinatus'

Liliaciditf!S baculatus

Alangiopol/is arcotf!nsls

Altmglopollis gemmatus

Angulocolporites micmrf!ticulatus

Calophyllumpollenites rolundus

Densiverrupol"'mitf!s f!ocf!nicus

DermatobrelJicolporites dermatus

Fowotricolporitf!s rf!ticulvidus

Plicatlapc'l1urites rf!tipitatus

Thymf!laepollis crotonoidis

Varispinitnporitf!s ralarif!nsis

Hippocrateacf!af!ditf!s constrictus'

Dakshinipol/f!niWs tripak.shi

Polyporina multiporosa

Corama ndalipoln,paucivrnatus

Craminidites mf!dla

Marginipollis grandis

Meyeripol/is laudabllis

Polygalaclditf!S clarus

Qutlonlpol/ffiltes sahnii

Trilatiporitf!S erdtma n ii

Bombacacidiles triangulatus

Compositoipollf!nites lrimlporalus

Conf!opollis decorus

Coneopal/Is rf!liculaius

Lacrimapallispilosus

Meyeripollis naharkOll!nsis

Trisyncolpilf!S ramanujamii

Cmtotricolpites del1Sus'

Tncolpopollis kockeli

Lora nth Ipites elegans

Paravunpollls mulleri

WarkaliJpollenilf!s f!rdlmanii
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