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ABSTRACT

Rao MR 2000. Palynological investigation of the Kherapara Formation (Oligocene) exposed along Tura­
Dalu Road near Kherapara, West Garo Hills District, Meghalaya, India. Palaeobotanist 49(2) : 293-309.

A diversified palynofloral assemblage has been recovered from the Kherapara Formation (Oligocene)
exposed along Tura-Dalu Road near Kherapara. West Garo Hills District. Meghalaya. India. The palynoflora
is represented by 53 genera and 77 species of algal and fungal remains. pteridophytic spores and
gymnospermous and angiospennous pollen. Of these. three species, viz .. Garotrifetes kheraparaensis,
Striatriletes tetradites and Echistephallocolpires qiladrangillaris have been proposed as new. Reworked
Permian and Cretaceous palynofossils (10 genera and II species) have also been recorded. The assemblage
is dominated by pteridophytic spores followed by angiospermous and gymnospermous pollen. Based on
palynofossil distribution. the Kherapara Formation is divisible into two cenozones. viz.. Polyadopolleniles
sahii Cenozone and Striatrifetes spp. Cenozone which can be recognised by their characteristic and restricted
palynotaxa. On the basis of affinity with the modem plant families represented in the assemblage and
dominance of pteridophytic spores, a tropical-subtropical (warm-humid) climate has been suggested. The
assemblage contains a mixture of ecological groups such as lowland. fresh water swamp and water edge,
montane, mangrove and back-mangrove and sandy beach elements. The palynoflora indicates a coastal
marine depositional environment of deposition having fresh water connections with swamps and ponding
conditions nearby.

Key-words-Palynology, palynostratigraphy. palaeoecology. Kherapara Formation, Oligocene.
Meghalaya (India).
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INTRODUCTION MATERIAL AND METHODS

The samples were collected from the Kherapara
Formation exposed along Tura-Dalu Road near Kherapara.
West Garo Hills District, Meghalaya. Sixty samples were
collected from the carbonaceous shales. Of these, 40 samples
yielded palynofossils. Samples were treated with HCI, HF and
HNO~ followed by 5% solution KOH. The slides were prepared
in polyvenyl alcohol and mounted in Canada balsam. An
Olympus BH-2 microscope has been used for the study and
photomicrography. The material, slides and negatives have
been deposited in the Museum of Birbal Sahni Institute of
Palaeobotany, Lucknow.

THE Kherapara Formation was instituted by Chakraborty
(1972) for a huge thickness of finely bedded, thin

alternations of shale and fine grained clayey sands. The type
section is exposed at the village Kherapara (25° 20' 40" N :
90° 46' 40" E). This formation conformably overlies the shales
of the Rewak Formation and is unconformably overlain by
the Boldamgiri Formation (Fig. I). The Kherapara Formation
was further subdivided into two members; the lower one is
arenaceous with finely bedded alternations and thick sandstone
at the base and is named as Darik Member. named after the
village Darik (25° 13' 40" N: 90° 25' 48" E). The upper Inolgiri
Member is thinly bedded but more argillaceous. grading to
shales at places. This is best exposed in the Rongra River
Section near the village Inolgiri (25° 13' 01" N: 90° 47' 40"
E) is also thinly bedded but more argillaceous (Fig. 2). The
lithostratigraphic succession of the area is summarized below
(Fig. 3).

Arenaceous foraminiferas like Trochallllllilla,

Miliallll1lina, Cycloll1//lilla assemblage has been recovered
from the shales collected from the road section near the
Kherapara is correlatable with that of the Barail Group
(Oligocene) of the type area in the Barail Range (Chakraborty
& Baksi. 1972).

Detailed palynological and palynostratigraphical studies
have been carried out on the Palaeocene-Eocene sediments of
North-East India. but only a few papers have been published
on the palynological studies of Oligocene sediments (Baksi.
1962, 1965, 1974; Salujha el al., 1972. 1974; Rao. 1986;
Saxena et al., 1987; Rao & Singh, 1987, Rao el al.. 1985,
Misra el aI., 1996). The present study is an another attempt to
record palynotlora from the Kherapara Formation (Oligocene)
exposed along Tura-Dalu Road near Kherapara, West Garo
Hills District, Meghalaya. The palynological data generated
have been utilized in stratigraphical and palaeoecological
interpretations.
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PALYNOFLORAL ASSEMBLAGE

Dinoflagellate cysts
Polysphaeridill/1/ sllblile Davey & Williams ill Davey 1'1 al.. 1966
Acholllosphaera sp.
CribroperidiwlI sp. (PI. 2, Fig. 12)

Fungal remains
Phragtllolhyriles eocaenica Edwards emend. Kar & Saxena. 1976
Parmalhyriles indiclis Jain & Gupta. 1970
P. ramanujamii Singh 1'1 al., 1986

TrichOlltyriles selifems (Cookson) Saxena & Misra. 1990
KUlchialhyriles eccenlriCliS Kar. 1979
!naperlisporiles sp.

Pteridophylic spores
LygodiulI/sporiles lakiemis Sah & Kar. 1969 (PI. 2. Fig.2)
L. eocenicus Dulta & Sah. 1970
L. pachyexinus Saxena. 1978
Todisporiles major Couper. 1958
T. millor Couper, 1958 (PI.2. Fig. 4)
Cyalhidiles allslralis Couper, 1953
Foveolrileles garoensis Saxena & Rao. 1996
*Foveosporiles sp. (PI. I. Fig. 19)
Birelisporiles convexus Sah & Kar. 1969
B. oligocenicus Rao & Singh. 1987 (PI.2. Fig. I)
B. meglwlayaensis Rao & Singh, 1987
Diclyophyllidiles granlila/lls Saxena, 1978
*DiClyophyllidiles sp. A (PI .1. Fig.l)
*Dicryophyllidiles sp. B (PI. 2. Fig. 3)
*Garolrileles kheraparaensis sp.nov. (PI. I. Figs 17-18).
Slrialrileles susanllae van del' Hammen emend. Kar. 1979 (PI. 2.
Fig. 18)
S. p"nctalus Saxena & Rao. 1996

S. pachyexinlls Rao & Singh, 1987
S. 1II1111icostal/iS Kar, 1979
*S. lelradiles sp. nov. (PI. 2. Fig. 17)
Crassorelilrileles vWlraadshooveni Genneraad 1'1 al .. 1968

Corrugalisporiles formoslls Duua & Sah. 1970
Pleridacidiles verllliverrucalliS Sah. 1967
*Foveolllonoleles sp. (PI. I. Fig. 4)
Cheilalilhoidspora lIIonolela Sah & Kar, 1974 (PI. I, Fig. 9)
Polypodiaceaesporiles major Saxena. 1978
Polypodiisporiles mawkmaensis Dulta & Sah. 1970
P lIliocenicliS Rao & Rall1anujam. 1978
P formosus Salujha 1'1 al.. 1972

P specioslls Sah. 1967
P luberclilensis (Baksi) Rao & Singh. 1987
*Polypodiisporiles sp. (PI. I. Fig. 2)
Pilamolloleles excellemlls Kar. 1991 (PI. I. Fig. II)

Gymnospermous pollen
Podocarpidiles meglwlayaellsis Rao. 1986
Pinllspolleniles foveolallis Rao. 1986 (PI. I, Fig. 12)

Angiospermous pollen
Assamiapolleniles ghoshii Singh & Saxena. 1984
!napel'lll rapol/ell iII's PIIIICIa/IiS (Saxena) Saxena & Bhattacharyya.
1987
*lnapei1/11'opolleniles sp. (PI. 2, Fig. 9)
Vermaleles assamiclls Singh & Saxena, 1984
*Vermaleles sp. (PI. 2. Fig. 8)
Pinjoriapollis lanceolallis Saxena & Singh. 1981
Spinizanocolpiles echina/lls Muller. 1968 (PI. I. Fig. to)
Tricolpiles reliclilallls Cookson ex Couper. 1953
T. matanomadhensis Saxena. 1979 (PI. I. Fig.15) __
T. perfora/us van del' Hammen & Garcia de Mutis, 1965 (PI. 2. Fig.
II)

Age

Miocene

Stratigraphic unit

Angartoli Formation

Boldamgiri Formation

----- Unconformity -----

Lithology

Fine grained, nonfeldspathic, micaceous
sandstone. bluish siltstone and sandy shales.

Coarse grained. griuy, feldspathic.
ferruginous sandstone with carbonaceous
shale.

Oligocene

Pre-Oligocene

Precambrian

Kherapara Formation

Pre-Kherapara formations

---- Unconformity ------

Basement complex

Inolgiri
Member

Darik
Member

Fine grained alternations of thinly bedded
sandstone and shale.

Thickly bedded sandstone and carbonaceous
shale.

Granite and granite gneisses

Fig. 2. Stratigraphic section of Kherapara Formation. Gam Hills, Meghalaya.
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Fig. 3-Lithostratigraphic succession
of the Kherapara Formation.
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Warka/lipolleniles erd/llwnii Ramanujam & Rao ill Thanikaimoni el
al .. 1984
Plumbaginacipiles neyvelii Navale & Misra. 1979 (PI. 2. Fig. 7)
Lakiapollis OVa/us Sah & Kar, J969 (PI. 2, Fig. 5)
Tricolporopolfis lIlatanollwdhellsis (Venkatachala & Kar) Tripalhi
& Singh. 1985
Alangiopollis gemlllalils Navale & Misra, 1979
Paleocaesalpiniaceaepiles eocellica Biswas. 1962 (PI. 2. Figs 6. 13)
Palaeosan1alaceaepiles eiliplicils Sah & Kar, 1970
Pelliceroipollis lallgenheilllii Sah & Kar, 1970 (PI. L Fig. 16)
Marginipoilis kll/chensis (Venkatachala & Kar) Kar. 1978
Triallguloriles belills ( Sah & Kar) Kar. 1985
Margocolporiles dub ills Ramanujam, 1966
Meliapollis lriangulus Saxena, 1979 (PI. I, Fig. 4)
M. raoi Sah & Kar. 1970 (PI. L Fig. 13)
Echislephanocolpiles meghalayaensis Rao el al., 1985
E. bo/dalllgiriellsis Saxena & Rao, 1996 (PI. I, Fig. 7)
*E. quadrangillaris sp. nov. (PI. I. Figs 5-6)
Po/yco/piles lerliarus (Singh in Sah & Singh) Saxena. 1982
*Polycolporate pollen type (PI. L Fig. 3)
Ghoshiacolpiles gioba/lls (Sah & Kar) Kar, 1978
Polyadopolleniles sahi; Raa et al., 1985 (PI. 2, Fig. 10)
Malvacearwnpoilis bakonyensis Nagy. 1962 (PI. 2. Fig. 16)
Varispillilriporiles ra/Qriaensis (Kar & Saxena) Kar, 1985
Polyporina mulliporosa Kar. 1985 (PI. 2. Fig. 14)

C/avaperiporiles jacobii Ramanujam. 1966
" Pollen tetrad type (PI. L Fig. 8)

Reworked spores /pollen
Slria/opodocarpiles sp. (P1.2, Fig. 15)
Callia/asporiles lrilobalus (Balme) Dev, 1961
Callialasporiles sp.
Parasacciles sp. (PI. 2, Fig. 18)
P/ica/ipollelliles ovaws Kar. 1968
RO/lseisporiles sp.
Echilrileles sp.
Araucariaciles sp.
Abielilleaepolleniles sp.
Scheurillgipolfelliles lIlaxilllllS (Hart) Tiwari. 1971

Incertae sedis
Heliospermopsis ankleshvarellsis (Srivastava) Saxena & Misra, 1990

Taxa with asterisk (*) mark have been either described
or commented in the text. Plate and figure numbers given in
the above text in parentheses refer to the illustrations of present
paper.

SYSTEMATICS

Genus-DICTYOPHYLLIDITES Couper, 1958

Type species-DICTYOPHYLLIDITES HARRISII
Couper, 1958

DICTYOPHYLLIDITES sp . A

PI. 1·1

Description-Miospore subcircular. Size 79 x 78 f.lm.
Trilete, rays distinct, reaching 2/3 radius. A distinct kyrtome
present along the trilete mark. Exine 4 f.lm thick, laevigate.

Compa rison-Dictyophyllidites harrisii Couper (1958)

is distinguished from the present species by its smaller size
(up to 56 f.lm) and longer rays extending up to the equator.

DICTYOPHYLLIDITES sp. B

PI. 2·3

Description-Miospore subtriangular with rounded
apices. Size 58 x 55 f.lm. Trilete, feathery, reaching almost up
to apices, ends bifurcated, distinct kyrtome present along the
trilete. Exine 4 f.lm thick, laevigate.

Comparison-Dictyophyllidites sp. B is distinct from the
type species in its feathery trilete rays.

Genus-FOVEOSPORITES Balme, 1957

Type species-FOVEOSPORITES CANALIS Balme.
1957

FOVEOSPORITES sp.

PI. 1·19

Description-Miospore subcircular. Size 104 x 93 f.lm.
Trilete, rays extending half radius. Exine4 f.lm thick, foveolate

to foveoreticulate.
Comparison-Foveosporites canalis Balme (1957)

differs from the present species in its smaller size and in
possessing coalescent foveolae.

Genus-GAROTRILETES Singh & Singh, 1978

Type species-GAROTRILETES ASSAMICUS Singh &
Singh, 1978

GAROTRILETES KHERAPARAENSIS sp. nov.

PI. 1'17-18

Holotype-PI. 1'18, size. 115 x 105 f.lm. BSIP slide no.
12316.

Type locality, horizon and age-Tura-Dalu Road Section
near Kherapara, West Garo Hills District, Meghalaya;
Kherapara Formation; Oligocene.

Diagnosis-Miospore triangular-subtriangular, inter­
apical margins straight to concave, apices broadly rounded.
Size 115-132 x 90-105 f.lm. Trilete, rays reaching up to equator,

ray ends bifurcated, globular exinal thickening at ray ends.
Exine thickness variable, thinner at interapical margins (4-6

f.lm), thicker at apices (8-10 f.lm), foveolate to foveoreticulate.
Comparison-The present species is closely comparable

to the type species Carotriletes assalllicus Singh & Singh
(1978) in its shape and foveoreticulate exine but latter is
distinguished by its smaller size (54 f.lm) and thinner exine
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(2'5 Ilm). C. illCOfllpositlis Singh & Singh (1978) differs in
having characteristic delloid shape and incipient globular
thickening developed at each ray end.

Genus-STRIATRILETES van del' Hammen emend. Kar,
1979

Type species-STRIATRILETES SUSANNAE van del'
Hammen, 1956 emend. Kar, 1979

STRIATRILETES TETRADITES sp. nov.

PI. 2·17

Holotype-PI. 2'17, size. 104 x 92 Ilm, BSIP slide no.
12302.

Type locality, horizoll and age-Tura- Dalu Road Section
near Kherapara, West Garo Hills District, Meghalaya;
Kherapara Formation; Oligocene.

Diagllosis-Miospores are in tetrad condition. Spore
tetrad subtriangular with rounded apices. Size range 100-108
x 85-92 Ilm. Individual spore subtriangular with broadly
rounded apices and convex sides. Size range 60-64 x 50-55
Ilm. Trilete. Exine striate, ridges sparsely placed, ridges and
furrows laevigate.

COll1pariSOIl-The present species is comparable to the
type species S. susat1l1ae in its general characters but the fonner
is differentiated by its tetrad condition of the spore.

Genus-FOVEOMONOLETES van del' Hammen, 1954
ex Mathur, 1966

Type species-FOVEOMONOLETES BREVILETES
Mathur, 1966

FOVEOMONOLETES sp.

PI. 1-4

Description-Miospore bean shaped. Size 76 x 60 Ilm.

Monolete. Exine 2 Ilm thick, foveolate-foveoreticulate.

COfllparisOIl-The specimen is different from the type
species in its foveoreticulate ornamentation.

Genus-POLYPODIISPORITES (POIonie) Potonie, 1956

Type species-POLYPODIISPORITES FAVUS Potonie
1931 ex Potonie, 1956

POLYPODIISPORITES sp.

PI. 1·2

Descriptioll-Miospore bean shaped. Size 90 x 58 Ilm.

Monolete, ray indistinct due to heavy sculpture. Exine 61lm
thick, verrucate, foveolae present in between verrucae. Surface
showing negative reticulum.

Comparison-The type species Polypdiisporites favus
is distinct in its smaller size and thinner exine (3 Ilm thick).

Genus-ECHISTEPHA NOCOLPITES Wijmstra, 1971

Type species-ECHISTEPHANOCOLPITES
ECHINATUS Wijmstra, 1971

ECHISTEPHANOCOLPITES QUADRANGULARIS
sp. nov.

PI. 1'5-6

Holotype-PI. 1.6, size. 80 x 70 Ilm, BSIP slide no.
12307.

Type locality, IlOri~on and age-Tura-Dalu Road Section
near Kherapara, West Garo Hills District, Meghalaya;
Kherapara Formation; Oligocene.

Diagllosis-PoJlen grains quadrangular in shape. Size 75­
80 x 70-74 Ilm (including sculpture). Tetracolpate,
brevicolpate, colpi 7-15 Ilm wide at equatorial region. Exine
2,5-4 Ilm thick, conate, coni sparsely placed, exine between
coni pitted-reticulate.

COfllparisoll- Echistephallocolpites quadrangularis sp.
nov. is closely comparable to E. echillat/lS Wijmstra (1971)

./

'" PLATE 1
(All photomicrographs are enlarged ca. x 500 Coordinates of the specimens refer 10 the stage of BH-2 Olympus microscope no. 2 I 7267).

I.

2.

3.

4.

5-6.

7.

8.
9

10.

Di('{yophy/lidile.l' sp. A. Slide no. BSIP 12:\02. coordinates 116 x
1305
PoLypodiisponle.l' sp.. Slide no. BSIP 12303. coordinates J5'5 x
133'4.

Polycolporate pollen lype. Slide no. BSIP 12304. coordinates 70 x
1560

FOl'eolll(!IloLeleS sp.. Slide no. BSIP 12305, coordinates 3'4 x 153'5.
Er·hislepLlOlloco/pile.\ f[/!adrallij/!/aris sp. noy.. Slide nos. I3SIP

12306, coordinates 5'5 x 144'5: 12307. coordinates 150 x
J60·0(Holotype).

El'hi.\IepLwII!I(·oLpile.l' boLdalllijiriell.l'is Saxena & Rao. Slide no.
SSIP 12308. coordinates 17'5 x 157'0.
Pollen tetrad type. Slide no. SSW 12309. coordinates 19'0 x 136'5
CI/!!ilclll//lOid.l'pora l//ollO/ela Sah & Kar. Slide no. J3SJP 12310.
coordinates 4'6 x 142'0.
Spil/i:ol/o('(}/pire.l' e!·/iiIlOI/!.1 Muller. Slide no. BSIP 12311. coordi-

nates 5'6 x 160'5.
II Pi/alll(!Ilo/ele.\ e.\'l'e{{ell.lus Kar. Slide no. I3SI P 12312. coordinates

9'0 x 148'0.
12. Pil/l(spo{/el/iles{ovco{({{US Rao. Slide no. BSIP 12313. coordinateS

8'7 x 147'5.
13. Meliapo/Ii.\ raoi Sah & Kar, Slide no. BSIP 12307, coordinates

14'6 x 1:\3'0.
14. Mcliapo/Ii.\ Irial/ijll/us Saxena. Slide no BSIP 12304. coordinates

15'4 x 1450.
15. Trim/piles JIIaral/ol/wdhel/sis Saxena. Slide 110. I3SIP 12312. co­

ordinates 17'0 x 152'0.
16. Peilil'iemipu/Ii.1 /al/ijellheiJllii Sah & Kar. Slide no. BSIP 12314.

coordinates 11'5 x 159'6.
17-18. Camm1Cll!sk/icrapamel/si.\ sp. noy., Slide nos. USIP 12315.coor­

dinales 55x 145'3: 12316, coordinales 21'4 x 132'0 (Holotype).
19. FOI'eo.lporitcs sp.. SI ide no. BS II' 12317. coordi nates 1I' 5 x 167'0.



w o o

[.,
..

.~
-

'.
.

.
,~

.•
•1

-

-.
.,..

"
..

~il
Jlr

·
.~.

~.
~

.
.
~

~
~~

!!
\

;.
)
~

...
,

'j
,.

__
..4

.
.

,

•
r"'

4
..

•
<l

y

.
.
.
j

-
" .;--
.

--l I rn

"'t
I

~

t"'
"

r

~

p rn

-
l

0

t'!:
l

0
;

N
0 --

l
p z v
: --l



RAO - PALYNOLOGICAL INVESTIGATION OFTHE KHERAPARA FORMATION JOI

but the latter can be distinguished by its compactly placed
coni. Echisteplwnocolpites voidalllgiriensis Saxena & Rao
(1996) differs in possessing 5 colpi and being comparatively
smaller size (65 Jlm).

POLLEN TETRAD TYPE

PI. 1·8

Description-Pollen tetrad subcircular. Size 60 Jlm.

Individual grains oval to elliptical. Size 38 x 27 Jlm.
Monosulcate, showing simple cohesion in a tetrad. Exine 2
Jlm thick, verrucate.

POLYCOLPORATE POLLEN TYPE

PI. 1·3

Description-Pollen grain subcircular in polar view,

margin wavy. Size 66 x 61 Jlm. Polycolporate. Exine 4 Jlm
thick, perforated, sexine and nexine not differentiated. Surface
showing foveoreticulate ornamentation.

Genus-INAPERTUROPOLLENITES Pflug &
Thomson in

Thomson & Pflug. 1953

Type species--INAPERTUROPOLLENITES DUBUIS
(Potonie & Venitz) ex Thomson & Pflug, 1953

INAPERTUROPOLLENITES sp.

PI. 2·9

Description-Pollen grain subtriangular. Size 80 x 70
Jlm. Inaperturate. Exine 2 Jlm thick, pilate, pila sparsely placed.
Surface showing distinct reticulate ornamentation.

COlllparison-The present species is distinguished from
I. dl/bius by its bigger size and pilate exine.

/

Genus-VERRUALETES Singh & Saxena. 1984

Type species-VERRUALETES ASSAMICUSSingh &
Saxena. 1984

VERRUALETESsp.

PI.2·8

Description-Pollen grain subcircular, margin wavy. Size
81 x 79 Jlm. Inaperturate. Exine 3 Jlm thick, velTucate, verrucae
sparsely placed, interverrucal space laevigate.

COlllparison-Verrualetes assalllicllS Singh & Saxena
(1984) is comparable in being inaperturate and in having
verrucate exine but in the present species verrucae are sparsely
placed.

PALYNOFLORAL ANALYSIS

The palynoassemblage recovered from the Kherapara
Formation consists of dinoflagellate cysts (3 genera and 3
species), fungal remains (5 genera and 6 species). pteridophytic
spores (16 genera and 33 species) and gymnospermous (2
genera and 2 species) and angiospermous pollen (26 genera
and 33 species). Besides, reworked Permian and Cretaceous
palynofossils (9 genera and 10 species) and salt glands of
mangrove plants (HeLiospennopsis ankles/zvarell5is) have also
been recovered.

The occurrence of recycled palynofossils in the present
study indicates that bulk of the material for the Kherapara
Formation sedimentation was derived from the pre-existing
Permian and Cretaceous sediments. The source area of
reworked Permian palynomorphs in the present assemblage
may be derived from isolated outcrops at Singrimiri (890 53'
30" E : 25 0 38' 35" N) in Garo Hills, Meghalaya. The
Cretaceous sediments on the other hand are exposed in the
Khasi and Jaintia Hills, Meghalaya. The recycling of the
Permian palynofossils, in Cretaceous sediments has already
been reported by Dutta (1979).

PLATE 2
(All photomicrographs are cnlarged ca. x 500. Coordinates of the spccimens refer 10 the stage of BH2 Olympus microscopc no. 217267)

Bireliiporiles //lesllOlayaellsi.1 Rao & Singh. Slide no BSIP ID II.
coordinates 19'6 x 136'0.

2. Lygodill//lsporiles lakiell.lis Sail & Kar. Slide no. BSIP 12318, co­
ordinales 104 x 142'0.

3 Oi('/yopltvllidiles sp. B. Slide no. BSIP 12319. coordinates 13'0 x
1265

4. Todisporiln //lillor Couper. Slide no. BSIP 12320. coordinates 13'0
x 154'0.

5. Lakiapo/li., OVa/liS Sah & Kar. Slide no BSIP 12321, coordinates
3'0 x 126'0.

6. 13. Paleocanalpilliaceaepi/es eocellico Biswas, Slide nos. BSIP
12318, coordinates 50 x 136'0: 12322. 7'0 x 132'5

7. Plli//lvaSillocipile.\ Ileyvelii Navale & Misra. Slide no. BSIP 12323,
coordinates 12'0 x 150'0.

8. Verrlloleles sp., Slide no BSIP 12324. coordinates 6'5 x 154'0.
9. Inaperluropo!leni/es sp.. Slide no. BSIP 12325, coordinates 7'0 x 168'0.

10.

II

12.
13

15.

16

17.

18.

19.

Polyadopollellile.1 salt" Rao el al .. Slide no. I3SIP 12320, coordi­
nates 14'3 x 164-5.
himlpiles per{iJrallis van der Hammen & Garcia de Muits. Slide
no. BSIP 12326, coordinates 195 x 151'6.
Crivroperidill/ll sp., Slide no. BSIP 12327. coordinates 180 x I32'S.
Po/yporilla IlIullipOTOSO Kar. Slide no. BSIPID26. coordinates 8·0
x 14]'0
S/Tia/Opodo('arpidiles sp., Slide no. I3SIP 12328. coordinates 135
x 162'0.
Malva('earu//lpo/lis vakollvens/I Nagy, Slide no. BSIP 12329, co­
ordinates 55 x 1475.
Sirialrileles lelrodile.1 sp. nov.. Slide no. BSIP 12302, coordinates
105 x 130'6 (Holotype).
Sirialrile/es .\lIWJIlnae van der Hammen emend. Kar. Slide no. BSIP
12330. coordinates 7'0 x 157'0.
Parasa('('ile.l' sp., Slide no. BSIP 12328. coordinates 110 x 139'6.
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Family

Microthyriaceae

Cyatheaceae

Osmundaceae

Dicksoniaceae

Schi zaeaceae
(Lygodilll1l)

Parkeriaceae
(Ceralopleris)
Polypodiaceae
(Polypodilllll)

Adiantaceae
Podocarpaceae
Pinaceae (Pinlls)
Magnoliaceae (Magnolia)
Bombacaceae (Durio)

Caesalpiniaceae

Meliaceae

Malvaceae

ChenolAmaranthaceae

Thymeliaceae
Mimosaceae

Gunneraceae
Rhizophoraceae
(RhizilOphora)

Plumbaginaceae

Alangiaceae

Arecaceae (Nypo)

Euphorbiaceae

Hymenophyllaceac

THE PALAEOBOTANIST

Taxa

Phraglllolhyriles eocaenico
Parlllalhyriles indiCIIs
p. ramal1ujamii

TrichOlhyriles selijems
KUlchialhyriles eccenlriclls

CYalhidiles allslralis
C. minor
Todisporiles major
T. lIIinor
DiClyophl'llidiles granlllallis

Lygodilllllsporiles spp.
Crassorelilrileles
val1raadshoovel1i

Slrialrileres
susanl1ae

Polypodiaceaesporiles spp.
Polypodiisporiles spp.
Pilalllolloleles excel/ellS liS
FoveomOl1oleles sp.
Pleridacidiles ve,.,l1ivermca/IIS
Podocarpidiles lIIeghalayael1sis
Pinllspol/eniles joveolallls
Pil1joriapollis lallceolallls
Lakiapollis ovalllS

Margocolporiles dllbius
Paleoeaesalpil1iaceaepiles
eoeel1iea
Meliapollis Irianguills
M. raoi

Malvaceaml1lpol/is bakonyensis

Polyporil1O 11llliliporosa

Clavaperiporiles jacobii
Polyadopolleniles sahii

Trieolpiles reliCllIQ/lIs

Paleosalllalaeeaepiles

ellipliells
Plllmbagillaeipiles neyvelii
Warkallipolleniles erdlnlGnii

Alal1giopollis gellll1l(f/lls

SpiniWl1oeolpiles echil1allls

Trieolporopollis
l1Ialal1al1wdhensis
Birelisporiles spp.

Climate

Warm and humid
Tropical
climate

Tropical­
subtropical
Cosmopolitan

Tropical­
subtropical
Tropical­
subtropical

Tropical­
subtropical
Cosmopolitan

Cosmopolitan
Temperate
Temperate
Temperate
Tropical­
subtropical
Tropical­
subtropical

Tropical­
subtropical
Tropical­
temperate
Tropical­
temperate
Cosmopolitan
Tropical­
subtropical
Cosmopolitan
Tropical­
subtropical
Tropical­
temperate
Tropical­
subtropical
Tropical­
subtropical
Cosmopolitan

Tropical­
subtropical

Fig. 4-Possible affinities of palynomorphs recognized in the assemblages and present day distribution

Fig S-Palynostraligraphic zonation in lhe Kberapara Formatioll. Mcgbalaya
'-
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The pteridophytic spores are dominant over angio­
spermous pollen followed by gymnospermous pollen.
Garotriletes kheraparaensis, Siriatriletes letradites and
Echistephallocolpites quadrangularis are proposed as new.
The possible affinities of palynomorphs recognised in the
assemblage and present day distribution of their families are
given in Fig. 4.

PALYNOSTRATIGRAPHIC ZONATION

For the quantitative analysis of the assemblage, 150
specimens per sample were counted. However, in case of
samples with the poor yield only 100 specimens were counted.
Percentage frequency of all the species were calculated and
plotted under four categories, namely, rare (1-5%). common
(6-10%), abundant (11-20) and predominant (above 20%)
(Fig. 5).

On the basis of qualitative and quantitative analyses of
the palynoflora. the Kherapara Formation has been divided
into two cenozones. Recognition of these cenozones is based
on the first (FAD) and last appearance (LAD) of various
palynotaxa and their maximum development, decline,
restricted occurrence and absence. The two cenozones,
recognised in the Kherapara Formation, are:

2. Striatriletes spp. Cenozone
I. Polyadopol/enites sailii Cenozone

A description of these cenozones, in accordance with the
International Stratigraphic Guide (Hedberg, 1976), is given below.

PolyadopoLLenites sallii Cenozone

Type section-Tura-Dalu Road near Kherapara. between
27.5 to 28 km. from Tura, West Garo Hills, Meghalaya.

Lithology-This cenozone is made up of thickly bedded,
rusty brown and grey sandstone with sandy shale and
carbonaceous shale.

Restricted palynofossils-Fol'eotriletes ga roensis,
Paleocaesalpiniaceaepites eocenica and Polyadopollenites
sahii.

Characteristic palynofossils-Lygodiwnsporites spp.,
Todisporites spp., Birelisporites spp., Spiniwnocolpiles
echinatus, Lakiapollis Oval/IS, Pllllnbaginacipites neyve/ii,
Echistephanocolpites spp. and Polyporina IlIIdtiporosa.

Rel11arkS-Polyadopollenites sahii is restricted to this
cenozone and characteristic genus for the Oligocene sediments
and hence the zone is named after it. The frequencies of
CheilamllOidspora /IIonoleta (average 4'5%). Eclli.Heplzano­
colpitts spp. (average 13%) and PlllInbaginacipites neyl'elii
(average 3%) are high in the lower part of the cenozone and
decreases at the top (1'5%,6%. I % respectively) whereas the
frequency of Polypodiaceaesporites lIlajor is rare (average
2%) in the lower part (Polyadopolleniles sailii Cenozone) and

increases (average 10%) at the top of the Stri(ilriletes spp.
Cenozone. LygodiulIlsporiles spp. and Ecllisleplwnocolpites
spp. are abundant and important in this cenozone.

Striatriletes spp. Cenozone

Type seCiioll-Tura-Dalu Road near Kherapara, between
28 to 29 km. from Tura, West Garo Hills. Meghalaya.

Lithology-This cenozone is characterized by grey and
carbonaceous shale with alternation offine grained sandstone.

Restricted palynofossils-Garotriletes kheraparaensis
and Crassoretilriletes wlllraadsllOoveni.

Characteristic palynoJossils-Striatriletes spp. and
Polypodiisporiles spp.

Rel/1arks-Strialriletes spp. are dominant in this
cenozone (up to 95% in sample no. 159). The frequency of
Polypodiisporites spp. is very rare in the lower part of the
cenozone (average I %) and increases at the top (average 3%).
Lygodill/llsporites spp. (a verage J70/,,) and Ecilisteplwno­
colpiles spp. (average 12%) are abundant in the lower part of
the Polyadopollenites sallii cenozone and decreases (rare to
common; average t I % and 4% respectively) at the top of the
section.

Dinoflagellate cysts are present in both the cenozones
but they are dominant in the Siriatriletes spp. Cenozone.
Reworked Permian and Cretaceous palynofossils are also
present in all the samples but they are predominant (average
23'10) in Striatriletes spp. cenozone.

PALYNOFLORAL COMPARISON AND
AGE

A comparison of the present assemblage with the known
Oligocene assemblages from the Tertiary sediments of India
and other countries is discussed below:

Baksi (1962) recorded palynofossils from the Tertiary
sediments of Simsang River Section, Meghalaya and
recognised four palynozones. Of these, Zone III is assigned
to 01 igocene. The common features of the present assemblage
and the Zone III of Simsang River Section are
Lygodil//llsporites (= Leiotriletes) , frequent occurrence of
schizaeaceous/parkeriaceous spores and good number of
Tricolpites pollen and some conifer pollen. Dinoflagellate cysts
and fungal remains are also shared by the two assemblages.
The comparative study reveals that the dominant element
Striatriletes is present in both the assemblages showing close
resemblance between them.

Salujha et at. (1972) reported palynofossils from the
Palaeogene sediments ofGaro Hills, Meghalaya. The genera
common to both the assemblages are Cyatlzidites,
B i rei isporites, Foveosporiles, Corrugatisporiles,
S, rial ril etes( = Ciccl! ricosisporite 5), Polypodi ispori Ie 5,

Podocarpidites, Illnperlliropollel1ites. Tricolpiles and
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Margillipollis. The above comparison reveals that the
palynoassemblage recorded by Salujha el al. (1972) is
comparable to the present assemblage.

Salujha el al. (1974) recorded palynofossils from the
Palaeogene sediments ofKhasi and Jaintia Hills. The common
palynotaxa of both the assemblages are Cyalhidiles,
Slrialrileles (= Magllaslrialiles), Polypodiaceaesporiles,
Tricolpiles and Margillipollis. A critical comparison reveals
that the dominant element Sirialrileles is present in both the
assemblages, hence both the assemblages are broadly
comparable.

Saxena el al. (1987) made a detailed palynostratigraphic
study of the Barail (Oligocene) and Surma (Lower Miocene)
sediments exposed along Sonapur-Badarpur Road Section in
Jaintia Hills (Meghalaya) and Cachar (Assam) and divided
the sequence into 5 palynological cenozones. Of these. the
lower three palynozones, viz., PolyspliaeridiulI/ sublile
Cenozone, Todisporiles II/ajor Cenozone and
Lygodiwllsporiles eocellicus Cenozone are comparable with
the present assemblage. The common genera between the two
assemblages are Cyalhidiles, Todisporiles, Foveosporiles,
Polypodiaceaesporiles, Polypodiisporiles, Lygodi{(/Ilsporiles,
Sirialrileles, Bi relisporiles, Camlrileles, Corrugalisporiles,
Tricolpiles, Ecliislephallocolpiles, Polyadopollelliles and
MalvacearulI/pollis. The above comparison shows that the
present assemblage is very much comparable to the same of
the Barail Group (Oligocene) of Sonapur-Badarpur Road
Section.

Kar (1990) recorded palynofossils from the Barail Group
(Oligocene) in the type area exposed along Haflong-Silchar
Road, Assam. The following genera have also been recorded
in the present assemblage Cyalhidiles, Todisporiles,
Diclyopliyll id i Ie s, Lygod i UI1lSpO ri Ies. SI ria Iril eles,
Polypodiaceaesporiles, Polypodiisporiles, Cheilaillhoidspora,
P ilalllolloleles, Podocarpid iles, Pill uspollelliles,
Spilliwllocolpites. Polyadopollelliles. Pellicieroipoltis and
Tricolpiles. Spores of Parkeriaceae and Polypodiaceae are
dominant in both the assemblages. The above comparison
reveals that the assemblage recorded by Kar (1990) is closely
comparable with the present assemblage.

Misra el al. (1996) carried out palynological studies of
Post Kopili sediments ofGaro Hills, Meghalya and identified
5 distinct biostratigraphic palynozones. Of these,
biostratigraphic zone-I represents Chengpara Formation
(Oligocene). The characteristic microflora of this zone are:
gemmate-syncolpate pollen, frequent presence of
Polypodi i sporiles Iliberclilells is, Scll i::.aeceoesporiles.
Corrugalisporiles and Relisleplwllocolpiles. Acoording to
them. biostratigraphic zone- I is closely comaparable to the
Simsang Palynological Zone - III ofBaksi (1962), the age for
this biozone assigned as Oligocene. The present assemblage
is also closely comparable to the Simsang Palynological Zone­
III.

Mandaokar (1993) reported palynotaxa from the Tikak
Parbat Formation (Oligocene) of Dangri Kumari Colliery,
Dibrugarh district. Assam, India. The genera common to both
the assemblages are Birelisporiles, Cheilallihoidspora,
Lygod iUlI/sporiles. Diciyophyll id iles, Cyal Ii id i les,
Todispo riles, SI rial rileles, Polypodiaceaes pori I es,
Polypodii sporiles, Pila IllOlLoleles, Spill izollocolpiles,
Tricolpiles, Pelticiemipollis and Polyadopollelliles. The above
comparison shows both the assemblages are closely
comparable.

Baksi (1972) made a detai led pal ynostratigraphic study
of the Upper Mesozoic and Tertiary succession of Bengal
Basin, subdividing it into 7 palynological zones. Of these. Zone
IV is of Oligocene age. The common palynomorphs between
the two assemblages are Cyallridiles, Polypodiisporiles,
Sirialrileles (= Schizaeaceaesporiles) and some dinoflagellate
cysts. The association of some important elements like
Meyeripollis, abundance occurrence of Bauhillia
bllldwallellsis and Barrillglollia in the Zone IV of Bengal
Basin has not been detected in the Oligocene sediments of the
present study. But the domi nant element Slrialrileles is present
in both the assemblages, hence, both are broadly comparable.

Mandai (1996) reported palynofossils from the Tertiary
(Barail) sediments of Nagaland. The genera common between
the present assemblage and that from the Barail Group
(Oligocene) of Nagaiand are CyOlIi idiles. Lygodiul1lsporiles,
Slrialrileles, Polypodiaceaesporiles, Polypodi isporiles,
Pilalllolloleles, FOI'eolllOlloleles, Todisporiles, Lakiapollis,
Pellicieroipollis, Spillizollocolpiles. Margillipollis and
Polyadopollelliles. The assemblage recorded by Mandai
(1996) is broadly comparable to the present one.

Kar (1979) recorded a rich palynofloral assemblage from
the Oligocene sediments (Maniyara Fort Formation) of Kutch,
western India. The following taxa of this assemblage have
also been recorded from the present assemblage are
Lygodiul1lsporiles, Todisporiles, Birelisporiles, Sirialrileles,
Polypodiaceaesporiles, Polypodiisporiles, Cheilaillhoidspora,
Podocarpidiles, Tricolpiles, PaleosOl1/alaceaepiles and
Mall'acea I'll I1lpollis , Detailed comparative study indicates that
the dominant genera like Lygodiul1lsporiles, Slriolrileles and
Polypodiisporiles are present in both the assemblages, hence,
the two assemblages are closely comparable.

Venkatachala and Rawat (1973) recorded palynofossils
from the subsurface Oligocene and Miocene sediments of
Cauvery Basin. The genera common between the two
assemblages are: Crassorelilrileles, Slriairileles (=

Magllasl ria Iiies), Lygod i l/l/I spo riles, B i reI i spori les,
Polypodiaceaesporiles, Polypodiisporiles, Tricolpiles,
Margocolporiles, Margillipollis and Polyporilla. A critical
study of the two palynoassemblages reveal that the assemblage
recorded by Venkatachala and Rawat (1973) is broadly
comparable to the present one.
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Germeraad ef al. (1968) made a intensive study of spore­
pollen content of Tertiary sediments in some parts of South
America, Africa and Asia by companies of the Royal Dutchl

Shell Group. They made different palynological zones to
Eocene to Pliocene sediments. Of these, Magnasfrimifes

howardi Cenozone (Pantropical area), Cicafricosisporifes

dorogenesis Cenozone (Atlantic area) and F1orschllef::,ia

frilobafa Cenozone (Borneo area) are represents the Oligocene
sediments. The common genera between the two assemblages
are Crassorefifrilefes, Slriauilefes = (Magnasfriafifes),

Margocolporifes and Spinizonocolpiles. A critical comparison
reveals that the predominant element Sfriafrilefes is present
in all the assemblages, hence, they are broadly comparable.

PALAEOCLIMATE

The Kherapara palynoassemblage contains dinoflagellate
cysts. fungal remains, pteridophytic spores. gymnospermous
and angiospermous pollen. The assemblage has been critically
studied and compared with the modern families and found
they are comparable to 24 families. Of these. 12 families are
restricted to tropical-subtropical. 3 families to tropical­
temperate, 3 families to temperate and 6 families are
cosmopolitan in distribution. The pteridophytic spores
generally favour moist and shady habitat. Cerafopferis. a
dominant genus represented by Sfrialrileles, is a water fern

growing in tropical region. The presence of fungal fruiting
bodies and spores are indicative of warm and humid condition.
The overall vegetational pattern indicates a tropical­

subtropical, humid climate during the sedimentation of the
Kherapara Formation. The temperate flora belong to

Magnoliaceae (Magnolia) and Pinaceae (Pinus) appear to be
transported from the upland areas in the north.

ENVIRONMENT OF DEPOSITION

The assemblage contains a mixture of palynotaxa
assignable to plants of various ecological groups such as
lowland. freshwater swamp and water edge, montane, back­
mangrove and mangrove and sandy beach elements (Fig. 6).

An analysis of ecological groups of the Kherapara

Formation reveals that the fresh water swamps and water edge

elements are predominant over the lowland elements. The
lowland elements are dominant in the lower part of the
formation but decreases in the middle and again increase at
the top. The fresh water elements are dominant throughout
the assemblage. Mangrove and backmangrove elements and
dinoflagellate cysts are dominant in the lower part and
decreases at the top whereas the frequency of montane
elements is less in the lower part and increases at the top
(Fig. 7).

Ecological Groups
Low-land elementS

Fresh water swamp and
water edge elements

Montane elements

Sandy-beach elements

Mangrove and back-mangrove
elements

Palynotaxa
Lakiapollis oval liS. Trieo/piles spp..
Triangll/oriles belills, Margoeo/poriles dllbillS,
Meliapollis spp.. Po/yeo/piles lerliarllS,
Po/yadopolleniles sahii, Eehisleplwlloco/piles spp.

Lygodillmsporiles spp.. Todisporiles spp..
8imisporiles spp., Dielyophyllidiles spp.,
Carolrileles kheraparaellsis,
Sfriafrilefes spp.. Crassorelilrileles
vallraadshoovelli. Pleridacidiles
venlliverrucalllS. Polypodiaeeaesporiles spp.,
Polypodiisporiles spp.. Pilamollo/eles
exce//l'IlSllS, Polyporilla l1111iliporosa

Pilljoriapollis /alleeo/allls
Podocarpidiles megha/ayaensis
PilUlspolienifes joveolallls

SpiniZOlloeo/piles eehinallls

Pa/eosanlalaeeaepiles e!lipliells,
Pa/eoeaesa/piniaeeaepiles eoeenica.
A!allgiopollis gemmallls,
Warkalliipolleniles erdllllanii,
Malvaceartll1lpollis bakonyensis.
Varispinilriporiles ralariaensis

Fig 6--Representation of different ecological groups in the Kherapara Formation
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Fig. 7-Venical distribution of palynotaxa in the Kherapara Formation. Gam Hills, Meghalaya.

The high percentage of LygodiulI1sporiles and
Sirialrileles in the assemblage indicates fresh water swamps
and ponding conditions near the site of deposition. Pollen
belonging to Chenopodiaceae/Amaranthaceae (Polyporilla)

are salt loving and occur near sea coast. The dinoflagellate
cysts and mangrove and back-mangrove elements are well
represented in the lower par! of the sequence and decline
upwards, which may possibly be related to gradual regression
of the sea. The coastal elements are represented by arecaceous
pollen (Spilli::'OIlOcolpifes). The gymnospermous pollen may
be derived from the high mountains near by in the nonh. So it
may be inferred that the Kherapara Formation was deposited
in acoastal marine environment having fresh water connections
with swamps and ponding conditions nearby and the coast
was bordered by m<.lngroves and other coastal elements.

SUMMARY AND CONCLUSIONS

1. The palynoassemblage recovered from the Kherapara
Formation (Oligocene), is well diversified and contains algal
and fungal remains, pteridophytic spores, gymnospermous and
angiospermous pollen.

2. Carofrilefes kheraparaellsis, Sfriafrileles lefradiles and
Echisfephanocolpifes qlladranglllaris have been proposed as
new.

3. Qualitative and quantitative analyses reveal that the
pteridophytic spores are dominant over angiospermous
followed by gymnospermous pollen.

4. Based on the palynofossil distribution, the Kherapara
Formation is divisible into two cenozones, viz.,
Polyadopollelliles sahii Cenozone and Sfriafrilefes spp.
Cenozone.

5. On the basis of affinity with modern families, a tropical­
subtropical, humid climate has been interpreted during the
sedimentation of the Kherapara Formation.

6. The assemblage represents a mixture of ecological
groups such as low-land, freshwater swamps and water edge,
montane, mangrove and back-mangrove and sandy beach
elements.

7. The Kherapara Formation was deposited in a coastal
marine environment having fresh water connections with
swamps and ponding conditions nearby and coast was bordered
by mangroves and other coastal elements.
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