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The palynofloral assemblages from the Barail (Oligocene) and Surma (Lower Miocene) sediments exposed
along Sonapur-Badarpur Road Section, Meghalaya and Assam have been discussed and interpreted. The total
assemblage consists of 68 genera and 113 species. Qualitative analysis of the assemblage reveals that
Lycopodiaceae, Polypodiaceae, Matoniaceae, Hymenophyllaceae, Ophioglossaceae, Schizaeaceae, Cyatheaceae,
Osmundaceae, Gleicheniaceae, Parkeriaceae, Podocarpaceae, Pinaceae, Palmae, Potamogetonaceae, Araceae,
Oleaceae, Bombacaceae, Labiatae, Mimosaceae and Malvaceae are represented in the assemblage. The present day
distribution of these families indicates the prevalence of mainly tropical-subtropical climate during the deposition
of Barail-Surma sediments. The environment of deposition has been interpreted as coastal marine. Quantitatively,
the pteridophytic spores constitute a major part (62%) of the assemblage followed by gymnospermous pollen
grains (23%), angiospermous pollen grains (5.5%), dinoflagellate cysts (5%) and fungal remains (4.5%). A
comparison of this assemblage with similar Oligocene-Lower Miocene assemblages of India has been made. The
age of the sediments has also been discussed.
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THE area under present study, i.e. Sonapur-Badarpur districts and constitutes a part of the Shillong-
Road Section, is located in the southeast of Shillong, Badarpur Highway (National Highway-44). Excellent
in Jaintia Hills (Meghalaya) and Cachar (Assam) sections of Barail (Oligocene) and Surma (Lower
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Miocene) groups of geosynclinal facies are exposed
along this section. The Barail Group of this area is
divided into Laisong, Jenam and Renji formations.
The laisong Formation (1750 m thick) represents
mainly arenaceous facies consisting of grey, very
hard, thinly bedded, very fine to medium grained
sandstones alternating with subordinate, hard, sandy
shales. The Jenam Formation (850 m thick) is mainly
argillaceous and consists of shales and sandy shales
with fine to medium grained sandstones. The Renji
Formation (800 m thick) is again arenaceous and is
made up of thickly bedded or massive, fine to
medium grained, hard, ferruginous sandstones alter-
nated by thin shales. The Renji Formation is uncon-
formably overlain by the Surma Group. This group is
divided into Bhuban and Bokabil formations. The
Bhuban Formation (1850 m thick) is further divided
into Lubha, Umkiang and Dona members. The lower
and upper members are mainly arenaceous whereas
the middle member is argillaceous. The Bokabil For-
mation (150 m thick) is made up of thick sandy
shales with alternations of very fine grained lami-
nated sandstone. The lithostratigraphy of the section
has been published by Saxena and Tripathi (1982).
Palynological study of the Barail and Surma
sediments of this section has been carried out by
Sein and Sah (1974), Rao (1983), Singh and Rao
(1984), Saxena and Rao (1984), Rao et al (1985),
Singh et al (1986), Rao (1986), Saxena et al. (1987)
and Rao and Singh (1987). Based on the above work,
the present paper deals with the qualitative and
quantitative analyses of Barail-Surma palynoflora, its
comparison with other similar palynoassemblages
from India and interpretations regarding palaeo-
climate, environment of deposition and age.

PALYNOFLORAL ASSEMBLAGE
Dinoflagellate Cysts

Polyspbaeridium subtile Davey & Williams in
Davey et al, Polyspbaeridium sp., Impletosphaeri-
dium insolitum Eaton, Adnatosphaeridium vittatum
Williams & Downie in Davey et al, Membranilarna-
cia donaensis Saxena & Rao, Cordosphaeridium
inodes (Klumpp) Eisenack emend. Morgenroth, C.
multispinosum Davey & Williams in Davey et al, C.
fibrospinosum Davey & Williams in Davey et al, C.
gracilis (Eisenack) Davey & Williams in Davey et al,
Operculodinium sp. cf. O. major Jain & Dutta in
Dutta & Jain, Achomosphaera ramulifera
(Deflandre) Evitt, A sagena Davey & Williams in
Davey et al, Homotryblium floripes (Deflandre &
Cookson) Stover, Homotryblium meghalayaensis
Saxena & Rao, Tuberculodinium vancampoae Ros-
signol) Wall emend. Wall & Dale, Dinocyst types 1,
2, 3, Heliospermopsis sp. (acritarch).
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Fungal Remains

Pbragmothyrites eocaenica Edwards emend. Kar
& Saxena, Phragmothyrites sp., Paramicrothallites
menonii Jain & Gupta, Notothyrites setiferus Cook-
son, N. amorphus Kar & Saxena, N. padappakarensis
Jain & Gupta, Parmathyrites ramanujamii Singh et
al., Kutchiathyrites sp., Lirasporis intergranifer
Potonié & Sah emend. Jain & Kar, Inapertisporites
ovalis Sheffy & Dilcher, 1. miocenicus Singh et al,
Inapertisporites sp., Inapertisporites sp. cf. I kedvesii
Elsik, Dicellaesporites fusiformis Sheffy & Dilcher,
Dicellaesporites spp. A, B, Multicellaesporites spp. A,
B, C, D, Lacrimasporonites Sp., Monoporisporites sp.,
Dyadosporonites grandiporus Singh et al., Dyadospo-
ronites sp., Diporisporites sp., Pluricellaesporites
verrucatus Singh et al., Pluricellaesporites spp. A, B,
Pluricellaesporites sp. cf. P. alleppeyensis, Ramanu-
jum & Rao, Diporicellaesporites verrucatus Singh et
al., Diporicellaesporites spp. A, B, Fusiformisporites
Sp., Frasnacritetrus Sp.

Pteridophytic Spores

Cyathidites australis Couper, C. minor Couper,
Lygodiumsporites lakiensis Sah & Kar emend. Rao &
Singh, L. eocenicus Dutta & Sah, L. donaensis Rao &
Singh, Todisporites major Couper, T. minor Couper,
Biretisporites meghalayaensis Rao & Singh, B. oligo-
cenicus Rao & Singh, Surmaspora sinuosa Singh &
Rao, Gleicheniidites senonicus Ross, Dictyopbyllidites
indicus Rao & Singh, Garotriletes sp., Corrugatispo-
rites sp., Foveotriletes spp. A, B, Foveosporites
triangulus Dutta & Sah, F. miocenicus Ramanujam,
Foveosporites sp., Lycopodiumsporites abundans
Salujha et al, Striatriletes susannae van der Hammen
emend. Kar, S. sinuosus Rao & Singh, S. pachyexinus
Rao & Singh, Malayaeaspora costata Trivedi et al,
Cingutriletes sp., Polypodiaceaesporites tertiarus Sah
& Dutta, P. chatterjii Kar, Monolites major (Cookson)
Potonié, Polypodiisporites favusPotonié, P. speciosus
Sah, P. formosus Salujha et al, P. tuberculensis
(Baksi) Rao & Singh.

Gymnospermous Pollen

Laricoidites punctatus Saxena, Podocarpidites
classicus Salujha et al, Podocarpidites meghalaya-
ensis Rao, Podocarpidites sp., Pinuspollenites foveo-
latus Rao, Piceapollenites sp., Abiespollenites surma-
ensis Rao.

Angiospermous Pollen

Retipilonapites delicatissimus Ramanujam, Ver-
rualetes assamicus Singh & Saxena, Verrualetes sp.,
Assamiapollenites sp., Spinainaperturites spp. A, B,
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Palmidites maximus Couper, Couperipollis robustus
Saxena, C. donaensis Rao et al.,, C. ramanujamii Rao
et al, Couperipollis sp. cf. C. wodebousei (Biswas)
Venkatachala & Kar, Proxapertites sp., Tricolpites sp.,
Verrutricolpites sp., Retitrescolpites sp., Trifossapol-
lenites constatus Dutta & Sah, Bombacacidites inau-
sus Venkatachala & Rawat, Echistephanocolpites
meghalayaensis Rao et al, Echistephanocolpites sp.
cf. E echinatus, Wijmstra, Gemmastephanocolpites
sp-, Triporopollenites sp., Stephanoporopollenites sp.,
Malvacearumpollis sp., Polyadopollenites sahiiRao et
al.

DISCUSSION

Pteridophytic spores and gymnospermous
pollen are the dominant constituents of the Barail-
Surma Assemblage while angiospermous pollen are
comparatively- poorly represented. Algal and fungal
remains are also present. The qualitative and quanti-
tative analyses of the palynofloral assemblage and its
comparison with other known equivalent assemb-
lages from India have been discussed.

Qualitative Analysis
THALLOPHYTA

The thallophytic remains are represented in the
assemblage by dinoflagellate cysts (9 genera & 15
species), epiphyllous fungi and fungal spores (17
genera & 34 species).

PTERIDOPHYTA

Preridophytic spores are richly represented in
the Barail-Surma sediments of Sonapur-Badarpur
Road Section. Their comparison with the extant flora
indicates the presence of the following families :

Lycopodiaceae—Lycopodiumsporites abundans,
Foveotriletes spp. A, B and Foveosporites triangulus
are comparable to the spores found in some
members of the family Lycopodiaceae. This family is
represented in tropical to temperate regions and
inhabits moist and shady places.

Polypodiaceae—This family is represented by
Monolites major, Polypodiaceaesporites tertiarus, P.
chatterjii, Polypodiisporites favus, P. formosus, P.
tuberculensis and P. speciosus. The present day
distribution of Polypodiaceae is cosmopolitan.

Matoniaceae—Dictyophyllidites indicus may be
related to the fern family Matoniaceae.

Hymenopbyllaceae—Biretisporites oligocenicus
and B. meghalayaensis are doubtfully related to the
family Hymenophyllaceae.

Ophioglossaceae—Foveosporites miocenicus s
similar to the spores of some species of Opkioglos-
sum of the family Ophioglossaceae.
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Schizaeaceae—Lygodiumsporites lakiensis, L.
eocenicus and L. donaensis compare with the spores
of the family Schizaeaceae. It is chiefly distributed in
tropical and subtropical regions.

Cyatbeacéae—Cyatbz'dz’tes australis and C.
minor are referable to this family. Plants of this
family are mainly found in tropical and subtropical
area.

Osmundaceae—Todisporites major and T.
minor are referable to this family. Members of this
family are found both in tropical and temperate
regions, generally inhabiting damp woods and
thickets.

Gleicheniaceae—Morphologically Gleichenii-
dites senonicus is comparable to the spores
produced by some members of the family Gleiche-
niaceae. The members of this family chiefly grow in
tropics.

Parkeriaceae—All the three species of Striatri-
letes, viz., S. susannae, S. sinuosus and S. pachyexi-
nus seem to be related to Ceratopteris (Parkeria-
ceae). The genus Ceratopteris is a water fern of the
tropical and subtropical regions.

GYMNOSPERMAE

Gymnospermous pollen grains are comparati
vely less represented in the assemblage than pteri-
dophytic spores. These are referable to the following
families :

Podocarpaceae—Podocarpidites classicus, P.
meghalayaensis, and Podocarpidites sp. have close
affinity with this family. The family is distributed in
subtropical as well as temperate regions.

Pinaceae—Pinuspollenites foveolatus, Abiespol-
lenites surmaensis, Piceapollenites sp. and Laricoidi-
tes punctatus are referable to the members of Pina-

ceae which is a temperate taxon.

ANGIOSPERMAE

The angiospermous pollen are not richly repre-
sented in the Barail-Surma assemblage, however,
they form a significant group at certain levels. These
are represented by the following families :

Palmae—Palmidites maximus, Couperipollis
robustus, C. donaensis and C. ramanujamii are
comparable to the pollen of Palmae. The distribu-
tion of this family is restricted to tropical and sub-
tropical regions.

Potamogetonaceae—Retipilonapites delicatissi-
mus is comparable to the pollen grains of Potamo-
getonaceae. This aquatic family is cosmopolitan.

Araceae—Proxapertites sp. resembles the
pollen of Araceae. The family is chiefly tropical.

Oleaceae—This family appears to be repre-
sented by the pollen of Retitrescolpites. The family is
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restricted to tropical and warm temperate regions of
the world.

Bombacaceae—Bombacacidites inausus is
comparable to the pollen of Bombacaceae.

Labiatae—Trifossapollenites constatus, Echiste-
phanocolpites meghalayaensis and Gemmastephano-
colpites sp. are probably related to family Labiatae.
The present day distribution of this family is
ubiquitous.

Mimosaceae—The pollen grains of Polyadopol-
lenites sabii show definite affinity with this family. At
present, the members of this family are found mainly
in tropical-subtropical regions of the world.

Malvaceae—Malvacearumpollis sp. resembles
the pollen grains of Malvaceae. The family is mainly
tropical in distribution.

Quantitative Analysis

The present palynoassemblage is populated by
68 genera and 112 species of dinoflagellate cysts,
fungal remains, pteridophytic spores and gymno-
spermous and angiospermous pollen grains. Quanti-
tatively, the pteridophytic spores constitute a major
part (62%) of the assemblage, followed by gymnos-
permous pollen grains (23%), angiospermous pollen
grains (5.5%), dinoflagellate cysts (5%) and fungal
remains (4.5%). The botanical allocation of the
various genera and species is given below: dinofla-
gellate cysts-9 genera and 15 species; fungal remains
17 genera and 33 species; pteridophytic spores 18
genera and 32 species; gymnospermous pollen
grains 5 genera and 7 species; angiospermous pollen
grains 18 genera and 24 species; incertae sedis 1
genus and 1 species. The quantitative analysis of the
assemblage has been done on the basis of the
frequency of various species in a count of 200
specimens per sample but in some cases where the
yield was poor only 100 to 150 palyno-fossils were
counted. The percentage of each group in each
sample has been calculated and plotted to show its
distribution in the Barail-Surma Sequence of the
Sonapur-Badarpur Section (Text-fig. 1).

The quantitative analysis of the palynoflora
recorded from each formation is discussed below :

Laisong Formation—The palynotaxa of the Llai-
song assemblage (Lower Oligocene) are repre-
sented by the following percentages : dinoflagellate
cysts (14.3%), fungal remains (4.5%); pteridophytic
spores (62.5%), gymnospermous pollen grains
(16%) and angiospermous pollen grains (2.7%). The
dinoflagellate cysts are dominant in the lower part of
the Laisong Formation. (Polysphaeridium subtile
Cenozone) but they decrease in frequency in the
upper part (Todisporites major Cenozone). Poly-
sphaeridium subtile constitutes 30 per cent of the
dinoflagellate cysts in the lower part of the
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formation. In some samples its frequency reaches up
to 45 per cent. Adnatosphaeridium vittatum is res-
tricted to this formation only. Cordosphaeridium
inodes, C. fibrospinosum, C. multispinosum and
Homotryblium floripes are among the other species
of dinoflagellate cysts recorded from this formation.
The fungal remains are better represented in the
upper part (up to 12%) than in the lower part (1-4%)
and consist of Notothyrites setiferus and Phragmo-
thyrites eocaenica. Among the pteridophytic spores,
trilete spores form the dominant element while the
monolete spores remain insignificant. Striatriletes is
the most dominant genus throughout the formation
and in some samples its frequency reaches up to
60%. Other pteridophytic genera in the order of their
relative abundance are Todisporites and Lygodium-
sporites. Gymnospermous pollen, mainly represen-
ted by Pinuspollenites foveolatus are insignificant in
the lower part of the formation while in the upper
part their frequency is comparatively low. Podocarpi-
dites is another important gymnospermous pollen
genus in this formation. The angiospermous pollen
grains constitute 2.7 per cent of the assemblage,
being represented by Polyadopollenites sabii and
Echistephbanocolpites meghalayaensis.

Jenam Formation—The Jenam Formation
consists of fungal remains (12.2%), pteridophytic
spores (77%), gymnospermous pollen grains (7.5%)
and angiospermous pollen grains (3.3%) while
dinoflagellate cysts are completely absent. The
frequency of the fungal remains increases (12%) in
this formation. The species recorded are: Norothy-
rites setiferus, Phragmothyrites eocaenica and Para-
microthallites menonii. Like Laisong Formation, this
formation too is rich in trilete spores while the
monolete spores occur in lesser frequency. The
monolete spores recovered from this formation are
represented by Polypodiaceaesporites tertiarus only.
Among the trilete spores, Striatriletes spp. occur at
all levels of this formation. Striatriletes pachyexinus
(49%) has been recovered only from one sample and
is restricted to this formation. The frequency of
Striatriletes susannae is 60 per cent and at some
levels it increases even up to 78 per cent. Lygodium-
sporites spp. and Todisporites major are among the
other significant forms. The gymnospermous pollen
grains are poorly represented in this formation,
being only 7.5 per cent. Polyadopollenites sabii and
Malvacearumpollis sp. are among the important
species of angiospermous pollen grains.
Angiospermous pollen are not represented in the
upper part of this formation.

Renji Formation—In this formation the yield of
palynomorphs was comparatively poor. The
pteridophytic spores (99.4%) form the most
dominant element in this formation while angiosper-
mous pollen grains are rare (0.6%). Algal and fungal
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remains and gymnospermous pollen grains are
absent. Dictyophyllidites indicus (40%), a trilete
pteridophytic spore, is restricted to this formation.
Striatriletes susannae (40%), Lygodiumsporites laki-
ensis (7%) and Todisporites major (6%) are the other
important taxa. The angiospermous pollen grains are
represented by Malvacearumpollis sp. only.
Bbuban Formation—The palynoflora recovered
from this formation is represented by dinoflagellate
cysts (4.3%), fungal remains (5%), pteridophytic
spores (50%), gymnospermous pollen grains (37%)
and angiospermous pollen grains (3.7%). The
dinoflagellate cysts reappear in the lower part of the
Bhuban Formation. Cordosphaeridium inodes and
Homotryblium floripes are the important species.
The fungal remains consist of Notothyrites setiferus,
N. padappakarensis, Parmathyrites ramanujamii,
Pbragmothyrites eocaenica, Inapertisporites mioce-
nicus, Dicellaesporites spp., Dyadosporonites grandi-
porus, Pluricellaesporites spp. and Multicellaesporites
spp.- The pteridophytic spores are dominant in the
lower (57%) and upper (66%) members of this
formation whereas in the middle member their
frequency is comparatively less (29%). The genus
Striatriletes occurs in all the samples. Striatriletes
sinuosus is restricted to the lower part (Lubha
Member) only whereas the Surmaspora sinuosa,
Malayaeaspora costata, Biretisporites meghalayaen-
sts and Lygodiumsporites donaensis are restricted to
the upper part (Dona Member). In addition, the
frequency of Lygodiumsporites eocenicus decreases
in the lower part, being completely absent in the
middle and finally reappearing in the upper part.
Cyathidites australis, C. minor, Foveosporites
triangulus, Todisporites major, T. minor, Polypodia-
ceaesporites tertiarus, P. chatterjii, Polypodiisporites
speciosus and P. formosus are some of the other
important species of pteridophytic spores. The
gymnospermous pollen are comparatively better
represented (64%) in the middle levels than in the
lower (23%) and upper (20%) levels of this
formation. Pinuspollenites foveolatus constitutes the
major part (60%) of gymnospermous pollen grains
in the middle levels (Umkiang Member). dbiespolle-
nites surmaensis is an important taxon in the Lower
Bhuban Formation but its frequency decreases in the
middle and upper parts of the Bhuban Formation.
Podocarpidites meghalayaensis, Piceapollenites Sp.
and Laricoidites punctatus are the other important
forms. The* angiospermous pollen grains show
comparatively higher frequency in the Upper
Bhuban Formation than those in the lower and
middle levels. Couperipollis spp. constitute the
major part of the assemblage. The frequencies of,
Malva-cearumpollis sp. and Echistepbanocolpites
megha-layaensis increase in this formation. The
other important taxa are: Verrualetes assamicus,
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Retipilonapites  delicatissimus and  Polyadopollenites
sabii.

Bokabil Formation—The Bokabil palynoflora-
consists of fungal remains (3%), pteridophytic
spores (15.8%), gymnospermous pollen grains
(60%) and angiospermous pollen grains (21.2%).
Dinoflagellate cysts are completely absent.
Monoporisporites sp. is the only fungal species
recorded from this formation. The pteridophytic
spores are represented by Striatriletes susannae,
Lygodiumsporites lakiensis and Polypodiaceaesporites
tertiarus. Among the gymnospermous pollen grains,
Pinuspollenites foveolatus is an important taxon
being represented by (50%). Other gymnospermous
pollen species present are: Abiespollenites
surmaensis (8%) and Piceapollenites sp. (3%).
Assamiapollenites sp., Couperipollis spp., and
Malvacearumpollis sp. are the angiospermous pollen
genera recorded from this formation.

Palynofloral Comparison

During the last twentyfive years significant
contributions to the Tertiary palynostratigraphy of
Kutch, Meghalaya, Assam, Bengal, Himachal Pradesh
and South India have been made. A comparison of
the- present assemblages with those known from the
above areas has been attempted below.

KUTCH

Kar (1979) reported a rich palynoflora consis-
ting of 39 genera and 33 identifiable species, from
the Maniyara Fort Formation (Oligocene) of Kutch,
Gujarat. The palynotaxa common to the Maniyara
Fort assemblage and present Barail assemblage are :
Cyatbidites, Lygodiumsporites lakiensis, Todisporites,
Biretisporites, Striatriletes susannae, Polypodiaceae-
sporites chatterjii, Polypodiisporites, Podocarpidites,
Couperipollis, Tricolpites, Triporopollenites, Stephan-
oporopollenites, Malvacearumpollis, Phragmothyrites
eocaenica, Notothyrites, Kutchiathyrites, Inapertispo-
rites, Dyadosporonites, Polysphaeridium and Homo-
tryblium. The palynotaxa present in the Maniyara
Fort assemblage but absent from the present assemb-
lage are : Punctatisporites, Intrapunctisporis, Toroi-
sporis, Leptolepidites, Laevigatosporites, Cheilantho-
idspora, Retitricolpites, Trisyncolpites, Araliaceoipol-
lenites, Retibrevitricolpites, Paleosantalaceaepites,
Monoporopollenites, Cleistosphaeridium, Spiniferites,
Membranilarnacia, Fromea and Aplanosporites. The
palynotaxa present in the Barail assemblage but
absent from the Maniyara Fort assemblage are : Garo
triletes, Gleicheniidites, Corrugatisporites, Foveotri-
letes, Pinuspollenites, Piceapollenites, Abiespollenites,
Laricoidites, Verrutricolpites, Bombacacidites inau-
sus, Echistephbanocolpites megbalayaensis, Polyado-
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pollenites sabii, Dicellaesporites, Multicellaesporites,
Fusiformisporites, Adnatosphaeridium, Cordosphae-
ridium, Impletosphaeridium and Frasnacritetrus. A
comparative study reveals that the Maniyara Fort
Assemblage’ of Kutch and the present Barail Assemb-
lage are mostly comparable qualitatively.

MEGHALAYA—ASSAM

The palynological studies on the Tertiary sedi-
ments of Meghalaya and Assam have been carried
out by Biswas (1962), Baksi (1962, 1965), Sah and
Dutta (1966, 1968, 1974), Dutta and Sah (1970), Sah
et al. (1970), Salujha er al (1972, 1973, 1974), Singh
(1977a, 1977b), Singh and Singh (1978), Mehrotra
(1981, 1983) and Dutta and Jain (1982). There are
few reports from Upper Assam by Banerjee et al.
(1973), Srivastava ‘et al (1974), Singh and Tewari
(1979), Sah et al (1980) and Singh and Saxena
(1984). The palynofloras reported by the above
mentioned authors are largely from the Palaeocene-
Eocene sediments whereas the reports from the
Oligocene-Miocene sediments are very scanty. A
comparative study of the distributional patterns of
the known Oligocene-Miocene palynofloras from the
Assam Basin is given below:

Banerjee (1964) published some palynotaxa
from the Surma sediments (Miocene) of Garo Hills,
Meghalaya. To make a comparative study of this paly-
noflora with the present one, it was thought essen-
tial to transcribe various genera described therein to
the equivalent forms in the present assemblage. To
accomplish this objective, the names of the genera
used by Banerjee are given in parentheses. The paly-
notaxa in common with the Surma Group of Garo
Hills and that of the present section are : Polypodia-
ceaesporites = (Psilamonoletes, in Banerjee, pl. 1, fig.
3), Lygodiumsporites = (Retitriletes, in Banerjee, pl. 1,
fig. 4), Todisporites = (Scabratriletes, in Banerjee, pl
1, figs 8, 10), Pinuspolienites and Podocarpidites
= (Saccites, in Banerjee, pl. 2, figs 1-6), Palmidites
maximus (=Monocolpites, in Banerjee, pl. 2, fig. 7),
Echistephanocolpites =(Stephanocolpites, in Banerjee,
pl. 2, fig. 29), Striatriletes and Tricolpites. A compara-
tive study reveals that the present Surma assemblage
is closely comparable with that of Garo Hills.

Baksi (1962) described palynomorphs from the
Simsang River Section, South Shillong Front, Megha-
laya and recognized four palynozones. Of these, the
third and fourth palynozones were assigned to Olig-
ocene and Miocene ages respectively. The present
assemblage and the assemblage of third and. fourth
zones of Simsang River Section have the following
genera in common: Striatriletes, Malayaeaspora
* = Schizaeaceaesporites, Parkeriaceaesporites, in
Baksi, pl. 3, fig. 41; pl. 5, fig. 54), Cyathidites/Lygo-
diumsporites/Todisporites * = (smooth trilete spores
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of Leiotriletes garoensis, in Baksi pl. 3, fig. 36), Poly-
podiisporites tuberculensis =(Polypodiaceaesporites
tuberculensis, in Baksi, pl. 3, fig. 40), Couperipollis
+=(spinose monocolpate pollen in Baksi, pl. 2, fig.
18) and Triporopollenites * = (triporate pollen, in
Baksi, pl. 3, fig. 33). Besides, conifer pollen grains
and dinoflagellate cysts are also common to the two
assemblages. The palynotaxa present in the Simsang
River Section but absent from the present
assemblage are: gemmate syncolpate pollen,
Meyeripollis, Bau-binia burdwanensis, Tetradopites,
Tricolpopites, Polygonaceaepites and Densexinos-
porites. The palynotaxa present in the present
assemblage but absent from the third and fourth
zones of Simsang River Section are: Biretisporites,
Surmaspora, Gleichenii-dites, Dictyopbyllidites,
Garotriletes, Foveosporites, Foveotriletes,
Corrugatisporites, Lycopodiumsporites, Monolites,
Laricoidites, Retipilonapites, Verrualetes, Palmidites,
Proxapertites, Bombacacidites, Verrutri-colpites,
Retitrescolpites, Trifossapollenites, Echiste-
phanocolpites, Gemmastephanocolpites, Malvacea-
rumpollis and Polyadopollenites. The present authors
have established 3 palynozones in the Barail Group
(Oligocene), viz., (i) Polysphaeridium subtile Ceno-
zone, (ii) Todisporites major Cenozone, and (iii)
Lygo-diumsporites eocenicus Cenozone which are
broadly comparable to the third palynozone of Baksi
(1962) from the Simsang River Section.

Likewise, the Surma Group (Miocene) strata of
the present investigation is also divided into three
palynozones, viz., (i) Striatriletes sinuosus Ceno-
zone, (ii) Pinuspollenites foveolatus Cenozone, and
(iii) Malayaeaspora costata Cenozone. In the fourth
zone of Simsang River Section, the abundant occur-
rence of two-winged coniferous pollen grains and
the frequent occurrence of ribbed spores (Ceratop-
teris type) have been recorded by Baksi (1962). A
comparative study reveals that the Pinuspollenites
= (coniferous pollen, Baksi, pl. 4, fig. 49; pl. 3, fig. 60)
and Striatriletes = ( Ceratopteris Baksi, pl. 4, fig. 53)
are present in both the assemblages. So the fourth
zone of Simsang River Section is comparable to the
fourth, fifth and sixth cenozones of the Surma Group
of Sonapur-Badarpur Road Section.

Besides the above, the present assemblage was
also compared with those recorded by Salujha et al
(1972, 1974 Palacogene assemblage from Garo Hills
and Jaintia Hills respectively), Salujha et al (1973,
Surma assemblage from the southern edge of Shil-
long Plateau), Sein and Sah (1974, Eocene-
Oligocene assemblage from Jaintia Hills), Banerjee
et al. (1973, Oligocene-Miocene assemblage from
the subcrops of Upper Assam) and Singh and Saxena
(1984, Neogene assemblage from Jorajan Well-3,
Upper Assam) but none of them was found to be
closely comparable.
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BENGAL BASIN

Deb (1970) studied the palynology of the Ceno-
zoic sediments of Bengal Basin, south of Calcutta.
She instituted three palynozones for the Miocene,
Pliocene and Quaternary sediments respectively. The
palynozone 111 (Miocene) contains Striatriletes
=(Ceratopteris, in Deb, pl. 2, fig. 9) and pollen
grains of Coniferae and Palmae which are also
present in the present assemblage.

Baksi (1972) made a detailed palynostratigra-
phic study of the Upper Mesozoic and Tertiary
succession of Bengal Basin, subdividing it into 7
palynological zones. Of these, zones IV and V are of
Oligocene and Miocene ages respectively. These
zones possess some palynomorphs which also occur
in the present assemblage, viz., Cyathidites/Lygodi-
umsporites/Todisporites T =(Leiotriletes garoensis/
Cyatbidites minor), Polypodiisporites tuberculensis
T =(Polpodiaceaesporites  tuberculensis/Polypodii-
sporites speciosus/P. oligocenicus), Malayaeaspora/
Striatriletes * = (Schizaeaceaesporites), Couperipollis
= (spinose monocolpate pollen) and Tricolpites. In
addition to these, some dinoflagellate cysts, fungal
spores/discs and conifer pollen are also shared by
the two assemblages. The association of some
important elements like Meyeripoilis, abundant
occurrence of small tricolpate pollen and first
appearance of Baubinia burdwanensis and Barring-
tonia in the Zone IV and V of Bengal Basin have not
been detected in the Oligocene and Miocene sedi-
ments of the present study. Other palynotaxa like
Biretisporites, Dictyophbyllidites, Polyadopollenites,
Echistepbanocolpites and Malvacearumpollis which
are present in Barail and Surma groups of the
present section are absent from the zones IV and V
of the Bengal Basin. Thus, the two assemblages are
broadly comparable.

The present assemblage was also compared with
Lower Siwalik assemblages from Himachal Pradesh,
Uttar Pradesh and Nepal recorded by Banerjee
(1968), Mathur (1973), Nandi (1975, 1980) and
Saxena et al. (1984); Port Blair Formation (Palaeo-
gene) of Andaman Islands recorded by Banerjee
(1966); and Neogene assemblages of Tamil Nadu
and Kerala recorded by Ramanujam (1960, 1966),
Navale (1962), Jain and Gupta (1970), Deb (1972),
Ramanujam dnd Rao (1973, 1977), Venkatachala and
Rawat (1973), Rao and Ramanujam (1978, 1982),
Navale and Misra (1979), Jain and Kar (1979), Kar
and Saxena (1981), Ambwani et a/ (1981) and
Srisailam et al (1981). It has been observed that
these assemblages are not comparable with the
present ones, hence their detailed account has not
been given.

THE PALAEOBOTANIST

Palaeoclimate and Environment of Deposition

The Barail-Surma palynoflora from the Sonapur-
Badarpur Road Section, Meghalaya and Assam
consists of dinoflagellate cysts, fungal remains, pteri-
dophytic spores, gymnospermous and angiosper-
mous pollen grains. Based on the palynofloral
evidence, an attempt is made here to interpret the
palaeoclimate and environment of deposition
prevalent during the sedimentation of this sequence.

PALAEOCLIMATE

The present day distribution of the various fami-
lies represented in the Barail-Surma palynoflora is as
follows :

Tropical Tropical-

subtropical

Temperate Cosmopolitan

Matoniaceae — — —
Gleicheniaceae — — —

— Ophioglossaceae — —

— Cyatheaceae — —

— Schizaeaceae — —

— Parkeriaceae — —

— Palmae — —_

— Mimosaceae — —

— — Pinaceae —
— — — Polypodiaceae
— — — Osmundaceae
— — — Podocarpaceae
— — — Labiatae
— — — Potamogeto-
naceae
— — — Lycopodiaceae
— —_ — Malvaceae
— Oleaceae — —
(Tropical-warm
temperate)
— Araceae — —
— Bombacaceae — —
Parkeriaceae, Schizaeaceae, Ophioglossaceae,

Cyatheaceae, Matoniaceae, Gleicheniaceae, Palmae
and Mimosaceae are tropical to subtropical in distri-
bution. The family Gleicheniaceae has been recor-
ded only from the Barail Group while other families,
viz., Cyatheaceae, Schizaeaceae, Osmundaceae, Mat-
oniaceae and Mimosaceae are better represented in
the Barail Group than in the Surma Group. The
spores of Parkeriaceae occur predominantly through-
out the Barail-Surma Sequence. Oleaceae which is
subtropical to warm temperate in distribution, is
poorly represented in and restricted to the lower
Bhuban Formation. The tropical-subtropical
elements are thus well represented throughout the
Barail-Surma Sequence. The only temperate family,
viz., Pinaceae, which is represented by
Pinuspollenites, Piceapollenites and Abiespollenites,
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occurs sporadically in the Barail Group (Oligocene)
and attains predominance throughout the Surma
Group.

Lakhanpal (1970), on the basis of palaeobotani-
cal evidences, envisaged that the Palacogene and
Neogene floras in the Indian subcontinent were pre-
dominantly tropical. The occurrence of Pinus pollen
grains (a temperate genus) in the latter may be inter-
preted as coming in from higher altitudes of tempe-
rate climate. The above observation is amply suppor-
ted by the present palynofloral data too.

The present assemblage, as a whole, is domina-
ted by pteridophytic spores (62%) indicating warm
humid condition. This is also supported by the
occurrence of epiphyllous microthyriaceous fungi,
viz., Pbhragmothyrites, Notothyrites and Parmathyrites.

It may, therefore, be concluded that the area of
present study enjoyed a mainly tropical-subtropical
climate during the Oligocene-Lower Miocene time.
The rich representation of pinaceous pollen grains
in the Surma Group may be due to their derivation
from the nearby upland region. A gradual cooling of
the climate in the Miocene epoch may also be partly
responsible for their occurrence. It appears likely
that the Himalayan chain in the north of present area
would have been sufficiently high during the Mio-
cene to support the pinaceous elements.

ENVIRONMENT OF DEPOSITION

The oldest sediments of the present sequence,
i.e. lower Laisong Formation (Polysphaeridium sub-
tile Cenozone) consist of pteridophytic spores, gym-
nospermous pollen and dinoflagellate cysts. The
dinoflagellate cysts are dominant in the lower part of
the Barail Group, decrease in its middle and upper
parts and again become important in the lower
Bhuban Formation. The pteridophytic spores, mainly
represented by Striatriletes are dominant throughout
the sequence. The gymnospermous pollen exhibit
low frequency in Barail Group while in the younger
sediments, viz., Bhuban and Bokabil formations,
they are encountered in very high frequency.

The dinoflagellate cysts are dominant in the
lower part of the Barail Group and continue to be
represented in the present sequence up to Lower
Bhuban Formation indicating the prevalence of
coastal marine environment of deposition. Palmidi-
tes maximus, Couperipollis ramanujamii and C.
donaensis show proximity to the shore line. These
as well as the fresh 'water elements, viz.,
Retipilonapites (Potamogetcnaceae), Proxapertites
and Assamiapollenites appear to have been
transported to the site of deposition.
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Age of the sediments

Limited efforts have so far been made on the
palynological studies of the Barail and Surma groups
(Baksi, 1962, 1965; Banerjee, 1964; Salujha, Kindra &
Rehman, 1972, 1974, Salujha, Rehman & Kindra,
1973; Singh & Tewari, 1979). These papers have
mainly concentrated ori the systematic description of
the palynoflora and its stratigraphic and palaeoeco-
logical significance. The interpretation regarding age
of these sediments, on the basis of palynofossils has
not so far been attempted. An attempt is therefore
made here to assess the age of these sediments on
palynological evidence.

Barail Group—The palynoflora recorded here
from the Barail Group is characterized by Adnatos-
Dhaeridium vittatum, Polysphaeridium subtile, Bireti-
sporites oligocenicus, Dictyophyllidites indicus and
Striatriletes pachyexinus. These forms do not extend
to the Surma Group. The present assemblage has
been compared with the Oligocene assemblages
described from Kutch (Kar, 1979) and Bengal Basin
(Baksi, 1972). Out of 39 palynomorph genera recor-
ded from the Maniyara Fort Formation (QOligocene)
of Kutch, 19 genera are also found in the present
assemblage. Similarly, most of the important taxa
from the palynological zone IV (Oligocene) of
Bengal Basin (Baksi, 1972) are also encountered
herein. Thus, the present Barail assemblage is also
assignable to Oligocene age.

Surma Group—The palynoassemblage recorded
from the Surma Group of the present section is
characterized by Lygodiumsporites donaensis, Surma-
spora sinuosa, Biretisporites meghalayaensis, Stria-
triletes sinuosus, Malayaeaspora costata, Polypodia-
ceaesporites chatterjii, Polypodiisporites formosus,
Couperipollis donaensis, C. ramanujamii, Assamia-
pollenites sp. and Malvacearumpollis sp. The Surma
Assemblage also shows the predominance of Pinu-
spollenites, Abiespollenites and Piceapollenites.

Among the other known Miocene palynofloras
from Bengal (Deb, 1970, Baksi, 1972), Meghalaya
(Banerjee, 1964; Salujha et al, 1973), Tamil Nadu
(Navale, 1962; Ramanujam, 1966; Venkatachala &
Rawat, 1973; Navale & Misra, 1979) and Kerala
(Ramanujam, 1960; Jain & Gupta, 1970; Ramanujam
& Rao, 1973, 1977, 1978; Rao & Ramanujam, 1976,
1978, 1982; Jain & Kar, 1979; Kar & Jain, 1981;
Ramanujam et al, 1981), the palynofloras from
Meghalaya are favourably comparable with the
present Surma mioflora. The rich representation of
the bisaccate pinaceous pollen in these floras is
particularly significant in this connection. Hence the
present Surma mioflora is assignable to Miocene age.
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