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:He recorded. The distribUlional pallern of palynotaxa demonstrates lhe reliability of f>alynol1oral assemblages in the
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THE alluvium covered Upper Assam continental basin
which is a part of the major Assam-Arakan province,
forms the north-eastern corner of the Indian subcontinent.
In north it is bounded by the eastern Himalayas, in
south and south-east by the Naga-Patkai hill ranges, in
north-east by the Mismi hills and in the south-west by
Mikir hills (Text-figure 1). The Tertiary deposits in the
shelf zone of this basin are very thick (average thickness
about 5,000 m) and include shallow marine to brackish
Palaeogene and continental flUViatile Neogene sediments.
Geologists using different parameters, viz., lithological
variation, heavy mineral content of the rocks, etc.
attempted to classify and correlate different lithounits
in this basin but due to insufficient records of animal
or plant fossils several gaps still exist in our knowledge.

Moreover, the lithofacies varies considerably from place
to place which render difficulty in attempting correlation
of strata especially in the younger Neogene sediments.
This problem is further aggravated because of the
disturbed natural order of superposition of strata due
to strong tectonic activity in the area.

With a view to understand the distributionai pattern
of palynofossils in different formations in the Upper
Assam Basin, Oil India Limited (OIL), Duliajan, Assam
and the Birbal Sahni Institute of Palaeobotany, Luckrlow
worked in collaboration and carried out
palynostratigraphical investigations of six bore-hole cores
in the Upper Assam and Arunachal Pradesh. The major
objectives of the present investigation were : (0 to

record palynofossils from various stratigraphic levels
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Text-figure I-Geological map showing the localion or stuuieu bon:-hoks in Uppt:r Assam Basin (after O,l.L, [)uliajan),

of Upper Assam, (ii) to determine the exact correlative
value of the established palynological zones, and (iii)
to help in the reconstruction of palaeoclimate,
palaeoenvironment and past vegetation during the
deposition of Tertiary rocks in the Upper Assam Basin,

GEOLOGICAL SETTING

The generally accepted stratigraphic succession of
this region is given in Table I, Except for a few limestone
beds within the Palaeogene, the area mostly consists
of clastic sediments. The post Barail unconformity is
the significant feature in this region which distinctly

separates Neogene from Palaeogene, The area consists
of more than 4 km of mainly terrigenous Cenozoic
sediments above a Precambrian igneous basement ridge
referred to as Brahmaputra Arch by Murty (1983). The
Cenozoic succession has been subdivided on the basis
of wireline log response, biostratigraphical,
sedimentological and gross lithological data.

The Precambrian base rocks are exposed in the
Mikir hills which may be regarded as a tectonic high
with structural down wrap both towards NW-SE, This
high continues towards NE under thick alluvium cover
of the Upper Assam Valley as a hidden basement
ridge.

Table 1

NAHORKATIYA GROUP

Namsang Formation
Girujan Formation

Interbedded sands and claystones with minor lignite beds (maximum thickness~OOm)
Massive claystone with minor argillaceous sandstones (maximum thickness-l.IOO m)

BARAIL GROUP

Tipam Formation

Tinali Formation

Primarily sandstone dominated formation with minor to locally massive shale beds, The
basal section of the formation may correspond with Surma Conglomerate Member This
can be further subdivided into Early, Middle and Late Tipam sandstones separated by
shale beds (maximum thickness-l,lOO m)
Massive sands with minor claystones

JAINTIA GROUP

Moran Formation
Kopili Formation

Claystones with minor sandstones and coals (maximum thickness-I,200 m)
Shale and fine-grained ~andstones with coal bands (maximum thickness-SOO m)

Sylhet Formation Fossiliferous limestones and shales and sandstone bands (maximum thickness-SOO m)
------------------------------------------------------------- Unconformity --------------------------------------------------------------------------

Precambrian granitic basement
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Recently acquired seismic data and the available
drilling evidence suggest that the basement ridge which
plunges NE and passes through Tengaghat-Bordubi area
takes a swing towards N-N-NE beyond Bordubi area.
Numerous basement faults running more or less parallel
to the SW trending Naga thrust and minor transverse
faults make the structure more complicated resulting
in the formation of different fault blocks. These faults
have played apparently an important role in the
accumulation and distribution of hydrocarbons in the
area (Handique & Mallick, 1989).

LOCATION OF SAMPLES AND LITHOLOGY

The palynological samples are from six bore-hole
cores, viz., Nahorkatiya (NHK)-1.263,268; Kharsang-2,3
and Duannara-2 provided by Oil India Limited, Duliajan,
Assam. Nahorkatiya oil field (Lat. 2r15': Long. 95°15')
is situated approXimately between Dibrugarh and
Tinsukia in the Dibrugarh District, Assam. Duarmara
(Lat. 27°15': Long. 95°40') is on the north-eastern side
of the Digboi oil field and is also in the Dibrugarh
District. Kharsang oil field (Lat. 27°25': Long. 96°02') is
in the Tirap District of Arunachal Pradesh. The location
of the oil field has been shown in Text-figure 1.

The Nahorkatiya bore-hole core no. 1 (NHK-1)
comprises Upper Kopili (Late Eocene) to Girujan
(Miocene). Nahorkatiya 263 (NHK-263) and 268 (NHK­
268) consist of Langpar (Early Palaeocene) to Dhekiajuli
(Pliocene). Kharsang 2 and 3 represent Tipam (Miocene),
Namsang (Mio-Pliocene) and Barails (Oligocene) above
the thrust zone. Duarmara-2 penetrates through
Dhekiajuli (Pliocene) to Barails (Oligocene).

METHODOLOGY

All the samples were chemically processed for the
recovery of palynofossils by the usual conventional
method. The slides were prepared in Polyvinyl alcohol
and mounted in canada balsam. Two hundred
palynofossils were counted in each sample for
quantitative analysis. Negatives and slides of all the
figured specimens have been kept in the repository of
the Birbal Sahni Institute of Palaeobotany, Lucknow.

RECORDED PALYNOTAXA

The spores, pollen grains, fungal bodies and
phytoplanktons recovered from the sediments of these
bore-hole cores have been placed under 87 genera
and 120 species. Out of these, 23 genera and 45 species
represent pteridophytes, 4 genera and 5 species belong
to gymnosperms, 41 genera and 53 species represent
angiosperms, 9 genera and 7 species represent algae
and 10 genera and 10 species represent fungi.

Qualitatively, the angiosperm pollen exhibit the
dominance over other plant groups but quantitatively
pteridophytic spores constitute the major part of the
assemblage. Gymnospermous pollen are 'poorly
represented in most of the samples: however, at certain
stratigraphical levels they form major constituents of
the assemblage. Quantitative analysis of the overall
assemblage reveals a comparatively poor representation
of the fungal elements through the sequence. The
stratigraphie distribution of significant palynotaxa in
different bore-holes is given in Text-figures 2-7.

Pteridophytic spores

Alsophilidites sp.
Cyalhidiles minor Couper 1953
Cyalhidiles auslralis Couper 1953
Cyalhidiles major Couper 1953
Crassorelilrileles uanraadshoovenii Germeraad, Hopping & Muller

1968
Chei/anthoidspora monolela Sah & Kar 1970
Diclyophyllidiles dulcis Kar 1985
Diclyophyllidlles kyrtomatus Kar & Kumar 1986
Dcmdoliaspora pl7cala (Sah & Kar) Sah. Kar & Singh 1971
Dandoliaspom di/ala Sah. Kar & Singh 1971
FOIJeosporiles splendlls Kar & Saxena 1981
Gleichenildiles sp.
Inlrapllnclisporis inlrapunclis Krulzsch 1959
Inlrapullclisporis apunclis Krutzsch 1959
Lygodillmsporiles lakiensls Sah & Kar 1969
Lygodiumsporiles eocenicus Dutta & Sah 1970
Lycopodiumsporiles globatus Kar 1985 '
Lycopodiumsp01'iles sp.
Osmundacidiles kUlchensis Sah & Kar 1970
Osmundacidites wellmanii Couper 1953
Osmundacidiles sp.
Pilamolloleles excellensus Kar 1990
Pilamonoletes moderatus Kar 1990
Polypodiaceaesporiles lerliarus Sah & Dutra 1970
PolJPodiaceaesporiles levis Sah 1967
Polypodiaceaesp01'iles cballerJii Kar 1979
Polypodiaceaesporiles inlrapunclalus Kar & Jain 1981
Polypodiaceaesporiles major Saxena 1978
Polypodiispol'lles conSlnclus Kar 1979
Polypodilsporiles repandus Takahashi 1964
PolypodiispOl'iles impariler (Poronie & Sah) Dutta & Sah 1970
Polypodilsporiles omalus Sah 1967
Polypodiisporomles maukmaensis (Dutta & Sah) Mathur & Chopra

1982
Seniasporiles mlnulUS Sah & Kar 1969
Se11laSporiles eocenicus Sah & Kar 1969
Pleridacidiles africanus Sah 1967
Pleridacidiles vermiuerrucatus Sah 1967
Pleridacidiles sp.
Scanligranuliles sparsus Kar 1978
Slriam'teles susannae van del' Hammen emend. Kar 1979
SII'iairileles paucicoslatus Kar 1985
Sirialrileles mullicoslatus Kar & Saxena 1981
Slriatrileles aidaensis Kar 1985
Stn'al,'ileles microverrncosus Kar & Saxena 1981
Todisporiles minor Couper 1958
Todisporiles major Couper 1958
Todisporiles kUlchensis Sah & Kar 1974
Verrucosispohles uerrucus Sah & Kar 1970
FOIJeosporiles splend.us Kar & Saxena 1981
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Text-tigure 2-SII-aligraphic distribulion of signihCJI11 palynofossils in i'iahorkaliya Well- J, Assam alongwilil summa,y diagram of differenl
ecological groups_

Gymnosperm pollen

Ahiespulleniles eOR/-zalus Kar 1985
Pinuspollemles creslus Kar 1985
Podocalpidiles kbasiensis Dutra & Sah 1970
Podocarpidites densico/pus Kar 1985
Tsugaepollenites ue/alus Kar 1985

Angiosperm pollen

Acantholrico/piles bu/bo_,pil1osuS Kar 1985
Areelpiles inirapunetallis Kar & Saxena 1981
Areelpites sp_

Pseudonolho!agidiles cerehrus Venkarachala & Kar J969
Compositoipollel1iles Irieo/poralus Kar 1985
Composiloipolleniles conicus Sah 1967
Composiloipollenites sp_
Cupll/ijeroipollenites pusillus POlonie J951
Clen%phonidiles sp_
Dipompollis assamiellS DlIlla & Sah J970
Cmminidites media Cookson J947
Craminidites sp_
Hihisceaepolleniles _,p/endus Kar 1985

Lif!u/ifloraediles pitalus K~lr 1985
Meyeripollis na/1arkolensis Baksi 8: Venkawchala 1970

Fauilrico/porites omaHls S3h J967
Relilresco/piles oh/ongus S3h 1967
Relitresco/p/tes dec/piens Sah 1967

Relitresco/piles he/hiS Sah 1967
Eehimonoco/piles rarispil20SUS (Sah & DUIl3) Mathur 8: Jain 1980
Feh/monoco/piles wodehousei (Biswas) Mathur 8: Jain 1980
iVeoeouperipollis kUlebensis (Venkaracilala & Kar) Kar & Kumar 1987
Neoeoupenpollis breuispinosus (Venblachala & Karl Sarkar & Singh

J988
Jl1/rarelieuliles breds (Sah 8: Karl Kar 198')
Spinizonoco/piles eebillalu.' Muller 1968
Pa/midiles maximus Couper 1953
QUi!onipoll(!IlileS urnalus J<~o & Halllanujam 1978
,1lonoporopollel1iles gramineoides Meyer 1956
Pa/maepolll'niles oval1.ls Sah 8: Kar 1970
Pa/maepolleniles kUlcben,is Venkalachala & Kar J969
Pa/maepollenile_' nadbamunii Venkalachala 8: Kar J969
Pa/eosanla/aceaepiles elliplieus Sah 8: Kar J969
Pa/aeoma/uaceaepollis mammilalus Kar J9H5
Pa/aeoma/uaceaepollis rudis Kar J985
Pelliciemipol!is /cmgenheimii Sail & Kar J970
Po/yadopolleniles miocenicu,' Ramanujal11 1966



KAR e/ a!-PALYNOSTRATIGRAPHICAL STUDIES ON SUBSURFACE TERTIARY SEDIMENTS 187

RELATIVE FREQUENCIES OF
DIFFERENT ECOLOGICAL GROUPS

~
20'"1.

Ii-
SANDSTONE WITH HUDsTONf
AND LIMEsTONEm (LA l AND SANDS TON[

E3 SHALl SANDS TONE

E§ SAI'olO'l' SHAl[

~1I1'{[S10N[

§ (ALCAREOUS SHAH

OSANOSTON[

§SHALf

rzJ SILTSTON(

o (LA'!' ."0 HUlISfON[

z INO EX
0

~\.
~ MONTANEi2! z co

~
~ DINO(YST

~ -Vl 0
o IW 0'- ~~ I ; Q. ~

~
Q. Q.~

~ X 0-
~

Q. ~ ~ (OA~TAl o P:ERIOOPMVTE:::> w~ :::; e; ~

o 0'" .. e; Q. :::>
ex ~ 0- '" Q. ~ 3 !co Q. ~

~ Q. ~

~
~ e;

~
~

Q. W Q. '" ~
0- U RE"'ORKED

....
~

~ 0 ~

~
z [Z] LO'" LANDe; ~

" ~ ; Q.g ~ e;
~

~ :::> ~
~ :J Q. :::>
~ e; ;:

~ I
~

~ '">- ~ ..
~ Q FUNGAL

~
:l: I Z

~ ~
W

~ IS] FRESH "'ATER:::> Q. '" :::> Q.

~ ~
--- REMAINS

i5 0 ';;: 0- « « >-
>- .. X :l: a:

~

~
0

~
ex >-

~
0

~
co ~

~
z

~ 0 ex ;t~ i5 Q. Q. « i5 0,,/. 50% '00°/.

I =E1 I IT/2916- •• • •I I I I I • I' :2940

"«Q.
;:

INDEX

='
~
~

lAUO~ 1~~~~.~'Jr~~
LANGPUl

Text-figure 3--Slraligraphic dislrihution 01· signific~nt pJlynofo.ssih in NJhorkatiy" W<:II-263. AS".111l :Jlongwill1 .summary di"wam of cJilfen:11l
ecological groups.

PO/l'adopo//eniles granu/alus S~h 1967
PO/l'porina mU/lljJorosa Kar 1985
Po/yporina g/ohosa K~r 1985
Pa/eocaesa/piniaceaepites eocenica (l:liswas) Venkauchal:J II-:. Rawat

1972
hieo/pit!?s relicu/ah'-' Cookson 1947 ex Couper 1953 emend. POlonic

1960
Trico/piles crassirelicu!Ulus DUII<J &. Sah 1970
Trico/pit'!s /euis Sah II-:. DUlla 1966
hico/piles sp.
7rico//Joropililes rohustus (K~r &. Saxena) Kar 198')
Trico/poropi/iles ps!?udorelicu/atus Kar 1985
Verruco/poriles velTUCUS Sah II-:. K:u 1969
IYIvriclpites sp.
Pa/aeocop"osmadiles arCOlel1se Hamanujam 1966
Po/yhreuico/poriles cepha/lis Venkat;)chala II-:. Kar 1969
Rhoipiles kulchellSis Venkatachal;) II-:. K:lr 1966
;Vjeliapo//is ramal1ujamii Sah & Kar 1970
Lakiapol/is ovalUs VenkawchalJ II-:. Kar 1969
Relislephalloco/piles klllcbelisis Saxen~ 1979
Proxaperliles microrelicu/alus Jain, Klr II-:. Sah 1973
Bomhacacidiles Irial1f1u!alus Kar 1985
Pilalrisvnco/piles Irial1gu!alus Kar, [viand;)!. Sarkar &. Kumar 1994
Triporat.e pollen
Slriaeo/poriles cepba/us Sah &. Kar 1970

Kulchialhyril!?S eccen/ricus Kar 1977
Fusi[ormisporiles pseudoradhii E1.sik 1969
JJice//aesporiles sp.
D)Jado"porOlliles con,I'u-iclus Mathur &. Mathur 1969
H!?liospermopsis sp.
Opercu/oscu/pliles g/ohalus K~r 1990

Algae

Pediastrum horvalll1Um var /ongicorne Reinsch.
Psi!oscbizosporis psi/ata Jain & Kar 1981
Azolla aglocbidia K~r 1985
Cordospbaeridium exilimurum Davey II-:. Williams J966
C/eiSlospbaeridium cepbalum Kar 1985
C/eislospbaeridium diuel:,ispinosum D<lvey, Downie, S<lrjeJnl &.

Williams 1966
G/apbYl'Olysla exuberCII'IS (Defbndre & Cookson) Slover & Evitt 1978
G/apbyrocysla sp.
Opercu/odinium cenlrocalpllm (Detlandre & Cookson) W"ll 1967
O/igospbaendium complex (Whit.e) Davey II-:. Williams 1966
Homollyh/ium p/ecli/um Drugg II-:. Loeblich 1967

LITHO- AND BIO-STRATIGRAPHY

Fungal and other remains
Nahorkatiya well-l

Inaperli"poriles kedL'esii Elsik 1968
Pbmgmolbyriles eocael1ica Edwards emend. Kar & Saxena 1976
NOlolhyriles selirerous Cookson 1947
P/wice//aesporiles e/liplic/ls Mathur II-:. Mathur emend. Kar 198')

The lowermost part of this bore-core (3570.7-3473.5
m) is represented by the upper part of the Kopil j

Forrnation. Lithologically, it is characterised by alternation
of sandstone and shale, The older horizons are highly
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Text-figure 4---Srratigraphic distribution of significant palynofossils in Nahorkatiya Well-268, Assam alongwjrh summary diagram of different
ecological groups.

arenaceous in nature. All the samples examined between
this interval were barren of palynofossils.

The overlying Barail Group of rocks are well
developed at 3473.5 to 2777.9 m interval comprising
mainly sandstone with few bands of shale in between
at lower and carbonaceous shales and mudstones at
the upper part. Pteridophytic spores are predominant.
Some of the important constituents are Striatriletes
paucicostatus, S. multicostatus, S. microverrucosus, S.
susannae, Cyathidites australis, PoZypodiaceaesporites
chattery'ii, Polypodiaceaesporites levis, Polypodiisporites
repandus, Crassoretitriletes vanraadshoovenii and
Seniasporites minutus. The overwhelming dominance
of Striatriletes paucicostatus and Cyathidites spp. in the
younger horizons is a noteworthy feature of this
assemblage. Crassoretitriletes vanraadshooveni is
restricted in its occurrence at the top of Barails (2856­
2855 m). Bisaccate gymnosperm pollen, viz.,
Podocmpidites khasiensis begin to appear from 3085
m. Angiosperm pollen, viz., Palmaepollenites
nadhamunii, Palmidites maximus, Polyadopollenites
granulatus, Neocouperipollis kutchensis,
Quilonipollenites ornatus, Pellicieroipollis langenheimii,

Tricolpites crassireiiculatus and Retitrescolpites decipiens
are predominant in the older-horizons. Favitricolporites
ornatus, Spinizonocolpites echinatus, Tricolpites leVis,
Rhoipites kutchensis, Palaeocoprosmadites arcotense and
Polyporina multiporosa are sporadically present.

The Tipam Formation runs from 2777.9-1933.6 m.
It is represented by sandstone with some thin shale
bands. The palynological assemblage includes
angiosperm taxa, viz., Palmaepollenites nadhamunii,
Palmidites maximus along with pteridophytic spore
genera, viz., Striatriletes paucicostatus, Seniasporites
eocenicus and Polypodiisporites impariter. Girujan
Formation 0933.7-1370.1 m) consists mostly of
claystones, but minor sandstones are present at many
levels. Overwhelming dominance of pteridophytic spores
has been noticed in all the samples. Significant taxa
recorded in this assemblage are Striatriletes
paucicostatus, S. macrocostatus, S. susannae, Cyathidites
australis, C. minor, Polypodiaceaesporites chatterjii and
Polypodiisporites repandus. Angiosperm pollen grains
are poorly represented in this assemblage. Fungal spores
and conidia have also been recorded throughout the
sequence.
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Nahorkatiya Well-263

It represents a continuous sequence from the
Langpar Formation to Recent. The Langpar Formation
is confined to 3638.96-3570.94 m interval. The lithology
of this formation is characterised by limestone, sandstone
and mudstone. All available samples have proved
palynologically unproductive.

The overlying Sylhet Formation is well-developed
in this bore-hole. Sample from the lower part of this
formation 0570.94-3500.18 m), i.e., Lakadong Member
yielded a rich palynological assemblage dominated by
pteridophytic spores, viz., Cyalhidiles auslralis,
Todisporiles minor, Lygodiumsporiles lakiensis,
Diclyophyllidiles dulcis, lnlrapunclisporis inlrapunclis
and Polypodiaceaesporiles leviS. Angiosperm pollen taxa
recorded from this assemblage are Tricolpiles l'eliculalus,
T crassireliculalus, Tricolpompililes pseudoreliculalus,
Neocouperipollis kUlchensis, Neocouperipollis
brevispinosus, Proxaperliles microreliculalus,
Palmaepolleniles nadhamunii and Arecipiles sp.
Dinoflagellate cysts have been recorded in high
percentage in some samples from 2952 to 2988 m. The
significant dinocyst taxa are Cordosphaeridium

eXilimurum, Cleislosphaeridium cephalum, C
diversispinosum and Operculodinium centmcmpum.
Lithologically, Lakadong members are characterised by
having limestone bands, shale, clay and mudstone. The
base of the Lakadong is marked by the presence of a
thick sandstone band.

The Nurpuh Member is confined to 3500.18-3386.11
m. The basal part of this member consists of sandstone,
whereas in the uppermost mudstone and limestones
are the predominant lithofacies. Palynofossils
recorded from this horizon include mostly pteridophyric
spores alongwith many angiosperm pollen taxa This
part of the bore-core is dominated by the presence
of Lygodiumsporiles eocenicus, Diclyophyllidiles
dulcis, Polypodiaceaesporiles leVis, Proxaperliles
microreliculalus and Neocouperipollis brevispinosus.
Rhoipiles kUlchensis makes its first appearance at
350018 m.

Prang Member is encountered at 3386.11 to 3187.86
m and contains mostly calcareous shale and limestone
at the basal part and sandstones at the 'upper part.
Samples from this horizon have yielded abundant
palynofossils. The significant palynotaxa are
Polypodiisporiles impariter, P. repandus, P.
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mawkmaensis, Lygodiumsporites lakiensis, Arecipites
intrapunctatus and Palmaepollenites kutchensis.

Rocks of Kopili Formation is recovered at 3187.86
to 2909.09 m. It is characterised mostly by sandy shale
and sandstone. The lower pan of this formation yielded
a rich palynological assemblage. The assemblage is
dominated by Lygodiumsporites eocenicus,
Osmundacidites kutchensis, Striatriletes susa111we,
Pteridac idites vermiverrucatus and Neocouperipollis
kutchensis. Palynotaxa, viz., Polybreuicolporites cepbalus,

Retistephanocolpites l..?J.tlchensis, MeliapollL\ ramanujamii
and Arecipites intrapunctatus are quite common in the
samples. Proxapertites spp. are poorly represented in
this assemblage. Dinoflagellate cysts, viz.,
Operculodinium centrocalpum, Cleislosphaeridium
diuersispinosum, Glaphyrocysta spp. are predominant
in the samples of upper part. i.e. 2988-2952 m. The
remaining part of the bore-hole is represented by the
rocks of the following litho-units in ascending order of
stratigraphy, viz., Barail Group (220909-2368.48 01),

PLATE 1 ......
(All photographs are enlarged ca. x SOO, unless otherwise stated.
England finder's readings given after slide numbers)
1. Alsopbilidiles sp.. Slide no. I3SIP 10924 (0 52/.3).
2. Polypodiaeeaesporiles inlmpul1elalus. Slide no. BSIP 10916

(C .36/4).
.3. Polypodiisporiles ornalus. Slide no. BSIP 109J7 (R 4.3/.3).
4. Seniasporiles eoeenieus. Slide no. BSII' 10917 (0 S.3).
5. Thcolpiles sp.. Slide no. BSIP 10941 (R .31/2).
6. Fauilricolporiles ornalus, Sli(k no. BSII' 10921 (Y .35/.3).
7 PlUzlrisyncolpiles Irlangulalus, Slide no. BSIP 10922 (E .3.31.3),
R. Composilolpolleniles sp.. Slide no. BSIP 10920 (H .35)
9. Pleridaeidiles aFicanus. Slide no. BSIP 10955 (T 54)
10. Tricolpiles reliculalus. Slide no. BSIP 10926 (I' .37)
11. Trico/piles erassirellculalus. Slide no BSIP lO92S (S 40).
12. Pol)porlna l11ulliporosa. Slide no. BSIP 109.30 (I' 14/1).
n Tricolporopililes pseudoreliculatus, Slide no. BSIP 109.36 (N

~612).

14.
15,24.

16.
17.
18.
19
20.
21
22.

2.3.

25
26.
27.
28.

Acanlbolrleolpiles bulhosplnosu..,·, Slide no. BSII' 10927 (C .39).
RelilrescolpileS decipiens, Slide no. BSIJ> 10929 (028), 10931
(V 24)
Echimonocolpile.~ mrispinosus. Slide no. BSll' 10951 (X .35).
Pleridaeidiles sp .. Slide no. BSIP 1094.3 (R 7.3/4).
Operculosculpliles glohalus, Slide no BSIP 109.34 (N .3),
InlmpUl7elisporis lnlrapunelis. Slide no BSIP 109.32 (L 4912).
Siriaeolporiles cepbalus. Slide no. BSIP 10928 (L 50),
Paleosantalaeeaeplles eoceniea. Slide no. BSIP 10918 (R .3).
Cmssorelilrileles uanraadshoouenli. Slide no. BSIP 109S2 (R
19/.3)
Monoporopolleniles gramineoides. Slide no. 8SII' 10946 (G
22/4)
Sirlairi/eles susannae. Slide no. BSIP 10925 (N 2]).
Opercu/odinium eenlroempum. Slide no. BSIP 10956 (J 14/.3),
Homolrihlium pleelilum, Slide no. BS1P 10958 (C 45/4).
Dandoliaspora dilala. Slide no. BSII' 10927 (Q 20/1).



KAR el al.-PALYNOSTRATJGRAPHICAL STUDIES ON SUBSURFACE TERTIARY SEDIMENTS 191

3

. 10

.,.. --

'\" '.,~.~ ~ t.

;" ~":·'·f <,": /. !.fJ:{~.,; , • ~I',': .•••J.{,.
:'):lv ...... 1 "'.,... \ .. ~ \, .. . , , .
•• ~t. '" .', _, ~/: I :.
~!'i! ~~.-'. \'(~,~

';'~:~:;;~ ,', ;.;): ~l't
• .... "\ ,~., toO i

1 '.~:."F:I' II

:." ;'""'0

,~r~::~i~i[~)
'~~.'~ "'"..' J~':~ I.'-:" .~. \' - _~"":;,:-,
\'., \ ~ •..•: . ':'O:;~:J' .

c.""'\'.'"t ... "~"L_ ... ,<

'~;.'.;"·r".("t~.,~.•
.. •;.~~~~;:~;. .I.,

D

o

!!l

21

,
PLATE 1



192 THE PALAEO BOTANIST

I
I
I
I
I,
I

tI

t t+

t ~ t t

IH IU

,,,,,,

t t
I,,

,t

~ INDEX
>
~ 0 FRESH WATER

'"._ 0
0.. ~ ..
0.. .. .. . ~ 0 lOW LAND
~~ . ~ ~e, ~ cL -

~~~~ ~ ':C~ ~ .o:~ ei ...
g I.AJ VI VI cL ~ .:3 '= <o(:I: Bi VI l.LJ VI g HONTANf
Bl~~~V'l~ Bi ~~ ~~ V'I :::J:=-~""
~~gja:~~:::J~c:J:~~,=~ 'i 0
I.AJ VI Q.. ~ 5........ Q.. VI == Z g;:) I.AJ <I( W :' PTERIDOPHYTE
~5~~uE Q ~~ ~~ ~ ~~~:ii~
gg8g~g; ~ ii:~ Q~ t3 8~""~- O.
Q.. Q. =' a. ~ VI 9 o-J ~ ~ ~;:) a -; - -; .. FUNGAL REMAINS
rOO::: r -' VI Ct: :l ..... 0 v, CI:: ex ..... Vl ..... • •

cS~~i5~~ ~ ~~ ~g ~ ~~~~~
Q....J>o...Ou 0. _...,\.:10.. 0.. >o<ll(u<ll(l i•• w. w. ..•.•

nIii
+:! j tt t

I ,.,'

I
I

_ tf,tlt

•

V1

Z
....
a:

Q ....
V1 ....
~

I:

0 z l:)

"- - e
a. I ...J
:::J .... e
e a. I
a: .... ....
l:) 0 ::;

z
«....
:::J
a:
i5

I:
«a.
>=

«
I:
a:
:::J
V1

:!
«
a:
«
a)

>i.....
I
o
.....,
::>
-'
...J
«

INDEX: OIA.OIIO.[ BClAY ANO "oo\ION[ BCAlEAAroul \AlIOllo.r

~ I"AU ~ \HAlY \ANIlIfON[ lZ]lu I ION[

!'iii!! CAA80.AC[OUI IHAU Em IA.OY \HAlf ~ ~:::O~:~~:A~~~~ ~~~iA

~COAl

RELATIVE FREQUENCIES OF

~
"I' OIFFERENT ECOLOGICAL

ll% ". GROUPS
··s..,..

Text-figure 7-Str~[igraphicdistribution of signific~nr palynofossils in DU<ll'm~r~ Well-2 ~Iongwilh summ;lI)' di~gr~m of differenr ecological
groups.

Tipam Group (2368.48-1811.09 m), Girujan Formation
(1811.09-1720.2 m) and Dhekiajuli Formation (17202­
1311.5 m). Palynological informations from this litho­
unit could not be recorded due to the nonavailability
of samples.

Nahorkatiya WeU-268

The Langpar Formation is found at 3726-3696 m
level. Lithologically. it comprises sandstones at the basal
part and carbonaceous shale at the upper. Langpar
palynological assemblage comprises pteridophytic
spores, angiospermic pollen. fungal spores and conidia
and dinoflagellate cysts. The most dominant elements

are Cyath idites major. Todisporites kutchensis.
NeocouperipoLLis kutchensis and Palmidites maximus.
Few other angiosperm pollen taxa are also sporadically
present, viz., Tricolpites reticulatus. Palmidites maximus
and IntrareticuLites brevis.

The overlying Sylhet Formation is well developed
at 3696 to 3328 m. The basal most Lakadong Member
is characterised by the presence of carbonaceous shale.
Polypodiisporites constrictus and Polypodiaceaesporites
chauerjii are quite common in all the samples. Fungal
elements are quite common in samples at 3676 m.

Nurpuh Member (3546-3480) contains shaly
sandstone in between limestone layers. The palynological
assemblage records substantial increase of pteridophyric
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spores, viz., Cyatbidites australis and C. minor.
Angiosperm taxa-Neocouperipollis kutcbensis and
Tricolpites reticulatus are abundantly pre~ent in the
samples. Pellicieroipollis langenbeimii and Podocarpidites
kbasiensis have the first appearance at 3480 m and
3546 m respectively.

The Prang Limestone Member at 3360 to 3328 m is
very poor in palynofossils. Fungal spores, conidia and
ascostromata are dominant in all the samples.
Lygodiumsporites eocenicus, Todisporiles kutcbensis,
VelTucolporites verrucus, Neocouperipollis hrevispinosus
and Osmundacidites sp. are common.

The Kopili Formation at 3284-2986 m comprises
mostly alternating shale and sandy shale. The
palynological assemblage is dominated by pteridophytic
spores, viz., Lygodiumsporiles eocenicus and Striatriletes
susannae. Angiosperm are poorly represented in this
assemblage. Pellicieroipollis langenbeimii and Palmidites
maximus are commonly present. Fungal spores are
very poorly represented in all the samples.

Barail Group of rocks are observed at 2941.22-2240
m. level. It is characterised by the occurrence of
arenaceous shales. Thin band of clays are noticed at
the basal part. Pteridophytic spores, viz ..
Lygodiumsporites lakiensis, Striatriletes susannae and
Polypodiaceaesponles constrictus are abundantly present.
Crassoretitriletes vanraadsbooveni shows overwhelming
dominance at 2922 to 2618 m. Podocarpidites khasiensis
is present if' high percentage at 2922 to 2733 m. Among
the angiosperms, Palmidites maximus. Tricolpites
reliculalus and Palmaepollenites nadbamunii are very
common. Neocouperipollis kutchensis is sporadically
present at the basal part up to 2733 m. Fungal elements
are very common in the assemblage. Some significant
forms are Pluricellaesporites eocenicus, Nototbyrites
setijerus and Pbragmothyrites eocenicus. Samples at 2603
m level are rich in dinoflagellates. Some common forms
are Glapbyrocysta exuheram, Oligospbaeridium complex
and Cleistosphaeridium diversispinosum, etc.

The remaining part of the bore-hole is represented
by the Tipam Group (2240.22-1634.50 m) and Girujan
0537.20-1400 m) Formation in ascending order.
Palynological informations from these litho-units could
not be generated due to nonavailability of samples for
palynological investigations.

Kharsang-2

Due to Naga thrust, the Barails are placed at the
top of the sequence. The thickness of this group here
is roughly 500 m and constitutes mostly sandstones
with thin bands of shales. The Tipam and Surma groups
of rocks are found at the base (3614-2922.5 m) containing
mostly sandstone and shale. The Girujan Formation is
present at 2922.5-929.9 m interval. It is characterised

by well-developed sandstones at the basal part and
shaly sandstone at the upper part. In this bore-hole,
the topmost litho-unit is represented by the Namsang
bed (929.9-5255 m). It is characterised bY,mostly clay
and mudstones. Palynological investigation is carried
out on the available samples from Girujan Formation
and Namsang bed only. The Girujan palynoflora is
dominated by pteridophytic spores specially up to 1750
m; the angiosperm pollen are absent in basal part.
Paleosanlalaceaepites ellipticus and Palmaepolleniles
ovatus begin to appear at 1620 m. Some significant
palynotaxa of this assemblage are Lygodiumsporites
eocenicus. Osmundacidites kutcbensis,
Polypodiaceaesporites chatterjii, Po~ypodiaceaesporites

leVis, Polypodiisporites ornatus, Cbeilanlhoidspora
monoleta, etc. Crassoretilrileles vanraadsbooveni and
Bomhacacidites triangulalus occur at 2530-2230 m in
less quantity but at 1120-960 m they attain overwhelming
dominance. Stl'iatriletes susa111we first appears at 2245
m and maintains low profile up to 1770 m, but becomes
dominant at 1629 to 510 m.

Quantitatively, angiosperm pollen are poorly
represented in this assemblage. Some of the significant
taxa recorded in this assemblage are: Compositoipollenites
conicus, Acanlbotricolpiles hulhospinosus,
Paleosanlalaceaepites ellipticus, Polyporina glohosa.
Tricolpites reticulalus, Ctenolopbonidites sp. and
Monoporopollenites gramineoides. Monoporopollenites
gramineoides first appears at 1605 m and later attains
dominance in the overlying Namsang bed. Gymnosperm
pollen, viz., Podoca1'pidiles densicolpUS and
Tsugaepollenites velatus occur abundantly at 2800-2708
m, Podocarpidites disappears at 1290 ill. However, its
recurrence in Namsang bed at 660-510 m is noticeable.
Fungal elements are quite CODUnon at 2800-2720 m. Some
of the major elements are Phragmotbyrites eocenicus,
Fusijo17ni:,porites spp., Dicellaesporites spp., etc. Dinocysts
are poorly represented in Girujan Formation;
Cleistosphaeridium spp. and Operculodinium spp. are
the major elements. In Namsang bed many angiosperm
taxa are recorded, viz., Polyadopollenites miocenicus,
Retilrescolpiles decipiens, Hihisceaepollenites splendus, etc.

Kharsang-3

The Barails (438-64 m) are thrust over on Namsang
beds (8108-487.1 m) in this bore-hole Sandstone facies
are dominant but carbonaceous shaly layers are noticed
at the basal part. The Barail palynological assemblage
includes Todispon:tes major, Dictyopbillidites kyrtomcttus,
Po~ypodiaceaesporiles cbatterjii, Polypodiisporites
repandus, Podocarpidites densic01puS, Ligulifloraedites
pilatus, Pseudonotbofagidites cerehrus, Tricolporopilites
rohustus, Verrucolporites verrucus and Dlporopollis
assamicus. Striatriletes susannae is found in abundance
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in the lower horizons. Fresh water alga Pediaslrum is
very common in the samples at 390 to 330 111 interval.
Samples from the thrust zone at 510 m show sudden
decrease in palynofossil contents. Namsang palynoflora
is dominated by Siriatriletes susannae and Tadispariles
major. At 690 to 582 m. Pediastrum occurs abundantly
Dinoflagellate cysts have been found quite common in
the samples at 588 to 522 m Only a few samples from
Girujan Formation are available for palynological analysis.
The imp0r(ant constituents of this assemblage are
SlriatriLeles susal1nae and Tadisporites spp.

Duarmara-2

The l3araiJs are represented fl'Om 44775-4324 m
and contain carbonaceous shale at the basaJ pan and
sandstone in the upper part. The palynoflora I assemblage
consists mostly of pteridophytic spores along\vith some
angiospermic pollen. Significant taxa include Sinalri!eles
susclJ7nae. Lygodium~poriles spp., Lycopodiumsporites
sp., Verrucosisporiles t.:errztcus, Pieridacidiles sp.,
Crassorelilrileles ucmraadsIJoaveni, Tricalpiles reticulatus
and Graminidiles sp.

The Tipam and Surma groups of rocks are
encountered at -4324-3524 01. It has dominant sandstone
facies with intercalation of carbonaceous shale bands.
At 3600 m several byers of thin coal bands are found.
Most of the recorded palynofossils from l3arails are
continuing in this group of rocks. Padocmpidites
kIJasiensis and Pinuspolleniles creslus first appear in
this group at 4000 m level.

Girujan Formation is well developed at 3524-2372
m. Major lithofaCies of this unit are shall' sandstone,
clay and mudstone. NIany coaly streaks are observed
at the basal part. Samples are very rich in palynofossil
contents. Important palynOlaxa present in this part are

Slrial rileies susannae, OSnJltndClcidites ImtcbellSis.
Crassorelilri!eles uanraadsbooue1'li. Cupulileroipolleniles
pusillus. Graminieliles media and Pinu.\polle71iles crestus.
The top most Dhekialuli Formation at 2372-1720 m
exhibits coaly streaks ;1\ mZlny levels. Sandstones form
major lithofacies. Samples are very poor in palynofossiJ
contents. Most of the angiosperm taxa recorded in the
underlying Girujan Formation are absent in this
assemblage. Important taxa recorded in this assemblage
are OperculosculjJt1/r?s 8!obatus, Plendacidiles a/riccmus,
LycojJodi1tnJ~poriles glahalus. etc. Algal elements, viz.,
Psi!oschizosporis psilatus and unidentifiable cysts are
ovenvhelmingly dominant in the younger horizon.

DISCUSSION

Qualitative analysis of the recorded palynofossils
from different bore-holes reveals that the angiosperm
taxa are predominant. It has also been noticed that the
distribution of palynofossils in different formations of
different bore-holes varies considerably. Quantitatively
pteridophytic spores are found to be over represented
in all the formations. This m'ly be due to high pl'Oducrion
rate and effective dispersal mechanism of spores in a
localised area In addition to the recorded palynofossils
in the checklist, a large number of reworked palynofossils
have also heen recorded from different lithounits. They
are particularly very common in the Barails and Tipam­
Surma units. Among the reworked palynofossils
Palaeozoic forms are very common in the assemhlage,
viz, Psi!apiicates subcircularis Bose & Kar 1976,
Microbaculispora gondwanerlsis Bharadwaj 1962.
Indotriraeliles karbaensis Tiwa ri 1964. Parasacciles
korbaensis Bharadwaj & Tiwari 1964, Divarisaccus !elei
Venbtachala & Kar 1966, Sc!Jeuringipol!eniles tentu!us
Tiwari 1968, Rbizoma,\por({ cosla Venkatachala & Kar
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I Palaeocoprosmac!lles arCOlense. Slide no. 13SII' 10919 (Ivl 36).
2. Triflorale flollen, Slide no. BSIP 10941 IQ 44/4).
3 PolV!Jorina [;Iohosa, Slide no. RSIP 109'J I IG '17/1).
4-6. Nb01pi/es Im/chens!s. Slide no. [lSII' 10<)19 (R 45/0), 109SJ (~-I

40/3). 10944 (D 11/3).
7 Tricolpiles leeis. Slick: no. USIP 1O<)4S (K 19).
1) Pleridacidiles I'enniwlaius. Slide nu. USl!' 10<)SS U 24/3).
<) Reli!rescolpi/es bellus. Slide nu. I3S1I' 10<)'47 (Q 9)
10. Spi17izcJ/locolpiles ecbinallis. Slide nu. I3SIP 10949 (0 :\<)).
II. PalmaejJolieniles l1adhal111l1lii. Slide no. [lSI!' 10916 \0 47/

2).

12.13. Quilo17ipo/leniles omall/s. Slide' no. FlSIP 109')1 (0 2712). 109';)
(I-I 411.

14. Osmulldacidiles lI'elimmlii. Slide no. !-lS[P J09"18 (K 28/3).
1-5.28 COl1lposiloipolleni/es cOllicl/.'. ~lide no. !-lSI I' [0<))6 (Q '(2),

10<)):\ (X 23/2).

16. Arecipiles inlrapllI/c1alus. Slide no. [lS[P 109')5 \D 20/2).
17. He!lospermopsis sfl .. Slide n<1 RSIP (09)4 (ll. )3).

J8 PseudcJr!ol!Jo/twidiles cerehnls. Slide' no. \:lSIP 'I093~ ()' 18/
I)

19
20.
21.
22.

2:\

2{1.

2).

2(,.
n.
29

30
31.
32.

3.0.34

3~

36.

37
38

MellClpoliis IW1wnu!amii. Slide no. RSIp 10<)57 (L 1(/2).
Lakiapollis oualus, Slide no. KStp 10<))7 (L 10/'1).
FOI'emporilr's ,plelldus, Slide no. 13Slp 10<)··j I () 15/2).
Cupuli!eroipollr'mles jJlIsillus, Slide no. 13SII' 10942 (G 46/ I).
Crassorelilrileles uanraadshoolJellii. Slide no. BSTP 10938 (G

27/3)
Neocol/penjJo/iis hreui,lpillosus. SI ici<:' nu. 13SIP 10<)15 (F 3S).
M)'ricljJi!es .'p, Slitie no. [lSIP 10937 (W S/I).
Bomhacacidiles Irian[;lIlalus. Slide no. [lSIP t0937 (N 6/3).
Acanlbo/ricolpiles hulhospil1osus. Slide no. BSll' 1(93) (E 20).
Proxaperliles microreliculaills. Slide no. 8SII' 10924 (0 41).
U)'adosporolli/es COilSlriC/us. Slide no. BSIP 10939 (V 40/4).
[,inuspoller/iles creslus. Slide no. 13S][' 109')0 (\XI 2.3/1).
lIelilrescolpiles oblollgl/s. Slide no. 13SIP 10931' (F 31/10).
Pellicierolpollel1iles ICIl7,~el'l!Jeil11ii. Slide no. I3S[1' 10940 (0
3)/1). 10940 (Q 47/3).
Slrialrileles susaJlJUie. Slick no. BS]p 1092.~ (F 3J)
Polyadopol/eniles miocelliclls. Slide no. 13Slp J09.~3 (f-j SOli I.

'J'ricolporopililes robuslus. Slide nu. I3SIP 109S6 U ')l/~).

Hihisceoepollelliles splendus. Slide no. I3SJP 10930' (\XI 26/3)
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1960, Striatopodocalpites dijJusus(Bharadwaj & Salujha)
Bose & Maheshwari 1964, etc.

The recorded Mesozoic forms are Aequitrlradites
spinulosus (Cookson & Dettmann) Cookson & Dettman
1961, Densoisporites velatus Wayland & Krieger 1953,
Klukisporites pseudoreticulatus Cou per 1958,
Callialasporites trilohatus (Balme) Dev 1961 and
Katrolaites kutchensis Venkatachala & Kar 1976. These
forms are very common in the Barail sediments.

REGIONAL COMPARISON

The recorded palynofloral assemblages have been
compared with otber known Tertiary palynofloral
assemblages recorded from Upper Assam Basin and
otber parts of north-east region (Banerjee et al., 1973;
Sab & Kar, 1972; Singh & Tiwari, 1979; Sab et al., 1980;
Singh & Saxena, 1984; Srivastava et al., 1974 etc.).

The lowermost Langpar Formation has been studied
from two bore-boles, i.e., NHK-263 and Duarmara Well­
2. Tbe recorded palynofloral assemblages are very similar
to the palynofloral assemblage recorded by Sah and
Singh (977) from Upper Assam in having most of the
significant palynofossils, viz., Proxapertites assamicus,
Dandotiaspora dilata, Lycopodiumsporites speciosus.
Neocouperipollis hrevispinosus. Jain et al. (1975) recorded
a rich dinoflagellate cysts assemblage from Langpar
Formation at Dawki and Cherrapunji area of Meghalaya.
However, in the present investigation we could not
find any dinocyst taxa .. The palynoflora recorded from
Therriaghat on the Um-Shoryngkew River, Meghalaya
by Kar (992) also shows similarity in the occurrence
of many palynotaxa, viz., Cyathidites minor,
Lygodiumsporites lakiensis, Schizaeoisporites sp.,
Matanomadhiasulcites sp., Proxapertites cursus, etc.

The overlying Sylbet Formation has been studied
palynologically from NHK-263 and NHK-268 bore-holes.
Present palynofloras are closely comparable with the
earlier recorded palynofloras by Sah and Dutta (966),
Dutra and Sah (970) and Kar and Kumar (986). Many
palynotaxa are found to be common in the Lakadong
assemblages, viz., LycopodiumspOrites speciosus, L.
parvireticulatus, Dandotiaspora dilata, D. telonata,
Proxapertites crassimurus, Neocouperipollis kutchensis,
Echimonocolpites wodehousei, Lygodiumsporites
lakiensis, Polypodiisporites umstewensis. Polycolpites­
Monosulcites assemblage zone for Lakadong and Nurpuh
sandstone at Cherrapunji area, Meghalaya (Baksi, 1965)
shows close resemblances in the dominance of
Neocouperipollis spp., Palmaepollenites spp., Polycolpites.
spp., etc.

Palynological assemblage from Nahorkatiya Well­
263 corresponds to the Lakadong palynological zone
of the Shillong Plateau (Sah & Dutta, 1974; Singh &
Tiwari, 1979). PalynofloraI assemblage recorded by Meyer

(1958) from Nahorkatiya Well-12 shows similarity in
having dominance of Striatriletes, Polypodiaceaesporites,
Todisporites, Cyathidites, Tricolpites, etc.

Kopili Formation in this area shows sudden decline
of the taxa Polycolpites and Paleocaesalpinaceaepites.
Present palynoflora corresponds with the other
assemblages recorded from Jaintia hills (Sah & Singh,
1974) and Meghalaya (Baksi, 1972; Trivedi, 1985; Singh
& Tripathi, 1987).

Barail sediments have been investigated from bore­
holes, viz., NHK-1,268; Kharsang-.3 and Duarmara-2.
Palynofloral assemblage shows similarity with the
uppermost part of the Barail sequence in Meghalaya
(Sah & Singh. 1977; Sein & Sah, 1974) in having
abundance of Striatriletes spores alongwith
Po(ypodiisporites spp. Polypodiaceaesporites assemblage
zone established in the Barail sequence of Upper Assam
has also been traced out in the investigated bore-holes­
NHK-l,268, Kharsang-3 and Duarmara-2. Palynological
assemblage recorded from the Bengal Basin (Deb, 1970;
Baksi, 1972) closely resembles the present assemblage
by the dominance of polypodiaceous spores alongwith
grass pollen.

The present palynological assemblages have also
been compared with known palynoflora I assemblage
of Tipam/Surma sediments from Nahorkatiya-] (Sah et
al., 1980); Rokhia bore-hole-1 and Baramura bore-hole­
2, Tripura (Kar, 1990). Many palynofossils have been
found to be common in between the two assemblages,
viz., Podocarpidites, Striatriletes, Bomhacacidites, etc.
Gymnospermous pollen grains are found in abundance
in the Tipam/Surma sediments of Kharsang-2 of
Arunachal Pradesh, however. they are poorly represented
in the Duarmara-2 and Nahorkatiya bore-hole nos. 263
and 268.

The Girujan palynofloral assemblage recorded from
Kharsang-2 and 3 bore-holes has a close similarity with
Lakwa-27 (Kar, ] 990) in having the dominance of
gymnospermous pollen grains, viz., Pinuspollenites spp.
Girujan palynofloral record from Duarmara-2, however,
contains mostly pteridophytic spores and angiosperm
pollen grains. Some of the common genera recorded
in this assemblage are Pinuspollenites,
Lycopodiumsporites, Psiloschizosporis, etc. Kharsang
palynofloral assemblage exhibits the abundance of
Crassoretitriletes vanraadshooveni, Striatriletes susannae,
Palaeomalvaceaepollis rudis, Compositoipollen ites
conicus, etc. The dominance of pteridophytic spores­
Seniasporites, Polypodiaceaesporites, Striatriletes,
Lygodiumsporites, etc. in Girujan Formation recorded
by earlier workers (Sah et al., 1972; Singh & Saxena,
1984) have also been noticed in the present investigation.

Palynological records from the Namsang and
Dhekiajuli beds are poorly known. However, occurrence
of reworked palynotaxa-Proxapertites, Dandotiaspora,
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Palmidiles, etc. have also been noticed in the bore­
holes Kharsang-2 and Duarmara-2 as in the Moran Well
nos. 2 and 9 and subsurface samples from Dihing River
section (Singh & Tewari, 1979). For palynological
demarcation of different formations relative abundance
of the different species, their appearance and
disappearance have been taken into consideration. In
NHK-l, Barail-Tipam boundary is not clearly demarcated
because most of the dominant species are common to
both and exhibit equal prominence. The number of
productive samples are also less. In NHK-263 and 268
the samples from Tipam sandstone were unfossiJiferous.
However, in Duarmara-2, Barail-Tipam/Surma transition
is clearly distinguished by the abundance of various
species of Striatriletes, viz., Striatriletes susannae, S.
paucicostatus, S. microven'Ucosus and S. macrocostatus
in Barails. The presence of Lygodiumsporiles glohatus,
Polypodiisporites repandus and Verrucosisporiles spp.
also helps to demarcate Barails from Tipam/Surma.

Some of the species of Lygodiumsporites,
Osmundacidites, Po0podiaceaesporites, Polypodiisporites,
Crassoretilriletes, Podocarpidiles are common to both
the formations in Kharsang-2. Girujans are, however,
differentiated from Namsang by the frequent occurrence
of Palaeomalvaceaepollis mammilatus, P. rudis,
Acantbotn'colpites sp., Composiloipollenites conicus, C.
tricolporatus, Paleosanta/aceaepites primitiva, Sm'atriletes
susannae and Monoporopollenites sp.

In Dhekiajuli Striatriletes, Lygodiumsporites,
Polypodiaceaesporites, Lycopodiumsporites,
Osmundacidites, Crassoretitriletes and Podocalpidites
are absent. This formation is distinguished by the
presence of some algal types like Pteridacidites sp. and
d. Strohi/antbus sp.

REMARKS ON PAlAEOENVIRONMENT

Considering the modern affinities of the recorded
palynotaxa and their distributional pattern in different
stratigraphic horizons of the bore-holes, it is evident
that the older horizons, viz., Langpar and Sylhet
Limestone formations have been deposited under
brackish water to shallow marine environment. The
sediments of Langpar and Sylhet Limestone formations
are characterized by the dominance of pteridophytic
spores. viz., Polypodiaceaesporites tertiarus, P. leVis,
Lygodiumsporites lakiensis, Osmundacidites kutchensis,
O. wellmanii and angiospermic pollen, viz., Tricolpites
reticulatus, Palmidites maximus, Palmaepollenites
nadhamunii. The dinoflagellate cysts are represented
by Cordosphaeridium exilimurum, Glapbyrocysta
exuherans and Cleistospbaeridium diversispinosum in
the assemblage. The percentage of dinocysts in the
assembiage gradually declines towards the top horizons
in upper part of Sylhet Limestone Formation. The

palynoflora I assemblage recorded from Kopili Formation
indicates that the sediments of upper part of the formation
were deposited under shallow marine conditions,
whereas the brackish water environment waf) prevalent
during the sedimentation of older horizons. Recorded
palynoflora I data strongly support the presence of coastal
influence during Palaeocene-Eocene times in the Upper
Assam Basin. It has been observed that a large number
of palynotaxa extend in the Barail sediments with
practically no change in their population. The Barail
sediments were deposited in a deltaic flood plain as
evidenced by the abundance of various species of
Striatriletes. The extant genus Ceratopteris of the family
Parkeriaceae which produces this type of spores is
restricted to tropical fresh water flood plains throughout
the world. The onset of Tipam/Surma diminishes the
abundance of Striatriletes indicating thereby that the
deposition took place above the deltaic flood plain.
The same type of deposition also took place during
Girujans. Poor representation of gymnospermous pollen
in Tipam/Surma and Girujan reflects the paucity of
montane plants nearby. It also indicates that the taxa
were growing mostly along the depositional sites.
Montane flora mostly represented by gymnosperm taxa
exhibit its maximum abundance in the upper horizons
of the Girujan Formation. It depicts the occurrence of
higher lands around the depositional sites in the latter
stage. The absence of gymnosperm pollen in the Tipaml
Surma and Girujans in Duannara Well is very significant.
These two basins were separated as is evidenced by
the distinct palynoflora I assemblages. A comparative
study of the present day distribution of nearest living
relatives of the recovered palynofossils helps us to
understand the palaeoclimatic conditions which prevailed
during the deposition of Tertiary rocks in Upper Assam
Basin. The Palaeogene palynofloral assemblage is very
rich in pteridophytic spores and angiospermic pollen
belonging to the families, viz., Cyatheaceae,
Polypodiaceae, Osmundaceae, Parkeriaceae,
Schizeaceae, Arecaceae, Bombacaceae, Alangiaceae.
Their high percentage in the Langpar, Sylhet Limestone
and Kopili formations tends to support the occurrence,
of lowland subtropical rain forest during the Palaeogene
times in this area. Neogene palynoflora mostly dominated
by coniferous pollen grains show palaeoclimatic change
in the upper horizons of Girujan Clay and other younger
fonnations. Overwhelming dominance of montane plants,
viz., Pinuspollenites crestus, Ahiespollenites cognatus,
Tsugaepollenites velatus towards the top may be caused
by the elevation of the rocks at the close of Oligocene
in the Upper Assam Basin. The presence of fungal spores,
conidia and ascostromata throughout the stratigraphic
sequence of the bore-holes depicts a warm, humid
climate during TertialY Period in the basin. Our findings
are in total agreement with those published by earlier
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workers in Assam and lvleghabya (Dutta & Sah 1970:
Sah & Singh. 1974: Singh. 1977a, 1977b: Singh & Tripathi.
1987; Singh el aI, 1986>.
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