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ABSTRACT

Kar RK 2000. Palynostratigraphy of the Tertiary sedimcnts in North-east India with comments on the
Terminal Eocene events. Palaeobolanisl 49 (2) : 281-292.

Thc Tertiary rocks in North-East India rcst unconformably on the granitic basement. They represent
more or less a continuous sequence cxccpt a post Barail unconformity. The palynological assemblage is
more or less known from allthc formations. The assemblage by and largc is dominated by the pteridophytic
spores in all the formations followed by the angiospermic pollcn. The gymnospermic pollen are rarc in
Palacocene-Middle Eocenc and are fOlJnd in Late Eocene onwards and occur in good numbers in Miocene
Pliocene rocks. The index fossils for each formation have been marked. The Tcrminal Eoccne events havc
been analyscd. It has bccn observed that during that time India was enjoying a tropical climate and there was
no cooling cffect as has becn advocated from the other parts of the world.

Key-words-Palynology. Palynostratigraphy. Tertiary. North-casllndia.
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INTRODUCTION

OF the seven states of North-East India viz .. Assam,
Meghalaya. Arunachal Pradesh. Nagal:lnd, Manipur.

Mizoram and Tripura palynological investigation has been
extensively carried out in Assam, Meghalaya and Tripura in
comparison to other states. For this reason, the present
assessment is mainly based on these three states.

The state of Assam is a part of the Assam-Arakan Basin,
its foreland shelf zone of the Upper Assam valley is covered
by alluvium. The Naga and Margherita thrusts separate the
outcrops of rock along the Naga-Patkai hills from the Upper
Assam valley and provide a geological succession mostly of
the Late Tertiary sediments.

In Meghalaya, the Cretaceous and Early Tertiary rocks
rest unconformably on the Precambrian granitic basement.

The oldest sedimentaries in Tripura comprise Bhuban
Subgroup (Early Miocene) overlain conformably by Bokabil
Subgroup (Middle Miocene). It is differentiated from Bhuban
Subgroup by the absence of well bedded argillaceous
sandstones. The Bokabil Subgroup occurs on Rokhia,
Baramura and Gojalia anticlines. This isoverlain conformably
by Tipam Group (Middle Miocene). The latter is distinguished
from Brokabil by its predominance of arenaceous sediments.

The geology of North-East India was mainly worked out
by Oldham (1858). Medlicotl (187 J), Palmer (1923), Ghosh
(1940), Baksi (1962), B iswas (1962), Evans (1964), Bagchi
(J 964), Dulla and Sah (1970), Handique and Dulla (1981),
Samanta and Raychowdhury (1983), Handique and Mallick
(1989) and others.

GENERAL GEOLOGICAL SUCCESSION

As mentioned earlier, the Tertiary rocks are lying
unconformably over the granitic basement. According to Oil
India geologists the oldest Tertiary sediments are of Late
Palaeocene in age and are represented by Langpar Formation.
Pandey (198 J) however, considers that Langpar Formation
exposed in Meghal:.lya is of Early Palaeocene in age. This
formation having calcareous shale at the base is underlain by
Mahadeo Sandstone (Late Cretaceous) and overlain by Therria
Formation (Early-Middle Palaeocene). Pandey (1981)
postulates that the Upper Member of Mahadeo Formation at
Therriaghat consists of Iight to dark grey and greenish grey
silty shales ass6ciated with calcareous and noncalcareous
sandstone. The Therria Formation is characterized by the first
appearance of arkosic. whitish sandstone with leaf impressions.

The Eocene sediments are very well developed and are
mostly r~presented by Jaintia Group. This group is divided
into Lower Sylhet Formation and Upper Kopili Formation.
The Sylhet Formation comprises Lakadong Member, Narpuh
Member and Prang Member. The Kopili Formation is also
divided into Lower Member, Middle Member and Upper

Member. The Oligocene rocks are represented by Barail
Group. This group is divisible into Tinali Formation and Moran
Formation. Tinali Formation, according to Oil India Limited.
forms the uppermost part of Eocene. There is a big
unconformity between Oligocene and Miocene. The Miocene
rocks are represented by Nahorkatiya Group which is divisible
into Tipam Formation and Girujan Formation. The Namsang
Formation rests unconformably on Girujan Formation and is
overlain unconformably by Dhekiajuli Formation (Pliocene)
(Fig. I).

Langpar Formation

This formation is exposed mostly at Therriaghat on the
Umshoringkew River, Meghalaya. It is mostly represented by
shale and is rather poor in spores-pollen content but very rich
in phytoplankton. Kar (199201, b) recovered Cymltidiles,

Lygodilil/lsporiles, A croslic!llll11Sporiles, ConI igllisporiles,

Sc!li::.aeoispori les, M mallOllladhiasll!ciles, Dmcoelloipo!!is,

Proxapertiles, Salllrlla, TerciSSllS, Arclilcariaciles,

Sc!lizosporis and Pltragl11olhyriles. Some Permian reworked
genera viz., SIri(l{iles. RhiZOll/aspom and Dellsipol!elliles were
also noted in the assemblage.

Amongst the recovered spores and pollen. the
pteridophytic elements are common and are generally
represented by LygodiwlIsporiles !akiellsis, Cyal!lidiles II/illor

and Acroslic!llIl11sporiles IIleglla!ayaellsis. Among the
angiosperms the common forms are: SaturJ/a elligl11alllS,

Pro.mperliles cursus and Malallo/lladhiasll!ciles lIIaxilllllS.

The presence of Acroslichul1lsporiles lIIeg!la!a)'aellsis in
considerable number indicates that the deposition took place
in a back mangrove swamp.

Lakadollg M elllber

The lower part of this member is made up of limestone
whereas the upper part constitutes the sandstone. Within the
sandstone there are few workable coal seams. The palyno
logical investigation of this horizon was made by Biswas
(1962), Sah and Dutta (1966), Dutta and Sah (1970), Singh
(1974, J975) and Kar and Kumar (1986) and others.

Kar and Kumar (1986) divided the Lakadong palyno
logical assemblage into lower Lycopodilllllsporiles specioslIs

Cenozone and upper Kie!lIIeyempollelliles syllco!poralus

Cenozone. The former cenozone is characterised by the
common occurrence or Lycopodilllllsporiles specioslIs.

L. llluslewellsis, L. parl'irelicu!alus. Dalldoliaspora di/a/a.
D. Ie/ollala. Cyatlridiles lIIillOJ; Pleridacidiles lIIeg/w!ayaemis.
P ro/)usluS, ProxapertileS crassill1urllS, P ell/elldalus,

MalmlOlI/adhiasll!ciles lIIaxill/US. Neocollperipo!lis kulcllellsis,

N. wodehollsei, Trico!piles relicu!allls, Relilribrevico!poriles

1I/(lf{/IIOlllad!Lel1sis and AraucariacileS allslralis. Whereas the
latter cenozone is recognised by the common occurrence of
Kie!l/leyerapo!!elliles sYllco!/JOralUS, Dalldoliaspora di!ala,
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Fig. I--General geologIcal succession of the Tertiary rocks in l1onh-ca,t
India (afler Oil India Ltd)

Kopili Formation

Evans (1932) coined this name after the river Kopili. It
is well exposed on the Kopili river, Jowai-Badarpur road
section, Therriaghat and adjacent localities in Meghalaya.
Geological investigations of this formation were carried out
by Evans (1932), Wilson and Metre (1953), Nagappa (1959),
Murthy ef al. (1976), Das Gupta (1977), Saxena and Tripathi
(J982), Samanta and Raychaudhury (1983), Kar (1992), Kar
ef al. (1994) and others. Rao and Singh (1986), Tri vedi (1985)
and Kar ef al. (J 994) carried out palynological investigation
on the Kopili Formation. The important palynological taxa of
this formation are: Opercu/osclllpfiles globafus, 0511 III1lda

cidifes welllllallii, O. klllcltellsis, Scallfigralllllifes sparsus,

Sirialrileles s/./smll/ae. S. IllUllicosfaflls, S. IIlicroverrucosus,

S. pauCiCOSf{/fUS, S. aidaellsis, Polypodiisporifes repa IIdllS,

P OntatllS, Pilmllollolefes exceliellSlls. Polypodiaceaesporifes

levis. P chaffeljii, Pinllspollellites cresflls, Abiespollelliles

cogllalus, Neocouperipollis kUfcllellsis. Spil/i;:,ollocolpiles
echiuatlls, Pallllaepollellifes lladhnlll/liZii, Proxaperfiles

assallliclls, P IIlicroreficulafus, Tricolpiles parl'ireficlllalus.

Relifrescolpifes assalilicus, Acanfltofricolpifes brevispil1osus,

Ralariacolporiles plica filS, Margocolporifes fSllkadi,

Derl//(/fobrevicolporiles derl/tafuS, RllOipites kUlcltellsis and

Refipilollapifes cello;:oicus.
The assemblage is dominated by pteridophytic spores and

poorly followed by angiosperms and gymnosperms.

Prallg Melllber
The geological investigation on this member was carried

out by Evans (1932), Wilson and Metre (J 953" Nagappa
(1959), Das Gupta (1977), Biswas (1962), Murthy ef al. (1976)
and Samanta and Raychaudhury (J 983). Kar (1992a) studied
the palynology of this member exposed on Jowai-Badarpur
Road near 132 km post from a fresh cutting near the bridge.
He recovered 31 genera and 37 species. The common species
are: Lael1igmosporifes lakiellsis, Todisporifes kllfcltellsis,
LygodilllllsporifeslakiellSis, CyalllidileslllillOl; Birefisporiles

COllveXIlS, Lakiapollis OValllS, OSllllllldacidifes wellll/allii,

O. kllfcltel1sis, Dalldofiaspora plicafa, Pellicieroipollis

lallgellheilllii, Selliasporifes verrt/COSllS, Sfriafrilefes

IIlltlficosfaltts, S. pallcicoSf{/lllS, Podocarpidifes dellsicorpus,

P kltnsiellsis, Pillllspollellifes creSfllS, Polypodiaceaesporiles

levis, P chaflerjii, P majO/; Polypodiisporifes repalldus and
PltraglllOlllyrifes eocaellica.

The assemblage is overwhelmingly dominated by the
pteridophytic spores, both the triletes and monoletes are
equally represented. The angiospermic pollen are occasionally
found while the gymnosperms are consistently found in small
percentage.
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D. lelollma, Polypodiisporiles ulIIslewellsis, LygodiulIlsporifes

lakiellsis, Lycopodillllisporifesiakiellsis, Lycopodiuliisporifes

COllcaVIlS, Pallllidiles plicaflls. P excellellsus, Triwiguloriles

Iriradiafus, PsilaslepltmlO-colporifes psilafllS, P circlliaris,

RelisfepltallOColpiles IllUlfirilllafus and PolYlI/argocolporiles
IIlmvlel1sis.
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Disang Formation

This formation is exposed on Silchar-Halflong Road. The
shales are generally black to dark, steel-grey, weathering to
reddish brown. This is laminated, highly fissile to splintery.
The Disang shales are assumed to be tluvial. non-marine flood
plain deposits formed in a narrow trough. They are not related
to the carbonate and clastic deposits of Kopili Formation
though they are also presumably of Late Eocene age.

Kar (1990) recovered the following taxa from this
formation: Cyafhidifes lIIinol; Todisporifes lIIajor, Dicfyo

phyllidifes dulcis, Imrapuncfisporis infrap/lllcfis, LygodiulII

sporifes lakiensis, Sfriafrilefes susannaI', S. paucicosfafus,

S. nzu!ticosfafus, S. lIlicyo\'erY/lCOSilS, OSINliudacidifes

wellman ii, Polypodiaceaesporiles clratle/jii, P. lerliarus,

p. levis, Polypodiisporifes repandus, Psiloschiz.osporis

psilata, Podocwpidifes khasiensis, Pinuspollenifes crestus,

Piceapollenites excel/ellSus, Neocouperipollis acltinalUs,
Margocolporites fsukadai, Pel/icieroipollis langellirei/llii and
Palaeomalvaceaepollis nlGlIll1lilalus.

The assemblage is rather poor in diversity and the
pterodophytic spores roughly contribute 70% of the total
assemblage, the angiosperm and gymnosperm each represents
less than 10%.

Kar (1990) placed the whole assemblage into Striafriletes

microverrucosus Cenozone having the dominance of
Cyalhidiles lIlino/~ Sfriafriletes lIlicroverrucosus, Poly

podiaceaesporites terliarus, Pinuspollenites crestus and
Phragmoflryrifes eocaellica.

Barail Group

The Oil India geologists divide Barail Group into Tinali
Formation and Moran Formation. whereas the other geologists
divide this group into Laisong, Jenam and Renji for the
geosynclinal facies and Nagaon. Bara Golai and Tikak Prabat
for the shelf facies.

The Laisong Formation at the basal portion comprises
sandstone with frequent beds of shale. The sandstone is grey
to dark grey. reddish brown, medium to coarse grained, thick
bedded, hard and compact. It has yielded Haplophragmoides

sp., Trochimina sp. and Baflrysiphon sp. (Kumar, 1994).
The Jenam Formation is predominantly an argillaceous

unit comprising mainly shale alternating with sandstone. Kar
(1990) remarked that at Silchar-Halflong Road section
sandstone is also well developed. The shales are dark grey to
grey. laminated and carbonaceous at places. According to
Kumar (1994) there is also coaly matter, angiospermic leaf
impressi-on and arenaceous foraminifera viz., Trochilllina sp..
AlI1l11obaculites sp. and Haplophragllloides sp.

The topmost Renji Formation is made up of entirely
sandstone with occasional thin bands of highly fissile silty
shale. The sandstones are dirty grey to greenish-grey with

specks of violet, occasionally pinkish weatheri ng to yellowish
brown. The dicot leaf impressions are commonly found in this
formation. Besides. arenaceous foraminifera e.g., Trochilllilla

sp., Haplophragllloides sp. are also present.
Sinha and Sastri (1973) studied the heavy mineral suits

of Disang and Barails and opined that Disang sedimentation
was geosynclinal in nature. Ganguli (1984) remarked that these
sediments were originated in a "plate edge" geosyncline and
were evolved due to convergent dynamic system resulting from
the oblique subduction of the Indian Plate under the Eurasian
Plate of Burma. Acharyya et al. (1989) remarked that the
emplacement of Naga Hills ophiolite during Middle Eocene
was probably due to the collision of an ocean island chain
with the subduction zone beneath the central Burmese
continent (Fig. 2).

PALYNOLOGICAL ASSEMBLAGES

Laisong Palynological Assemblage

The common taxa of this assemblage according to Kar
(1990) are: Cyatltidites lIIillOl; Todisporites majOl; Dicfyo

phyllidites dulcis, Lygodiu/llsporifes lakiel1sis, Illtrapullcfis

poris apuncfis, I. infrapuncfis, Lycopodiumsporifes

palaeocenic/ls, L. globaf/ls, OSlllundacidiles wellllulilii.

Sfriafriletes susannae, S.palicicoslMUS, S. lIIullicosfafus,

S. lIIicrovermcosus, Malayaeaspora costafa. Polypodiaceae

sporites feltiarus, P clralfe/jii, Polypodiisporifes repalldus.

Podocarpidifes khasiensis, Pinuspollellifes cresfus, Neocou

peripollis achinatus, PalaeolHalvaceaepollis 1llalllIHiiafus and
Pel/icieroipollis langenheimii.

The assemblage is absolutely dominated by the
pteridophytic spores and very poorly followed by the
gymnospermic elements. Some reworked Permian
palynomorphs particularly Dulhulltyispora dlllluillfyi is also
occasionally found in this assemblage. This genus is so far
known from Australia and Africa and is aLate Permian marker
fossi I. Accordi ng to Venkatachala and Kar (1990) turbidity
currents were possibly responsible for the reworking of this
fossil along with Permian sediments from Australia to north
east India when the Indian and the Australian Plates were
juxtaposed.

Kar (1990) proposed OSlllundacidiles wellll1anii

Cenozone to accommodate Laisong palynological assemblage
with the common forms like: Cyafltidites lIlillor.

OSll1undacidites welllllallii, Sfriatrilefes lIlicYOl'errucosus,

Polypodiaceaesporites tertiarus, Pilluspollenifes cresllls and
Illopertusporiles kedvesii.

Jenam Palynological Assemblage

This assemblage is rich in spores and pollen. Kar (1990)
recorded 49 genera and 42 identifiable species. He divided
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Fig. 2-Distribution or stratigraphically imporlant palynological species in Disang, Laisong, Jenarn, Renji alld Bhuban rormations (arter Kar, 1992).

the whole assemblage into three palynological cenozones viz"
Malayaeaspora cosfata Cenozone, Polypodiaceaesporites

terfiarus Cenozone and Striafrilctcs S/lSGlll1aC Cenozone,
Malayaeaspora cosfata Cenozone has the domi nance of

Malayaeaspora COSfafa, Sfriatriletes lIlicrovcrrucosus,

OSlllulidacidites wel/lIlal1ii and Polypodiaceacsporifes

tertiarus. Polypodiaceacsporitcs fertiarus Cenozone is
recognized by the abundance of Polypodiaccacsporifcs

tcrtiarus, Striatrilcfes lIlicroverl'llcosus, Phraglllofllyrites

cocacl1ica and NO/Ofllyrifes sefljerus, Strimrilefes susal1llae

Cenozone has the fair representation of Striatrilctcs S/lSalll1aC,

Sfriatriletes I1lUlficostaflls, Sfriafriletcs l1licrovcrrucosus,

Lygodiul1lsporitcs lakiel1sis and Polypodiaccacspori/cs

tertiarus,

Along with the typical Oligocene palynological
assemblage there are lots of reworked older Tertiaries,
Mesozoic and Permian palynomorphs in Renji Formation, The
common palynotaxa are: Sfriafrilcfes SUSalll1aC,

S. IIllilficos/alllS, S. lIlicrovcrrllCOSI/S, S. paucicoslOtl/s,

Cyathiditcs III ill0 I; Todisporifes majol; Lycopodiul1lsporites

globafl/s, OSl1lllndacidifes wel/mallii, Polypodiaceaesporites

tertiarus, Podocarpiditcs khasicl1sis, Pil1uspol/cl1ites crestus,

Notofl'yrites sefijcrus and Phraglllofhyrites eocaenica.

Kar (1990) proposed Cyathiditcs lIIil10r Cenozone for
this assemblage with the common occurrence of Cyathiditcs

mil1ol; Striatrilcfes lIlicroverrucosus, S, paucicostatus,

Pinuspol/eni/cs crcstus and Podocarpiditcs klwsiel1sis,



286 THE I'ALAEOBOTANIST

Tikak Parbat Palynological Assemblage

Mandaokar (1993, 1995) worked out the palynology of
the Tikak Parbat Form<Jtion (Late Oligocene) of Dibrugarh
District, Assam. The assembl<Jge comprises 41 genera and 63
species. The pteridophytic spores <Jnd angiospermic pollen
are found in good numbers and the gymnospermous pollen
are absent. The common elements are: OSIIIIII/dacidiles

welllllal/ii. Gleicl/cl/iidiles sel/ollic/IS, Lycopodi/lIl1sporiles

globallls. Sc!li::.acoisporiles crassill/llrIlS. Slrialrilcles

susall/we. Polypodiaceaesporiles le\'is. Pel/icieroipol/is

lallgen!leilllii and Tricolpiles medills. Mcyeripo/!is
lIa!larkotensis is the index fossil for the Tik<Jk Parbat
Formation. This species is, however, absent in the Late
Oligocene sediments of Jowai-Badarpur Road, Meghalaya.

Surma-Tipam Palynological Assemblage

Kar (1990-91) investigated many samples from Rokhia
bore hole core no.l, Gojalia land Baramura 2 drilled in
Tripura through Surma-Tipam succession by the Oil <Jnd
Natural Gas Commission, Dehra Dun. The palynological
assemblages from Rokhia I consist of 114 genera and 164
species, from Gojali<J I, 65 genera and 85 species and
Baramura 2, 64 genera and 84 species.

However, the stratigraphically important species are:
Cyalltidilcs mino/: Delloidospol'({ sp., Dictyopl/yl/idiles dllicis,

Pleridacidiles jislulosus, P. Iripuraellsis, Crassorclilrileles

vanraads!loovelli. Malayacaspora COSlala. Slrialrilclcs

susannae, S. lIIicrovern/cos/IS, S. IIIUllicoslalus, S. aidacl/sis,

Polypodiaceacsporiles lertiartls. P. levis, Pilalllol/oleles

excc/lensus, P. IIIodcrallls, Operculosculpliles global/Is,

0. rokhiaellsis, Podocarpidiles sp., Pilluspolleniles creslus,

P iceapo/! en i I es exce/!ell 5 liS. Pala eOll/a I va cea cpo/! is

II/Qllllllilallls, Phragmol!lvriles eocellica, [llaperlllspori les

kedvesii, Opercl/lodini//III celllrocarpulIl, Clcislosp!laeridiUl//

cephall//'Il, Spillijeriles lIlirabilis. TuberClllodillillll/

vancalllpoae, Azalia aglocl/idia and Lycopodillll/sporiles

globalus.

There are many reworked Palaeocene-Eocene, Mesozoic
and Permian forms in the samples. Some of the important forms
are: Dalldoliaspora dilaw, Aeqnilriradiles Spill/riOSIIS,

Densoisporilcs velalus. Rhi::,olllaspora cosla,

Crescenlipollclliles juscIIs. Verlicipollclliles secrcllls and
Scileuring ipolIelliles IIwxilll ns.

Kar (1990) divided the whole palynological assemblage
into three cenozones-AplallosporilCs robllSllls Cenozone,
Slrialrileles Sllsallilae Cenoz.one and Pillllspollelliles creS!llS

Cenozone. Aplallosporiles robllsllls Cenozone is marked by
the dominance of dinotlagellates. The characteristic forms are:
Ope rcu Iodin i l/ 11/ cellI roca rpII/II. CIc is losp!lae rid i 11111

cep!lallllll, Spillijeriles II/irabi/is, Oligosplweridilllll sp. and
Tllberculodillilllll vallcalllpoae. The other species frequently

found in the cenozone are: Slrialrilelcs IIlicroverrtlCOslIs.

S. 1I11r1licOS{{[IUS, Pillllspollelliles cresllls, Polypodiisporiles

repalldlls. Polypodiaceaesporiles lertiar/./s, Phragl1lolltyriles

eocellicl/s and Illapertllsporiles kedvcsii.

Slrialrileles susal!lwe Cenozone is dominated by the
various species of Slriatri/eles and gymnospermous pollen.
The common species are: Slrialrilelcs lIIicrovcrrucoslIs,

S.Sl/Sallllae. S.lIIlIllicoSIOIIIS and S.aidaellsis. Other
pteridophytic spores found in perceptible percentage are:
Cvlhidiles III ill 0/; PolypodiisporilCs rcpandlls.

Polypodiaccaesporilcs lerlial'lls, Maluyaeaspora cos lata and
PlcridacidilcS Iripllraellsis. Of the gymnosperms, Pill/./spolle
niles creSlns is more common.

Pillllspollcllilcs creslns Cenozone has the dominance of
gymnospermous pollen grains. Slrialri/eles and dinotlagellates
are hardly encountered in this zone. Pilll/spollclliles cresllls is
most common and followed by PodocarpidilcS khasiellsis,

Cyal!lidiles millor and IlIapcrlllsporiles kedvcsii. The other
species which are frequently found are: Polypodiisporilcs

rcpm/dlls. Pol)podiaceacsporilcs Icrlia rllS, Opcrculoscli/plilCS

glo!Jallls and OperCilloscl/lpliles sp.

Palynological Assemblage from Girujan and
Namsang Formations

Kar (1990-91) palynologically investigmed Lakwa 27
bore hole core supplied by the Oil and N<JlUral Gas
Commission, Dehr<J Dun. The samples were mnging from
2445-50 m to 1150-1200 m. Of these 2445-50 - 2175-2200 m
W<JS marked as Girujan and 1600-1605 to 1150-1200 m as
Namsang. K<Jr el al. (1994) also studied Nahorkatiya bore
hole core no. 1, Nahorkati ya 263 and 268, Kharsang 2 and 3
supplied by the Oil Jndi<J Limited, Duliajan. These bore hole
cores had also Girujan and Namsang sediments (Fig. 3).

The samples are, however, poor in palynological contents.
The species recovered are: Cyalltidiles /l/illo/; Todisporiles

/l/ajOl; DcllOidospora sp., DiclYOplzyllidilcs kyrlOl/WIIIS,

Dicl)'Ophyl/idilcs dllicis, IlIlrapunclisporis apullclis,

Lycopodilll//sporiles globallls, Lycopodiacidiles sp.,
OS/l1l1l1dacidiles wel//l/allii, SlriMrileles Sllsall/WC.

S. I/Ili/licoslallls, S. miCl'Ol'errtICOSl/S, S. pal/CiCOSlallls,

Polypodiaccaesporiles lenial'lls. Psi!osclriz.osporis psilalils.

P. scabralus, Podocarpiditcs klwsie"sis, Pi"l/spollenites
crcsl"S, Piceapol/elliles cxcel/ellslls, Pe//icicroipol/is

lallge"ltei/l/ii, PI/rag/l/ollzyrilcs eocenica. Nololltyrilcs
selijel'lls, Illapert{(sporiles kedvcsii, Biccllacsporiles sp.,
Lirasporis illlergl'{{{(ijer and PediaSlrl/1II sp.

It was observed that palynological demarcation between
Girujan and Namsang formations could be made by the relative
dominance of Pi{({(spol!e{(ileS crcslllS. Lycopodill/l/sporiles

globall/s, OS/l/lIl1dacidilcs wclllllallii, Slrimrileles SIlSW1I1ae,

S. pscndocos/({I/IS and Psilosc!liwsporis cosla/({. The other
species which are also common are Lycopodi{(/l/spori/es
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Fig. 3-1he distribution of various spore pollen species in Girujan and Namsang forl11alions (after Kar, 1992).

globarus, Psiloschizosporis psi/ata and some spores with
elaters.

In Namsang Formation (1605-1200 m), the gymnosperms
are poorly represented and the pteridophytes are found in
abundance. OSll/ulldacidites weIIII/all ii, Striatriletes susalllwe,
S. paucicostmlls and Polypodiaceaesporites tertiams are well
represented.

DISCUSSION

Tertiary rocks are well developed in North-East India.
Palaeocene to PI iocene rocks are exposed almost in continuous
sequence except post Barailunconformity. The palynological
taxa are also found in good numbers from all the formations.
This helps to assess the marker fossils from the different
horizons.

Tertiary Index Species in North-east India

More than 100 genera and 150 species have been
recorded from the various formations. Most of them are,
however long ranging and thus have no significance as
stratigraphic markers. Kar (1992) selected 27 palynological
taxa as index species of the different Tertiary formations
(Fig. 4).

Of these, Saturna elligl1l{/fus, Tercisslls sp.,
Acrostichuli/sporites II/eglza/ayaellsis are restricted to Early
Palaeocene sediments. Diporocollia sp. is the only marker
species for Middle Palaeocene. Lycopodiul1Isporites speciosus
and Dalldotiaspora dilata are confined to Middle-Late
Palaeocene. M({/alloll/adlziasu/cites II/axill/us ori gi nates in
Early Palaeocene and becomes extinct in Early Eocene.
Tripi/aorites triallgu//ls is also not found after Early Eocene.
Kielli/eyerapollellites eocellicus is restricted to Middle
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Palaeocene to Late Palaeocene. Tricu/poropi/ ircs robusrlls and
Trico/poroco/umcl/ilcs pi/alus are found only in Middle
Eocene. In the Terminal Eocene, Dcmwlobrevicu/porircs

dermaills, Spinizonoco/pires cchillalns, Triallgll/orircs hcl/lIs,
Lakiapollis ovatus and Rcribrcvicu/porilcs malanolllCld/lcnsis

disappear. Five taxa are confined to Oligocene and Miocene.
These are: BOlllbacacidiles Iriallgll/lIs, Crassorcrilri/clcs
vanmads/lOovcnii, Pinllspolleniles crcslIIS, Abicspol!cllircs
cogllalus and Piccapollcniles excel/cllSus. Az.ol/a ag/ochidia

and Hibisccacpollcnilcs sp/clldus stand for the Miocene
sediments.

Terminal Eocene Events

There was a major change in planktonic foraminifera,
radiolaria, ostracoda, nannoplankton and other forms of life
from Eocene to Oligocene (Killer. 1986; Pomerol & Premoli
Silva, 1986; Shackleton & Kennett, 1975; HaC], 1981).

EARLY MIDDLE LATE EARLY MIDDLE LATE OLlGO_ MtOCENE
PALAEO PALAEO - PALAEO EOCENE EOCENE EOCENE CENE
CENE CENE CENE

Saturna enigmatus
Tercissus sp.
Acrostichumsporites meghalayensis
Diporoconia sp.
Lycopodiumsporites speciosus
Dandotiaspora dilata

Neocouperipollis kutchensis

Matanomadhiasulcites maximus

Tripilaorites triangulus

Palmaepollenites ovatus

Dermatobrevicolporites dermatus

Proxapertites microreticulatus

Cheilanthoidspora enigmata

Spinizonocolpites echinatus

Triangulorites bellus

Lakiapollis ovatus

Retitribrevicolporites matanomadhensis

Kielmeyerapollenites eocenicus

Tricolporopilites robustus

Tricolporocolumellites pilatus

Bombacacidites triangulus

Crassoretitriletes vanraadshoovenii

Pinuspollenites crestus

Abiespollenites cognatus

Piceapollenites excellensus

. Azolla aglochidia

Hibisceaepollenites splendus

FigA-Distribulion of index species in the Tertiary formations of north-east India.
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Biostratigraphic events based on ten'estrial vegetation are
not that sensiti ve as those of fauna but has signi ficance at least
on regional scale. Floral changes at Eocene-Oligocene
transition were worked out by Wolfe (1978) in North America.
Chateauneuf (1986) in north-western Europe, Akhmetiev el
al. (1986) in Kazakhastan, Krasheninnikov el al. (1986) in
Armenia.

Pomerol and Premoli-Silva (1986) analysed these
diversified data and noted that the vegetation markedly
changed world wide during Eocene-Oligocene transition due
to cooling of the climate. Wolfe (1978) pointed out that at the
end of Eocene, mid and high latitude areas in North America
which were supporting broad-based evergreen forest were
replaced by temperate broad-leaved deciduous forest.

Kar el al. (1994) worked out the Eocene-Oligocene
transition on the bore hole core nos. Nahorkatiya 1,263 and
268. The overwhelming dominance of pteridophytic spores
and the paucity of angiosperrnic and gymnospermic pollen
both in quality and quantity mark the Eocene-Oligocene
transition in North-East India. Among the pteridophytes,
Slrialrileles is the most common genus. This genus according
to Kar (1992) occurs in very insigni ficant numbers in Palana
Formation (Early Eocene) of Rajasthan, found frequently in
the Middle Eocene sediments of Kutch and Prang Formation
ofMeghalaya and contributes maximum in Barails in North
East India (Fig. 5).

The fossil spores of Slrialrileles which are tagged with
the extant genus Ceralopleris belong to the family
Parkeriaceae. This fern taxon grows throughout the tropics in

quiet waters. The abundance of fossil spores of Cemlopteris
in Eocene-Oligocene transition in India points out that during
this time India was enjoying a tropical climate and there was
no cooling effect as has been advocated from the other parts
of the world. The leaf impression studied by Lakhanpal and
Guleria (1981) from the Early Eocene of Kutch and by Awasthi
and Mehrotra (1995) from the Oligocene of Assam indicates
that in both the periods tropical evergreen to deciduous forest
was present.

Reason for Warmer Climate

The position ofIndia during Eocene-Oligocene transition
was approximately around the equator. Barron el al. (1981)
placed India on the 40 million year palaeogeographic
reconstruction between IO"S to 20o N. The southern tip ofIndia
was approximately around the present Chagos Archipelago
during that time. Being placed in the equatorial belt, India
naturally was enjoying a tropical climate.

The DSDP sites 214 and 218 drilled in the Indian Ocean
and Laccadive Island respectively indicate that carbonate
accumulation was relatively low throughout the Late Eocene
Early Oligocene interval (Thunell & Corliss. 1986). This
perhaps points out that water in these two regions were not
cool as in other parts of the globe during that time (Fig. 6).

At the Eocene-Oligocene transition, Tethys turned
shallow and emergence of land on a higher scale took place
on the eastern side blocking the passage of cool water to India
(Dercourt el al.,1985; Ricou el al.,1986).

Fig. 5-The present day distribution of Ccratopleris.
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Fig. 6-The position of India during Eocene-Oligocene Jnd Ihe DSDP sites 214 and 218.

Biswas (1983) investigated Ihe Tertiary sediments in
Tripura and Assam regions. He remarked that Laisong rocks
exposed on Silchar-Haltlong Road section contain illite and
kaolinite persistently. Chlorite is also common and
montmorillonite is found only in certain lithounits. This
indicates that the climate of south Assam region was tropical
in most of the Early Oligocene time.
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