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Selecled palaeobOlanical and palynological records published from the Tertiary Period of liimalaya ha\'e been
examined and a generalized vegetalional frame work has been reconslruclecL TIle di\'erse Palaeogene floras of
Himalaya are marked by moiSI deciduous and wet semi-evergreen foresl lypes growing moslly under lropical
climale in varying lype of environmellls. The tropical families register a decline in the Early J\>liocene time. The
Middle Miocene Himalayan orogeny coincides Wilh proliferation of Abietineae and by the appearance of several
subtropical floral elemellls. Development and diversity of forest rvpes are controlled by the alritudinal belts. The
Pliocene floral diversification is relaled (() climatic changes and increased continenraliry. The wei tropical forests
disappeared from the low allitudes, whereas wet subtropical and lemperate forests were lransformed inlO dry or
moist vegetational tvpes. The appearance of semi ·arid and cold condilions forced several moislUre loving plants,
either to migrate or perish. The modern composition of lhe Himalayan flora reveals thai il is a partial conlinuum of
Neogelle floras which have been progressively enriched by lhe appearance of several immigrant elemenrs and also
bv the changes brought in due 10 evolutionary processes.
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THE present paper focuses attention on the changes
in vegetational pattern through the Tertiary Period in
Himalaya and its possible impact on the
development of modern flora. Published records of
Tertiary palyno and megafossils available from
Himalaya have been extensively surveyed and
analysed with a view to select dependable taxa for
the ide n t ifica t ion of pa laeo -a ssocia tions and
generalized vegetational successions in time and
lateral extent. The resultant information has brought

out several gaps in our knowledge; however, it has
been evaluated and synthesized cautiously to build
lip vegetational models latitudinally and
altitudinally, depicting the role of physical barriers
and climatic implications in understanding the
developmental processes and evolutionary
significance of different forest types.

The Himalayan range runs about 2,400 km and
stands as the northern rampart in the Indian
subcontinent (Te>,,1:-figure 1). It is the youngest
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GEOLOGICAL HISTORY

Text-figure l-Exteill or Himalayan range in the Indiall sub
conrinenr (after \Vest. 19H,).

mountain range in the world which was uplifted
about 60-70 million years ago. A generalized accounr
deciphering the emergence, radiation and e:\1:inction
rarrerns of the Hirnalavan flora through the Tertiary
Period has been discussed. The accrued evidences
throw light on some problems related to endemism,
regionalism and floral migration in time and lateral
e:\1:enr.

The palaeoboranical clata has been tagged with
the important geological events in order to have a
peep into the glimpses of Tertiary \'egetational
history of Himalaya. A brief account of the geological
history of Himalaya during rhe Tertiary Period is
given below:

OROGENIC HISTORY

The Teth\'s Himala\'an zone is well exposed in
Kumaun, Garlw;aL Spiti, Kashmir, 7:anskar and
I.adakh regions ranging in age frorn Late Pre
Cambrian to Late Cretaceous. The Indus Suture zone
exposes the sediments which \'a1)' in age from
Cretaceous to ivlio-Pliocene.

The Himalavan range was uplifted through a
series of orogenic pulsations due to the rifting of a
large pre-Jurassic Gondwanaland and its subsequent
collision \\lith the Eurasi;:m Plate. These pulsations
continued intermiuentlv till the Pleistocene

glaciation started, and uplifted the Himalavan range
mostly in Oligocene, Miocene and Pliocene epochs.

The first phase of the Himala\'an uplift started
during the Late Cretaceous-Early Eocene time due to
which the Tethys floor bent at the position of
Indus/Tsangpo Suture Zone at Ladakh. This phase of
the uplift culminated in the developmenr of a geo
anticlinal fold in the basemem resulting in the
splirring of the Eocene sea into two longitudinal
basins. One of these basins de\'eloped along the
Indus/Tsangpo Zone and the other to the far south
which is now known as the lesser and outer
Himalaya. The second phase of uplift started towards
the end of the Eocene and con ti nued up to the
Oligocene. iv!ost of the uplift took place in the
Middle Miocene, One of the views is that the third
phase of Himalayan orogeny started in the farly
Miocene time and continued till to the close of
Pleistocene resulting in the rapid sedimentation of
Murrees and Siwaliks (Gansser, 1974), The fourth
phase starred at the end of Pliocene and ended in
Pleistocene Epoch and this phase of the uplift
caused the development of main boundary thrust
which severed the main Himalaya from the newly
formed Siwalik mountains. Ir is believed that the
uplift of the Himalaya has been a continuous process
even after the Pleistocene time (Sharma, 1984)

The periodic orogeny of the Himalayan range
continued to change the climatic, geomorphological
and ecological contitions. Thus the rise of Himalaya
nor only opened several routes for inflow and
outflow of floras, particularly from central and west
A<;ia, or even Europe, to east Asia but also
dynamically influenced the evolutionalY pattern of

vegetation in terms of emergence of new taxa and
extinction of others. During the course of unstable
period of orogeny, the Himaldyan range evolved its
own characteristic flora which contains tropical,
subtropical and temperate constituents,
development of which has been conrrolled by the
altitudinal belts. In the beginning, the Himalayan
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Geologically, three major sedimentary zor.es
have been identified in the Himalayan orogenic
belrs. They are known as (i) the southern most sub
Himalayan zone, (ii) the Lesser Himalayan zone, and
(iii) the Tethys Himalayan zone.

The sub-Himalayan zone is mainly represented
by Neogene and recent deposits accumulated in a
foredeep which is known as the Siwalik Group. Its
maximum developmenr has been observed in
Jammu and Kashmir and Himachal Pradesh. They
progressively thin-out towards the eastern flank of
the Himalaya.

The Lesser Himalayan lOne consists of two
distinct subzones. The first subzone is weil
represented by unmetamorphosed sediments
develope.d in N-W Himalaya which thins·out
progressively towards the east, ranging from
Palaeocene to Early Miocene in age. The second
subzone is mainly represented by metasedimeI1ls,
the age and stratigraphic position of which is
uncertain.
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range acted as an importanr barrier for the temperate
climate of the cencral Asian and European regions
which later curned inco a favourable ground for the
groV\'lh of cold-IO\'ing planes

BOTANICAL PROVINCES

Clarke (1898) and Hooker (1906) recognized
two botanical regions in Himalaya-the western and
the eastern Himalaya, whereas Chaterjee (1939) and
Razi (1955) recognised four regions. The additional
two regions fall in the ceneral Himalaya and Assam
areas. However, we have segregated palaeobotanical
data inco two boranical regions, the western
Himalava and the eastern Himalaya, the laner
includes the flora of the hilly region of Assam and
Meghalaya. Alticudinally, the presenc Himalayan
vegetation can be divided inco three broad zones:
tropical-subtropical (base [0 1,200 m), temperate
(1,200 [0 3,600 m) and alpine at higher altiwdes (up
co 4,')00 m).

The available palaeobotanical and palynological
data·base, though seamy, scanered and fragmentary
in nacure, has been pieced cogether from the Tertiary
Himalaya and a generalised vegetational frame-work
(developed in responses co varying alticudinal and
palaeogeographic faccors) has been reconstrucced all
along the Himalayan belr. It has been observed that
the composition of plane communities has been
changing from time co time in the geologica! past in
response co climatic, edaphic, ecological and
copograph ic faccors.

The Palaeocene·Eocent: landscape of western
Himalaya had a low relief which was periodically
subjeceed co ele\ation in the subsequem periods
Geographic pOSitions of the palynological and
palaeoboranical data discussed in the present raper
are shown in the Text-figure 2, whereas the data·
sources on stratigraphy and flora are given in
Table 1. The general panern of vegetation through
the Tertiary Period is discussed below:

TERTIARY VEGETATIONAL PATTERNS IN
WESTERN HIMALAYA

Ladakh Himalaya

From the Dras volcanics of Ladakh Himalaya,
Palaeocene palynological assemblage (Mathur &
Jain, 1980) exhibits the occurrence of a rich coastal
type vegetation. Some of the imponane palynotaxa of
the floral composition are: Nypa, Calamus,
Cunnera, Calium, Carya, Calpinl-Is, Fraxinus,
Pelliciera, Casuarina. alongwith the members of the
fami Iy Ranunculaceae, Fabaceae, Arecaceae,
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Text-figure 2- Geugraphic loca,ions of c1ata ~ources For
explanation. see Table I

Cycadaceae. etc. A low·salinity assemblage is
enVisaged by the presence of taxa belonging to the
Arecaceae, Nypa and Pelliciera. Identification of
Rbizopbora pollen does nor seem to be authentic.
Pollen of Casuarina, Epbedra and palms are
suggestive of a relatively dry, sandy coastal region.
Pollen of Podocarpaceae, Calpinus, Corylus, Calya
and Coriara represent upland vegetation in the
assemblage which may be derived from the
adjoining higher hills. Floral composition represents
tropical and subtropical assemblage of plants.

The PashkyulTI Eocene palynofloral assemblage
from Ladakh Himalaya (Mathur, 1984) also indicates
the continuation of similar palaeoecological
conditions which were characteristic of Palaeocene.
Tropical elements, like Calamus, Nypa, Cunnera,
alongwi th pa Ims and many other pteridoph ytic
elements, confirm this view.

Bhandari et at. (1979) ha\'e reponed Late
Eocene·Miocene assemblage from the Tarums, a
ormation of the same area. Some of its important
constituents are !vlagnastriatriletes, Lycopodium·
sporites, Pinuspollenites, Pediastrum, Tricolpites,
Caryapollenites, Betulaceoipollenites, Alnipollenites,
juglanspollenites, Polyporina and Craminidites.
Composition of the assemblage shows that the
Palaeocene coastal semi-evergreen type of
vegetation was transformed into moist decid Uous
type of forests in the Middle TertialY of Ladaklh
Himalaya. The vegetational change denotes the
onset of sub·temperate climate. The occurrence of
Przmus (Kargil Formation) and Liuistonia (Hemis
Conglomerate) has been reported from the Ladakh
Himalaya by Guleria et al. (1983) and Lakhanpal et
al. (1983), respectively. Later, Lakhanpal (1988)
inferred that Tracbycmpus, Prunus and possibly



336 THE PALAEOBOTANIST

Table I-Tertiary stratigraphic sequences of floral data sources. Numbers indicated in parentheses refer to geographic
locations as shown in Text-figure 2

Chronological Un its
Stratigraphic Units

Western Himalaya Eastern Himalaya References

Kargil (= Liyan)
Formation

Siwalik Group of jammu
and Siwalik Group

Karewas of Kashmir
Pliocene

to

Middle Miocene

Lower Miocene

Oligocene

Eocene

Palaeocene

Hemisconglomerate
Horizon
Murree Group
and

Dharamsala Group

Tarumsa Formation

Nummulitic lime
stone of Ladakh.
Subathu Formation
of jammu

Dras Volcanics

Dihing/Dhekiajuli beds.

Tipam Sandstone
Formation

Bokabi I Formation

Kasauli Formation Bhuban Formation!
Boldamgiri Formation.
Renji Formation

jenam Formation
Dagshai
Formation Laisong Formation

Subathu Formation Kopili Formation
Sylhet limestone
Formation

Therria!
Cherra Formation

Lakadong Formation

Sarkar el aI., (20)
Lakhanpal, 1983 (4)
Lakhanpal, 1988
Corvinus, 1988 (18)
Du. 1985 (22)
Mathur, 1984
Vishnu-Miltre. 1984 (5)
Saxena el at.. 1984 (13)
Singh & Sarkar, 1984 (7)

Awasthi, 1982
Singh & Saxena, 1981 (12)
Saxena & Singh, 1980 (15)
DUlla & Si ngh, J980 (0)
Mathur. 1978
Nandi, 1975 (J4)
Prakash, 1972, 1979 (15)
Lukose, 1969 (19)
Banerjee, 1964, 68 (15)

Singh el at, 1987 (26)
Dogra el at.. 1975 (J 1)
Nandi & Sharma, 1984 (29)
Mathur, 1984 (10)
Singh & Sarkar, 1984 (8)
Guleria el ai, 1983 0)
Singh & Khanna. 1980 (9)
Mathur & Venkatachala, 1979
Sahni. 1964 (9)

Sarkar & Singh, 1988 (8)
Singh & Tripalhi, 1987 (28)
Mathur, 1984 (5)
Bhandari el ai, 1979 (2)
Khanna. 1978 (6)
DUlla & Sah. 1970 (21)
Sail & DUlla, 1968 (23)
Mathur, 1963, 1964 (7)

Lakhanpal, 1955 a,b

Singh & Tripathi, 1987 (28)
Kar & Kumar, 1986 (27)
Malhur & jain, 1980 (J)

also Populus immigrated from the mainland of Asia
and became a part of the temperate Himalayan flora
during the Middle Miocene.

Himachal Himalaya

From Himachal Himalaya, the Subathu
Formation (Palaeocene- Eocene) assemblages have
generated a rich information (Mathur, 1963, 1964;
Khanna, ..:J.978; Singh & Khanna, 1980; Singh et aI.,
1978; Singh & SarkaI', 1987; SarkaI' & Singh, 1988).
Dinoflagellate cySts dominate the palynological
assemblage. The terrestrial elements are represented
by the taxa belonging to Lycopodiaceae,
Sch i zaeaceae, Ma ton iacea e, Pol ypod iaceae,

Parkerlaceae. Podocarpaceae, Liliaceae,
Nympheaceae, Poaceae, Arecaceae, Oleaceae,
Fagaceae, Anacardiaceae, Alangiaceae, etc. Algal
elements, viz., Pediastrum and Botryococcus have
also beerY recorded in abundance. The environment
of deposition varies from shallow marine to coastal
transition with a tropical climate. The vegetational
type conforms to a coastal semi-evergreen type and
is comparable to that of Ladakh Himalaya.

A Late Eocene-Oligocene palynological
assemblage recorded from the Dagshai Formation
(Singh & Khanna, 1980), though not copiously
diversified, is easily identified by the absence of
marine dinoflagellate cysts and by the presence of



SINGH & SARKAR-VEGETATIONAL I)YNAJ'vllCS OF TERTIARY HIMAlAYA 337

palm pollen. Gymnospermous pollen are
represented by fnaperturopollenites and
Podocalpidites-complex_ The high incidences of
Pediastrum and the presence of palms indicate a
coastal transitional type of vegetation for the
Dagshai Formation (Singh & Khanna, 1980).

The Oligocene palynoflora of Himachal Pradesh
(Mathur, 1984) is mainly represented by herbaceous
elements and tree ferns. Some of the important
palynotaxa are Castanea, Calium, Amarantbus and
Chenopodium. Mathur (1984) has also reponed the
occurrence of taxa belonging to Cyatheaceae,
Gleichen iaceae, Osm undaceae, Pi naceae, Arecaceae,
Haloragidaceae, Fabaceae, Sapotaceae, Buxaceae,
Aquifoliaceae, etc.

An Early Miocene palynological assemblage
from the Kasauli Formation (Singh & Sarkar, 1984a)
having the representatives of modern families, viz.,
Cya theaceae, Sch i zaeaceae, Li ndsaeaceae,
Polypodiaceae, Pinaceae, Liliaceae, Arecaceae,
Bombacaceae, Oleaceae, etc. is inferred to be
subtropical and humid type of vegetation. Pinus
pollen constitute an important aspect of the
assemblage. Their presence denOtes the earliest
record of occurrence of Pinaceae in the Lower
Miocene sediments of western Himalaya. It seems
likely that temperate elements had started migrating
from the West Asian mainland at that time and later
found a favourable climate for proliferation in the
western Himalaya even before the Middle Miocene
orogeny. It appears that the Kasauli Formation had
attained sufficient elevation to suppon the growth of
pines in Himachal Himalaya

The Dharamsala sediments equivalent of
Dagshai and Kasauli sediments contain
representatives of the following families, viz.,
Hymenophyllaceae, Sch i zaeaceae, Pol ypod iaceae,
Lycopod iaceae, Pi naceae, Arecaceae, Aq ui fol iaceae,
Ru taceae, Til iaceae, Che nopod iaceae, Capri foliaceae,
Ctenolophonaceae, Oleaceae and Pandanaceae
(Mathur & Venkatachala, 1979; Mathur, 1984). Fresh
water alga BOflyococcus has also been recorded from
these sediments_ Taxonomic assignments of
Dharamsala palynofossils (Dogra et at., 1985) need
confirmation

Siwalik foot-hills of Himachal Pradesh and
Uttar Pradesh

The fvliocene vegetational pattern of Himachal
Pradesh (Kalka region) and Ullar Pradesh (Dehradun
region) based on megafossils (Prakash, 1972, 1979;
Awasthi, 1982) shows that some of its important
constituents are Ajzelia, Albizzia, Anisoptera, Cassia,
Cynometra, Dalbergia, Diospyros, Dzpterocaipus,
Ficus, Fissistigma, IHilletia. Polyaltbia and Ziziphus.

1 hese assemblages had no representation of
gymnosperms. However, the Miocene palynological
assemblages from Himachal Pradesh, Punjab and
Ullar Pradesh show a wide representation of
gymnospermous pollen comparable to Pinus,
PodocaJpus, Abies, Cedrus, Picea and Tsuga
alongwith other taxa belonging to many families of
angiosperms, viz., Arecaceae, Liliaceae, Myricaceae,
)uglandaceae, Jvlagnoliaceae, Fabaceae and Moraceae
(Banerjee, 1968; Lukose, 1969, 1972; Nandi, 1975;
Singh & Saxena, 1981; Saxena & Singh, 1980; Singh &
Sarkar, 1984b; Saxena et at., 1984) Lakhanpal (1988)
suggested that the temperate pollen occurring in the
Siwalik sediments might have been blown in from
the surrounding higher hills Since plant megafossils
of temperate climate ha\·e not been recovered from
these sediments, he has questioned the authenticiry
of the identification of gymnospermous pollen,
particularly of Pinus, Abies, Cedrus and Picea. The
overall palynological evidences from wider regions
of Himalaya do indicate that the pines might have
been the earliest migrants, pioneering their growth
in the Early Miocene times and subsequently
attaining a position of dominance after the Middle
Miocene orogeny. Gymnospermous megafossils are
yet to be recovered from the sediments laid even
after the Middle Miocene orogeny.

On the basis of palynological investigations of
Mohand Siwaliks (Middle Miocene) Sarkar et at. (in
press) have identified the occurrence of follOWing
families, viz., Arecaceae, Sparganiaceae, Poaceae,
Asteraceae, Lentibulariaceae, Malvaceae, Pedaliaceae
alongwith gymnospermous pollen, mainly belonging
to Pinaceae. The abundance of ferns, together with
many angiospermous elements, indicates the
existence of a mixed \'egetati0n belonging to moist
subtropical climate. Mathur (1984) indicated the
prevalence of mangrove swamp and deltaic
environment in the Jawalamukhi area of Himachal
Pradesh during Middle-Late Miocene Epoch on the
basis of occurrence of mangrove swamp trees, like
Sonneratia and Rhizopbora. He further observed that
the presence of Crenia, Crudia and Phoenix
indicates near-shore conditions whereas
Barringtonia, Sabat. alongwith dinoflagellate cysts,
indicate brackish water condition of environment
during Miocene in the Nahan area of Himachal
Pradesh. The present authors have extenSively
worked in these areas and have failed to recover any
such elements. Therefore, the identifications of
marine or brackish water elements in the Siwalik
sediments are not considered authentic The Siwalik
dinoflagellate cysts have been considered to be
reworked from the Subathu Formation,

During Pliocene times in the Jammu region, the
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abundance of palm pollen alongwith grasses
representing the palm savana in the Boulder
Conglomerate Bed has been observed (Sahni. 1964;
Mathur, 1978: Vishnu·i\'Iirrre, 1984) Megafossil
evidence provided by L1khanpal and A,vasthi (1983)
shows the presence of Zizipbus, ;\!!angljera,
Baubinia, Indigojera, Dalbergia, Litsea,
Cinnamomui11, Ficus, Gardenia, Toona, Kvdia and
members of Fabaceae in the Bhikhnathoree area of
west Champaran. Similar evidence has emerged from
the Pliocene sediments of Surai Khola area of
western Nepal (Corvinus, 1988; Sarkar, in press).
The Pliocene palynological assemblages of Siwalik
sediments (Singh, 1982) bring out the fact that the
cool dry climate had set in, which supported the
luxuriant growth of forms, like LariX, Pinus and
Pinjoriapollis (magnoliaceous pollen). Pollen of
Poaceae and Arecaceae are also well represented.
Some of the importam gymnospermous and
angiospermous families reported by Saxena and
Singh (1980), Singh and Saxena (1981) and Singh
and Sarkar (1984b) from the Middle Miocene
Pliocene sediments are Arecaceae, Poaceae,
Pinaceae, Fabaceae, Betulaceae, Chenopodiaceae,
Euphorbiaceae, Amaranthaceae and Linaceae.

TERTIARY VEGETATIONAL PATTERN OF
EASTERN HIMALAYA

Palaeobotanical and palynological information
from the Tertiary Period of eastern Himalaya has
been developed mainly by Baksi (1962), Banerjee
(1964), Sah and Dutta (1968), Dutta and Sah (1970),
Kar and Kumar (1986), Prakash (1972). L1khanpal
(1955a, b), Du (1985), Singh and Tripathi (1987),
and Singh et at (1987).

A Palaeocene palynoflora typical of tropical
affinity is known from the Lakadong Sandstone of
Laitryngew and Mawlong, Sohrarim, Shillong·Cherra
road and Mowmluh Hill, Meghalaya (Kar & Kumar,
1986). Important families present in this flora are
Lycopod iaceae, Schi zaeaceae, Cyatheaceae,
Polypodiaceae, Matoniaceae, Adiantaceae,
Podocarpaceae, Arauca riaceae, Arecaceae, Lil iaceac,
Brassicaceae, Me I iaceae, Fabaceae, Olacaceae,
Lamiaceae, Oleaceae, Rhizophoraceae,
Le n t i b u 1a ria c e ae, Pro tea c e ae, Gut t i fer ae ,
Anacardiaceae, Myricaceae and Droseraceae. These
families mostly inhabit tropical to subtropical
regions. Gymnospermous pollen are low in number.
The overall vegetational pattern is of coastal swamp
type. Leaf-impressions of Nelumbium, Trema,
Neolitsea, Grewia, some members of Bombacaceae
have been described from the Eocene sediments of
Garo hills (Lakhanpal, 1955a, b). Sah and Dutta

(1968) and Dutta and Sah (1970) have reported
palynofossils from Cherra Formation, Assam and
assigned them to several monocotyledonous and
dicotyledonous families in addition to pteridophyric
and gymnospermous elements. Most of the families
denote tropical to subtropical affinity.

The palynoflora recorded by Singh and Tripathi
(1987) from the Palaeocene· Eocene sediments of
Meghalaya supports the existence of rich tropical to
subtropical vegetation during early Tertiary times.
They have recorded rich assemblage of
angiospermous pollen taxa belonging to the
fa mil i e s, viz. , Are caceae , Li I i ace ae , Poa ceae ,
Nym pheaceae, Ne lum bon iaceae, Brassicaceae,
Oleaceae, Lamiaceae. Chenopodiaceae,
Euphorbiaceae, Myricaceae. Magnoliaceae and
Aristolochiaceae, along with many pteridophyric
spores and dinoflagellate cySts. These palynofloral
assemblages give strong support to the views of
Lakhanpal (1970).that a tropical vegetation prevailed
during the Palaeogene Period in the Indian
subcontinent. A higher representation of epiphyllous
fungi indicates the prevalence of warm and humid
climate during Palaeocene·Eocene times in
Meghalaya. The occurrence of palm pollen, along
with dinocysts, indicates coastal environment of
deposition during Palaeocene·Eocene times in
Meghalaya

The palynofloral assemblages from the
Oligocene and Miocene sediments of the same area
have also been studied by Singh et at. (1987) The
taxa belonging to the families Parkeriaceae,
Matoniaceae, Gleicheniaceae, Arecaceae and
Fabaceae indicates tropical to subtropical climate.
The occurrence of Pinus-type pollen in the
Oligocene sediments is sporadic but they attain
predominance in the Miocene of eastern Himalaya.
The high incidence of pinaceous pollen in Miocene
indicates the presence of uplands in close proximity
to the depositional area. It appears that the
surrounding area was much higher in Oligocene in
comparison to the Palaeocene· Eocene times. The
vegetation was represented by taxa belonging to
Arecaceae, Fabaceae, Oleaceae, Araceae,
Bombacaceae, Lamiaceae, Potamogetonaceae,
Malvaceae, along with many pteridophyric elements.
The close of Oligocene witnessed the development
of land connections between India and Burma and
Malaya through which several tropical plants
migrated to the latter countries so as to avoid the
harsh climate. Ctenolopbon and Sclerosperma are the
notable examples (Srivastava, 1988). It is likely that
representatives of Sapotaceae and Fabaceae migrated
from Malaya to India. Simultaneously, Pinus seems
to have made the pioneering venture to invade the
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Indian subcontinent, though megafossil evidences
are yet [0 be found to corroborate this view.

Nandi and Sharma (1984) recorded a rich
palynofloral assemblage from the Lower Miocene
sediments of Garo hills. The presence of pollen taxa
Palmaepollenites, CouperzpoWs, Striacolporites along
wi th MyriCipites, Bombacacidites, Araliaceozpolle·
nites indicates tropical to subtropical climate.
Association of pollen related £0 Alnus
(Alnzpolleni tes), Cbe rzopodiu m (Cbenopodzpollis)
and conifers are indicative of an elevated topography
during the Early Miocene in Garo hills.

The Miocene flora of Assam and Meghalaya
region, represents 65 per cent of tropical deciduous
trees as compared to 35 per cent of tropical
evergreen trees (Du, 1984). Besides, there are few
species which grow in subtropical condition
(Artocarpus and Flaeocarpus). Palynological
evidence also indicates the high incidence of
deciduous trees in the Neogene vegetation in the
Himalayan region. Some fossil taxa comparable to
the modern ones are Calopbyllum, Kayea,
Anisoptera, Dipterocarpus, Sborea, Sterculia,
Elaeocalpus and Bursera. The Miocene flora of
Assam region shows great resemblance with the
tropical moist deciduous forests. The common
elements are Sterculia, Chtta, Terminalia, Albizia,
Diospyros and Artocmpus. Similar forests are still
growing in Assam. The landscape seems to have
been beset by a number of rivers, swamps and lakes
as is indicated by the presence of DipterocaJpus,
Hopea, Bursera, Pometia, Barringtonia and
Pongamia. The Tipam flora in certain regions
contains Scbleicbera, Vitex and Pbyllantbus which
may indicate the existence of relatively drier
conditions

The Miocene Tipam flora is distinct by the
occurrence of some dense tropical forest elements,
especially the moist deciduous ones. The deciduous
forests had large to medium-sized angiospermous
trees mixed with some medium to small·sized
evergreen trees, some shrubs, herbs, and climbers.
Members of Clusiaceae, Dipterocarpaceae,
Anacardiaceae, Fabaceae, Combretaceae, Lythraceae,
etc. were well represented. The xerophytic
vegetation is speculated to be inhabiting the top of
hills_ The presence of littoral elements in the flora
indicates that the present day Bay of Bengal might
have covered areas far further north to the present
Assam during Miocene (Lakhanpal, 1970) This
observation is also confirmed by the recent
palynological studies (Kar & Kumar, 1986). At
present, the littoral forests and sea coasts have
disappeared. This is perhaps because of the
northward drift of the Indian subcontinent. The

Pliocene palynological records from eastern
Himalayan region are very scanty and hence ha\'e not
been included for discussion.

DISCUSSION

A general floristic pattern charaCterizing the
Tertiaf\; Period of western Himalava denOtes that the
Palaeocene· Eocene landscape \vas dotted with palms
and many tropical angiospermous elements. \'iz.,
Clusiaceae, Lecythidaceae, Anacardiaceae,
Alangiaceae, Sapotaceae, Bombacaceae,
iVlyristicaceae, etc It is a known fact that these taxa
and several others inhabit low relief landscapes and
tropical climates. Representati\'es of Parkeriaceae,
Alangiaceae . ./uglandaceae and Fagaceae, so far
known only from the Neogene Period, have been
recorded from the Palaeogene sediments as well.
Though the gymnospermous records are scanty, they
only relate to the families Podocarpaceae and
Araucariaceae. The Palaeogene taxa enumerated in
Table 2 prOVide cogent basis for their segregation
into four different forest formation types (Sensu
stricto Singh & Singh, 1987): (l) sllbmontJne, broad·
leaf ombrophillous forest, (2) sllbmontane, seasonal
broad-leaf forest, (3) submontane, broad-leaf
summer deciduous forest, and (4) mid-montane,
winter deciduous forest.

Later, the Middle lvliocene orogeny of Himalaya
brought a radical change in the floristic scenario of
the area witnessing a decline in the occurrence of
tropical families, appearance and proliferation of
gymnospermous elements (Abietinae) and rapid
increase in the number of subtropi<;al families, viz.,
Moraceae, Myrtaceae, Euphorbiaceae, Fabaceae, etc.
Further, it is apparent that different vegetational
patterns of the Miocene Epoch were adapted to
different altitudinal belts. Development of tropical,
wet semi -evergreen forests, wet subtropical and
humid temperate forests certainly indicates the
establishment of different altitudinal belts. As at
present, it is surmised that the Tertiary tropical
forests inhabited the lower slopes whereas
subtemperate to temperate forests were confined to

the higher slopes. Besides, the Neogene floras of
western Himalaya seem to have been enriched by
the immigrating elements from Mediterranean, Sino·
Japanese and Malayan regions.

The Neogene palaeobotanical data from western
Himalaya broadly identifies itself with the follOWing
four forest types: (i) low montane, needle-leafforest
with concentrated summer leaf drops, (ii) low
montane, sclerophyllous evergreen broad·leaf
forests, (iii) mid-montane, broad· leaf ombrophillous
forests, and (iv) mid-montane, needle-leaf evergreen
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Table 2-Distribution of plant taxa in the Teniary of Himalaya

Families Palaeocene Eocene Oligocene Miocene Pliocene

W.H. E.H. W.H. E.H. W.H. E.H W.H. E.H. W.H. E.H.

Pteridophytes
Adiantaceae + + +

Azollaceae + • • +

Cya(heaceae + + + + +

Dicksoniaceae + +

Gleicheniaceae +

Lycopodiaceae + + + + + + + + +

Maroniaceae • + + + +

Osmundaceae + + + + +

Parkeriaceae + + + + + + +

Polypodiaceae + T + + + + + +

Preridaceae + +

Schizaeaceae + + + + +

Gymnosperms
Araucariaceae + + + + +

Cycadaceae + + + + + +

Pinaceae + + + + +

Podocarpaceae + + + + + + + +

Angiosperms
Aceraceae + + +

Alangiaceae + +

Amaranthaceae + + + +

Anacardiaceae + • + + + +

Annonaceae + +

Apocynaceae + + +

Aq ui fol iaceae + + +

Araceae + + +

Berberidaceae
Berulaceae + + + + + +

Bombacaceae + + +

Boraginaceae + +

Burseraceae +

Caesalpiniaceae + + +

Caprifoliaceae + +

Casuarinaceae +

Celasrraceae + + + +

Chenopodiaceae + + +

Combreraceae + + +

Asreraceae +

Coriariaceae + +

Brassicaceae + +

Crenolophonaceae +

Dilleniaceae +

Dioscoriaceae + + +

Diplerocarpaceae + + +

Droseraceae +

Ebenaceae + +

Elaeocarpaceae +

Euphorbiaceae + + + + + +

Fabaceae + + + + +

fagaceae + + +

flacouniaceae + + + +

Poaceae + + +.•
Clusiaceae + +

Haloragidaceae + +

]uglandaceae + + + +

Lamiaceae + + + + + + +

Lauraceae + + +

Leeythidaceae + + + +
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LeOlibu lariaceae + + +

Li!iaceae + + + +

Linaceae + +

Lylhraceae + + +

Magnol iaceae + + + +

Malvaceae + + + +

Meliaceae +

Moraceae + + + + + +

Myricaceae ... +

Myrist icaceae +

Myrlaceae + + +

Nelumboniaceae
Nympheaceae + + +

Nyssaceae +

Olacaceae + + +

Oleaceae + + + +

Onagraceae +

Arecaceae + + + + + + +

Pandanaceae
Po Iyga laceae +

Polygonaceae + +

POlamogetonaceae
PrOleaceae + + +

Ran 1I ncu laceae + +

Rhamnaceae + + + +

Rh izophoraceae + + + + +

Rosaceae +

Rlibiaceae + + + +

RUlaceae + + +

SaOlalaceae + +

Sapindaceae ... +

Saporaceae + + + +

Sm i lacaceae +

Sonneratiaceae + +

Slercu I iaceae + +

Symplocaceae +

Theaceae + +

Tiliaceae + +

Ulmaceae
Apiaceae + + + +

Urticaceae +

verbenaceae +

forests. During ·this period the palaeobotanical data
makes it cryStal clear that the Palaeogene tropical
moist, deciduous and wet semi-evergreen forests
were transformed into moist semi-evergreen and
deciduous forests.

The Pliocenf' floral diversification is related to
climatic changes, increased continentality, semi-arid
conditions and further uplift of the Himalayan range.
In response to these changes, the wet tropical forests
disappeared from the low altitudinal areas whereas
subtropical and temperate forests were converted
into dry or moist forests. The cold and semi-arid
conditions forced moisture-loving plants, like
Dipterocarpus and several others. to migrate or
perish. Cedrus, Picea, Abies, Pinus, Magnolia and
several other cold· loving plants were the significant
components of the Pliocene floras. besides grasses.

palms, Alnus, Machi/us, Clematis, Mal/otus, juglans,
Quercus, Ficus, Rhamnus, etc.

The eastern Himalayan Palaeocene-Eocene
landscape supported mostly mixed type of coastal
swamp vegetation as the present Bay of Bengal is
believed to have penetrated far deeper into the
north-eastern areas. The Oligocene Epoch witnessed
major palaeogeographic changes because of the rise
of Himalaya, withdrawal of the sea, regression of the
Bay of Bengal and development of several land
connections with Burma, Malaya and.other adjoining
areas faCilitating inflow and outflow of plant species.
It is believed that Ctenolophon and Sclerosperma
made their entry into Malaya at this time. The
Oligocene floral components shDw the abundance
of pteridophytes and angiosperms. Gymnospermous
records are poor or lacking.
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Text-figure 3- ESlimaled dislribulion of plants in lerms of
climalic cOlllplexes.

The Miocene floras are chiefly represented by
Calophyllum, Anisoptera, Hopea, Dipterocalpus,
Sterculia, Gluta, Albizia, Terminalia, Duabanga,
Lagersfroemia, etc. Composition of these floras
mostly conform to tropical to subtropical, moist
deciduous vegetational type

These floras have also been enriched by the
immigrant species from the Sino-Japanese and
Malayan regions. e.g., Rhododendron, Tsuga,
Quercus, Dillenia, Ficlls. etc. Geological,
palaeogeographical and climatic events during the
Late Tertiary do not seem to have altered overall
pattern of vegetational types and far less the
ecological conditions It is surmised that the Middle
to Late Miocene climate was warmer and more
humid with a relatively higher rainfall than to-day,
supporting luxuriant vegetation in which
Podocarpus, Elaeocalplls, Dipterocalpus, Gluta,
Dio~pyros, Sterculia and Shorea remain the
significant constituents. The Pliocene floral records
are fragmentary and hence have not been discussed.
However. the Tertiary Himalayan palaeobotanical
data has led to the preparation of an idealized model
showing the distribution of plants as related to
climatic complexes (Text-fig. 3).

The modern composition of the Himalayan flora
reveals that it is a partial continuum of the Neogene
floras, which progressively modified due to

evolutionalY changes and by the appearance of
severa'l immigrant elements from the surrounding
areas. The modern Himalayan flora exhibits the
presence of exotic forms which are believed to be of
furo-Mediterranean, Malayan-Burmese, African and
Sino-Japanese origin. Some important immigrants to
the western Himalayan flora from the Mediterranean
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