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ABSTRACT

Prasad M 2008. Angiospermous fossil leaves from the Siwalik foreland basins and their palaeoclimatic implications.
The Palaeobotanist 57(1-2) : 177-215.

The angiospermous fossil leaves so far recorded from the Siwalik foreland basins of India, Nepal and Bhutan have
been analysed and an attempt has been made to deduce palaeoclimate and phytogeography of the region during Siwalik
(Mio-Pliocene) Period. The physiognomic characters of the fossil leaves have been critically examined in order to infer
the climate of the region. The leaf features that have used mainly an aid in determining past climate, are leaf margin, drip
tips, leaf size and venation density. The dominance of entire margined species (about 92%) in the Siwalik leaf assemblage
indicates the prevalence of tropical climate. The presence of conspicuous drip tips and other features like leaf size, leaf
texture, nature of petiole and venation density collectively suggest tropical climate with heavy rainfall (MAT 28°-29°
and MAP 308 mm) during Mio-Pliocene.

Almost all the fossil leaves recovered from different fossil localities in the Himalayan foreland basins have been
identified with the modern angiospermous taxa up to specific level. From the present day distribution of these comparable
species it is evident that most of the comparable species of the fossil assemblage are not found at present in the foot hills
and became extinct due to unfavourable climatic condition after Mio-Pliocene. Moreover, on the basis of habit and habitat
of comparable taxa of angiospermous fossil leaves it has been concluded that the Siwalik flora consists of three types of
constituents in the forest during the sedimentation of Siwalik foreland basins: (1) Evergreen (2) Evergreen and Moist
deciduous (3) Mixed deciduous. The Siwalik leaf assemblage is dominated by evergreen constituents like dipterocarps,
legumes and other associated taxa in contrast to mixed deciduous constituents of the present day floral assemblage of the
regions. This is most probably due to post-Pliocene orogeny of the Himalaya which brought changes in the topography
and climate and thus adversely affecting the vegetation scenario of the Himalayan foot hills.

Key-words—Fossil leaves, Angiosperm, Siwalik foreland basins, Mio-Pliocene, Leaf physiognomy, Palaeoclimate.

farenferes omrgfy AP & o sngadciT siaeT TRt TF I qRSTEETg TG SadgieEt
RERIN LI

ESIRUE

AR, 9 U e P Rafs S A0E o 7 AR Sgadiei Sianed ugfidt [aesiad B S g § aor i
(FeA-aMeege) o1afy & SR & P guSiarg @ WIRg-SFNe B T H 1 TEr 6 T ¥ | A P Searg B SHE e & g
SHraTe ugferdt & BUETE Tl TS €9 T Y T 2 | IRl qEer S T e & T w6 § e w9 8 S 5
T E, IR Ui, g8 R, IRl S g e e & ¥ | e owi ae § S QUi S (T 9294 % FEd S eEdy
STTATg I ST SR FE | SR T faY g o @ S Ul ST, Ui [, JOg b A aer R g &
g Hea-aMfege & SR ST aw (T9.0.4. 28°-29° R .. 4. 308 firfl) & | IomRfedd staarg gem 1

© Birbal Sahni Institute of Palaeobotany, India



178 THE PALAEOBOTANIST

ferrerdt mrafiy 2fordt 3 fafert Sfranen Swafadt & sret T TR Siared gafEr e w1 9 g srgadea 7 &
&Y TN S g 2 | 3 A SR @ e GaeT § Fe e 3 6 Siened wyeg @ et geig e fii ael § A T8
& e -3 % IUAid it sferary Refer & B fage & 7 | gae e, sgahis sered g i g avh B g
q @ & IR T T ek frepren T & 6 Refess onrfi S & sraered & AR o & Rerfas T3-98 dF 9wR & e
3 ¥ (1) werRRa (2) werla o TaEel (3) M TdEEl | 8 & i Fifae aead & M wEel dees & gt R
Il qYe FETed HHedH S SR U, HRrl a o Fedntl a1 g e § 3 Haa: e & ugeE-eniee T w6 & B0 &
fored TRl g Siarg # aRaa & T o fearerd iRt ot % et afge W ufiss a9 S @ 2

HheT- TE—SHae Gafer, Stgadrn, R i SR, Fer-aiee, T SR, Jieaary |

INTRODUCTION In Nepal Himalaya, the Siwalik Group is aften called Churia
Group and has often been classified into two formations (1)
HE Siwalik foreland basins attain an average thicknessloéwer Churia Formation (Sandstone facies) and (2) Upper
6000 m and are exposed all along the Himalayan foot hilzhuria Formation (Conglomerate facies) (Hagen, 1959; Bordet,
from the Potwar Plateau in the north west to Brahmputra in th®61; Gleinnie & Ziegler, 1964). However, a three fold
north east covering a distance of 2400 km in length. Thighostratigraphic classification of the Churia Group (Lower,
Siwalik sediments are made up of rock materials resulting frodiddle and Upper Churia Formation) has been suggested by
denudation of slopes of the Himalayan mountains ar€haudhuri (1983).
deposited on the flood plains of the foreland basins over a The Siwalik sediments are characterized by the alternate
span of time (-20 Ma). Pilgrim (1913) proposed a three foloresence of sandstone and mudstone facies, the later very
stratigraphic division of the Siwalik Group, i.e. Lower, Middleoften containing abundant angiospermous fossils belonging
and Upper Siwalik and ranges in age from Middle Miocene to both monocot and dicot families. During last three decades
Middle Pleistocene. several workers have recovered enormous amount of plant
megafossils including petrified woods and leaf, fruit, seed and
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Fig. 1—Map showing extent of Siwalik foreland basins and the location of exposures from where fossil leaves were collected.



PRASAD—ANGIOSPERMOUS FOSSIL LEAVES FROM THE SIWALIK FORELAND BASINS

Fossil taxa

Modern comparable species

Forest types

Distribution

Arecaceae
Amesoneuron siwalicU®rasad, 2006

Palm

Tropical forest

Throughout coastal region

DICOTYLEDONS
Anonaceae

Fissistigma seniiLakhanpal, 1969 Fissistigma bicoloH. f. & Evergreen Northeast India
Th.
F. senii Lakhanpal; Prasad, 2006 F. wallichii Hook. f. & Th. Evergreen Northeast India
F. siwalicaLakhanpal & Awasthi, F. rubiginosumMerr. Evergreen Assam, Bangladesh, Myanmar,
1992 Thailand and Borneo
Clusiaceae
Cratoxylon bilaspurensiBrasad, 2006 Cratoxylon prunifoliunDyer Evergreen Myanmar, Cochin China, Martaban

Hills and Andamans

Dipterocarpaceae
Dipterocarpus siwalicusakhanpal &
Guleria, 1987

Dipterocarpus tuberculatus
Roxb.

Evergreen to moist
deciduous

Northeast India, Andamans, Myanma
and Malaya

Meliaceae
Trichilia siwalicaPrasad, 2006

Trichilia connaroidesW. & A.

Moist deciduous

Sub-himalayan tract, Assam and sout|
India

Rhamnaceae
Berchemia balugoloaensisakhanpal,
1967

Berchemia floribundavall.

Moist deciduous

Sub-himalayan region and Northeast
India

Zizyphus siwalicukakhanpal, 1965,
1967

Zizyphus incurvdoxb.
Z. xylopyruswilld.

Mixed deciduous

India, Myanmar

Fabaceae

Millettia bilaspurensidPrasad, 2006 | Millettia pachycarpaBenth. Evergreen Northeast India, Myanmar and Malaya
Sabiaceae
Meliosma eopinnat®rasad, 2006 Meliosma pinnataddook. f. Evergreen Northeast India and Myanmar

Combretaceae
Terminalia balugoloaensisakhanpal
& Awasthi, 1992

Terminalia alataRoth.

Moist deciduous

Sub-himalayan tract and Myanmar

Lythraceae
Lagerstroemiasp. Lakhanpal &
Dayal, 1966

?Lagerstroemia indic&inn.

Mixed deciduous

Moraceae
Ficus precunedakhanpal, 1968

Ficus cuneddam.

Mixed deciduous

Himalayan foot hills, Assam and
Bangladesh

F. oodlabariensifAntal & Awasthi;
Prasad, 2006

Ficus benjamind.inn.

Evergreen

Northeast India, Myanmar, Bangladg
and Andamans
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Fig. 2—Present day distribution and forest types of modern comparable species of the fossil taxa of Balugoloa Assemblhgk Priidesh.

flower impressions from the Siwalik foreland basins of IndiaANGIOSPERMOUS LEAVES OF SIWALIK FORELAND
Nepal and Bhutan. BASINS

The angiospermous fossil leaves, having both secondary
and tertiary venation, usually with isolated termination of  Sahni (1964) for the first time reported a grass-like
veinlets are recovered from the different fossil localities ahonocot leafPoacites siwalicufrom the Chinji Formation
Siwalik foreland basins (Fig. 1). Almost all the fossil leavesear Plandri, Rajouri District, Jammu. Later on several workers
unearthed from Siwalik foreland basins were identified witmvestigated the plant fossils from different fossil localities of
extant taxa and thus a data base (Figs 2-11) is generatedSiovalik foreland basin and reported a variety of fossil leaves
the precise reconstruction of Siwalik floristics and interpretingomprising 324 species of 174 genera and 60 families of both
the palaeobotanical inferences of the Himalayan foot hillsaonocots and dicots. The later is represented by only four
Keeping in view the extent and thickness of Siwalik forelanfamilies- Marantaceae, Arecaceae, Smilaceae and Poaceae, the
basins the data available so for is still unsatisfactory. Howeveest are of Dicotyledons. The angiospermous fossil leaves
there are record of some important and significant taxacovered so far from a number of exposures lying in the
documented from several Siwalik localities. These data aftmalayan foreland basin between Himachal Pradesh in the
analysed here and an attempt has been made to deducentbst and Bhutan in the east have been categorized into 10
palaeoclimate of the region during Siwalik Period (Mioassemblages.
Pliocene).
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Fossil taxa Modern comparable Forest types Distribution
species
DICOTYLEDONS
Meliaceae
Meliaceaeophyllum mahagonitearma, | Swietenia mahagodiacq. Evergreen to moist Southern and western India
1968 deciduous
Rhamnaceae
Ziziphuscf. Z. rugosaPrasad, 1994a Z. rugosaLamk. Mixed deciduous Sub-himalayan tract, Myanmar
and Sri Lanka
Fabaceae
Albiziacf. A. gamblePrasad, 1994a A. gambleiPrain(A. lebbek) | Evergreen to moist Sub-himalayan tract and
deciduous Myanmar
Cassiacf. C. fistulaPrasad, 1994a C. fistulaLinn. Mixed deciduous India and Myanmar
Pongamiacf. P. glabraPrasad, 1994a P. glabraVent. Evergreen to moist Malaya, Sri Lanka, Australia and
deciduous Polynesia
Dalbergiacf. D. sissodPrasad, 1994a P. sissodRoxb. Mixed deciduous Sub-himalayan tract, Assam and
Myanmar
Myrtaceae
Eucalyptophyllum raovVarma, 1968 E. oleosaF. Muell. Evergreen Australia

E. gracilisF. Muell.

Myrsinaceae
Myrsinecf. M. capitellalaPrasad, 1994a| M. capitellatawall. Evergreen Northeast India, Myanmar, Sri
Lanka and Malaya

Ebenaceae

Diospyros embryopterisitégarma, 1968 | D. embryopteriders. Evergreen to moist Sub-himalayan tract and Sri
deciduous Lanka

Euphorbiaceae

Homonoiacf. H. riparia H. riparia Laur. Evergreen Northeast India, Sri Lanka and

Prasad, 1994a central India

Crotoncf. C. teglis Varma, 1968 C. tegles Mixed deciduous Northeast India and central Indig

Fig. 3—Present day distribution and forest types of modern comparable species of fossil taxa of Haridwar AssemblagealUttaranch

Leaf Assemblages Family GeneraSpecies  (Paplionid), a euphorbiaceous ledfléllotussp.) and a grass-

like leaf from the Siwalik foreland basin of Kangra District.
1. Balugoloa Assemblage 12 13 18 Dayal and Chaudhury (1967) also reported some badly
2. Haridwar Assemblage 7 1 11 preserved dicot leaves from the Lower Siwalik sediments of
3. Kathgodam Assemblage 28 55 64 Koshalya River, Himachal Pradesh. Systematic study on the
4. Tanakpur Assemblage 6 1 14 fossil leaves collected recently from Ranital and Bilaspur area
5. Koilabas Assemblage 30 80 112 of Himachal Pradesh (Prasad, 2006) added eight more taxa to
6. Surai Khola Assemblage 32 63 82 the present assemblage (Fig. 2). They are assigned to the genera
7. Arung Khola Assemblage 16 21 22 Fissistigma, Cratoxylon, Hydnocarpus, Trichilia, Meliosma,
8. Bhikhnathoree Assemblage 11 19 19 Millettia, Ficusand Amesoneuron
9. Oodlabari Assemblage 24 45 53
10. Bhutan Assemblage 5 5 5 Haridwar Leaf Assemblage, Uttaranchal

The Himalayan foreland basin of Uttaranchal consists of
Balugoloa Leaf Assemblage, Himachal Pradesh enormously thick succession of fluvial deposits made up of
The systematic study on a leaf assemblage collected fr@andstones, grits, conglomerates, pseudoconglomerates, clays
the fossil localities situated in the foreland basin of Himachahd silts and exposed at many places containing within them
Pradesh revealed the presence of a variety of taxa which aréch angiospermous plant remains. The Haridwar beds lie
significant from both palaeoclimatic and phygeographic poirtbout 30 km south east of Mohand in Dehradun Valley. These
of view. The well preserved fossil leaves collected frorheds are nearly 3000 m thick molasse type sediments which
Balugoloa, a well known Siwalik locality near Jawalamukhiirtan be divided into Middle and Upper Siwalik units on the
Kangra District were investigated by Lakhanpal (1965, 196Basis of gross lithological characters.

1968, 1969), Lakhanpal and Dayal (1966), Lakhanpal and Guleria Varma(1968) first of all described ten angiospermous leaf
(1987) and Lakhanpal and Awasthi (1992). impressions from the Middle Siwalik sediments at Bagh Rao
Lakhanpakt al.(1987) described a leaf of bamboo frormear Haridwar under form specieBleliaceaephyllum
the Lower Siwalik sediments of Ranital on Jawalamukhi-Kangraahagonites, Diospyros enbryopterisites, Eucalyptophyllum

Road, Kangara District, H.P. Mathur (1978) reported eaoi and Croton cf. C. teglis of the family Meliaceae,
lauraceous leafl(tsea bhatiaj, a papilionaceous leaf Ebenaceae, Myrtaceae and Euphorbiaceae respectively.
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Fossil taxa Modern comparable Forest types Distribution
species
MONOCOTYLEDONS
Marantaceae
Alpinia siwalicaPrasacet al.,2004 A. buteocarp@oepp. Evergreen Philippines
Clinogyne ovatugAwasthi & Prasad) C.grandisBenth. & Moist Sub-himalayan tracts
Prasacet al.,2004 Hooker deciduous
Poaceae
Bambusa siwalik§Awasthi & Prasad) B. tuldaRoxb. Moist N.E. India, Bangladesh and Myanmar
Prasackt al.,2004 deciduous

DICOTYLEDONS
Anonaceae
Uvaria siwalikaPrasad, 1994c

Cananga tertiaréPrasad, 1994c

Saccopetalum pretomentostrrasacdet
al., 2004

Capparidaceae

Capparis palaeomicranthRrasackt al.,
2004

Bixaceae

Bixa kathgodamensRrasackt al.,2004
Flacourtiaceae

Gynocardia mioodorataPrasacket al))
Prasacet al. 2004

Hydnocarpus palaeokurzitrasad 1994¢

Uncobia palaeospinosBrasad 1994c

Clusiaceae
Mesua tertiaralLakhanpal) Prasad,
1994c

Garcinia eocambogi®rasad 1994c

Calophyllum suraikholaensigwasthi
& Prasad) Prasaet al.,2004
Dipterocarpaceae

Dipterocarpus siwalicugLakhanpal &
Guleria) Prasad, 1994c

Hopea kathgodamensirasad, 1994d
Shorea miocenic@Antal & Prasad)
Prasackt al., 2004

Bombacaceae

Pachira palaeomalabaric&®rasacet al.,
2004

Sterculiaceae

Sterculia kathgodamens$@rasad, 1994c

Tiliaceae

Grewia kathgodamensi®rasacet al.,
2004

Rutaceae

Geijera siwalicaPrasad, 1994d
Acronychia siwalicaPrasad, 1994d

Meliaceae
Trichilia miocenicaPrasad, 1994c

Toona siwalicaAwasthi & Lakhanpal)
Prasad, 1994c

Chukrasia miocenic®rasad, 1994d

Dysoxylum mioklandefrasad, 1994d

U. hamiltoniiHook. f.

C. odorataHook. f. &
Thoms.

S. tomentosurklook f.
& Thoms.

C. micranthaDC

B. orellanaLinn.
G. odorataR. Br.
H. kurzii (King) Wrab.

U. (Stuartia) spinosa
Forsk.

M. ferrea Linn.

G. cambogiaRoxb.

C. polyanthunWall.

D. tuberculatusRoxb.
H. micranthaHook f.

S. buchananiFischer
P. malabarica (sesoilis)
Aubl.

S. coccinedack

G. laurifolia Hook.

G. parvifloraLindl.
A. baueriSchott.

T. glabraVell.

T. ciliata Roxb.

C. tubularisAdr. Juss.

D. kalanderiF. Muell.

Evergreen to
moist deciduous

Evergreen

Moist
deciduous

Evergreen

Evergreen
Evergreen
Evergreen

Mixed
deciduous

Evergreen

Evergreen
Evergreen
Evergreen to
moist deciduous

Evergreen
Evergreen

Evergreen

Evergreen

Evergreen

Evergreen
Evergreen to
moist deciduoug

Moist
deciduous
Evergreen to
moist deciduous

Moist
deciduous

Evergreen

Sub-himalayan tract, Assam, Sikkim, Khasi
Hills, Chhota Nagpur, Bangladesh, Andaman
Island and Myanmar

Martaban and Tennasserim, Malayan Peninsu
and Archipelago

Bihar, Orissa, Western Ghats and throughou
the Peninsula and Arawali Hills

Malaya Peninsula, Pegu and Tennasserim

Tropical India and America
Sikkim, Khasi Hills, Myanmar and NE India
Martaban, Eastern and southern slopes of

Peguyoma
Tropical Arabia and Egypt

Chittagong, Upper Myanmar Andaman Islands
Malaysia, Sri Lanka and south India

Western peninsula from Konkan to Travanco
Sri Lanka and Andamans
Bangladesh, Myanmar and Malaya

[v]

Myanmar, Cochin China and Thailand
Malacca, Myanmar and Borneo
Myanmar

Tropical America, Mexico and West Indies

Sikkim, Assam, Khasi Hills, Bhutan and

Myanmar

Malacca & Penang, Maingay and Borneo

Tropical Australia

Australia, Macleay and Clarence rivers

Tropical Africa

Sub-himalayan tract from Indus eastwards,
Western Ghats and hills of western peninsulg

N.E. India, Myanmar Chittagong, throughout
south India

Australian land masses

contd.
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Rhamnaceae
Zizyphus miocenicuBrasad, 1994c

Z. kathgodamensRrasad, 1994c

Sapindaceae
Euphorea siwalic®rasad 1994c
Cupania miocenic@rasackt al.,2004

Anacardiaceae

Holarrhena nainitalensis
Prasackt al.,2004

Fabaceae

Acacia eosericat®rasad, 1994c

Albizia siwalica(Prasad) Prasad, 19949

Dialium palaeoindunPrasad, 1994c
Cassia siwalicPrasad, 1994c

Samanea siwalicRrasad, 1994c
Millettia palaeoracemoséAwasthi &
Prasad) Prasad, 1994c

M. siwalica(Prasad) Prasad, 1994d

M. kathgodamensiBrasacet al., 2004

Cynometra palaeoiripgPrasacet al)
Prasacet al.,2004

Ormosia robustoidefPrasad) Prasaet
al., 2004

Derris prakashiiPrasacet al.,2004

Pongamia kathgodamensRrasad,
1994d

Rosaceae

Parinari kathgodamensis
Prasad, 1994c
Combretaceae
Terminalia miobelerica
Prasad, 1994c

Lythraceae
Lagerstroemia patelifLakhanpal &
Guleria) Prasad, 1994c

Lagerstroemia jamraniensid&rasackt
al., 2004

Rubiaceae

Morinda palaeotinctorigPrasad, 1994c

Gardenia nainitalensi®rasagd1994c

Myrsinaceae
Ardisia palaeosimplicifolia
Prasad, 1994c

Sapotaceae
Sarcosperma mioarboratum
Prasacet al.,2004

Ebenaceae
Diospyros kathgodamendfsasad,
1994c

D. palaeoebenunPrasad, 1994d
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Z. jujubaLam.
Z. xylopyruswild.

E. didymaBlanco.
C. jackianaHeirn.

H. antidysentricawall.

A. sericataA. cun ex
Benth.
A. lebbekBenth.

indumLinn.

D.
C. toraLinn.

samarMerrill

racemosaenth.

ovalifolia Kurz.

iripa kotel

© 6 £ £ 20

robustaWight.

D. trifoliata Lour.

P. glabraVent.

P. excelséBabine.

T. belericaRoxb.

L. flosreginaeRetz.

L. specios&Pers.

M. tinctoria Roxb.

G. jasminoideRetz. =
(G. scandense)

A. simplicifoliaWalp.

S. arboratunBenth

D. cacharensigDas &
Kanijilal) H.B. Naithani

D. ebenunKurz.

atropurpureaBenth.

Mixed
deciduous
Mixed
deciduous

Evergreen
Evergreen

Mixed
deciduous

Mixed
deciduous
Evergreen to
moist deciduous
Evergreen
Mixed
deciduous
Evergreen
Moist
deciduous
Moist
deciduous
Evergreen

Moist
deciduous
Evergreen
Evergreen
Evergreen to
moist deciduoug

Evergreen

Evergreen to
moist deciduous

Evergreen to
moist deciduous

Moist
deciduous

Evergreen
Evergreen
Evergreen to
Moist

deciduous

Evergreen

Evergreen

Evergreen

Throughout India and Myanmar

North western Himalayan foot hills, central
India and western Peninsula

Malayan Archipelago
Nicobar Islands

Sub-himalayan tract, India, Western peninsul
Myanmar

Northern Australia
Sub-himalayan tract, Peninsulas and Myanm

Malayan Peninsula

Central Himalaya, Madhya Pradesh and
Cosmopolitan

Tropical America, Konkan, North Kanara,
coastal Andhra Pradesh, South Deccan,
Myanmar, Pegu and Tennaserim
Sub-himalayan region and Myanmar

Pegu yoma Hills, Martaban and Tennasserim
Indo-Malayan region

Arunachal Pradesh, Assam, Bangladesh ang
Myanmar

China, N. Australia, Polynesia, Eastern
Himalaya, Western Peninsula and Ceyon
Oudh forests and sub-himalayan tract, Sri
Lanka, Malaya and Tropical Australia

Tropical Africa, Sierra leon, Don and Bagroo
rivers

Sub-himalayan tract, common throughout Ind
and Myanmar except the arid region of Sindh
western Rajasthan and southern Punjab and
Malaysia

Assam, Chittagong, Lower Myanmar, Wester
Ghats, Sri Lanka and Malayan peninsula

Myanmar, Bangladesh, Ceylon, Malayan
Peninsula, Assam and Western Ghats

Central Provinces, Bihar, Myanmar, Malayan

Peninsula
Taiwan to Japan

Tennasserim, Bengal and Assam

Sub- himalayan tract and outer hills, Eastern
India, Upper Myanmar and Yunnan

Cachar and Lakhimpur in Assam, Khasi Hills
Meghalaya, Siang District, Arunachal Prades

Ceded Distt. especially Kurnool and Cuddapg
Sri Lanka

contd.
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D. nainitalensisPrasacet al.,2004 D. chloroxylonRoxb. Moist Western Peninsula and North and eastern pdrt
deciduous of India

D. palaeoerianth&rasacet al.,2004 D. eriantha(Champ.) Evergreen to Philippines

Benth. Moist

deciduous

Apocyanaceae

Wrightia siwalicaPrasad, 1994c W. tinctoria R. Br. Moist Rajputana, Central Provinces and Western
deciduous Peninsula

Lauraceae

Michilus miocenica&Prasad, 1994d M. odoratissima\ees. Evergreen to Outer himalayan ranges from

moist deciduoud Indus eastwards, Khasi Hills of
Martaban and upper Myanmar
Euphorbiaceae

Mallotus venkatachald®rasad, 1994c | M. cochinchinensis Evergreen Assam, Bengal, Bangladesh, Myanmar
Lour.
M. repandusMuell. Sri Lanka and Malaysia
Arg.

Phyllanthus siwalic®rasad, 1994d P. gracilipsMuell. Arg. | Evergreen to Shady forests of Java
moist deciduous

P. mioreticulatugPrasackt al) Prasad | P. reticulatus Poir. Moist India, Myanmar and Sri Lanka

et al.,2004 deciduous

Homonoia mioriparia/Antal & Prasad) | H. riparia Lour. Evergreen Myanmar, Sri Lanka, Malaya Peninsula, China

Prasackt al.,2004 and India except in the North-West

Glochidion miocenic&rasad1994c G. chlorophaesaill. Evergreen Malaysia

Moraceae

Ficus precuned.akhanpal, 1969 E. cuneaHam. Mixed Sub-himalayan tract and Outer Hill from the
deciduous Chenab eastward, Manipur, Khasi hills and

Myanmar
Ficus oodlabariensi¢Antal & Awasthi) | F. benjaminaLinn. Evergreen Eastern Himalaya, Assam, Chittangong,
Prasackt al., 2004 Andamans, Pegu and Martaban

Fig. 4—Present day distribution and forest types of modern comparable species of the fossil taxa of Kathgodam Assemilagieal Uttar

Awasthi (1992) opined that the identification of these leakvealed that they belong to of 64 species represented by 55
impressions (expe®iospyros embryopterisitgss doubtful genera belonging to 28 families of angiosperms (Prasad, 1994c,
on the basis of mainly their phytogeographical distributiord; Prasaet al, 2004; Fig. 4).

Later on Prasad (1994a) investigated the angiospermous fossil

leaves collected from a well exposed section of about 15 km in Tanakpur Leaf Assemblage, Uttaranchal

length from Lalita Rao to Kharkhari and reported some In the Siwalik foreland basin of Uttaranchal, there is
significant taxa belonging to the family Rhamnaceae, Fabaceanother fossiliferous locality, Tanakpur in Champawat District

Myrsinaceae and Euphorbiaceae (Fig. 3). which contains great variety of angiospermous leaves.
Concerted efforts have so far been made by several workers
Kathgodam Leaf Assemblage, Uttaranchal to study the plant fossils from this area. Although a large

Kathgodam is one of the important fossiliferous localitieaumber of well preserved fossil leaves were collected by the
in the Siwalik foreland basin of Uttaranchal, India. This ipresent author from a road cutting section from Thuligad to
located in the district of Nainital which is about 306 km nortfPurniyagiri Temple yet only few publications were made on
east of New Delhi on Haldwani—Nainital Road bounded bthe angiospermous fossil leaves of the area. Lakhanpal and
Siwalik Hills in north and Terai Plain towards south. The SiwalikGuleria (1978) described a lauraceous fossil |Pafsea
beds in Kathgodam area found running in a northeast directiparniyagiriensidrom the Tanakpur area. Recently, Shashi
and are well exposed along Kathgodam-Nainital Roadl. (2006, 2007) reported some fossil leaves from the same road
Kathgodam-Bhimtal Road near Ranibag bridge and on batkction belonging to the family Anonaceae, Sterculiaceae,
sides of Gola and Balia rivers. Geological study of the Siwalikabaceae, Apocynaceae, Ebenaceae and Lauraceae (Fig. 5).
Sequence of the Kathgodam-Rainbag-Amritpur sector of
Kumaun sub-Himalaya has been made by Shukla (1984). This Koilabas Leaf Assemblage, western Nepal
sequence consists of several alternations of sandstone and The fossiliferous locality, Koilabas lies on the Indo-Nepal
mudstone varying in thickness from 4-54 m. A Middle MiocenBorder (about 1 km inside western Nepal) near Jarva in
age has been assigned to these Siwalik beds on the basBadfampur District of Uttar Pradesh, India. It is bounded by
lithology and vertebrate fauna (Ranga Raal, 1979). Churia Hills towards north and Terai Plain towards south. The

A rich and diversified assemblage of plant fossils wassil exposures fall in the Dang Section of the Churia Hills in
collected from the Lower Siwalik sediment of Balia and Golavestern Nepal. In this area the Lower Churia Formation is
river sections in the Kathgodam area. Their detailed studyserved from Koilabas to Darwaja containing fine grained
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Fossil taxa Modern comparable Forest types Distribution

species
DICOTYLEDONS
Anonaceae
Mitrephora siwalikaAntal & Awasthi; M. maingayiHook. f. & Th. | Evergreen North east India, Myanmar,
Shashkt al, 2006 Malaya and Sri Lanka
Ellipeia mioceniceShashiet al, 2007 E. cuneifoliaHook. f. & Th. | Evergreen Malaya

Comiphora precaudat&hashet al, 2007

C. caudateEngl.

Mixed deciduous

Western Peninsula

Sterculiaceae

Sterculia tertiaraShashiet al, 2006 S. ensifolidMasters Evergreen Philippines and Malaya
Fabaceae
Cynometra siwaliké\wasthi & Prasad; polyandraRoxb. Evergreen North east India and Malaya

Shashiet al, 2006

Millettia purniyagiriensisShashiet al, 2006

auriculataBacker

Mixed deciduous

Sub-himalayan tract, central
India

o g F O

Millettia prakashiiShashiet al, 2007 atropurpureaBenth. Evergreen Myanmar, Martaban Hills
and South India
Caesalpinia purniyagiriensiShashiet al, microphyllaG. Don. Evergreen North east India and Malaya

2007

Peninsula

Ebenaceae
Diospyros palaeoebenuRrasad; Shasleit

D. ebenunkurz.

Evergreen to moist

South and central India and

al., 2007 deciduous Sri Lanka

Diospyros purniyagiriensiShashiet al, D. variegataKurz. Evergreen Northeast India, Myanma
2007 and Martaban Hills
Apocynaceae

Chonemorpha miocenid@rasad & Awasthi; | C. macrophyllaG. Don. Evergreen North east India, Western

Shashiet al, 2006

Ghats and Malaya

Lauraceae
Cinnamomum nepalendfsasad & Pandey;

C. caudatuniNees

Evergreen to moist

Northeast India and

Shashiet al, 2007 deciduous Myanmar
C. miotavoyanunShashet al, 2007 C. tavoyanunMeiss. Evergreen South India and Myanmaf
Persea purniyagiriensisakhanpal & Perseaspp. Evergreen Indo-Malaya

Guleria, 1978

Fig. 5—Present day distribution and forest types of modern comparable species of the fossil taxa of Tanakpur Assemblacfeal Uttar

sandstone beds with variegated clay and some pebbles. Fidhola. This sequence measures about 16 km in length and lies
Darwaja to Masot Khola the rocks represent the Upper Chughout 70 km west of Butwal, District Kapilbastu in western
Formation. In Garubir Pass the lower formation is founblepal.

thrusted over the upper formation (Sharma, 1977). The section A multidisciplinary research work (tectonic,
belonging the Lower Churia Formation (Lower Siwalik)ithostratigraphy, magnetostratigraphy, palaeontology and
containing excellently preserved angiospermous le&otopic) has been carried out by workers of different countries
impressions is well exposed on the both sides of Koilab&Sorvinus, 1988a, b, 1990, 1994; Appel & Rosler, 1994; Quade
nala (also known Dang nala). etal, 1995; Sanyadt al, 2005). Corvinus (1988a, b) who was

Morphotaxonomical study on the angiospermous leavéise pioneer worker of the Surai Khola Siwalik, measured the
collected from Koilabas area (including Jarva and Seria Nakahole sequence of the area to 5600 m and further divided into
has been carried out by Tripathi and Tiwari 1983, Prasad afinee formations, namely- Bankas (Corresponding to Chinji),
Prakash 1984, Prasad 1990a, b, 1994a, Retabti099, Dwivedi Chor Khola (Middle Siwalik), Surai Khola (Middle-Upper
et al 2006a, b, Prasad and Dwivedi 2007, 2008 to gener&éevalik), Dobata (= Pinjore) and Dhan Khola (Boulder
palaeobotanical data for precise reconstruction of SiwalBonglomerate). This is one of the best sequences of Siwalik
floristics and interpreting the palaeoenvironment ansediments for palaeobotanical studies. There are more than 55
phytogeography of the area. They have identified about 1#@cognized fossiliferous beds of mainly shales, siltstones,
taxa belonging to one monocotyledonous and 3fudstones and fine grained sandstones. A variety of well
dicotyledonous families (Fig. 6). preserved angiospermous leaf impressions were collected from

these beds.
Surai Khola Leaf Assemblage, westerNepal The detailed study on the angiospermous fossil leaves

Surai Khola is one of the most importantso far collected from the Surai Khola area reveals the presence
and internationally famous fossil localities in the Siwalilkof a number of significant taxa comprising about 82 species
foreland basin of Nepal. There is a complete and uninterrupteelonging to 68 genera and 32 families of both monocots and
sequence of the Siwalik Group exposed along thdicots (Awasthi & Prasad, 1990; Prasad & Awasthi, 1996;
Mahendra Highway between Surai Naka and Rangsiiyasad & Pandey, 2008; Fig. 7).
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Fossil taxa

Modern comparable species

Forest types

Distribution

MONOCOTYLEDONS
Marantaceae

Donax kasauliensiéSrivastava &
Guleria) Prasad & Dwivedi, 2008

D. cannaeformisLour.

Evergreen to Moist
Deciduous

Indo-Malayan region

DICOTYLEDONS

Anonaceae

Miliusa mioveluntinaPrasacet al. 1997
Miliusa siwalicaPrasacet al.,1999
Anona koilabasensiBrasackt al, 1999
Goniothalmus siwalicuBrasackt al.,
1997

Mitrephora miocenic&®rasacet al., 1997
Melodorum jarwaensi3ripathiet al.,
2002

Polyalthia palaeosumatrana
Tripathiet al.,2002

Fissistigma seni{Lakhanpal) Prasad &
Dwivedi, 2008

Fissistigma mioelegarBrasackt al.,
1999

Uvaria siwalika(Prasad) Prasad &
Dwivedi, 2008

Dilleniaceae

Dillenia palaeoindica

Prasad & Prakash, 1984

Polygalaceae
Securidaca miocenic@rasacet al.,1997

Qualea siwalicaPrasad & Dwivedi, 2008

Flacourtiaceae
Flacourtia seriaensi®rasacet al., 1997

F. koilabasensisPrasad & Dwivedi,
2008

Ryparosa prekunstelRrasad, 1990a

Gynocardia mioodorat®rasacet al.,
1999

Clusiaceae
Mesua tertiara(Lakhanpal) Prasad,
1990a

Kayea kalagarhensi@rasad) Prasad,
1994e

Garcinia nepalensisPrasacet al., 1999

Dipterocarpaceae

Isoptera siwalicePrasacet al., 1999
Dipterocarpus siwalicugLakhanpal &
Guleria) Prasad, 1990b

D. koilabasensi®rasacet al., 1999

Hopea mioglabraPrasad, 1994e
Shorea eutrapizifoli®rasacet al.,1999
S. miocurtisiiPrasad & Dwivedi, 2008

Rutaceae
Evodia koilabasensiBrasad, 1994e

Murraya khariensigLakhanpal &
Guleria) Prasad, 1994e

Atlantia miocenicérasad, 1994e

Simaroubaceae
Brucea darwajensiBrasackt al.,1999

M. veluntinaH. f. & Th.

M. thoretii Finet & Gagnep.
A. laurifolia Linn.

G. meboldiiBlume

M. macrophyllaOliver
M. bicolorH. f. & Th.

P. sumatran&urz.
F. wallichii H. f. & Th.
F. eleganH. f. & Th.

U. hamiltoniiH. f. & Th.

D. indicaLinn.

S.inappendiculateHask.
Q. densiflorawarm

F. catafracta Roxb.
F. montanaGrahm.

R. kunstelrKing.

G. odorataR. Br.

M. ferreaLinn.

K. floribundawall.
G.cowal.

1. borneonsiBr.

D. tuberculatufRoxb.
D. turbinatusGaertn.
H. glabraW. & A.
S.trapizifolia Thw.

S. curtisiiDyer

E. fraxinifolia Hook. f.

M. paniculata(Linn.) Jacq.

A. monophylleCorr.

B. molliswall.

Mixed deciduous
Mixed deciduous
Evergreen
Evergreen

Evergreen
Evergreen to Moist
deciduous
Evergreen to Moist
deciduous
Evergreen

Evergreen

Evergreen to Moist
deciduous

Mixed deciduous

Evergreen to Moist
deciduous
Evergreen

Mixed deciduous
Evergreen to Moist
deciduous
Evergreen
Evergreen

Evergreen
Evergreen
Evergreen
Evergreen
Evergreen to moist
deciduous
Evergreen
Evergreen
Evergreen
Evergreen
Evergreen to moist
deciduous

Mixed deciduous

Evergreen

Evergreen

Sub-himalayan tract and Myanma|
India and China
Java
Malaya

Malaya
N.E. India and Myanmar

Sumatra, Borneo and Malaya
N.E. India
Malaya and Malacca

N.E. India, Andaman and
Myanmar

India and Myanmar

N.E. India and Java
Tropical America

N.E. India, Myanmar and Malaya
N.E. India, Myanmar and S. India

Malaya
N.E. India and Myanmar

N.E. India, Myanmar and Malaya
N.E. India and Myanmar

N.E. India, Bangladesh and
Myanmar

Java and Myanmar

N.E. India, Myanmar and South
east Asia

N.E. India, Bangladesh and
Myanmar

South India

Ceylon

Malaya

N.E. India, Malaya and Nepal
Sub himalayan region, Myanmai
Andaman and Australia
South and North India, Myanmar

and Andaman

N.E. India and Myanmar

contd.
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Meliaceae

Chloroxylon palaeoswieteni@rasad,
1990a

Aglaia nepalensi®rasacet al. 1999
Rhamnaceae

Berchemia nepalensRrasad &
Dwivedi, 2008

B. siwalica Tripathi et al.,2002
Zizyphus miocenicBrasad, 1994e
Sapindaceae

Filicium koilabasensis

Prasad, 1994e

Euphorea nepalensis

Prasad, 1994e

Otophora miocenica

Prasad, 1994e

Nephelium palaeoglabrufrasackt al.,
1997

Paranephelium seriaensizrasad &
Dwivedi, 2008

Arytera seriaensi®rasad & Dwivedi,
2008

Sabiaceae

Sabia eopaniculata

Prasad, 1994e

S. siwalicaDwivedi et al, 2006a
Anacardiaceae

Swintonia palaeoschwencki®iasad &
Awasthi) Prasaeét al, 1999

Bouea koilabasensRrasad1994e

B. premacrophyllaAntal & Awasthi;
Dwivedi et al, 2006a

Tapiria chorkholiense

Prasad, 1994e

Mangifera someshwaridgakhanpal &
Awasthi) Prasad, 1994e; Prasddil.,
1997

Dracantomelum seriaensi¥rasackt al.,
1997

Fabaceae

Pongamia kathgodamensdisasad, 19944

Albizia siwalicaPrasad, 1990b

Cassia nepalensBrasad, 1990a

C. miosiamedrasad, 1994e

C. neosophor@rasad, 1994e
Dalbergia eucultratePrasacet al.,1999
D. miovolubilisPrasackt al.,1997

D. miosericeaPrasad, 1990b

D. siwalikaPrasad, 1994e
Millettia siwalicaPrasad, 1990a

M. ovatus Tripathiet al, 2002

M. palaeomaniDwivediet al,
2006b

M. imlibasensiPrasacet al.,1999
M. koilabasensi®rasad, 1990b

M. miobrandisianéPrasad, 1994e
Canavalia siwalicaDwivedi et al,
2006b

C. swieteniaDC.
A. euryphyllaKoor. & Valeton
B. hamos&arongn.

B. floribundawall.
Z.jujubalLam.

F. decipiens&hw.

E. longanaLamk.

O. fruticosaBlume.

N. glabrumNoronh.

P. xestophylluniMiq.) King.

A. oshaneian®adik.

S.paniculataSeem.
S. malabaricaBedd.
S.schwenckiiTeysn.
B. burmaniceGriff.
B. macrophylleGriff.
T. hirsutaHook. f.

M. indicaLinn.

D. sylvestréBlume

P. glabraVent.
A. lebbelGamble

. hirsutaLinn.
siamed.am.

. sophorawall.

. cultratal.

. volubilisRoxb.
. sericeaBoj.

DooUO00O0

o

. sissodRoxb.
M. ovalifoliaKurz.

M. pubinerviKurz.
M. maniiBacker

M. brandisianaKurz.

M. macrostachy&oll. & Hemsl.

M. brandisianaKurz.
C. roseaDC.

Mixed deciduous
Evergreen
Mixed deciduous

Mixed deciduous
Mixed deciduous

Evergreen

Evergreen to moist
deciduous

Evergreen
Evergreen
Evergreen

Evergreen

Evergreen to moist
deciduous

Evergreen
Evergreen
Evergreen
Evergreen
Mixed deciduous

Evergreen to moist
deciduous

Evergreen

Evergreen to moist
deciduous
Evergreen to moist
deciduous

Mixed deciduous
Mixed deciduous
Evergreen

Mixed deciduous
Mixed deciduous
Mixed deciduous

Mixed deciduous

Evergreen to Moist
deciduous

Moist deciduous
Evergreen

Moist deciduous
Evergreen to moist
deciduous
Evergreen

Evergreen to
Moist deciduous

India and Sri Lanka
Java

Nepal, Wallich and Western
Peninsula

N.E. India
India and Myanmar

South India, Sri Lanka and
Tropical Africa

South and North India, Myanmar
and Malaya

Malaya

Malaya
Malaya and Myanmar

Australia

Sub-himalayan region, Myanmar
and Malaya
N.E. India and Malaya

India, Myanmar and Malaya

South India, Andaman and
Myanmar

Java, Borneo and Malaya
N.E. India, Nepal and Bhutan

India and Malaya

Borneo

India, Sri Lanka and Malaya
N.E. India and Myanmar

Central India

India, Myanmar and Malaya
South east Asia

India and Myanmar

India and Nepal

Sub-himalayan region and
Madagascar
Sub-himalayan region
Sub-himalayan region and
Myanmar
Myanmar
Tropical Africa

Myanmar
Myanmar

Myanmar
Malaya and south India

contd.
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Ormosia robustoideRrasad, 1990b
Samanea siwalicRrasad, 1994e
Entada palaeoscanderf@wasthi &
Prasad) Prasad, 1994e

Cynometra palaeoirip®rasacet al.,
1999

C. siwalika(Awasthi & Prasad) Dwivedi
et al, 2006b

Combretaceae

Anogeissus eosericézrasad & Prakash,
1984

Calycopteris floribundoideBrasad,
1990a

Terminalia koilabasensis

Prasad, 1990a

T. siwalicaPrasad, 1990a

T. panandhroensi@_akhanpal &
Guleria) Prasad, 1994e
Combretum sahn{iAntal & Awasthi)
Prasad, 1994e

Lythraceae

Lagerstroemia siwalica

Prasad, 1994e

L. mioparvifloraDwivedi et al,
2006a

L. eomicrocarpaDwivediet al,
2006a

Woodfordia neofruticosBrasad, 1994e

Anisophylleaceae

Anisophyllea siwalic®rasad & Awasthi,
1996

Myrtaceae

Syzygium miocenicuRrasad & Prakash
1984

Syzygium miooccidentalRrasackt al.,
1999

Caprifoliaceae

Lonicera mioquinqueloculariBrasad,
1990a

Rubiaceae

Canthium siwalicPrasad & Dwivedi,
2007

Randia miowallichiiPrasad, 1990a

R. miouncariaPrasad & Dwivedi, 2007
Morinda siwalicaPrasad, 1994e

Nauclea seriaensifrasad & Dwivedi,
2007

Ebenaceae
Diospyros koilabasensRrasad, 1990a

D. pretoposiaPrasad, 1990a

D. darwajensisPrasacet al., 1999
Apocynaceae

Tabernaemontana precoronarirasad,
1990a

Carissa koilabasensis

Prasad, 1994e

Alyxia koilabasensi®rasad & Dwivedi,
2007

O.robustaJacg.
S.samanMerr.
E. scanden8enth.

C. iripa Kotel.

C. PolyandraRoxb.

A. sericeaBrandis
C. floribundaLam.
T. angustifoliaJacq.
T. pyrifolia Kurz.

T. tomentosaVv.A.

C. decandrunRoxb.

L. lanceolatawall.
L. parviflora Roxb.
L. microcarpa Linn.

W. fruticosaKurz.

A. apetalaScort.

S.claviflorumRoxb.

S.occidentalisBourd.

L. quinquelocularidHardw.

C. dydimunRoxb.
R. wallichiiHook. f.

R. uncariaElmer
M. umbellataLinn.

N. subdita(Miq.) Merr.

D. montanaRoxb.

D. toposiaHam.

D. dasyphylleKurz.
T. coronariaWilld.

C. paucinerviaA. DC.

A. fasciculataBenth.

Moist deciduous
Evergreen
Mixed deciduous

Mixed deciduous

Evergreen

Mixed deciduous
Mixed deciduous
Evergreen
Evergreen to moist
deciduous
Evergreen to moist
deciduous

Mixed deciduous
Evergreen
Evergreen to moist
deciduous
Evergreen to moist

deciduous
Mixed deciduous

Evergreen

Evergreen to moist
deciduous

Moist deciduous

Mixed deciduous

Evergreen
Evergreen

Evergreen
Evergreen

Evergreen

Mixed deciduous
Evergreen
Evergreen
Mixed deciduous
Evergreen

Evergreen to moist
deciduous

N.E. India and Myanmar
Tropical Africa and America
India and Myanmar

India

N.E. India and Malaya

Central India

N.E. India, Myanmar and Weste
Peninsula

Malaya
Myanmar

Sub-himalayan region and
Myanmar

Sub-himalayan region, Bangladeq
and central India

Western Peninsula
N.E. India and Myanmar
S. India, Myanmar and Australia

Sub-himalayan region, Tropical
Africa, Arabia and Peninsulas

Malaya

North east India, Andaman and
Myanmar
India

North-west Himalaya, Nepal and
India

India, Myanmar and Malaya

North east India, Myanmar and
Andaman

Philippines
N.E. India, South India, Sri Lanka
and Malaya
Malaya

India, Myanmar and Sub-
himalayan region
N.E. India, Bangladesh and Sri
Lanka

Martaban

Sub-himalayan region, Sri Lanka
and Myanmar
N.E. India and Myanmar

N.E. India

contd.
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Alstonia nepalensiBrasad & Dwivedi, | A. angustifoliawall. Evergreen Malacca, Myanmar and Malaya
2007
Loganiaceae
Gaertnera siwalicaPrasad, 1990a G. bieleri (D. Willd.) Evergreen Tropical Africa
E. Petit
Solanaceae
Datura miocenicaPrasad, 1990a D. fastuosd.inn. Mixed deciduous India, Malaya and Tropical Africa
Oleaceae

Anacolosa mioluzoniensis
Prasad, 1994e

Verbenaceae

. luzoniensiMerr.

Evergreen

South east Asia

Vitex prenegund®@rasad, 1990a V. negundd.inn. Mixed deciduous India, Sri Lanka and China
V. siwalicaPrasad, 1990a V. pubescen¥ahl. Evergreen India and Myanmar
Lauraceae

Cinnamomum mioinuctum C.inuctumMeissn. Evergreen to moist Myanmar and Malaya

Prasad, 1990a
Moraceae

deciduous

Ficus precunigLakhanpal) Prasad, F. cuniaHam. Mixed deciduous Sub-himalayan region, Assam,
1990a Myanmar and India

F. retusoidedrasad, 1990a F. retusaLinn. Evergreen Malaya

F. nepalensi®rasad, 1990a F. glaberrimaBlume Evergreen India and Malaya

F. eomysorensi$ripathi et al.,2002 F. mysorensigieyn. Moist deciduous N.E. India, Myanmar, Sri Lanka
and Western Ghats

Artocarpus nepalensi®rasad & A. integrifoliaLinn. f. Evergreen N.E. India, Myanmar and Western

Awasthi) Prasad & Dwivedi, 2007 Ghats

Protiaceae

Helicia eoerreticaPrasacet al., 1999 H. erreticaHook J. Evergreen N.E. India and Martaban

Euphorbiaceae

Phyllanthus koilabasensPrasacet al., P. collumnarisMuell. Arg Mixed deciduous Myanmar

1999

P. mioreticulatusPrasackt al.,1999 P. reticulatusPoir. Mixed deciduous India, Myanmar and Ceylon

Antedesma siwalicRrasackt al.,1999 A. montanunil. Evergreen Malaya

A. mioceniceéPrasad & Dwivedi, 2007 A. veluntinosunBlume Evergreen Myanmar and Malaya

Fig. 6—Present day distribution and forest types of Modern comparable species of the fossil taxa of Koilabas Assemblagblepaister

Arung Khola Leaf Assemblage, west central Nepal Bhikhnathor ee Leaf Assemblage, Bihar

The Siwalik (Churia) sediments of Arung Khola, Binai The Bhikhnathoree Assemblage recovered from a small
Khola and Tinau Khola area, west central Nepal lie betwe@atch of fossiliferous beds exposed at Indo-Nepal border near
Main Boundery Thrust (MBT) to the north and Frontal Churi¢ghe Bhikhnathoree in West Champaran District of Bihar. A good
Thrust (FCT) to the south. It consists of about 6000 m thickssemblage of angiospermous leaves comprising 19 species
fluvial deposits having gradual coursing towards top of thef 11 dicotyledonous families were reported by Lakhanpal and
sequence. The geological works (geological mappingwasthi 1984, Awasthi and Lakhanpal 1990, Fig. 9.
lithostratigraphy, sedimentology and magnetostratigraphy) of
the Churia (Siwalik) Group of Arung Khola area has been carried Oodlabari Leaf Assemblage, st Bengal
out by Tokuokaet al (1986, 1988, 1990). Lithostratigraphically, In the eastern part of Siwalik foreland basin, the
the whole sequence is divided into Arung Khola Formatiopalaeobotanical work was initiated by Pathak, (1969) who first
Binai Khola Formation, Chitvan Formation and Deoralof all described a few fragmentary angiospermous leaves as
Formation in ascending order. The former two are furth&€astanopsis tribuloides, Cinnamamum tamala, Machilus
divided into Lower, Middle and Upper units and are highlyillosa, Litsea polyantha, Bridelia stipularis, B. verrucosa,
fossiliferous possessing mostly angiospermous fossil leavdsllotus philippinensisnd Rhododendron lepidotufnom
and occasionally flower, fruit and seed fossils. They are mostlye Middle Siwalik sediments of Mahanadi Section in the
preserved in mudstone, claystone and fine grained sandstoDagjeeling District. According to Awasthi (1982) the generic
in the form of impressions. The morphotaxonomical study aand specific determination are doubtful. It is most probably
these leaf impressions was done by Konomatsu and Awadile to their fragmentary nature. After a gap of long period a
(1996, 1999). They have reported a number of palaeobotanicalystematic and detailed morphotaxonomical study on the
significant angiospermous genera and species from the Arusnggiospermous fossil leaves was carried out by Antal and
Khola Formation exposed in Tinau Khola and Jhumsa Khokwasthi (1993) who reported a large number of well preserved
near Butwal and from the Binai Khola Formation alondossil leaves from the both Lower and Middle Siwalik units of
Mahendra Highway between Barghat and Dumkibas (Fig. &hish, Lish and Ramthi River sections and near Tista Bridge
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Fossil taxa

Modern comparable species

Forest types

Distribution

MONOCOTYLEDONS
Marantaceae

Clinogyne ovatus
Awasthi & Prasad, 1990

C. grandisBenth. & Hook.

Moist deciduous

Sub-himalayan tract

Arecaceae

Caryota siwalica C. urensL. Evergreen to moist N.E. India, Sub-himalayan tract, Sri
Awasthi & Prasad, 1990 deciduous Lanka, Myanmar and Malaya
Poaceae

Bambusa siwalika B. tuldaRoxb. Moist deciduous N.E. India, Bangladesh and Myanmar

Awasthi & Prasad, 1990

DICOTYLEDONS
Anonaceae

Mitrephora siwalica M. maingayiHook. f. Evergreen N.E. India, Myanmar, Malaya, Sri

(Antal & Awasthi) Lanka and Java

Prasad & Awasthi, 1996

Goniothalamus chorkholaensis| G. thwaitesiiHook. f. & Thoms. Evergreen N.E. India and Myanmar

Prasad & Awasthi, 1996 G. sesquipedalislook. f. & Evergreen Travancore, Tirnelvelli and Sri Lanka
Thoms.

Polyalthia palaeosimiarum P. simiarumBl. Evergreen N.E. India, Bangladesh, Myanmar arf

Awasthi & Prasad, 1990 Andamans

Menispermaceae

Cocculus miotrilobu®rasad & | C. trilobusDC. Evergreen China, Japan and Philippines

Pandey, 2008

Flacourtiaceae

Xylosma nepalensRrasad & X. racemosurilig. Evergreen Tropical regions of Japan and Taiwan

Pandey, 2008

Flacourtia nepalensis
Awasthi & Prasad, 1990

F. ramontchiiL. Herit.

Mixed deciduous

India, Sri Lanka and Malaya

Flacourtia tertiara F. inermisRoxb. Evergreen Malaya

Prasad & Awasthi, 1996

Hydnocarpus siwalicus H. glaucescenBlume Evergreen Malaya and Sumatra

Prasad & Awasthi, 1996

H. chorkholaensis H. ovoidesElmer. Evergreen Philippines

Prasad & Awasthi, 1996

Clusiaceae

Calophyllum suraikholaensis C. polyanthunWall. Evergreen N.E. India, Bangladesh and Myanmar
Awasthi & Prasad, 1990

Garcinia corvinusiandrasad & | G. speciosanVall. Evergreen Tennasserim and Andamans
Pandey, 2008

Mesua tertiaraLakhanpal M. ferreaLinn. Evergreen Bengal, Eastern Himalayas, western

(Prasad, 1994c) Prasad &
Pandey, 2008

Peninsula, Assam, Myanmar and
Andaman Islands

Dipterocarpaceae
Dipterocarpus siwalicus
(Lakhanpal & Guleria) Awasthi
& Prasad, 1990

D. tuberculatusRoxb.

D. turbinatusGaertn.

Evergreen to moist
deciduous
Evergreen

N.E. India and Myanmar

N.E. India, Bangladesh, Myanmar and

Malaya

D. suraikholaensi®rasad &
Pandey, 2008

D. alatusRoxb.

Evergreen to moist
deciduous

Pegu, Tennasserim, Thailand,

Combodia, Myanmar and Andaman

Islands

Shorea palaeostellatBrasad &
Pandey, 2008

S. stellataDyer.

Moist deciduous

Tropical Asia and Indian archipelagqg

Tennasserim, Pegu and Thailand

Vatica nepalensiBrasad & V. astrotrichaHance Evergreen Throughout N.E. India

Pandey, 2008

Ancistrocladaceae

Ancistrocladus suraikholaensis| A. griffithii Planch. Evergreen Tropical Asia, Tropical Africa, Indian

Prasad & Pandey, 2008 archipelago, Tennasserim and
Myanmar

Sterculiaceae

Sterculia mioensifoli#¥rasad & | S. ensifolidMast. Evergreen Malaya, Philippines and Mergui

Pandey, 2008

S. premontan®rasad & Pandey|

S. montanaerrill.

Evergreen to moist

Malaya Peninsula

2006 deciduous
Malpighiaceae
Stigmaphyllon chorkholaensis | S. periplocaefoliunf. Juss. Evergreen Tropical America

Prasad & Pandey, 2008

Rutaceae
Zanthoxylum siwalicum

Prasad & Awasthi, 1996

Z. hamiltonianumwall.

Evergreen to moist
deciduous

N.E. India and Myanmar

contd.
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Murraya khariensis
(Lakhanpal & Guleria)
Prasad & Awasthi, 1996

M. paniculata(Linn.) Jacq.

Mixed deciduous

N.E. India, Myanmar, Sri Lanka, Chin
and Australia

;3

Ochnaceae

Prasad & Pandey, 2008

Ochna siwalikePrasad & O. integrifoliaPresl. Evergreen Tropical Asia and Africa

Pandey, 2008

Meliaceae

Chisocheton suraikholaensis | C. divergenslI. Evergreen Malayan peninsula and Myanmar

Toona siwalicgAwasthi &

T. cedrellaRoxb.

Evergreen to moist

Tropical Himalaya, Myanmar, Java,

Prasad & Awasthi, 1996

Lakhanpal) deciduous Australia, Hills of Western Peninsula,
Prasad, 1994c Assam and Manipur
Dysoxylum raptiensis D. procerumHiern. Evergreen N.E. India and Myanmar

Chukrasia miocenica
Prasad & Awasthi, 1996

C. tabularisAdr. Juss.

Evergreen to moist
deciduous

N.E. India, Sri Lanka, Myanmar and
Andamans

Ctenolophonaceae
Ctenolophon

C. philippinensigHallier. f.

Evergreen to moist

Malaya and Philippines

Prasad & Pandey, 2008

(Blume) Rump.

chorkholaensi$rasad & deciduous

Pandey, 2008

Sapindaceae

Harpullea siwalica H. cupinoidesRoxb. Evergreen Sri Lanka, Bangladesh and Andaman
Prasad & Awasthi, 1996

Xerospermum mioglabratum X. glabratum( =X. norohianum) Evergreen N.E. India, Tennasserim, Singapore,

Malacca, Malaya and Java

Euphorea siwalicdrasad,

E. longanalLamk.

Evergreen to moist

India, Pegu, Sri Lanka and Western

(Prasad)
Prasad & Awasthi, 1996

1994c deciduous Peninsula

Anisophyllaceae

Anisophyllea siwalica A. apetalaSart. Evergreen Malaya

Prasad & Awasthi, 1996

Anacardiaceae

Bouea koilabasensis B. burmanicaGriff. Evergreen Sundarban, Tennasserim and Malaya|

Awasthi & Prasad, 1990

Malaya

Millettia palaeocubithiiAwasthi
& Prasad, 1990

. cubithii Dunn.

Moist deciduous

Malaya

Mangifera someshwarica M. indicaLinn. Evergreen to moist Sub-himalayan tract, Thailand,

Awasthi & Prasad, 1990 deciduous Myanmar and Malaya

Mangifera suraikholaensis M. sylvaticaRoxb. Moist deciduous Nepal, Sikkim, Assam, Andaman, Pegu

Prasad & Pandey, 2008 and Toungoo

Gluta siwalica G. renghad.inn. Evergreen Malaya

Awasthi & Prasad, 1990

Swintonia miocenica S. floribundaGriff. Evergreen Bangladesh, Myanmar and

Awasthi & Prasad, 1990 Tennasserim

S. palaeoschwenckiirasad & S. schwenkiteysm. & Benn. Evergreen Bangladesh and Myanmar

Awasthi, 1996

Connaraceae

Rourea palaeorugos@rasad & | R. rugosaPlanch. Evergreen N.E. India, Malaya and Singapore

Pandey, 2008

Fabaceae

Mucuna miogigante®rasad & | M. giganteaDC. Evergreen Plains of western Peninsula, Andamans,

Pandey, 2008 Malaya, Philippines, Sunderbans and

Polynesia

Cynometra palaeoirip®rasacet | C. iripa Kotel. Evergreen Indo-Malayan region

al., 1999

Millettia koilabasensigPrasad) | M. macrostachy&oll. & Hemsl. Evergreen Southern Shan Hills

Prasad & Pandey, 2008

Millettia churiensis M. prainii Dunn. Evergreen N.E. India

Prasad & Awasthi, 1996

Millettia palaeoracemosa M. racemosaenth. Evergreen to deciduous South & central India, Myanmar angd
M

Koompassia suraikholaensis
Prasad & Awasthi, 1996

K. malaccendMaing ex. Benth.

Evergreen

Malaya. Sumatra and Malacca

Prasad & Awasthi, 1996

Albizia microfolia Prasad & A. julibrissinDurraz. Moist deciduous Sub- himalayan tract and Nepal, N.E.
Awasthi, 1996 India and Tennasserim

Albizia siwalica(Prasad) Prasag A. gambleiPrain Moist deciduous Myanmar

& Awasthi, 1996

Pterocarpus dalbergiocarpoides P. dalbergioidesRoxb. Evergreen Andamans

Bauhinia nepalensi8wasthi &
Prasad, 1990

B. malabaricaRoxb.

Mixed deciduous

Central and south India and Myanmar

Entada palaeoscandergvasthi
& Prasad, 1990

E. scanden8enth.

Mixed deciduous

Sub- himalayan tract, Nepal, N.E.
India, Andaman and Western Ghats

contd.
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Pongamia kailakholaensis
Prasad & Awasthi, 1996

P.

pinnataVent.

Evergreen

India, Myanmar and Sri Lanka

Combretaceae

Terminalia palaeochebula T. chebulaRitz. Mixed deciduous Sub- himalayan tract, Sri Lanka, India|
Awasthi & Prasad, 1990 and Nepal

T. panandhroensi8wasthi & T. coriacea(Roxb.) W. & A. Mixed deciduous South & central India and Myanmar
Prasad, 1990

Myrtaceae

Syzygium palaeocumirfrasad | S. cuminiiRoxb. Evergreen to moist Throughout India, Myanmar and

& Awasthi, 1996 deciduous Sri Lanka

Lythraceae

Duabanga siwalic®Prasad & D. sonneratioidesiam. Evergreen to moist Nepal, Assam, Andaman & Nicobar,
Pandey, 2008 deciduous Myanmar, Sikkim and Bhutan
Rubiaceae

Randia palaeofasciculatrasad| R. fasciculateDC. Moist deciduous Sub-himalayan tract, Nepal, N.E. India
& Awasthi, 1996 and Tennasserim

Anthocephalus siwalicRrasad | A. macrophyllunHavil Evergreen Malaya

& Awasthi, 1996

Diplospora siwalicaPrasad & D. singularisKorth. Evergreen N.E. India, Myanmar and Tennasserim
Awasthi, 1996

Myrsinaceae

Myrisine precapitellatdPrasad M. capitellataWall. Evergreen to moist Nepal, Assam, Myanmar, Bhutan,

& Pandey, 2008 deciduous Sikkim and Andamans & Nicobar
Ebenaceae

Diospyros miokakAwasthi & D. kakiLinn. f. Moist deciduous N.E. India, Myanmar, China and Japan
Prasad, 1990

D. miocenicusPrasad & D. lanceaefoliaRoxb. Evergreen N.E. India, Tennasserim and Myanmar
Awasthi, 1996

Olacaceae

Olax bankasiPrasad & Pandey,| O. wightianawall. Evergreen Western Peninsula, Malacca and North
2008 Kanara

Apocynaceae

Wrightia palaeotinctoriaPrasad | W. tinctoriaR. Br. Mixed deciduous India and Myanmar

& Awasthi, 1996

Chonemorpha miocenid@rasad | C. macrophyllaG. Don. Mixed deciduous N.E. India, Tennasserim, Myanmar and
& Awasthi, 1996 Sri Lanka

Myristicaceae

Myristica palaeoglomerata M. glomerataMigq. Evergreen Malaya

Awasthi & Prasad, 1990

Lauraceae

Cinnamomum nepalend®asad | C. caudatuniNees. Evergreen Sub-himalayan tract, Outer range,

& Pandey, 2008 Nepal east wards and Upper Burma
Actinodaphne A. angustifoliaNees. Evergreen Eastern Asia and Malaya
palaeoangustifolidrasad &

Pandey, 2008

Machilus miocenica M. odoratissimaNees. Evergreen to moist Sub-himalayan tract, N.E. India and

(PrasadPrasad & Pandey, 2004 deciduous Myanmar

Euphorbiaceae

Bridelia siwalicaPrasad & B. burmanicaHook. f. Evergreen Myanmar

Pandey, 2008

Bridelia mioretusaPrasad & B. retusaSpreng. Mixed deciduous Throughout India, Myanmar and Sri
Pandey, 2008 Lanka

Mallotus kalimpongensiggtal | M. philippinensisMuell. Evergreen to moist Tropical India, Myanmar, Andaman
& Awasthi) Prasad & Pandey, deciduous islands, Sri Lanka, Malaya and
2008 Australia.

Mallotus venkatachalgiPrasad) | M. repandusMuell. Arg. Evergreen N.E. India, Sri Lanka, Myanmar and
Prasad & Awasthi, 1996 Malaya

Cleistanthus suraikholaensis C. helferiHook. f. Evergreen India and Myanmar

Prasad & Awasthi, 1996

Phyllanthus palaeoreticulatus | P. reticulatusPoiret Evergreen to moist India and Mayanmar

Prasad & Awasthi, 1996 deciduous

Excoecaria palaeocrenulata E. crenulataWhite K. T. Evergreen Western Ghats and Andamans
Awasthi & Prasad, 1990

Breynia prerhamnoide8wasthi | B. rhamnoidedMuell.-Arg. Mixed deciduous India, Myanmar and Malaya

& Prasad, 1990

Moraceae

Ficus raptiensiPrasad & F. hispidaLinn. Evergreen to moist Sub-himalayan tracts, India and
Awasthi, 1996 deciduous Myanmar

Artocarpus nepalensiBrasad & | A. integrifoliaLinn. f. Evergreen Western Ghats and Myanmar

Awasthi, 1996

Fig. 7—Present day distribution of comparable species of the fossil taxa of Surai Khola Assemblage, western Nepal.
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Fossil taxa Modern comparable species Forest types Distribution
MONOCOTYLEDONS

Poaceae

Bambusasp. Bambusaspp. Evergreen to moist Indo-Malayan region
Konomatsu & Awasthi, 1996 deciduous

Marantaceae

Clinogyne ovatugwasthi & Prasad,;
Konomatsu & Awasthi, 1996

C. grandisBenth. & Hook.

Moist deciduous

Sub-himalayan tract

DICOTYLEDONS

Anonaceae

Orophea siwaliké&Konomatsu & Awasthi,
1999

O. unifloraA. DC.
O. polycarpaA. DC.

Evergreen

South India, Andamans ang
Martaban Hills

Miliusa brochidodrom&onomatsu &
Awasthi, 1999

M. roxburghianaHook. f. &
Th.

Moist deciduous

Sub-himalayan tract, Assg
and Myanmar

Flacourtiaceae

Gynocardia butwalensi€onomatsu & G. odorataR. Br. Evergreen Sub-himalayan tract,

Awasthi, 1999 Assam, Bangladesh and
Myanmar

Clusiaceae

Calophyllumsp. Konomatsu & Awasthi, | Calophyllumspp. Evergreen Indo-Malayan region

1996

Dipterocarpaceae
Dipterocarpus siwalicutakhanpal &

Dipterocarpus tuberculatus

Evergreen to moist

North east India, Myanmar

Guleria; Konomatsu & Awasthi, 1996 Roxb. deciduous and Thailand

Shorea miocenickonomatsu & Awasthi, | S. sericedDyer Evergreen Malaya, Borneo and
1999 Malacca

S. nepalensiKonomatsu & Awasthi, 1999 S. leprosulaMig. Evergreen Sumatra and Borneo
Hopea siwalikaKonomatsu & Awasthi, H. wightianawall. Evergreen South India

1999

Tiliaceae
Grewia mallotophyllaKonomatsu &
Awasthi, 1999

Grewiasp.
Mallotus philippinensisvuell.

Moist deciduous

India and South east Asia

Meliaceae
Chisocheton ellipticugkonomatsu &
Awasthi, 1999

C. patensBlI.
C. divergencd®C.

Evergreen

Malaya

Rhamnaceae
Ziziphus siwalicugLakhanpal)

Z. xylopyruswild.

Evergreen to moist

India and Myanmar

Konomatsu & Awasthi, 1996 Z. incurva Roxb. deciduous

Ventilago ovatuKonomatsu & Awasthi, | V. calyculataTul. Evergreen to moist North east India, Myanmar
1999 deciduous and Nepal

Anacardiaceae

Swintonia butwalensiKonomatsu & S. schwenckiT. et B. Evergreen Myanmar and south India

Awasthi, 1999

Fabaceae
Bauhinia siwalicaLakhanpal & Awasthi)
Konomatsu & Awasthi, 1996

Bauhiniaspp.

Evergreen to moist
deciduous

Indo-Malayan region

Rubiaceae
Mitragyne tertiarakonomatsu & Awasthi,
1999

M. parvifolia Korth.

Mixed deciduous

Sub-himalayan tract, centrg
India and Myanmar

Mussaendopsis suborbiculatgienomatsu
& Awasthi, 1999

M. buccarianaBaill.

Evergreen

Malaya, Borneo and
Sumatra

Alangiaceae
Alangium nepalensi€onomatsu &
Awasthi, 1999

A. salvifolium

Mixed deciduous

Sub-himalayan tract and
central & western India

Euphorbiaceae
Homonoia lanceolat&onomatsu &
Awasthi, 1999

H. riparia Lour.

Evergreen

North east India, Myanmar
and Malaya

Moraceae
Ficus miocenicuKonomatsu & Awasthi,

F. bengalensi&inn.

Evergreen to moist

Sub-himalayan tract, south

1999 deciduous India, Andamans, Myanmal
and central India

Lauraceae

Cinnamomum palaeotamalaakhanpal & | C. tamalaNees. Evergreen Indo-Malayan region

Awasthi; Konomatsu & Awasthi, 1996

m

Fig. 8—Present day distribution and forest types of modern comparable species of the fosil taxa of Arung Khola Assemtelag®epab
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Fossil taxa

Modern comparable
species

Forest types

Distribution

DICOTYLEDONS
Malvaceae

Urena palaeolobata
Awasthi & Lakhanpal, 1990

U. lobata(var. U.

mauritianaW. Merais.

Mixed deciduous

Sub-himalayan tract

Meliaceae
Aphanamixis bhikhnathoriensfsvasthi &
Lakhanpal, 1990

A. polystachyaV. & A.

Evergreen

Indo-Malaya

Toona siwalikaAwasthi & Lakhanpal, 1990

Toona ciliataRoxb.

Evergreen to moist
deciduous

Indo-Malaya and Australia

Rhamnaceae
Ziziphus champarensisakhanpal &
Awasthi, 1984

Z. mauritianaLam.

Mixed deciduous

Cosmopolitan

Anacardiaceae
Mangifera someshwariceakhanpal &
Awasthi, 1984

Mangifera indicaLinn.

Evergreen to Moist
deciduous

Indo-Malayan region

Fabaceae
Indigofera prepulchelldakhanpal &
Awasthi, 1984

I. pulchellaRoxb.

Mixed deciduous

India

Dalbergiasp. Lakhanpal & Awasthi, 1984

D. sissod.inn.
D. latifolia Roxb.

Mixed deciduous

India and Myanmar

Derris champarensifwasthi & Lakhanpal,

D. scanden8enth.

Evergreen to moist

Indo-Malayan region

1990 deciduous

Pongamia siwalikéAwasthi & Lakhanpal, P. pinnataVent. Evergreen to moist India, south east Asia and
1990 deciduous Australia

Cassia antiquaAwasthi & Lakhanpal, 1990 | C. glaucaLam. Evergreen Indo-Malaya

Bauhinia siwalikaLakhanpal & Awasthi, Bauhiniasp. Mixed deciduous Indo-Malayan region

1994

Myrtaceae
Syzygium palaeobractiatuAwasthi &
Lakhanpal, 1990

S. bracteatunMiq.

Evergreen

North east India and centra
India

Rubiaceae
Gardenia palaeoturgiddakhanpal &
Awasthi, 1984

Gardenia turgidaRoxb.

Moist deciduous

Sub-himalayan tract

Myrsinaceae
Ardisea antiquaAwasthi & Lakhanpal, 1990

A. solanaced&oxb.

Moist deciduous

India, Myanmar and Sri
Lanka

Convolvulaceae
Ipomoea eriocarpoideAwasthi &
Lakhanpal, 1990

|. eriocarpaR. Br.

Moist deciduous

India, Myanmar and Sri
Lanka

Lauraceae
Phoebe champarensfsvasthi & Lakhanpal,
1990

Phoebe lanceolathlees.

Evergreen

India, Myanmar and Sri
Lanka

Cinnamomum palaeotamalakhanpal &

C. tamalaNees & Ebrem.

Evergreen to moist

India and Myanmar

Awasthi, 1984 deciduous
Litsea prenitidaLakhanpal & Awasthi, 1984 | Litsea nitidaNees. Evergreen to moist North east India and
deciduous Bangladesh

Moraceae
Ficus champarensisakhanpal & Awasthi,
1984

Ficusspp.

Evergreen to moist
deciduous

Cosmopolitan

193

Fig. 9—Present day distribution and forest types of modern comparable species of fossil taxa of Bhikhnathoree Assemhlage, Biha

on Siliguri-Gangtok Road. Later on Antal and Prasad (1996een recorded from the Himalayan foreland basin of India and
19964, b, ¢, 1997, 1998) have investigated the angiospermdlepal yet a very little work was carried out so far considering
fossil leaves collected from different exposures of the santige wide extent of Siwalik sediments in the Bhutan sub-
area. The qualitative and quantitative method of comparisbimalaya. Banerjee and Das Gupta (1984) described few
of the range of variation in the morphological features betweangiospermous fossil leaves from the Lakshmi and Darranga
the fossil and extant leaves reveals the occurrence of 53 speBieser sections under some artificial genera like,
of 45 genera belonging to 24 families of both monocots ar@iwalikiphyllum, Dilcheria, Ghosia, Pseudopaxilatophyllum
dicots (Fig. 10). andDarrangiophyllumThese artificial form genera could not
be compared with any extant taxa because their fragmentary
Bhutan Leaf Assemblage, Bhutan nature. Prasad and Tripathi (2000) investigated the fossil leaves
Although a variety of angiospermous fossil leaves hawllected from Middle Siwalik (Formation 1) sediments of
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Fossil taxa

Modern comparable species

Forest types

Distribution

MONOCOTYLEDONS
Poaceae
Bambusasp. Antal & Awasthi, 1993

Bambusasp.

Mixed deciduous

Sub-himalayan tract and
Cosmopolitan

Marantaceae
Clinogyne ovatugwasthi & Prasad; Antal
& Prasad, 1995

C. grandisBenth. & Hook.

Moist deciduous

Sub-himalayan tract

DICOTYLEDONS
Dilleniaceae
Dillenia palaeoindicaPrasad & Prakash;

Dillenia indicaLinn.

Evergreen to moist

Sub-himalayan tract, Myanmar,

Antal & Awasthi, 1993 deciduous South east Asia and south India

Anonaceae

Mitrephora siwalikaAntal & Awasthi, Mitrephora maingayHook. f. | Evergreen North east India, Myanmar,

1993 & Th. Bangladesh and Malaya
Peninsula

Polyalthia palaeosiamiarumwasthi & Polyalthia siamiarunBl. Evergreen North east India, Bangladesh,

Prasad; Antal & Prasad, 1996¢ Myanmar and Andamans

Uvaria ghishiaAntal & Prasad, 1998 Uvaria hirsutaJack. Evergreen Myanmar and Malaya

Flacourtiaceae
Casearia pretomentosantal & Awasthi,
1993

Casearia tomentosBoxb.

Mixed deciduous

Sub-himalayan tract, Nepal,
central and south India and
Bangladesh

Alsodeia palaeozeylanicuAntal &
Awasthi, 1993

Alsodeia zeylanicunThw.

Evergreen

Malabar Hills, south India and
Sri Lanka

A. palaeoracemosantal & Prasad, 1997

A. racemosadook. f.. & Th.

Evergreen to moist

North east India and south India

deciduous
A. palaeoechinocarpantal & Prasad, Adsodeia echinocarpiorth. | Evergreen Sumatra and Cochin China
1998
Flacourtia tertiaraPrasad & Awasthi; Flacourtia inermisRoxb. Evergreen Malayan archipelago
Antal & Prasad, 1997
Hydnocarpus palaeokurzintal & Hydnocarpus Kurzi(King) Evergreen Myanmar and Martaban Hills
Awasthi, 1993 Warb.
Clusiaceae
Calophyllum suraikholaens&wasthi & Calophyllum polyanthum Evergreen Andamans, Malaya, south India
Prasad; Antal & Awasthi, 1993 Wall. and Sri Lanka
Dipterocarpaceae
Shorea siwalikantal & Awasthi, 1993 Shorea assamicByer. Evergreen North east India
S. miocenicantal & Prasad, 1996b Shorea buchanankischer Evergreen Myanmar
S. bengalensiéntal & Prasad, 1997 S. roxburghii(S. talura Evergreen Malaya and south India

Roxb.)

Dipterocarpus siwalicutakhanpal &

Dipterocarpus tuberculatus

Evergreen to moist

Myanmar, Cochin China and

Guleria; Antal & Prasad, 1996b Roxb. deciduous Thailand
Hopea siwalikeAntal & Awasthi, 1993 H. wightianaWall. Evergreen Indo-Malayan region
Hopea kathgodamendgfrasad; Antal & H. micrantha Evergreen Myanmar, Mallacca and Borne

Prasad, 1998

D

Sterculiaceae
Pterospermum palaeoheynianumntal &
Awasthi, 1993

Pterospermum heynianum
Wall.

Mixed deciduous

South and central India

P. siwalicumAntal & Prasad, 1996a

P. semi-sagitaturhlam.

Moist deciduous

Myanmar and Bangladesh

Tiliaceae
Grewia ghishiaAntal & Awasthi 1993

Grewia umbelliferaBedd.

Evergreen

Western Ghats and south India

G. tistaensisAntal & Prasad, 1998

G. tiliaefolia Vahl.

Moist deciduous

Sub-himalayan tract, south an
central India

]

Xanthophyllaceae

Xanthophyllum mioflavescens X. flavescenfoxb. Evergreen Indo-Malaya

Antal & Prasad, 1996a

Burseraceae

Bursera preserraté\ntal & Awasthi, 1993 | Bursera serrataColebr. Evergreen North east India, central India
and Myanmar

Meliaceae

Beddomia palaeoindicAntal & Prasad, Beddomia indicalook. f. Evergreen South India

1998

Rhamnaceae
Ziziphus palaeoapetalantal & Prasad,
1997

Ziziphus apetaldlook. f
&Th.

Mixed deciduous

North east India

Ventilago tistaensifntal & Prasad, 1997

Ventilago calyculata hw.

Mixed deciduous

India, Myanmar and Sri Lanka
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Anacardiaceae

Nothopegia eutravancoricantal & Nothopegia travancorica Evergreen South India

Awasthi, 1993 Bedd.

Bouea premacrophyllantal & Awasthi, Bouea macrophyll&rifth. Evergreen Andaman, Sunderban, Myanmar

1993 and Malaya

Swintonia miocenicéntal & Prasad, Swintonia floribundeGrifth. Evergreen Myanmar, Bangladesh and sodth

1996a India

Fabaceae

Bauhinia ramthiensig\ntal & Awasthi, Bauhinia acuminata.inn. Moist deciduous Sub-himalayan tract, Myanmar,

1993 Andamans and Malaya

Cynometra tertiaréAntal & Awasthi, Cynometra cauliflord.inn. Evergreen Malacca, Sri Lanka and Malayz

1993 Peninsula

Albizia palaeolebbeRntal & Awasthi, Albizia lebbelBenth. Moist deciduous Sub-himalayan tract, central &

1993 south India, Myanmar and

Andamans

Millettia oodlabariensisAntal & Prasad, Millettia albiflora Thw. Evergreen Myanmar and Malaya

1996a

Pongamia siwalikaAntal & Awasthi, 1993 | Pongamia pinnat&/ent. Evergreen India, Sri Lanka and Myanmar

Combretaceae

Combretum sahniéntal & Awasthi, 1993 | Combretum deccandrum Mixed deciduous Sub-himalayan tract and South &
Roxb. central India

Terminalia miobeleric®rasad; Antal & Terminalia belericaRoxb. Evergreen to moist Sub-himalayan tract, Myanmar

Prasad, 1998 deciduous and Malaya

Myrtaceae

SyzygiunpalaeocuminiiPrasad & Syzygium cuminii Evergreen to moist India, Myanmar and Sri Lanka

Awasthi; Antal & Prasad, 1997 Roxb. deciduous

Lythraceae

Lagerstroemia pateliLakhanpal & Lagerstroemia speciodRers. | Moist deciduous North east India, central & south

Guleria; Awasthi & Antal, 1993 India and Myanmar

Rubiaceae

Randia miowallichiiPrasad; Antal & Randia wallichiiHook. f. Evergreen to North east India, Myanmar,

Awasthi, 1993 moist deciduous Andamans and Malaya

Asteraceae

Vernonia palaeoarboreAntal & Awasthi, | Vernonia arboredHam. Evergreen North east India, Myanmar, south

1993 India and Andamans

Ebenaceae

Diospyros koilabasensRrasad; Antal & | Diospyros montanéVar. Moist deciduous India and Myanmar

Awasthi, 1993 cordifolia) Hyne ex. A. DC.

Apocynaceae

Alstonia mioscholarig\ntal & Awasthi, Alstonia scholarisR. Br. Evergreen India and Myanmar

1993

Verbenaceae

Callicarpa siwalikaAntal & Awasthi, Callicarpa arboreaRoxb. Moist deciduous Sub-himalayan tract, central

1993 India and Myanmar

Lauraceae

Cinnamomunsp. Antal & Awasthi, 1993 | Cinnamomunsp. Evergreen Tropical region, South east Asia

and Indo-Malayam region.
Actinodaphne palaeoangustifoléntal & Actinodaphne angustifolia Evergreen North east India, Bangladesh and

Awasthi, 1993

Nees.

Myanmar

Euphorbiaceae
Mallotus kalimpongensi&ntal &
Awasthi, 1993

Mallotus philippinensis
Muell. Arg.

Mixed deciduous

Throughout India, Myanmar

Macaranga siwalikaAntal & Awasthi, Macaranga peltataMuell. Evergreen South and central India and Sri

1993 Arg. Lanka

Glochidion (Phyllanthuspalaeohirsutum | Glochidion hirsutunMuell. Evergreen North east India, Myanmar,

Antal & Prasad, 1996a Arg. Malaya, Bangladesh and
Andamans

Homonoia mioripariaAntal & Prasad, Homonoia ripariaLour. Evergreen India, Myanmar, Malaya and

1997 China

Urticaceae

Ficus retusoide®rasad; Antal & Awasthi,| Ficus retusalinn. Evergreen Sub-himalayan tract, Myanmar,

1993

Andamans and Sri Lanka

F. oodlabariensis

F. benjaminann.

Evergreen to moist
deciduous

North east India, central India,

Myanmar and Java
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Fig. 10—Present day distribution and forest types of modern comparable species of the fossil taxa of Oodlabari AssembBegegalVest
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Fossil taxa Modern comparable species Forest types Distribution
DICOTYLEDONS

Anonaceae

Mitrephora siwalicaAntal & Awasthi; Mitrephora maingayHook. f. | Evergreen North east India, Myanmar,
Prasad & Tripathi, 2000 & Thoms. Malaya and Sri Lanka
Meliaceae

Toona siwalikaAwasthi & Lakhanpal; Toona ciliataRoxb. Moist deciduous Sub-himalayan tract

Prasad & Tripathi, 2000
Dipterocarpaceae

Dipterocarpus siwalicubakhanpal & Dipterocarpussp. Evergreen to moist Myanmar, Malaya, Assam
Guleria; Prasad & Tripathi, 2000 deciduous and Andamans
Combretaceae

Combretum miocenicufrasad & Combretum flagrocarpum Evergreen to Moist North east India, Myanmar
Tripathi, 2000 Herb. & Cale deciduous and Bhutan

Fabaceae

Millettia koilabasensi®rasad; Prasad & | Millettia macrostachyaColl. Evergreen Myanmar

Tripathi, 2000 & Hemls.

Fig. 11—Present day distribution and forest types of modern comparable species of the fossil taxa of Bhutan Assemblage.

Lakshmi River Section in south east Bhutan and reported five In the orogenic movement of Himalaya the Siwalik Period

species of angiospermous families (Fig. 11). (Mio-Pliocene) has been considered as the most important.
During this period several significant changes took place in

FLORISTIC ANALYSIS AND PALAEOCLIMATE physiography and environment which ultimately changed the
ESTIMATION floral characteristics. The older forms, which could not adjust

themselves to the new environment, gradually became extinct

The important aspects of studying the fossil plants fromnd in their place new plants came into existence and flourished
Siwalik foreland basin are to reconstruct the Siwalik floristithere. Several taxa migrated from South east Asia to Indian
and to throw light on the climatic changes through Siwalikub-continent via Myanmar and vice versa after the
succession (Middle Miocene-Middle Pliocene) in the wholestablishment of land connection between India and South
Himalayan foot hills. The extensive study on plant megafossisst Asia (Smith & Briden, 1979). With the result many taxa,
specially leaf impression provides reliable data for inferringspecially members of Dipterocarpaceae which were present
the above aspect more precisely. The fossil leaf assembladasing the Palaeogene in South east Asia appeared in the
(Figs 2-11) indicated that in the Himalayan foot hills, thé&leogene in the Indian sub-continent (Prasad, 1994b).
tropical forest flourished luxuriantly with variety of The analysis of the present day distribution of modern
angiospermous taxa during Middle Miocene-Pliocene timesomparable species of all the fossil leaf assemblages from
The angiospermous fossil leaves so far recovered from SiwaBkwvalik foreland basin indicates that they presently grow in
foreland basins of India, Nepal and Bhutan are identified wittifferent geographical regions (Figs 2-12). They are distributed
298 species of 167 genera belonging to 60 families of batiostly in north-east and southern regions wherever favourable
monocotyledon and dicotyledon. The monocot is representelimatic conditions are found now-a-days. In the present fossil
by the families, viz. Marantaceae, Arecaceae, Smilaceae as$emblages about 33% of comparable taxa growing in the
Poaceae. The rest are of dicotyledons families. Among the&wergreen to moist deciduous forests of northeast region
the most common and widely distributed genera aresuggest that the taxa which were present in the Himalayan
Mitrephora, Fissistigma, Calophyllum, Mesua,foot hills during Siwalik Period do not grow now-a-days there
Dipterocarpus, Shorea, Hopea, mangifera, Bouea, Swintoni@xcluding eastern part of Bengal). They have migrated towards
Sterculia, Gynocardia, Toona, Zizyphus, Euphorea, Millettisgast in the Assam, Sikkim, Meghalaya, Bangladesh and
Albizia, Cynometra, Pongamia, Bauhinia, Syzygiumylyanmar because of getting better climatic conditions.
Terminalia, Lagerstroemia, Gardenia, Diospyros, Mallotus,  In the fossil leaf assemblages of Siwalik foreland basin
Cinnamomum, Phyllanthu&icus, etc. The angiospermous there are a good amount of comparable taxa which grow
fossil leaf assemblage of Siwalik foreland basin is over ghresently both in India and Malaya peninsula (Fig. 12). They
dominated by fabaceous taxa representing 46 species ofat8 Alpinia buteocarpa, Bambusa tulda, Dillenia indica,
genera. The next dominant family is Euphorbiaceae constitutgisesua ferrea, Calophyllum polyanthum, Alsodeia
by 21 species and the families like Anonaceaechinocarpa, Dipterocarpus tuberculatus, Hopea micrantha,
Dipterocarpaceae and Flacourtiaceae come on the th8Horea buchananii, Evodia, fraxinifolia, Sabia paniculata,
position in the diversification of the over all presenfAphanamixis polystachya, Bouea burmanica, Mangifera
assemblage. indica, Swintonia schwenkii, Cynometra iripa, C. cauliflora,
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3505 33%

% of Taxa

N.E. India Indo-Malaya Malaya South India  Cosmopolitan Others

Different Geo graphical Re gions

Fig. 12—Diagramatic representation of modern comparable taxa of the fossil leaves of the Siwalik foreland basin in ddtgepitice regions.

Ormosia robusta, Albizia lebbek, Cassia siamea, C. glaucgrevailing unfavourable condition most probably due to further
Derris scandens, Millettia albiflora, Dalbergia sericea,uplift of the Himalaya. Only some of the comparable taxa of
Grewia umbellata, G. tiliaefolia, Terminalia bellerica, the fossil leaves recovered from the Siwalik foreland basins
Lagerstroemia flosreginae, L. speciosa, Morinda umbellatare found to grow still at different altitudes all along the
M. tinctoria, Cinnamomum inuctum, Mallotus repandusHimalayan foot hills especially in Bengal region. This suggests
Homonoia riparia, Ficus retusa, F. glaberrima, Ficus cuneathat such taxa have susceptibility to adapt to the new climatic
etc which suggest that there has been a fair exchange of plaanditions prevailing after Middle Miocene.

taxa between the two subcontinents after the land connections The present and past distribution of the family
were established during early Miocene Peridldout 8 percent Dipterocarpaceae indicates that it is pan tropical and specially
taxa of the Siwalik leaf assemblages have their restrictéstributed in tropical Asia. The fossil record suggests that
distribution in the Malaya region (Figs 2-11). These arthe family Dipterocarpaceae originated in western Malaysia
Elliepia, Cuniefolia, Uvaria hirsuta, Ryparosa kunstelri,during early Middle Oligocene (Merrill 1923; Muller, 1970;
Hydnocarpus kurzii, H. glaucuscens, H. oides, Flacourtihakhanpal, 1974). About two third of the members of
inermis, Capparis micrantha, Sterculia ensifolia,Dipterocarpaceae are found to grow today in the Malaysian
Chisocheton divergense, C. patens, Aglaia, euryphylleegion (Desch, 1957). This region is also quite rich in
Ctenolophon philippinensis, Shorea sericea, S. leprosuldipterocarpaceous fossils (Lakhanpal, 1974; Bande & Prakash,
Isoptera borneonsis, Euphoria didyma, Anisophyllea apetal&986). Thus it is evident that the dipterocarps spread from
Gluta renghas, Koompassia malaccens, Millettia cubithiwestern Malaysia eastward to Philippines and north ward to
M. atropurpurea, Dialium indum, Myristica glomerata, eastern India through Myanmar, and then spread throughout
Anthocephalus macrophylla, Mussaendopsis baccariandjmalayan foot hills and flourished luxuriantly there during
Diospyros eriantha, Cleistanthus helferi, GlochidionMiddle Miocene to Middle Pliocene. The possible time for
chlorophaesand Antidesma montanurobiously indicating their migration was early Miocene when the land connections
that these taxa had migrated from Malaya region to Indimmong Malaya, Myanmar and eastern India were established.
sub-continent during Miocene and flourished all along th€he palaeoclimatic estimation from fossil plants is of the most
Himalayan foot hills at the time of deposition of Siwalikimportant contribution of palaeobotanical study. The
sediments but later on they disappeared from there aftmmservative approach to the study of palaeoclimate of a
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PHYSIOGNOMIC CHARACTERS

Average |Leaf margin| Drip tips Nature of | Leaf texture | Leaf base Leaf Venation
leaf size | Entire (E) presence Petiole | chartaceous| shape acute| Organizati pattern
sg. cm non- entire | (P) absence| normal (CH) (A) obtuse on Close (C)
Fossil Taxa (N) (A) indistinct (N) coriaceous | (O) cuneate| Compound | Distant (D)
() indistinct (CO) (C) cordate | VS Simple
() (CR)
attenuate
(AT)
indistinct (-)
1 2 3 4 5 6 7 8 9
Donax kasauliensis 46.8 E - CH (@) S C
Anona koilabasensis 31.15 E - CH O S C
Miliusa siwalica 42.75 E - - CO - S C
M. mioveluntina 63.00 E - - CH - S C
Melodorum jarwaensis 71.50 E P - CH S C
Polyalthia palaeosumatrana 19.68 E - - CH - S C
Mitrephora miocenica 44.10 E P N CH @) S C
Fissistigma senii 17.55 E A - CH A S C
F. mioelegans 17.48 E P - CO [®) S C
Goniothalamus siwalica 18.78 E - - CH A S C
Uvaria siwalica 44.00 E - - CH - S C
Dillenia palaeoindica 52.50 N - - CH - S C
Qualea siwalica 24.50 E - - CH - S C
Securidaca miocenica 24.00 E - - Cco O S C
Ryparosa prekunstelri 61.92 E - N CO A S D
Gynocardia mioodorata 32.75 E - - CO A S D
Flacourtia koilabasensis 29.75 E - - CH - S C
F. seriaensis 7.60 N - - CO - S C
Mesua tertiara 10.00 E P N CH A S C
Kayea kalagarhensis 41.60 E - N CO A S C
Garcinia nepalensis 35.00 E - N CO A S C
Dipterocarpus siwalicus 128.00 E P N CH O,CR S D
D. koilabasensis 236.25 E - - CO - S C
Shorea eutrapizifolia 13.25 E A - CO A S C
S. miocurtisii 8.00 E A N CH A S C
Hopea mioglabra 28.44 E A - CcO A S D
Isoptera siwalica 34.20 E - - CH @) S D
Evodia koilabasensis 20.90 E A - CH ¢} C C
Murraya khariense 07.30 E A - CO A C D
Atlantia miocenica 05.22 E A - CH A C C
Brucea darwajensis 08.27 E P N CO A S C
lodes koilabasensis 12.25 E A - CH A0 S C,D
Chloroxylon 05.60 E . . CH A c C
palaeoswietenia
Aglaia nepalensis 25.50 E - CH - C C
Berchemia nepalensis 16.38 E P - CH C S C
B. siwalica 8.00 E - - CH A S C
Zizyphus miocenica 05.60 E - CH o S D
Ochna miowallichii 24.84 E P - CH A S C
Filicium koilabasensis 26.25 E P N CH A S C
Euphorea nepalensis 27.00 E P - CO A S [
Nephelium palaeoglabrum 45.00 E - N CH A S C
Otophora miocenica 14.25 E A - CO S D
Paranephelium seriaensis 27.00 E - - CH A S C
Arytera seriaensis 27.20 E - - CH C S C
Sabia eopaniculata 21.98 E P - CH S C
S. siwalica 21.00 E P - CH A S C
Bouea koilabasensis 22.00 E P N CO A S D
B. premacrophylla 37.00 E P - CH A S C
Swintonia palaeoschwenckii 3.50 E - N CH o S C
Tapiria chorkholiense 11.25 E - - CO (@) S D
Mangifera someshwarica 28.40 E P N CH A S D
Dracantomelum seriaensis 33.15 E - - CH - S C
Albizia siwalica 07.50 E A N CO A C D
Casssia nepalensis 10.08 E P CH O C D
C. miosiamea 05.25 E A N CH (@) C C
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C. neosophora 03.80 E A N CH O C C
Dalbergia miosericea 14.40 E A N CH A C D
D. eucultrata 06.46 E A - CH A C C
D. siwalica 07.20 E - - CH O C C
D. miovolubilis 02.00 E - N CH A C C
Millettia koilabasensis 28.40 E P - CH A C D
M. miobrandisiana 02.53 E - - CH O C D
M. imlibasensis 07.48 E - - CH O C C
M. palaeomanii 4.8 E - N co O C C
M. ovatus 8.75 E P - CH O C C
Ormosia robustoides 35.00 E P - CH O C C
Canavalia siwalica 3.52 E A N CH O C C
Cynometra palaeoiripa 02.80 E A N CH A C C
C. siwalika 56.00 E P - CO A C C
Samanea siwalica 02.00 E - - CH O C D
Anogeissus eosericea 10.75 E - N CH O S D
Calycopteris floribundoides 12.48 E P - CO (®) S D
Terminalia koilabasensis 11.20 E P - CH A S D
T. siwalica 35.60 E P N CO A S D
T. panandhroensis 57.60 E N CO (@) S D
Combretum palaeodecandrunm 15.75 E P - CH - S D
Lagerstroemia siwalica 42.00 E - - CH - S D
L. eomicrocarpa 9.45 E P - CH A S C
L. mioparvifolia 10.80 E A - CH A S C
Woodfordia neofruticosa 03.00 E - - CO CR C D
Anisophyllea siwalica 20.80 N - - CH O S C
Syzygium miocenicum 24.44 E - N CH C S C
S. miooccidentalis 08.00 E N CH A S C
Lonicera mioquinquelocularis 08.75 E - - CH O C D
Randia miowallichii 13.80 E N CH C S D
R. miouncaria 49.90 E - - CH C S C,D
Canthium siwalica 7.79 E A - CH - S C,D
Nauclea seriaensis 45.58 E E - CH (®) S C
Morinda siwalica 07.56 E P - CH - S C
Diospyros koilabasensis 09.00 E - - CH CR S D
D. darwajensis 55.90 E - - CO o S C
D. pretoposia 108.00 E N CcO (@) S D
D. tulsipurensis 32.42 E A - CH O S C
Tabernaemontana 13.86 E = N CH c s D
precoronaria

Alyxia koilabasensis 4.16 E - - CH A S C
Alstonia nepalensis 17.50 E - N CcO C S C
Carissa koilabasensis 05.60 E A - CH A S D
Gaertnera siwalica 12.00 E - - CH A S D
Datura miocenica 59.20 N P N CH A S C
Anacolosa mioluzoniensis 23.12 E A N CcO A S D
Vitex prenegundo 20.90 E P N CH A S C
V. siwalica 31.50 E - - CH - S C
Cinnamomum mioinuctum 06.48 E A N CH C S D
Ficus precunia 20.25 E - - CO CR S D
F. retusoides 31.32 E P N CH A S C
F. nepalensis 28.00 E - - CO (@) S D
Helicia eoerretica 42.00 E - N CH A S C
Phyllanthus koilabasensis 08.93 E A N CH A C C
P. mioreticulatus 03.50 E A N CH A C C
Antedesma siwalica 47.15 E - - CH A S C
A. miocenica 33.60 E - - CH O S C
Artocarpus nepalensis 49.50 E - - CO A S C

Fig. 14—Physiognomic characters of the fossil leaves of Koilabas Assemblage, western Nepal
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particular region is to compare fossil flora recovered from there

T with the modern vegetation. This study becomes more accurate
as we go from Palaeocene upward until the Pleistocene because
the modern equivalents of the fossil forms still exist in the
present day for their comparison and identification. In this
case all the plant fossils have been collected from Mio-Pliocene
sediments of Himalayan foreland basins and their modern

comparable taxa still exist in the forests of different geographical
regions and thus it has become easier to deduce the
olnlaleln Tololn palaeoclimate of the area.

The other widely accepted parameter for deducing
palaeoclimate is the morphological features of the plant fossils.

CR

The fossil leaf impressions in any fossil assemblage play an
important role in estimating the palaeoclimate of the region in
the case of any geological ages. This parameter does not

CH
Co
CO
CH
CH
CO
CH

ol<l< § <l o depend on any systematic relationship of the modern species
& and therefore, it is likely that the errors in interpretation are
minimum.
On the basis of fossil leaf impressions the estimation of
palaeoclimate/palacoecology can be drawn by two methods:
(1) Co-existence method and (2) Foliar physiognomic method.
Siislt SR tS]tS

Co-existence Method
In this method the climatic preferences of modern
comparable plants of the fossils are used to interpret the past

climate. It requires three bits of information (1) a living relative,
1.e. modern comparable species of the fossils (i1) autecology
of the living relatives of each fossil taxa (i11) The plant
association of both modern and fossil taxa. The Siwalik foreland
basin flora is of mostly Middle Miocene age. During Middle

Miocene this region was occupied by a long and narrow river,
later on it was converted into a series of small to large lakes
due to sedimentation of rock materials coming down from
erosion of mountain rocks. This is suitable for the luxuriant
growth of water loving plant in the inner core and other towards

10.8
15.8
71.2
304
57.2
8.3

14.3
87.5

outer core. The fossil plants so far recorded from the whole
Siwalik foreland basin comprise about 324 fossil taxa which
were compared with the modern species (Pls 1-5). The present

50

um palaeocuminii
erstroemia patelir
‘7 Randia miowallichii
Alstonia mioscholaris
Callicarpa siwalika

| Digspyros koilabasensis

r Terminalia miobellerica
Vernonia palaeoarborea

S
Lag

Physiognomic characters of the fossil leaves of Oodlabari Assemblage, West Bengal.

Cinnamomum sp.

n| T [o]ew|®
L P 3 DS ] el habit and habitat of the modern comparable taxa of the fossils
show that they mostly occur in the evergreen and moist
deciduous forests of northeast India, Bangladesh, Myanmar,
Malaysia and adjoining area (Figs 2-12) where suitable climatic
= condition is found. The occurrence of abundant evergreen
£ taxa (up to 60%) in the Siwalik fossil assemblages indicates
%'3 B that a warm and humid climate with plenty of rainfall preyail;d
3 §u 3 [z all along the Himalayan foot hills at the time of deposition in
s §i§ é_\: % g contrast relatively dry climate found at present. The analysis
;E SIS § H -‘§ 3 of present day distribution of the modern comparable species
§¥gl5 8 3|d 3 (about 80%) shows that most of the comparable species do
HEE 23558 3 not grow all along the Himalayan foot hills of India, Nepal and
EEE%G%E 81318 Bhutan but they have migrated to different suitable

QT | . . . . . .

L geographical regions (Fig. 12). This' obviously indicates that

changes in climate must have taken place after the
sedimentation in the Himalayan foreland basins.

Fig. 16
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Fig. 17—A comparative diagrammatic representation of different types of forest elements in the assemblages of Siwalibdsietand
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PLATE 1

Figs 1-10 showing the fossil leaves with non-entire margin.

Alsodeia palaeoechinocarpantal & Prasad
Datura miocenicaPrasad

Flacourtia tertiara Prasad & Awasthi
Flacourtia seriaensisPrasadet al.
Anisophyllea siwalicePrasad & Awasthi

6.
8.
9.
10.

Dillenia palaeoindicaPrasad & Prakash
Grewia ghishiaAntal & Awasthi
Uncobia palaeospinos®rasad
Flacourtia nepalensi®wasthi & Prasad.
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Physiognomic Method from the fossil leaf assemblages. Baily and Sinnot (1915, 1916)
The co-existence method totally depends on theere the first who observed that the percentage of woody
palaeobotanist who may or may not be able to correctly identgpecies with entire margined leaves is higher in tropical flora
each fossil taxon and to match it to an appropriate modeiran that of the temperate flora. Moreover, the entire margined
taxon. It becomes more difficult where fossil groups do ndgaf families like, Anonaceae, Lauraceae, Ebenaceae, Clusiaceae,
have their modern analogue or where it is uncertain abd#potaceae, Dipterocarpaceae are particulary absent from cold/
which living plant might be most closely related to a fosstemperate regions. On the other hand the nonentire-leaved
form. In such cases the leaf physiognomy which ifamilies like, Betulaceae, Aceraceae, Plantanaceae, etc. are
instrumental in maintaining water and temperature balanceabsent from low land tropical regions. Wolfe (1969, 1971, 1979)
used. The morphological features affect functional anfdrther analysed this convolution between leaf margin types
physiological features of the plant. For example thick waxgf flora and climate and concluded that the tropical rainforests
succulent leaves indicate arid environment in which plant musave the highest percentage of entire margined species and
conserve water. Leaf physiognomy is used to reconstruct tiiee percentage decreases with decreasing temperature either
palaeoclimate either by CLAMP or by leaf margin analysiwith increasing altitude to the submontane and montane rain
method. forests or with increasing latitude to the warm temperate forests.
Application of the above criterion to the different assemblages
Climate Leaf analysis Multivariate Programme (CLAMP)  in which most of the fossil leaves possess entire margin
Method indicating a warm tropical climate (Figs 13-16) has been used.
Wolfe 1995 has studied the physiognomic features of The leaf margin analysis of the whole leaf assemblages
modern angiospermous leaves and correlated them with climgkews that there are only about 8% fossil taxa which possess
in hundreds of communities throughout the world. He tookraon-entire margin (Pl. 1). They aaryota siwalica, Dillenia
multivariate approach which compares many combination palaeoindica, Flacourtia tertiara, F. nepalensis, F. seriaensis,
leaf characters using computer programme. His original CLAMBncobia palaeospinosa, Alsodeia palaeoechinocarpa, Leea
Method used 29 leaf characters related to leaf margin, sinepalensis, Grewia ghisia, Grewia kathgodamensis, G.
apex, base and shape. Later on Herman and Spicer 1996, 1#83densis, Meliosma eopinnata, Bursera preserrata, Cocculus
used Wolfe’s CLAMP data base with an additional leaf sizmiotrilobus, Xylosma nepalensis, Anisophyllea siwalica,
characters to estimate palaeotemperature anéntilago ovatus, Urena lobata, Datura miocenica, Mallotus,
palaeoprecipitation for four fossil assemblages. Kovach ak@limpongensis, M. venkatachalai, Excoecaria
Spicer (1996) also used Wolfe's data for the estimation phlaeocrenulata, Ficus raptiensisic. The remaining taxa
palaeotemperature and found that the CLAMP Method worké@l2%) in the assemblages are with entire margin. Wolfe (1971)
well for MAT (Mean Annual Temperature) in the range of 10%resented a comparison of Mean Annual Temperature (MAT)
20° C but above or below this range, it could not be accuratelgd percentage of species with entire margined leaves for 19
estimated. Thus keeping in view the above fact the applicatiorodern floras which increase from 10-86% of entire margined
of CLAMP to the present Siwalik flora for the estimation opecies corresponding to an increase from 40°-28° C in
palaeoclimate would not be useful. temperature. Similar models were derived from the plot of MAT
Only a few leaf features such as margin, size, driptipand percentage of entire margined species by Wolfe, 1979 for
petiole, texture, apex and base, organization and venatite species of eastern Asia, Greenwood (1992) for the species
density of the angiospermous fossil leaf assemblages aifAustralia and Wilf (1997) for the species of America.
Siwalik foreland basin have been analysed here fd@onverting the plots into linear equations they have given
reconstruction of the palaeoclimate (Figs 13-16). regression models as follows.

Leaf Margin Analysis—Leaf Margin Analysis (LMA) is MAT = 1.4 + 0.306 X (% entire) by (Wolfe, 1979; Wing &
a frequently used quantitative technique of palaeoclimareenwood, 1993)
reconstruction that applies present day correlation between MAT =2.24 +2.86 X (% entire) by (Wilf, 1997)
the proportion of woody dicot species with untoothed leaves [In these equations, (% entire) are the percentage of
and mean annual temperature to estimate palaeotemperatea®es in the assemblage that have entire margins].

PLATE 2 —_

Figs 1-10 showing the fossil leaves with drip tips.

1. Bouea premacrophylléntal & Awasthi 6. Millettia oodlabariensisAntal & Prasad

2. Duabanga siwalicaPrasad & Pandey 7. Tabernaemontana precoronaridrasad

3. Combretum sahniAntal & Awasthi 8. Mesua tertiaraLakhanpal

4. Ochna miowallichiiPrasad & Dwivedi 9. Millettia palaeoracemosawasthi & Prasad
5. Cassia nepalensiPrasad 10. Millettia purniyagiriensisShashiet al.
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PLATE 2
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PLATE 3
Figs 1-3 showing fossil leaves of macrophyll type.
1. Diospyros pretoposidrasad 3. Diospyros purniyagiriensiShashiet al.

2. Cananga tertiaraPrasad

When these equations are applied to the present Siwati4.40° C, data of 20 year obtained from Indian Meteorological
foreland basin assemblage it has been found that the MBEpartment and Champion & Seth, 1968).
value are 29.29° C and 28.55° C respectively. These values, The present estimated MAT (28°-29° C) is very significant
obtained from two different equations are almost same. Thas it corresponds to the present day MAT value of northeast
suggests that the MAT (Mean Annual Temperature) duririgdia (29.04° C) where more than 33% comparable taxa of the
Mio-Pliocene time all along the Himalayan foreland basin wdsssils of Siwalik foreland basin are found at present (Figs 2-
28°-29° C which was reduced by (3.6°-€Hat present day 12). Similarly more than 8% comparable taxa of the fossil
(the present day MAT of the Himalayan foot hills zone isssemblages are growing now-a-days in the south Indian
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PLATE 4

Figs 1-4 showing fossil Icaves of meso-macrophyll types

1 Mangifera someshwarica (Lakhanpal & Awasthi) Prasad et al.
2 Uvaria siwalica Prasad

region where MAT value varies from 25° to 27° C and is
responsible for the existence of evergreen forest (Champion
& Seth, 1968).

The other leaf characters that have been used for
determining the palaeoclimate are leaf size, drip tips,
organization of leaf, venation density, leaf texture and leaf
base. The leaf size distribution in any forest type is correlated
with under story plant of humid evergreen forests and
decreases with low temperature and precipitation. Dilcher
(1973) opined that the leaf size decreases with decreasing
rainfall. Givnish 1976 postulated that optimal size should be
greatest in the tropics. Wilf era/ (1998) found a strong relation
between the Mean Annual Precipitation (MAP) and average
leafarea (Pls 3, 4). He has formulated an equation 1o estimate

3 Diospyros palacocbenum Prasad
4. Chssochcton suratkholacnsis Prasad & Pandey

the MAP by using the proportion of large size leaves in the
assemblage of any region. This equation is as follows.

MAP =47.5+6.18X (% Large leaves)

[(% Large leaves) is the percentage of leaves in an
assemblage of mesophyll size or larger in area.]

In order to estimate the MAP of Himalayan foreland basin
during Mio-Pliocene time the above equation is applied to the
four leaf assemblages (Kathgodam Leaf Assemblage Kotlabas
Leaf Assemblage , Surai Khola Leaf Assemblage and Oodlabari
Leaf Assemblage) of Siwalik foreland basin and found that the
MAP estimates for each assemblage are as followers:

Kathgodam Leaf Assemblage, Uttaranchal  -258 mm
Koilabas Leaf Assemblage, W. Nepal =303 mm
Surai Khola Leaf Assemblage, W. Nepal -288mm
Oodlabari Leaf Assemblage, West Bengal - 386 mm
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PLATE 5
Fig 1-5 showing the fossil leaves with higher venation density.
1. Acronychia siwalicaPrasad 4. Syzygium miooccidentalBrasadet al.
2. Filicium koilabasensiPrasad 5. Calophyllum suraikholaensi8wasthi & Prasad
3. Chloroxylon palaeoswieteniRrasad

Thus the average MAP of the whole Siwalik forelandonspicuous drip tips (Figs 13-16; PI. 2). However, in some
basin will be 308 mm. When this MAP value has been comparegecimens the tips either got broken or indistinct due to bad
with the present MAP value of different places in th@reservation. Thus it also shows the prevalence of tropical
Himalayan foot hills (i.e. Jammu 89 mm, Kathgodam (Haldwanijumid climate in the Himalayan foreland basin during Mio-
167 mm, Haridwar (Dehradun) 180 mm, Surai Khola angliocene times.

Koilabas (Gorakhpur) 106 mm and Oodlabari (Siliguri279 mm)  The other physiognomic features like simple organization
it has been seen that their average MAP value (164 m)oleaf and close venation density commonly observed in the
reduced by 144 mm. This difference in MAP value of the presdiaissil leaf assemblages (Figs 13-16), are also related with
and past is much higher which can affect the flora of the regi@vailable moisture or precipitation and thus indicating higher

Moreover, the MAP value estimated from the fossil legbrecipitation in the Himalayan foreland region during Mio-
assemblages of Himalayan foreland basin has also bd@iocene as compared to that of the present day with reduced
compared with the present MAP of those regions (south aptkcipitation.
northeast India) where most of the comparable species of the
fossils are growing luxuriantly. It shows very less difference CONCLUSION
in the MAP value of northeast India (i.e. Assam 274 mm,

Kuchagaon 335 mm, Siliguri 279 mm) and South India (Kerala  The evergreen elements (54-60%) dominate the fossil flora
278 mm and Karnataka 281 mm.) of Siwalik foreland basins during Middle Miocene in contrast

The attenuate apex (Drip tips) is also importanto mixed deciduous elements occurring today (Fig. 17).
physiognomic feature of angiospermous leaves which is seen The predominance of evergreen elements in the Siwalik
in wet tropical forest elements (Dorf, 1969). This is useful fdossil assemblage indicates the prevalence of tropical warm
hastening the runoff of water from the leaf. Richard (1952)umid climate with plenty of rainfall during the deposition of
pointed that it facilitates them to retard the growth of epiphyt&iwalik sediments.
and the deciduous leaves generally lack drip tip because of The family Fabaceae (Legume family) represented by 18
their short life span. The analysis of the leaf apex (tip) of all tlgenera and 46 species, is the most dominant family in the
leaf assemblages shows that a majority of taxa poss&walik fossil assemblage followed by Euphorbiaceae (21
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species), Dipterocarpaceae (16 species), Anonaceae {#@sthi N 1992. Changing patterns of vegetation through Siwalik

H - ; ; ccession. Palaeobotanist 40: 312-327.
species) and Flacourtiaceae (14 species). The family Fabac/?v??éthi N & Lakhanpal RN 1990. Addition to Neogene florule from

which appeared in Upper Palaeocene be_cam_e a Majoleq, Bhikhnathoree, West Champaran District, Bihar. Palaeobotanist

component of the evergreen forest during Mio-Pliocene all 37: 278-283.

along the Himalayan foot hills. Awasthi N & Prasad M 1990. Siwalik plant fossils from Surai Khola
The analysis of present day distribution of all the 324 area, western Nepal. Palaeobotanist 38: 298-318.

. L . Bajley IW & Sinnott EW 1915. A botanical index of Cretaceous and
species recovered from the Siwalik foreland basins shows thaireyrtiary climates. Science 41: 831-834.

they are mostly known to occur in northeast India, Bangladestailey Iw & Sinnott EW 1916. The climatic distribution of certain
Myanmar and Malaysia wherever favourable climatic type of angiosperm leaves. American Journal of Botany 3: 24-39.
conditions exist Bande MB & Prakash U 1986. The Tertiary flora of Southeast Asia
) o h | bl f d with remarks on its palaeoenvironment and phytogeography of the
Only abOUt_ZOA’ta)_(a of the tota as_sem ageare Oun toIndo-MaIayan region. Review of Palaeobotany and Palynology 49:
grow presently in the Himalayan foot hills and the remaining 203-233.
80% taxa are locally extinct, suggesting changes in the climafignerjee M & Dasgupta R 1984. Angiosperm leaf remains from the
condition Siwalik sediments (Mio-Pliocene) of Bhutan, Eastern Himal&ya.
) . . ined . b 0 Sharma, Mitra and Banerjee (Editors)—Proceedings of Evolutionary
] Th? do_m'nance of en_t'r(_':' marglne species (about 92_ %) Botany and Biostratigraphy: 129-143. University of Calcutta.
in the Siwalik foreland basin indicates the presence of tropia@drdet P 1961. Researches Geologiques dans L‘. Himalaya du Nepal
climate during the period of deposition. The other features region du Makalu. Cont. Nat. Del. la. Res. S. Sci. Paris : 275 p.

like drip tips, leaf size, leaf texture, nature of petiole and venatiGfiampion HG & Seth SK 1968 revised survey of the forest types in
India. Manager of Publication, Delhi.
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