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Abstract Palaeobotanical study on the plant macrofossils from Lower and Middle Churia Formation (Miocene) of
Koilabas area, western Nepal has revealed the presence of 116 species belonging to 83 genera of 33 angiospermous
families. They are mainly based on kapressions and a fruit and seed. The family Fabaceae is the most dominant
family represented by 21 species in this assemblage followed by Annonaceae (10 species), Dipterocarpaceae,
Sapindaceae and Anacardiaceae (6 species) and Combretaceae, Rubiaceaeacrak N species). Fabaceae

which appeared in Upper Paleocene became a major constituent of the evergreen forest during Miocene times all
along the Himalayan foot hills. The predominance of evergreen and moist deciduous taxa in this fossil assemblage
indicates the prevalence of tropical warm humid climate with plenty of rain fall during the Miocene. Thegagsent
distribution of comparable modern species of all the fossils recovered from Kadliszdsdicates that they are

mostly known to occur in Souteast Asia, Inddalayan and Nortkeast Indian regions, wherever favorable climatic
conditions exist. Most of the taxa represented in the fossil assemblage do not occur in the Koilabas area or all along
the Himalayan foehills of both India and Nepal. Thobviously indicates that changes in the climate must have
taken place after the deposition of Siwalik sediments in the Koilabas area. Study of the structural features of fossil
leafimpressions suggests that the Koilabas area in the Himalayahilfsobf western Nepal enjoyed a tropical

climate along with plenty of rainfall during the Miocene times. Coexistévearést Living Relative (NLR)nethod

further suggests that the area enjoyed a tropical climate with the Mean Annual Temperature (M&T a26d

Mean Annual Precipitation (MAP) 2408600 mm) during the Miocene.

Keywords plant macrofossils, Koilabas aredjmalayan foot hills, western Nepal. paleoclimate estimation, plant
diversity,Miocene
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of Dipterocarpaceae which were present during the
. Paleogene in soutbast Asia appeared ihd Indian sub
1. Introduction continent during Neogene.
The SubHimalaya Zone is also called as Churia Zone
During the uplift of Himalaya, the Siwalik (Middle and is delimited on the south by the Main Frontal Thrust
Miocene) has been considered as the most important §81FT) and on the north by the Main Boundary Thrust
several significant changes took place in physiographyMBT). It consists basically of fluvial deposits ofeth
and environment which ultimately changed the floraINeogene age (23 to 1.6 million years old). This Zone
composition of foothills regions. The oldéarms, which  extends all along the Himalaya forming the southernmost
could not adjust themselves to the new environmenthill range with width of 8 to 50 km. The Lesser
gradually became disappeared and in their place neWimalayan rocks thrust southward over the rocks of
plants came into existence and flourished there. Most dEhuria along the MBT. The general dip of bed<Churia
the taxa migrated from Southeast Asia to Indian sub has northward trend with varying angles and the overall
continent via Myanmar and ioe versa after the strike is eastvest. The Churia Zone has number of
establishment of land connection between India and Soutastwest running thrusts.The Churia sediment is
east Asid1]. As the result many taxa, especially memberscharacterized by alternate presence of sand stone and mud
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stone facies, the later veryften containing abundant ¥ B
plant fossils belonging to both Monocotyledonous 'W
Dicotyledonous familief2-5]. %3

The fossil localities in Koilabas area (272 6 °2 0829 ‘
are situated in the Dang section of Churia Hills in westeri&#
Nepal. Koilabas is a small town lies in Dang Deokhuril
district of Lumbini Anchal of south western Nepal ¥
(Figure 1. The Churia sediments in the study area foun
running in a nortkeast direction and are well exposed
along Koilabad.amhi road and Koilabas nala coming
down from Dang Valley and running towards Terai regiongs
through Koilabas town. Churia sequence consists 0O
several alternations of sandstone and mudstone beds
varying thickness. Middle and Upper Miocene age haj 3
been asgned to these Churia beds on the basis offaa
lithology and vertebrate faurj@]. . . .

In the last four decades a huge amount of plant fossilé:Igure 1L.Google map showing physiography
was collected from the Lower and Middle Churia sediments
of different fossil localities, Seraka, Darwaja, Chinoli
and Koilabas nala{gure 3 Figure 4. The palaeobotanical
study on these plant fossils, especially leaf impression
revealed the occurrence of 116 species of mostijs
dicotyledonos families[7-15434445]. The main objective
of the present study on the fossil plants from Siwalik off
Koilabas area is to reconstruct the fossil flora/ palacovegetatid
and to throw light on the climatic changes during Churia
succession over a life span of 20 Maey provide valuable
database of fossil flora for the interpretation of sequentia
changes in floral composition of the areas in term of thd
changing climate. On the basis of all the available data
the authors discussed in details the palaeoclimate a
plant diversity of the area during Miocene period.

.s-i}-

2. Geology of theStudy Area

One of the most important episodes in the mountair
building process during MiddI®iocene is the formation
of a long and narrow depression on the northern border ¢
India. This depression became the site of deposition ¢
massive alluvial detritus derived from the existing
mountain and brought down by rain, rivers, and streamg
This isknown as Siwalik also called Chursedimentsn =
Nepal. The area of present study falls in Dang section ¢
Western Nepal Himalaya. The Siwalik Formation in
Nepal Himalaya is often called Churia Group which lies

south of the Main Boun.dary Thrl.JSt' This gpois thin in Koilabas area, western Nepal from where fossil material was collected.
Narayangarh and thickens ) II”I_ ) Nawal_pur due to(b). Field photograph showing another fossiliferous exposure in Koilabas
development of valley and again it is thin in Butwal andnala, western Nepal containing well pressl leaf and fruit impressions
thickens maximum to Dang area where two valleys, Dang L .
and RaptValleys developedFigure 1. _J}he_ sanldstoned Is’lt |tnt@eddedd V\ﬂth green nodul?r
The detailed lithology and stratigraphy of the Siwalik Wtherng clay and sittstone and yellow micaceous clay.

(Churia) Group of Nepal have been given by a number O§ome_times friable white to _yellow med_ium grained
geologists in India and abroal$,1622]. The Churia arkosic pebbly sandstones intmrdded with green to

ey : . (nbrown finegrained sandstones are seen in the upper part
Group has often been classified into two formations: (i)"X%™" formgation The gross composition of sandpsﬁ)onep o

Lower Churia Formation (Sandstone Facies), and (i) UppeP . -
Churia Formation (Co(nglomerate Facig{s’JS 24(2)5] PP 80% quartz, 10% muscovite, 5% biotite and black
However, a threefold lithostratigraphic classification oft%“’ma“ﬂe ?nd blackbmdlggrals 5%. The rock generally
the formation in the western Nepal Himalaya has beer 0\;1vs 5|mpecur[r1en't edding. . inlv of
suggested[18]. The Lower Churia Formation with an The Upper Churia Formation consisting mainly of
average thickness of about 1800 m is composed doulder pebble bed and loose micaceous sandstone is
fine-grained green chlorite, biotite muscovite calcareou x_posed In sou':jh of ngv;/]er Forrr;]a'uon n D%n% areda,
well bedded indurate sandses and siltstone&igure 2. rjuga area, and east aran. They are graded an

Figure 2 (a).Field photograph showing fossiliferous beds at Imlibasa in
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cyclic in nature. The bottom part is composed of bouldePrecipitation (MAP) ofKoilabas area as well as those the
beds. The boulders are rounded consisting mainly ofrea where modern analogues of the fossils are found
quartzite cemented with clay. today, have been obtained from published literafa6g,
The fossil localities in Koilabas area (272 6 2 0 ® 3 Climatological table of Observation in India (193260)
are situated in the Dang sectiohChuria Hills in western and through internetQlimate and average weather in
Nepal. In this area, the Lower Churia Formation is observeBhilippines (weatheand-climate.com) For the estimation
from Koilabas to Darwaja containing fine grained sandstonef palaeoclimate, Foliar physiognomic method and
beds with variegatk clay and some pebble§igure 1 Nearest Living Relatives (NLR) method have been used.
Figure 2. From Darwaja to Masot Khola the rocks are of
Upper Formation. Above the Upper Formation again . .
lies the Lower Formation in Garudbir pass which is found4. Result and Discussion
thrusted[16]. According to Chaudhuri dés <classification of
threefold division of Churia (Siwalik) Hills, this area 4 1. Floral Analysis
from Koilabas to Darwaja falls in Lower Churia (Siwalik)
Formation and beyond Darwaja to Chor Khola onward Palaeobotanical stydon the plant macrofossils from
the rocks are supposed to be belonging to Midd the Lower and Middle Churia sediments of Koilabas and
Churia (Siwalik) Formation which is predominantly nearby area in western Nepal enhanced our knowledge of
arenaceous in nature. The fossil locality, Serianaka ithe angiospermic flora during Miocene period. The
situated about 10 km. west of town, Koilabas at indo present fossil assemblage consists of a variety of woody
Nepal Border. The lower Churia sediments are wellplants distributed amongst 116 species belonging to 83
exposed in this area. genera of 33 angiospermous famili@alfle 1 Figure 5.
They are mainly based on leiafipressions and a fruit and
. seed. The fruit and seed show close affinitith the
3. Materials and Methods extant fabaceous generaPongamia and Entada
respectively. The fabaceous taxa show overall dominance
The present study is based on the plant macrofossilsonsisting of about 21 taxa in the assembldggufe 3.
comprising mainly fossil leaves collected from Lower andThe earlier fossil records also show their abundance from
Middle Churia sediments of Koilabas (272 6 2 0® 2  athed localities in the Siwalik fodiills of Uttar Pradesh,
nearby area in Dang Deokhuri District of Lumbini Anchal, Himachal Pradesh, Bihar and West Bengal in India during
western NepalKigure 1. The fossil leavesHgure 3& Mio-Plioceng27-32]. These fabaceous taxa hawe bheen
Figure 4 were identified with their modern analogues atauthentically recorded from the Paleogene-getiod of
the Herbarium of Central National Herbarium, Sibpur,India and Nepal, which indicate that they might have
Howrah, West Bengal. The physimgmic features of entered later in the Indian sabntinent during Miocene
fossil leaves such as leaf margin, nature of apex and badeeriod, after the establishment of land connections from
and shape and size have been analyzed for deducimghere they were flourishg. The genera lik€linogyne,
the climate of the area. The Climatic parameters i.eUvaria Alstonia, Canthium, Paranephelium, Nauckea
Mean Annual Temperature (MAT) and Mean Annual Artocarpusin the present assemblage.

Figure 3. Phytogeographically important taxa recovered from Siwalik sediments of Koilabas ai@iptéa)carpus siwalicutakhanpal & Guleria, (b)
Sabia eopaniculatdrasad (ckilicium koilabasensifrasad (dMangifera someshwarichakhanpal & Awasthi (eEuphoria nepalensi®rasad (f)
Ficus retusoide®rasad (gMorinda siwalikaPrasad (hpalbergia sivalika Prasad (iICassia miosiameBrasad (jAnacolosa mioluzoniensizrasad (k)
Gaertnera siwalicdPrasad (IFicus nepalensiBrasad (mYerminalia koilabasensiBrasad (nEuphoria nepalensiBrasad
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Figure 4. Evergreen to moist deciduous fossil tamahe fossil flora of Koilabas area. Kgyea kalagarhensiPrasad (b)itex siwalicusPrasad (c)
Hopea mioglabraPrasad (d)agerstroemia siwalikéPrasad (elCassia nepalensiBrasad (f)Diospyros koilabasensiBrasad (gMillettia siwalica
Prasad (hMesua tertiaraLakhanpal (i)Bouea koilabasensRrasad
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Marantaceae
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Dilleniaceae
Polygalaceae
Flacourtiaceae
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Dipterocarpaceae
Rutaceae
Simaroubaceae
Olacaceae
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Euphorbiaceae

Figure 5. Diagram showing the frequency of fossil taxa in each family known from the Siwalik sedirh&oitabas area, western Nepal

The Sabia, Caresa, Anacolosa, Otopharand Tapiria  malabarica, Bouea burmanica, Mangifera indica,
are described already from other fossil localities in theSwintonia schwenckii, Albizia lebbek, Pongamia glabra,
Himalayan foot hills while the genera likQualea lodes, Canavalia rosea, Cassia siamea, Dalbergia sericea,
Ochna, Arytera, CanavaliandAlyxia are new to Tertiary Morinda umbellata, Cinnanmoum inuctumand Ficus
flora of India and Nepal. The preseatdy distribution of glaberrima. This indicates that there has been a fair
the modernequivalents of the fossil taxa known from exchange of taxa between the two saimtinents. A good
Koilabas area indicates their wider distribution in differentnumber of taxa likeGGoniothalamusneboldii, Mitrephora
geographical regions all over India and other places. Imacrophylla, Polyalthia sumatrana, Fissistigma elegans,
India they are distributed mostly in north east andRyparosa kunstelri, Otophora fruticosa, Isoptera
southern regions due to favorable climatonditions. The borneonsis, Shorea curtisii, Paranephelium xestophyllum,
fossil assemblage comprises more than 20 those tax@rminalia angustifolia, Randia uncariand, Nauclea
which are found to grow both in India andalaya subdita, Antedesmaantanum estricted to the Malaysian
Peninsula. These are Donexnnaeformis, Dillenia indica, region, have also been found in the present assemblage.
Securidaca inappendiculata, Mesua ferrea, FlacourtiaBesides, few taxdQualea densiflora, Arytera, oshaneiana
catafracta ~ Dipterocarpus tuberculatus, Evodia are also found to grow in the tropical regions of other
fraxinifolia, Euphorea longana, Sabia paniculata, Sabiacountries like Africa, Améca, China and Sri Ld@, etc
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Figure 6. Diagrammatic representation of different types of Forest elements in the Siwali&ffiéodabas area, western Nepal

Table 1. Present day distribution and forest types of comparable taxa of fossils recovdrérom the Churia (Miocene) sediments of Koilabas

area, western Nepal

Fossil Taxa

Modern Equivalents

Distribution

Forest type

1

2

3

4

Marantaceae
Donax kasauliensiSrivastava & Guleria;
Prasad & Dwivedi, 2008

D. cannaeformisLour.

Indo-Malayan region

Evergreen to Moist deciduou

Anonaceae
Miliusa miovelutinaPrasacet al. 1997

M. velutinaH. f. & Th.

SubHimalayan tract, Myanmar

Moist deciduous

Miliusa siwalicaPrasacet al, 1999 M. thoretii Finet & Gagnep. India, China Moist deciduous
Anona koilabasensBrasacet al,1999 A. laurifolia Linn. Java Evergreen
Goniothalmus siwalicuBrasacet al.;1997 G. meboldiiBlume Malaya Evergreen
Mitrephora miocenic®rasacet al.,1997 M. macrophyllaOliver Malaya Evergreen

Melodorum jarwaensi3ripathi et al,2002

M. bicolorH. f. & Th.

N.E. India, Myanmar

Evergreen to Moist deciduou

Polyalthia palaeosumatrana
Tripathiet al., 2002

P. sumatran&urz

Sumatra, Borneo, Malaya

Evergreen to Moist deciduou

Fissistigma seniLakhanpal

F. wallichii H. f. & Th.

N. E. India

Evergreen

Fissistigma mioelegarRrasackt al.,1999

F. elegandH. f. & Th.

Malaya, Malacca

Evergreen

Uvaria siwalikaPrasad

U. hamiltoniiH. f. & Th.

N. E. India, Andaman, Myanmal

Evergreen to Moist deciduou

Dilleniaceae
Dillenia palaeoindica
Prasad & Prakash, 1984

D. indicaLinn.

India, Myanmar

Moist evergreen

Polygalaceae
Securidaca miocenicBrasacet al.,1997

S inappendiculataHas.k

N.E. India, Java

Evergreen to Moist deciduou

Qualea siwalicaPrasadk Dwivedi, 2008

Q. densiflorawarm

Tropical America

Evergreen

Flacourtiaceae
Flacourtia seriaensi®rasacet al., 1997

F. catafracta Roxb.

N.E. India, Myanmar, Malaya

Moist deciduous

F. koilabasensisPrasad & Dwivedi, 2008

F. montanaGrahm.

N. E.India, Myanmar, S. India

Evergreen to Moist deciduou

Ryparosa prekunstelRrasad, 1990a R. kunstelrKing. Malaya Evergreen
Gynocardia mioodorat&rasacet al., 1999 G. odorataR. Br. N.E. India, Myanmar Evergreen

Clusiaceae . North east India, Myanmar,
Mesua tertiara(Lakhanpal) Prasad, 1990a M. ferrealLinn. Malaya Evergreen
Kayea kalagarhensiBrasad,1993 K. floribundaWall. North east India,Myanmar Evergreen

. . N.E.India,Bangladesh,

Garcinia nepalensidrasacet al., 1999 G. cowal. Myanmar Evergreen
Dipterocarpaceae |. borneonsisBr. Java, Myanmar Evergreen

Isoptera siwalicdPrasacet al., 1999

Dipterocarpus siwalicugLakhanpal &

D. tuberculatusRkoxb.

North east India, Myanmar, Sout

Evergreen tdMoist deciduous

Guleria) Prasad,1990b east Asia
D. koilabasensi®rasacet al., 1999 D. turbinatusGaertn. N.E. India, Bangladesh, Myanmg Evergreen
Hopea mioglabréPrasad, 1994 H. glabraW. & A. South India Evergreen
Shorea eutrapizifolidrasackt al.,1999 S.trapizifolia Thw. Ceylon Evergreen
S. miocurtisiiPrasad & Dwivedi, 2008 S. curtisiiDyer Malaya Evergreen
Icacinaceac I. ovalisKurz North east India, Malaya, Evergreen to Moist deciduou

lodes koilabasensBrasad & Dwivedi, 2008

Myanmar
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Fossil Taxa Modern Equivalents Distribution Forest type
1 2 3 4
Ochnaceae O. wallichii Kin North east India, Andaman, evergreen to Moist deciduou
Ochna miowallichiiPrasad & Dwivedi, 2008 ) 9 Malaya, Myanmar 9
Rutaceae L .
Evodia koilabasensiBrasad, 1994e E. fraxinifolia Hook. f. North east India, Malayayepal Evergreen
S . Sub Himalayan regiork,
Murraya khariensigLakhanpak Guleria) M. paniculata(Linn.) Jacq. Myanmar, Andaman, Evergreen
Prasad, 1994 -
AustraliaMyanmar
Atlantia miocenicéPrasad, 1994 A. monophylleCorr. South and North India, Evergreen
Myanmar, Andaman
Simaroubaceae . .
Brucea darwajensiBrasact al 1999 B. mollisWall. N.E. India, Myanmar Evergreen
Meliaceae . . . . . .
Chloroxylon palacoswietenRrasad, 1990a C. swieteniaDC. India, Sri Lanka Mixed deciduous
Aglaia nepalensi®rasacket al 1999 A. eur)(r/J:ﬁéltlglr:oor. & Java Moist deciduous

Rhamnaceae .
Berchemia nepalensRrasad & Dwivedi, B. hamosarongn. NepaI,WaII!ch| Western. Mixed deciduous
2007 peninsula
B. siwalica Tripathi et al,2002 B. floribundawall. N. E. India Evergreen

Zizyphus miiocenicRrasad1994e

Z. jujubalLam.

India, Myanmar

Evergreen to Moist deciduou

Sapindaceae

South India, Sri Lanka, Tropical

Filicium koilabasensis F. decipiencelhw. Africa Evergreen
Prasad, 1994
Euphorea nepalensRrasad, 1994 E. longanaLamk. South and N,\(/I)gg )Ilr;dla\/lyanmar, Evergreen
Otophora miocenica .
Prasad, 1994 O. fruticosaBlume. Malaya Evergreen
Nephelium palaeoglabrufrasacet al.,1997 N. glabrumNoronh. Malaya Evergreen.

Paranephelium seriaensis
Prasad & Dwivedi, 2008

P. xestophyllunMig.) King

Malaya, Myanmar

Evergreen to Moist deciduou

Arytera seriaensi®rasad & Dwivedi, 2008 A. oshaneian&adik. Australia Evergreen
Sabiaceae . .
Sabia eopaniculata S paniculataSeem. Su’a Himalayan region, Evergreen
Prasad, 1994 yanmar, Malaya
S. siwalicaDwivedi, et al., 2006a S. malabaricaBedd. N. E. India, Malaya Evergreen
Anacardiaceae
Swintonia palaeoschwenclirasad & S.schwenckiiTeysn. India, Myanmar, Malaya Evergreen

Awasthi, 1996

Bouea koilabasensRrasad1994

B. burmanicaGriff.

Southindia, Andaman, Myanmai

Moist deciduous

B. premacrophyllaAntal & Awasthi, 1993

B. macrophylleGriff.

Java, Borneo, Malaya

Evergreen to Moist deciduou

Tapiria chorkholiense
Prasad, 1994

T. hirsutaHook. f.

North east India, Nepal, Bhutan

Evergreen

Mangifera someshwaric@d.akhanpal &

Awasthi) Prasad M. indica Linn. India Malaya Evergreen to Moist deciduou
Dracantomelum seriaensirasacet al, 1997 D. sylvestreBlume Borneo Moist deciduous

Fabaceae
Pongamia kathgodamensgtsasad

P. glabraVent.

India, Sri Lanka, Malaya

Mixed deciduous

Albizia siwalicaPrasad, 1990b

A. lebbekGamble

North east India, Myanmar

Moist deciduous

Cassia nepalensBrasad, 1990a

C.siameaLam.

Central India

Moist deciduous

C. miosiamedrasad, 1994

C. hirsutaLinn.

India, Myanmar, Malaya

Moist deciduous

C. neosophor@rasad, 1994

C. sophorawall.

South east Asia

Moist deciduous

Dalbergia eucultratePrasacet al.,1999

D. cultrataL.

India, Myanmar

Mixed deciduous

D. miovolubilisPrasackt al.,1997 D. volubilis Roxb. India, Nepal Mixed deciduous
D. miosericeadPrasad, 1990b D. sericeaBoj. Sub H'\l/lnggfgssnc;?glon, Moist deciduous
D. siwalikaPrasad, 1994 D. sissooRoxb. SubHimalayan region Moist deciduous
Millettia siwalicaPrasad, 1990a M. ovalifolia Kurz SubHimalayan region, Myanmai Evergreen
M. ovatusTripathi et al 2002 M. pubinervisKurz Myanmar Evergreen to Moist Deciduou
M. palaeomaniDwivedi, et al.,2006a M. maniiBacker Tropical Africa Evergreen

Canavalia siwalicaDwivedi, et al.,2006a

C. roseaDC.

Malaya, S. India

Evergreen to Moist deciduou

M. imlibasensiPrasackt al 1999 M. brandisianaKurz Myanmar Moist deciduous
. . M. macrostachy&oll. & Evergreen to
M. koilabasensi®rasad, 1990b Hems. Myanmar Moist deciduous
M. miobrandisianaPrasad, 1994 M. brandisianaKurz Myanmar Evergreen
Ormosia robustoideBrasad, 1990b 0. robustaJacq. Northeast India, Myanmar Moist deciduous
Samanea siwalikRrasad, 1994 S.samanMerr. Tropical Africa, America Evergreen

Entada palaeoscandef&wasthi & Prasad)

Prasad, 1994

E. scanden8enth.

India, Myanmar

Mixed deciduous
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Fossil Taxa Modern Equivalents Distribution Forest type
1 2 3 4
Cynometra palaeoirip®rasacet al, 1999 C.iripa Kotel. India Mixed deciduous
C. siwalikaAwasthi & Prasad, 1996 C. PolyandraRoxb. N. E. India,Malaya Evergreen

Combretaceae
Anogeissus eosericérasad & Prakash, 198

A. sericeaBrandis

Central India

Mixed deciduous

Clycopteris floribundoidePrasad, 1990a

C. floribundaLam.

North east India, Myanmar,
Western Peninsula

Mixed deciduous

Terminalia koilabasensis
Prasad, 1990a

T. angustifoliaJacq.

Malaya

Evergreen

T. siwalicaPrasad, 1990a

T. pyrifolia Kurz

Myanmar

Evergreen to Moist deciduou

T. panandhroensifakhanpal & Guleria)
Prasad, 1994

T. tomentosav. A.

SubHimalayan regionMyanmar

Moist deciduous

Combretum sahnijAntal & Awasthi) Prasad,
1994

C. decandrunRoxb.

SubHimalayan region,
Bangladesh, Central India

Mixed deciduous

Lythraceae
Lagerstroemia siwalica
Prasad, 1994

L. lanceolatawall.

Western Peninsula

Evergreen

L. mioparvifloraDwivedi, et al.,2006a

L. parviflora Roxb.

N. E. India, Myanmar

Evergreen to Moist deciduou

L. eomicrocarpaDwivedi, et al.,2006a

L. microcarpa Linn.

S. India, Myanmar,
Australia

Evergreen to Moist deciduou

Woodfordia neofruticosBrasad, 1994

W. fruticosaKurz

SubHimalayan region, Tropical
Africa, Peninsula

Mixed deciduous

Anisophylleaceae
Anisophyllea siwalic#rasad &
Awasthi,1996

A. apetalaScort.

Malaya

Evergreen

Myrtaceae
Syzygium miocenicuRrasad & Prakash, 198

S.clavijlorum Roxb.

North east India, Andaman,
Myanmar

Evergreen to Moist deciduou

Syzygium miooccidentalRrasacet al, 1999

S. occidentalisBourd.

India

Moist deciduous

Caprifoliaceae
Lonicera mioquinqueloculariBrasad, 19903

L. quinquelocularidHardw.

North west Himalaya, Nepal,
India

Mixed deciduous

Rubiaceae . )

Canthium siwalicsPrasad & Dwivedi, 2007 C. dydimunRoxb. India, Myanmar, Malaya Evergreen

Randia miowallichiiPrasad, 1990a R. wallichiiHook. f. North east India, Myanmar, Evergreen

Andaman

R. miouncariaPrasad & Dwivedi, 2007 R.. uncariaElmer Philippines Evergreen

Morinda siwalicaPrasad, 1994e M. umbellataLinn. South and North east India, Sri Evergreen
Lanka, Malaya

Nauclea seriaensi$’rasad & Dwivedi, 2007 N. subdita(Mig.) Merr. Malaya Evergreen

Ebenaceae
Diospyros koilabasensRrasad, 1990a

D. montanaRoxb.

India, Myanmar, Sullimalayan

Mixed deciduous

region
D. pretoposiaPrasad, 1990a D. toposiaHam. North east Inchsl,(Sangladesh, S Evergreen
D. darwajaensisPrasacet al., 1999 D. dasyphylle&Kurz. Martaban Evergreen
Apocynaceae
Tabernaemontana precoronaffrasad, g SubHimalayan region, Sri Mixed deciduous
T. coronariaWilld
1990a Lanka, Myanmar

Carissa koilabasensis
Prasad, 1994e

C. paucinerviaA. De.

North east India, Myanmar

Evergreen

Alyxia koilabasensi®rasad & Dwivedi, 2007 A. fasciculataBenth. N.E. India Evergreen to Moist deciduou
Alstonia nepalensiBrasad & Dwivedi, 2007 A. angustifoliawall. Malacca, Myanmar, Malaya Evergreen
Loganiaceae G. bieleri (D. Willd.) Tropical Africa Evergreen

Gaertnera siwalicPrasad, 1990a

E. Petit

Solanaceae
Datura miocenicadPrasad, 1990a

D. fastuosd.inn.

India, Malaya, Tropical Africa

Mixed deciduous

Oleaceae
Anacolosamioluzoniensis
Prasad, 1994e

A. luzoniensiderr.

South east Asia

Evergreen

Verbenaceae
Vitex prenegund®rasad, 1990a

V. negundd.inn.

India, Sri Lanka, China

Mixed deciduous

V. siwalicaPrasad, 1990a

V. pubescensahl.

India, Myanmar

Evergreen

Lauraceae
Cinnamomum mioinuctum
Prasad, 1990a

C. inuctumMeissn.

Myanmar, Malaya

Evergreen to Moist deciduou

Moraceae

SubHimalayan region, Assam,

Mixed deciduous

Ficus precuniglLakhanpal) Prasad, 1990a F. cuniaHam. Myanmar India, Malaya
F. retusoidesd, 1990a F. retusaLinn. India, Malaya Evergreen
F. nepalensi$rasad, 1990a F. . glaberrimaBlume India and Malaya Evergreen
F. eomysorensisripathiet al,2002 F. mysorensigieyn N.E. India, Myanmar, Sri Lanka Evergreen

Western. Ghats
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Fossil Taxa Modern Equivalents Distribution Forest type
1 2 3 4
Artocarpus nepalensBrasad & Awasthi A. integrifoliaLinn. N. E. India, gg:tr;mar, Western Evergreen
Protiaceae ’ :
Helicia eoerreticaPrasacet al, 1999 H. erreticaHook. f. N.E. India,Myanmar Martaban Evergreen
Euphorbiaceae ’ . .
Phyllanthus koilabasensRrasackt al, 1999 P collumnarisMuell. - Arg. Myanmar Mixed deciduous
P. mioreticulatusPrasackt al, 1999 P reticulatusPoir. India, M'\);lilrr;;gr, Ceylon Mixed deciduous
Antedesma siwalicBrasackt al, 1999 A. montanunBl. Malaya Evergreen
A. miocenicéPrasad & Dwivedi, 2007 A. veluntinosunBlume Myanmar, Malaya Evergreen

The present floral assemblage consists of 3 major typdikely that the errors in interpretab are minimum. Thus,
of elements: (1) Evergreen, (2) Evergreen and moistn the basis of plant mega fossils especially -leaf
deciduous (3) Moist deciduous. (4) Mixed deciduous. Outmpressions, the interpretation regarding palaeoclimate
of 116 taxa recorded from Koilabas area, 54 taxa arean be drawn by two methods: (i) Nearest living relative
evergreen, 20 evergreen to moist deoith) and 23 moist method, i.e., from comparison of the léadpression with
deciduous and 17 Mixed deciduous. Thus, the evergreahe extantaxa. (ii) Foliar physiognomy method, i.e., from
elements dominate the fossil flora of Koilabas aresstudy of the structural features of léafpressions.
(Figure 8 Table ) during Miocene in contrast to mixed

deciduous vegetation occing today in the areg83]. 4.2.1 NearestLiving Relative Method
This approach for interpreting past climate uses the
4.2. PalaeoclimateEstimation climatic preferences of modern plants to interpret the past.

_ o ) ) The plant fossils collected from Koilabas area have been
Palaeoclimate estimation from fossil plants is one of the ompared with their modern equivalents and it has been
most important contributions of palaeobotanical studiesgpserved that a few of themilstexist in the area.
The present is the key to the past. The principalsias  Therefore, it is easier to infer the palaeoclimate of the
any study of the past is tdgién 8ufiig Midcénb elt Febuirds Uthréel Bits mof t v
order of natured6. This pr ijdogniatoh: ) a liviA@rkldtie Jor ach foksh sheciBd\iY S i ¢
bi ol ogical processes whi Cihealtdchddy oftie vy roistiveson dach foSsh spetiBs.  a
well as vegetation must have been in the operation sinGggnd (jii) a modern association of species similar to the
past. Likewisethe type of weather variation and climatic fossjl flora. In the real sense, the modern analog
conditions as observed today must also occur in the paglommunity should be similar to the fossil assemblage in
The best approach to the study of palaeoclimate oh ot h speci esd composition anc
palaeoecology of a particular area is to compare the fossily) For each climate parameter ayzed, the climatic
floras with the modern vegetation and to wndhe  ranges under which maximum number of NLRs of
existing (_3|ImatIC COﬂquﬂS. It is rather difficult to deduce_ individual fossil flora can Cexist (Coexistence Interval),
the precise palaeoclimate/palaeoecology of an area prig§ determined. Thus, if coexistence interval of two
to the Tertiary Period, because the modern vegetation E.‘Omparame modern species of the fossils D®dnnax
quite different from those of earlier periods. The studycunnaeformisLour and Miliusa velutinaH. f. & Th. is
becomes more auorate as we go from Paleocene upwardahout 17-30°C and 17.5-29°C respectively, it means that
until the Pleistocene as the modern equivalents of thghe comparable fossil speci€@onnax kasauliensigind
fossil forms still exist in the presedty vegetation and Miliusa miovelutina were presumably also surviving
obviously the fossils could satisfactorily be compared andinder a Mean Annual Temperature (MAT) between
identified with the modern taxa. 17°-30°C and 7.5°-29°C respectively, indicating thereby,
Thus, the Tarary fossil plants are supposed to be thepoth species probably coexisted when Mean Annual
reliable indicators of past climate especially those that argemperature (MAT) Cexistence interval was between
identified with modern taxa. The accuracy of 17°C and 30C. Likewise, Coexistence intervals or MAT
interpretations based on them is inversely proportional tf 29 similar looking living relatives (NLR) of fossilsf o
the geological ages of the deposits from wiioh fossils  Koilabas assemblage were obtained from Internet and
are collected. As the plant fossils for the present studyhrough data from Indian Meteorological Department. The
have been collected from the Miocene sediments and th@AT value estimated by above method indicated MAT
modern equivalents of these fossil forms still exist in thqMean Annual Temperature) in the Himalayan foot hills of
forests of different phytogeographical regions, it haskoilabas area was 2330°C during Mio@ne (Middle and
therefore becom easier to deduce the palaeoclimate an@pper) whereas the presatdy MAT of Koilabas area
palaeoeCOI()gy of the Koilabas area in the Himalayan- fOOt(based on data of Department of Hydro|ogy and
hills of western Nepal during Miocene. Meteorology, Nepal) in the Himalayan foot hill zone is
The other parameters for deducing palaeoclimate arg3°C (Figure @).
the physiognomic characters of plant fossils. The presence |n a similar way, Coexistence intervalMean Annual
of exclwsively leatimpressions in any floral assemblage precipitation (MAP), of comparable extant species were
plays a deciphering role in interpreting the palaeoclimatgptained from Indian Meteorological Department through
and palaeoecology. Further, this is an independenhternet which showed the MAP value for extant species
systematic relationship of the species and therefore, it isanging between 2468600 mm. It is therefore presumed,
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that somewhat similar oadlitions of precipitation present habit and habitat of the recorded taxa show that
prevailed around the Koilabas area in the paisfure D). they mostly occur in the tropical evergreen and moist

The fossil plants recovered so far from the Churiadeciduous forests of north east India, Bangladesh,
sediments of the Koilabas area comprise 116 elementdyanmar and Malaya and adjoining areas receiving
which were compared with modern taxgable ). The higher[[25,26,343536]; Table 1.

Donax cannaeformis
Miliusa veluntina
Anona laurifolia

Mitrephora macrophylla
Dillenia indica
Qualea densiflora
Gynocardia odorata
Dipterocarpus tuberculatus

Hopea glabra H

Todes ovalis

Murraya paniculata #

Brucea mollis

Chloroxylon swietenia

Zizyphus jujuba
Filicium decipience
Sabia paniculata #
Magnifera indica
Delbergia cultrata
Millettia ovalifolia
Terminalia angustifolia
Lagerstroemia parviflora
Randia wallichii
Diospyros montana
Datura fastuosa

Cinnamomium inuctum #

Ficus cunnia
Helicia erretica |
Phyllanthus collumnaris

o 5 10 15 20 25 30 35 40
MAT (Degree Celsius)

Figure 7a. Showing the coexistence intervals of climatic parameter Mean Annual Temperature (MAT), of modern relatives of recordpdciessil
recorded from Koilabas area, western Nepal. The vertical line indicates the common range of MAT and horizontal linetheliceézsals of
coexistence

Donax cannaeformis
Miliusa veluntina
Anona laurifolia
Mitrephora macrophylla
Dillenia indica

Qualea densiflora

Gynocardia odorara

Mesua ferrea
Dipterocarpus tuberculatus
Hopea glabra

Todes ovalis

Murraya paniculata
Brucea mollis
Chloroxylon swietenia
Zizyphus jujuba
Filicium decipience
Sabia paniculata
Magnifera indica _
Delbergia cultrara
Millettia ovalifolia
Terminalia angustifolia r
Lagerstroemia parviflora

Randia wallichii

Diospyros montana
Datura fastuosa

Cinnamomum inuctum
Ficus cunnia

Helicia erretica
Phyllanthus collumrnaris

o 1000 2000 3000 4000 5000 6000
MAP (mm)

Figure 7b. Showing the coexistence intervals of climatic parameter Mean Annual Precipitation (MAR)dern relatives of recorded fossil species
from Koilabas area, western Nepal. The vertical line indicating the common range of MAP and horizontal line theigatiervals of coexistence
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Thus, it may be surmised that a wamnd humid environment in which plant must conserve water. Leaf
climate prevailed in the Koilabas area at the time ofhysiognomy is particularly useful for deducing
deposition in contrast to the present relatively drytemperature and precipitation pattern because the leaf is
climate. The predominance of evergreen elements in th@strumented in maintaining plamvater and temperature
assemblageHigure § further indicates the prevalence of balance.
tropical (warm humid) climate with plenty of rainfall. ~ The study of structural features of fossil angiospermous
Most of the taxa represented in the fossil assemblage deaves such as size, venation, density, texture, margin,
not occur in the Koilabas area or all along the Himalayarshape and tip, etc. has a great relationship with climate
foot-hills of both India and Nepal Téble ). This and thus provides more reliable resul®alfle 3. As
obviously ndicates that changes in the climate must havéhis method is independent of the systematic relationship
taken place after the deposition of Siwalik sediments irof the species, the errors in the interpretation of

the Koilabas area. palaeoclimate are minimized as compared to the above
. _ nearest living relative method. The detailed physiognomic
4.2.2 Foliar Physiognomy Method study d the fossil leaves recovered from the Siwalik

Physiognomy uses morpho|ogica| features to reﬂecﬁEdimentS Of Kpilabas f’:l_rea, Nepal_provides Congiderable
some functional or physiological features of tplant. ~data on climatic conditions prevailing at the time of
For example, thick, waxy, succulent leaves indicate arig¢edimentation.

Table 2. Physiognomic characters of the fossil flora resered from the Churia (Miocene) sediment®f Koilabas area, western Nepal

PHYSIOGNOMIC CHARACTERS
g ¢ 8 |g | ,E8| 880 | o £5
o 582 | 38 |32TT (535|580 | f2, | £2
] = 8~ teyg L-gc | §32| 098~ g B cca ab

Fossil Taxa 25 glo o8BS | SEs2 |83 2<TEeT8s| S3E sco

5 | 585 | £%% |25d2 |5ed|ce3t5g| 057 | B

g R = 2gs | E-£?|-285| 830855 | §3 59

z o~ z GO | 4e> g >0
1 2 3 4 5 6 7 8 9
Donax kasauliensis 46.8 E - - CH (0] S C
Anona koilabasensis 31.15 E - - CH (0] 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 O S C
Fissistigma senii 17.55 E A - CH A S C
F. mioelegans 17.48 E P - Cco O S C
Goniothalmus siwalica 18.78 E - - CH A S C
Uvaria siwalica 44.00 E - - CH - S C
Dillenia palaeo indica 52.50 N - - CH - S C
Qualeasiwalica 24.50 E - - CH - S C
Securidaca miocenica 24.00 E - - CO 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
Mesuatertiara 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 CcOo A S C
Dipterocarpus siwalicus 128.00 E P N CH O, CR S D
D. koilabasensis 236.25 E - - Cco - S C
Shorea eutrapizifolia 13.25 E CcOo A S C
S.miocurtisii 8.00 E A N CH A S C
Hopea mioglabra 28.44 E - CcOo A S D
Isoptera siwalica 34.20 E - - CH O S D
Evodia koilabasensis 20.90 E - CH (0] C C
Murraya khariense 07.30 E A CcOo A Cc D
Atlantia miocenica 05.22 E CH A C C
Brucea darwajensis 08.27 E P N CcO A S C
lodes koilabasensis 12.25 E A - CH A O S C,D
Chloroxylon palaeoswietenia 05.60 E - - CH A C C
Aglaia nepalensis 25.50 E - CH Cc C
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PHYSIOGNOMIC CHARACTERS

o o —~ o - -
E €5 %s”? é/\'.\/\ 0»5,8 j;o"-gg/ﬁ?pﬁ\ ';%2 55
2 °cz 28— | 820 |5, 68803 | Sce | BE
R < c S C 0 —- = 0 ¢ X235 [t Q o c S35 o=
Fossil Taxa o g gdo 29 SES2 | 250| gTELRS S3E sco
S FLE | 2c2 | L5825 |(§EE|oeld858| OEP | 59
s SE° | =2gt |E<£%|385|8358&<| %3 5o
z a~ z c°o | ~®= g >0
1 2 3 4 5 6 7 8 9
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 C
Nephelium palaeoglabrum 45.00 E - N CH A S C
Otophora miocenica 14.25 E A S CcOo 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 (0] S C
Tapiria chorkholiense 11.25 E - - Cco O 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 Cco A Cc D
Casssia. nepalensis 10.08 E P CH (0] C D6
C. miosiamea 05.25 E A N CH (0] C C
C. neosophora 03.80 E A N CH (0] C C
Dalbergia miosericea 14.40 E A N CH A C .p
D. eucultrata 06.46 E A - CH A C C
D. siwalica 07.20 E - - CH (0] 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 (0] C D
M. imlibasensis 07.48 E - - CH O Cc C
M. palaeomanii 4.8 E - N CO (0] C C
M. ovatus 8.75 E P - CH O C C
Ormosia robustoidses 35.00 E P - CH (0] C C
Canavalia siwalica 3.52 E A N CH (0] C C
Cynometra iripa 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 (0] C D
Anogeissus eosericea 10.75 E - N CH O S D
Calycopteris floribundoides 12.48 E P - CO (0] S D
Terminalia koilabasensis 11.20 E P - CH A S D
T. siwalica 35.60 E P N CcO A S D
T. panandhroensis 57.60 E N CcOo O S D
Combretum palaeodecandrum 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 - - CcOo CR Cc 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 mioquin quelocularis 08.75 E - - CH (0] C D
Randia miowallichii 13.80 E - N CH C S D
R. miouncaria 49.90 E - - CH C S C,D
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PHYSIOGNOMIC CHARACTERS

o Q =~ o) . c =

E = S %s”? é/\'.\/\ m§,8 j:%-gg’ﬁ?p’?\ '%9 EE

2 °cz 28— | 820 |5, 68803 | Sce | BE

. < c S C 0 —oc X235 [} © Q o c S35 o=

Fossil Taxa 2§ gdo 29 G2 | 230 | g<TE€8TS| S3E sco

o) LT | 262 | L5822 |BEg|cedtE58| OO | 5g

s SE° | =2gt |E<£%|385|8358&<| %3 5o

z a~ z c°o | ~®= g >0
1 2 3 4 5 6 7 8 9
Canthium siwalica 7.79 E A - CH - S C,D
Nauclea seriaensis 45.58 E E - CH O 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 - - CcOo O S C
D. pretoposia 108.00 E N Cco O S D
D. tulsipurensis 32.42 E A - CH (0] S C
Tabernaemontana precoronaria] 13.86 E P N CH C S D
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 CO 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 (0] 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 (0] S C
Artocarpus nepalensis 49.50 E - - CO A S C

The best indicator of climate appears to be the leaDatura miocenicaand Anisophylleasiwalica, have entire
margin, viz., entire versus namtire. The approach to margin indicating a warm tropical climatégble 3.
climate reconstruction is directly based on the work of Leaf size and shape are selected by the climate and are
Baily and Sinnot[37] who had found a robust relation strongly correlated with climatic variables. Accordingly,
betweenthe margin and climate. Typical entire marginedfossil dicotyledonous leaves are considetede among
leaves of woody families like Anonaceae, Lauraceaethe most reliable indicators of terrestrial palaeoclimate. It
Ebenaceae, Clusiaceae, Sapotaceae, Dipterocarpaceae hasd been seen that leaf size distribution in any forest type
Apocynaceae, etc. are practically absent from mesophytis correlated with available moisture and it is found bigger
cold temperate regions. On the contramnentire leaved in the understory elements of humid evergreen forests but
families as Betulaceae, Aceraceae, Platanaceae, etc. alecreases with low temperature or precipitation. Further,
absent from low land tropical areas. Nevertheless, ththe percentage of species having large leaves should be
families like Malvaceae, Rosaceae, Ulmaceae, Fagaceasghest on the piedmont somewhat higher on the mountain
Tiliaceae, Flacourtiaceae, Anacardiaceae and Fabacese order to correlate with precipitatiof39]. It has ale
bear both types déaf margins, i.e., entire and nentire.  postulated that optimal size, as determined by the balance
According to Bailey et al[37] the woody plants of between transpiration rate and photosynthesis, should be
tropical low lands possess entire margins, while ingreatest in the tropics, decreases in the subtropics and
temperate they possess pamtire margins. Similarly, it increases in the warm temperate forg$g3.
has concluded that th&opical rain forests have the The leaf size may be measured typically by 5 size
highest percentage of entire margined species. classes, viz., leptophyll (up to 0.25 sq cm), nanophyll

This percentage decreases with decreasing temperatui@252.25 sq cm), microphyll (2.280 sg cm), mesophyll
either with increasing altitude to the submontane and montarf20-182 sq cm) and macrophyll (18540 sq cm)[39].
rain forests or with increasing latitude to the warm tentpera According to this classification the floral elements
forest[38]. This criterion, when applied to the fossil flora obtained from Koilabas area possess mainly microphyll
of the Koilabas area, reveals that all the species, excephd mesophyll type of leaves. Application of the above
four taxa, i.e.Dillenia palaeoindica, Flacourtia seriaensis criterion to the Koilabas assemblage in which most of the
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taxa possess optimal sized leavEale J again indicates

358

The Most of thetaxa of the Koilabas fossil assemblage

that a tropical humid climate prevailed in the area duringare locally extinct. This indicates that the climatic changes

Middle Miocene.
The 6Drip tipo, an

must have been taken place there after Miocene. The
e x t e nddméndncelofethe fossilttaxghaving estire margined leaveso t h

important physiognomic feature of angiospermous leavem the fossil assemblage of Koilabas aremdicating the

and is generally seen in wet tropicatdst elementfi1].

presence of tropical climate. The other feature like Drip

The function of the drip tip is to hasten the run off oftips, leaf size, leaf texture, nature of petiole and venation
water from the leaf. It facilitates them to retard the growthdensity etc. collectively also suggested tropical during
of epiphytes. The deciduous leaves generally lack drip tipMiocene times around Koilabas and nearby area.

because of their short lifspan [46]. In the present

The coexistencapproach for paleoclimate reconstructions

assemblage about 30 taxa possess conspicuous drip tigaggests that Koilabas area in the Himalayan foot hills of
In some specimens the tips either got broken or indistinavestern Nepal enjoyed a tropical climdiging the Lower
due to bad preservatiofgble 9. Thus, it also shows the and Middle Miocenewith the value ofMAT 23.5°-30°C
prevalence of tropical humid climate around Koilabas aresand MAP 24063600 mm.

during Siwalik sedimentation.
There is other six physiognomic features that have been

used as an aid in determining the past climate. JAcknowledgemens

Organization compound versus simple leaves 2. Venation

pattern3. Venation density 4. Leaf texture 5. Leaf base We eypress our gratitude to Dr. Vandana Prasad,

shape and 6. Leaf form. These characters are less usefdirector,

Birbal Sahni Institute of Palaeosciences,

than margin type, leaf size and drip tips and some of therbucknow for providing necessary facilities during the

are also difficult to analyze in the fossil material. Theconsut at i on

organization of leaves as simpde compound has been
correlated with available moisture or precipitati@lph

of I nstitutebds | ibr

and Dilcher postulated that the percentage of simp|eReferences
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fossil flora of Koilabas area, western Nepal during[7]
Miocene in contrast to tropical mixed deciduous elements
occurring at present which indicates the prevalence o[fs]
tropical warm humid climate with plenty of raifall
during the deposition of Siwalik sediments.

Fabaceae represented by 21 species is most domindat
family in the Koilabas fossil assemblag&igure 5
followed by Annonaceae (10 specieBjpterocarpaceae,
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