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ABSTRACT 

The pa lynoflora of the Siwalik Group exposed along Bhakra-Nangal Roa d section, Bilaspur Dis

trict , Himachal Pradesh consists of 27 genera and 36 species. Of these, or..e species is new. A com

parison of the present palynomorphs with the living ones indicates the possib_le representation of Cyathea

ceae, Schizaeaceae, Parkeriacc,>..e, Polypodiaceae, Pinace_2.e , Palm~e , Poz,ceae, Ole.o.ceae, Cher..opodi2,C(,e, 

Sapotaceae, Crucifera.e, M eliace;,,e and Lentibala.riace2.e. The quantitative an::Jysis reveals de overall 

represe:1t.1. tion of fungal rein2.ins as 36 per cent, pteridophytic spores 11 per cent, gymnospern:ous pollen 

grains 14 per cen t and angiospermous pollen gr-iins 39 per cent. In Lower, Middle and Upper Siwaliks 

respectively, the fungal remains are 33, · 47 and 29 per cent, pteridophytic spores are i"l, 5 and 19 

per cent, gymnospermous pollen grains are 15, 13 and 5 percent and angiospermous pollen grains are 4 I, 

35 and 47 per cent. A compariso-:i of the pre.,ent palynoflora with already known Siwalik assemolages 

reveals that the Lower Siwalik assemblage matches with the earlier described i..ower Siw3.lik flora from the 

same area and also from other areas. The middle and Upper, Siwalik ::i.ssemblages show comparatively 

lesser repre,,e ,1t.:1tion of gym10,per.nous pollen thac1 the ~other assemblages which is i::,robably due to tl:e total 

absence of inaperturate pollen grains. The environment of deposition of these sediments has been de

duced as fluviatile. 

INTRODUCTION 

The records of palynological studies on the Siwalik Group are meagre. The 

first paper on this subject was published by BANERJEE ( 1968) who, on the basis of the 

recovered palynoflora, commented upon the palaeoclima te and depositional environ

ment during the Lower and Middle Siwalik sedimentation in Bhakra-Nangal area of 

Himach,::J Pradesh. Thereafter some more p 2lynological information from Lower 

Siwalik was provided by VENKATACHALA (1972) and MATHUR (1973), and from Mid

dle Siwalik by LuKOSE (1969), NANDI AND BANDYOPADHYAY (1970), VENKATACHALA 

(1972) and NANDI (1972). SINGH~ KHANNA AND SAH (1973) reported the occurrence 

of palynoflora in Upper Siwalik (Pinjor Formation) mainly consisting of Pinus-type, 

monosulcate-type and inaperturate (nonsaccate) pollen grains and surmised sub

temperate to temperate climate therefor. NAJ\..DI (1975) wa~ the first to make an 

attempt for dividing the Siwalik Sequence of Jawalamakhi area of Himachal Pradesh 

into 4 informal biozones. She, besides recording many palynotaxa from the Lowe1 and 

Middle Siwalik_, mentio~1ed the occurreace of 7 palynomorph ge~1era from the Upper 

Siwalik_, though without any description thereof. The above mentioned work on the 

Siwalik palynology ha5 been reviewed by GHOSH ( l 977), MATH'.UR AND VENKATACHALA 

( 1979) and SAXENA AND SINGH (1982a). This has been follow c-d by a series of papers 

on Upper Siwalik palyno1ogy by SAXENA AND SINGH (1980~ 1981, 1982a, b) and 

SINGH AND SAXENA (1980 ~ 1981). 
The present paper deals with the palynological investigation of the Siwalik 

sedime 1ts exposed along Bhakra-Nangal Road m Bilaspur District~ Himachal Pradesh. 
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Traversing from Bhakra towards Nangal along Bhakra-Nangal RoadJ first the Lower 
Siwaliks are e:Xpos.ed. These are composed of medium to coarse grained) often gritty) 
greyJ pink and rU':;t-coloured sandstones and shaly sandstones alternated by occa
sional thin bands of ferrugi nous shale and siltstone5. The Lower Siwalik sediments are 
continuously exposed along the roa d from Bhakra to 4.5 km. Near 4.5 km the road 
bifurcates for Olinda Colony and from this point up to about 6 kmJ Middle Siwaliks 
are exposed. The Middle Siwaliks are made up of pale brownJ greyish) sometimes 

ferruginousJ fin e to coarse grained) more or less compact sandstones alternated by a 
fewJ generally thinJ but occasionally up to 5 m thickJ carbonaceous shales. Th fJ rocks 
dip about 40 degrees towards WSW. Thereafter the rocks are densely covered by 
vegetation and could not be properly observed but at about 7 km well developed 

exposures of Upper Siwalik were observed. These are made up of greyish-white 

to whiteJ medium to very coarse grained) friable) massive sandstones and 
sand rocks: freque11tly containing highly carbonaceous to lignitic• nodules. At place 
e.g. at 7.4 kmJ thin carbonaceous streaks were observed in grey, coarse grained sand
stone. The Upper Siwalik is steeply dipping up to 80 degrees towards west. Near 8.4 

km the sandstone is overlain hy the uppermost unit of Upper SiwalikJ viz . Boulder 
Conglomerate) whict continues for a short distance and thereafter the road runs over 

alluvial plain. This abrupt change in the physiography may possibily be attributed 

to a fault (Fig . 1). 

Upper Slwallk 
...... ~,1,:&;11 

I Middle Slwallk 

,t111 

ft 

' 
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-,•-·-·- Boundary,st'atc 

- • - -- ~dary,Otttrlc:t 

Fig. I. Gcologica.l map or the a re:L along Bhakr,t-Nang:-d R.0.1.d, Him.:i.ch:il Pr:idcsh. 
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The material for the present study was collected from the above sequence and 
consists of mainly clay, siltston e, silty shak and carbonaceous shale. Altogether, 193 
samples were collected-44 from the Lower Siwalik, 38 from the Middle Siwalik and 111 
from the Upper Siwalik. Of these, 16 samples yielded palynofossils. Amongst the 
productive samples, 8 samples belong to the Lower Siwalik, 5 to the Middle Siwalik 
and 3 to the Upper Siwalik (Table 1). The slides and negatives of the palynomorphs 
have been deposited in the repository of the Birbal Sahni Institute of Palaeobotany, 
Lucknow. 

Table I. Section showing_ lithology and location of the productive samples. 

Productive 
Horizon Sample no.,. sample ncs. 

168 

Upper Siwalik 83-193 166 

165 

64 

Middle Siwalik 45-82 63 

62 

53 

52 

43 

38 

37 

Lower Siwalik 1-44 35 

16 

15 

5 

4 

*Sample locations are with reference to Bhakhra Dam 

SYSTEMATIC PALYNOLOGY 

Genus-Cyathidites Couper, 1953 

Lithology 

Greyish-black siltstone 

Greyish:-black siltstone 

Carbonaceous shale 

Carbonaceous shale 

Carbonaceous shale 

Carbonaceous shale 

Carbonaceous sh2Je 

Carbonaceous sh2Je 

Grey siltstone 

. Siltstone 

Siltstone 

Purple siltstone 

Siltstone 

Siltstone 

Ferruginous shale 

Ferruginous shale 

Type species-Cyathidi.tes australis Couper, 1953 · 

Cyathidites australis Couper, 1953 

Pl. 1 Fig. 1 

Location"' 

8.4 km 

8.4 km 

8.3 km 

----
5.4 km 

5.4 km 

5.3 km 

4.6 km 

4.6 km 

3.2 km 

3.2 km 

2.6 km 

2.6 km 

1.0 km 

1.0 km 

0.3 km 

0.3 km 

Descript£on-Spore subtriangular with broadly rounded ap1ces and concave 
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inter -apical margins; size 66 x 60 µ.m. Trilete, r ays distinct, stra ight, extending almost 

up to the equa tor. Exine 1 . 5 µ.m thick, laeviga te. 

Genus- Lygodium.sporites Potonie , Thomso::i & Thiergart emend . Potonie, 1956 

Type species-Ly godiumsporites adriennis (Potonie & Gelletich) Potonie, Thomson & Thier-

gart., 1g50 

Lygodium.sporites eocenicus Dutta & Sah, 1970 

Pl. 1, Fig. 2 

Description-Spore subtriangular with broadly rounded apices and straight to 

convex inter-apical margins ; size 76 X 56 µ.m. Trilete, rays short_, extendi~g up to half 

radius, Exine 1 µ.m thick, laevigate. 

Genus-Striatriletes van der Hammen emend. Kar~ 1979 

Type speci€s-Striatriletes susunnae van der Hammen emend. Kar , 1979 

Striatriletes susannae van der Hammen emend. Kar_. 1979 

Pl. 1, Fig. 3 

Description-Spores subtriangular with broadly rounded apices and ± convex 

inter-apical margins ; size range 65-68 µ.m . Trilete, r ays faintly discernible. 

Exine 2 p.m thick, striated, costae running para llel to each other, 6-7 in each inter

radial area, 2 to 3 µ.m wide, occasionally bra nched . 

Genus-Polypodiaceaesporites Thiergart , 1938 

Type species-Po(ypodiaceaespori lfs haa rdt i f Potn nie & V enitz) Thierga rt_, 1938 

Polypodiaceaesporites sp . 

Pl. 1, fig. 4 

D esc ription-Spore reniform 1 bilate ra l ; size 18 X 14 µ.m. Monolete, ray dis

tinct, about half of the longer axis, uniformly thick, straight. Exine± l .5 µm. thick, 

laevigate. 
Comparison-Pol_ypodiaceaesporites sp. can be differentiated from other known 

species of the genus by its smaller size and thin, short leasurae. 

Genus -Monolites Cookson ex Potonie, 1956 

Type species-Monolites mrzjor Cookson ex Potonie, 1956 

Monolites sp. 

Pl 1, Fig. 5 

Description-Spore subcircular; size 70 X60 µ-m . Monolete, ray distinct, 

about half of the longer axis. Exine 2 µ.m thick, finely intrapunctate. 

Comparison- Monolites nz,:t,jor Cookson ( 194 7) differs from the present species 

by its smooth exine. M. m£nc•r Cookson (1947) can be distinguished by its smaller size 

range and smooth exine . M. mawkmaensis Dutta & Sah ( 1970) can be distinguished 

by smaller size range and longer laesurae. M. ovatus Sah (1967) is distinct by its 

oval-elongate amb and laevigate exine. 

Genus-Polypodiisporites Potonie, 1934 

Type species-Polypodiisporites .favus Potonie, 1934 
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Polypodiisporites sp. 

Pl., Fig. 6 

Description-Spores elongated-oval, bilateral, concavo-convex; size 85 x 40 µ.m. 
Moaolete, ray distinct_, extending up to half of the longer axis. Exine 1 µ,m thick, 
ornamented with 1 µ.m high, conical projections, coni more densely distributed along 

the periphery. 
Comparison-The present specimen closely resembles P. turhinatus Sah ( 1967) 

in shape and exine ornamentation but the latter can be differentiated by its thicker 
exine a~1d laesurae bordered by slightly raised ridges. P. miocenicus Rao & Rama
nujam ( 1978) differs from the present specimen in having thicker exine and sparsely 
distributed co-.1i all over the exine. P. impariter (Potonie & _ Sah) Rao & Ramanujam 
( 1978) is smaller in size-range and has thick exine beset with coni intermingled locally 
with verrucae, hence different from the present species. 

Genus-Pinuspollenites Raatz ex Potoni6, 1958 

Type species-Pinuspollenites labdacus (Potonie) Raatz ex Potonie, 1958 

Pinuspollenites sp. 

Pl. 1, Figs. 7-8 

Description-Pollen grains bisaccate; size -range 45-55 X 43-54 µ.m. Central 
body circular to sub circular, 30-43 µ.m in size, finely granulose. Sacci equal in size_, 
subequatorially attached, reniform, 43-45 X 18-•25 µ.m in size, infrareticulate, reticulum 
finer towards the margins. 

Comparison-The present species can be distinguished from other known species 
by its small size and fi:iely granulose central body. 

Genus-Abiespollenites Thiergart in Raatz, 1937 

Type species-Abiespollenites ahsolutus Thiergart in Raatz, 1937 

Abiespollenites sp. 

Pl. 1,- Fig. 9 

Description-Pollen grain bisaccate; size 100 ·x70 µ.m . Central body 90 x 30 
µ.m, oblate in shape, granulose. Sacci smaller than central l;>ody, 50 'X 30 _µ,m in size., 
moderately reticulate distally pendent_, proximal cap well developed, 3 to 4 µ.m thick, 
reticulum finer towards the attachment. · · · · -

Comparison-The present specimen is superficially similar to A. mt1ximus Krut
zsch (1959) but differs from the latter by comparatively smaller size and thick proxi
mal cap. 

Genus-Cedt"ipites Wodehouse, 1933 

Type spicies-Cerlripites eocenicus Wodehouse., 1933 

cf. Ceddpites sp. 

Pl. I., Fig. 10 

Description- Poll en grain hisacca te_, overall siz e 90 X 70 µm. C entral buci\-
90 x 30 µ,m suhcircular or <Jval in cqua lorial view with n n clulating- margin , ~r ::i. nuk)s ,:. 
Sacci small, suhcqualori a lly a llac hcd ., suhspheri cal, ~0 -x ;30 µrn in si'l,c, find y pitted. 
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R1:marh - Since only single spenmen of this form has been foun d ., detailed 
stu,ly r.::0u ld not be possi bie. 

Genu,;;- P almaepol Ien;ites ~P otonie 1 P otoni e~ 1951 

Type species-Palmaepollenites tranquillus (Porome1 Potcnie, 1951 

Pal.m.aepollenites sp. 

Pl. I , fig. 11 
Description-Pollen grain boat-shaped; size 25 '< 14 µm. Monosulca te ., sulcus 

distinc t, long> straight., extend.ing from o.-ie end ro the other, uniformly broad, border

ed by thickened l.ips. Exir, e 1 µ.rn thick, laey1gate. 
Comparison-Th e prese:i t specimen can be distinguish ed from the other known 

sp ecier-; of th e gerrn5 by thi cke!"!ed lips bordering the sukus. 

Genus-Tricolpi tes Cook r;on ex Couper emen d. P otonie_. 1960 

Type species Tr ic fJlp ileJ reticulafo s Cookson., 194 7 

Tricolpites sp . 

Pl. 1, Fig. 12 
Desctiption- J?oll cn grajn ova l i·1 equ.1tor ia l v iew; ~izc 4:> ·x 2=> fU:1. Tricol

patc, colpi lo:1g, thi n, u '1 iform1 y broad. ~traight . lengt h more than Z/3 ol the longer 

axis . Exi nc thin , ± 1 f.L m th ick,. finc-J y ~r ;rnuln~r . 

Rm1c1rks- Thc- p1·csc ,1t spr:cirncn , nrmhlr .; Tricolpites exec pl for having . a 

granulosc <'Xin c in stea d of re tic ul a te . Sinn· :tl p ··;:•11,; n t nCJ i.;enus ig a va ila ble lo salls

factori ly accommodate gran ulosc , tr icolpa t,_· p tJ lkn, it is provisio nally a ssigned to 
Trico ljJ ifr.r. KEMP A N D HARRl :i ( 1977 p . 29 ) havt a lso givt; n similar trcatmc~nt to the 

psibtc :LH.l spinosc tr ico lpa te pollen gra ins recovtr (.; d frnm th(.; Tertiary sediments of 

Nintyc3s t Ridge o f I ndian O cean . 

Genus-Retitrescolpites Sa h , 196 7 

Type sj1cc ies-Rctit.rc·scolpites iJ•picus Sah, 1967 

Retiti·escolpites africanus Sah_. 1967 

Pl. 1, Fig. 13 

Description-Polle.1 gram spherical in equatorial view J size 65 µ.m. Tricol

pat e_, ~olpi long, broad. Exine i 3 µ,m thick, se:>..ine thicker than nexine, retipilariate, 
pila disti ,1ct., surface sculph1rP, reticulate, muri of reticulum broad, lumina subcircular 
to polygo:irnl, ± 5 µ,m in diameter. 

Retiti:escolpites minutes sp. nov. 

Pl. 1, Figs. 14-15 

Holo~11pe-Pl. I, fig. 15; size 27 x 25 µ,m. Slide 
3.5 x 69.8. 

no. 6848, co-ordinates 

. . 7;Y~be localiry-l km. from Bhakra along Bhakra-Nangal Road, Bilaspur 
d1stnct H1machal Pradesh., India. Lower Siwalik . 

. J?i~g.•w.,·is-_ Pollen grains subcircular in polar view) size range 23-30 µm. Tri
colporo1date, colp1 smalt thin; pore small in size, circular in shape. Exine ± 2.5 µm 
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thick, stra tified, s~xine th jcker tha n ne xin e, r etip ilaria t~, pila very small, pin-head like, 

cfosd y pla cerJ, imparti ng a p seudoreti .::ulate a ppearan ce . 
Compariscn-Reti trescolp i 1.,es minutes .sp. nov . ca n be disti.nguished from R. afri

cm,us Sa L ( 196 7) by i ts very sm1ll size-r a nge a rrd short pila . R. ty j, fr1is Sah ( 196 7) 

differ s i n ha ving bigger si ze-r a nge a nd distinctly reticula te orna me ntation . R. splen

dens Sa h ( 1967) p ossesses bigg er size-r a nge a n d very few lumina of var ying shapes and 

sizes, hen ce distinctly differ en t from the p resent species. R. kivuensis Sah ( 1967) cdn 
b e differentia ted by i ts baculate exine . 

Genm;-GJ;"anustephanocolpites Saxena, 19 79 

Type species- Granustephanoco(bites granulatus (Veukatacha la & K ar ) Saxena , 1979 

GJ;"anustephanocolpites sp . 

Pl. 1, Figs . 16-17 

D escription-Pollen gr a ins subcircula r and septa loba te; size 42 'X 38 µ.m. Poly

colpate, colp i 7 in n umber : narrow, S to 7 µm in length, m esocolpia l margin highly 

convex. Exine ± 4 /.LID th ick, gr a n u lose, g rana small : closely placed _, srxine thicker 

th a n n exin e . 
Comparison -G. cooksonii ( Sa h & Dutta ) Saxena ( 1982 ) can be differentiated 

from th e presen t sp eci es in ha viag 5 to 6 colp i . C. l' imalii (Sa h & Dutta ) Sa xena (1982) 

p ossesses 8 long ~r colpi and much thi cker exi ne~ h ence qui te differ ent. 

Genu s - Sapotaceoidaepollenites Potonie: Th omson & T hic rga rt) 1950 

TyjJe Jj1ecies -SajJotaceoidaejJolle11 ites 1na11i/ t.s tus .P o to n ie) P o to nie) 1960 

Sapotaceoidaepollenites pa.rvus Sa lt ) 1967 

Pl. 1, F ig . 18 

Description-Poll en grain ova l ; size 19 X 12 µ. m T r i colpora te) col pi long, 

n a rrow ; pore sma ll, circula r , la longa t e) Exi ne chin ) laeviga te. 

Genus-Tetracolporites Couper , 1953 

Tj,Pe spec£es--Tetracolpor£les oamarum sis C ouper, l 953 

Teb·acolporites sp. 

Pl. 1, Fig. 19 

Descrip tion- Pollen grain spheroidal, size 38 'X 36 µ.m. Tetracolporate, colpi 

sn1a ll, na rr°''"; pore sma ll, circular or elliptical in shape, pore margin thickened. 

Exine ± 2 µ.m thick, sexine thicker than nexine, laevigate. 

Comparison-Tetracolporites sp. can be distinguished from other known species 

b y its laeviga te exine and p resence of thickening around the pore. Only a single spe

cimen has b een recorded. 

Genus-Gram.inidites Cookson, 194 7 

'T;J,Pe species-Graminidites media Cookson, 1947 

Gram.inidites media Cookson., 194 7 

Pl. 1_. Fig. 20 

D escrip tion-Pollen grains subcircular, size-range 45-50 µm. Monoulcate, 

] 8 4 Geophytology , 14(2) 



uku" small; circular ; surrounded by l 2 µ.m thick annulus . E::-..-i.ne 1 µ.m thick, fine ly 
granu lose . · 

Pi.1; m'lrks- M ost of the pollen grains have highly folded exine. 

Genus-Polyporina :\"aumova ex P otonie_, 1S60 

Type specif s- Polyporina multistigmosa (P otonie) Potou.ie
1 

1 S60 

Polyporina glo'bosa Sah _, 1967 

Pl. 1., Fig. 21 

D .Jscription -Pollen grains circular to subcir cular1 size-range 25-28 µ.m. Poly
p orate., p or ec; numerous, circular to slightly 0Yal1 ± 2. µ.m in diameter., scattered ;-ill 
over the exine. Exine ± 2 .5 µ.m thick _, pilace, tegillate. 

F UNGAL REMAINS 

Genus-Inapertisporites va n der H a mme~1 em e11d . Shefl'y & Dilcher_. 1971 

Type specieJ -ln1pertisporites pseudorf!licu latus R o use 1 1959 

Inapertisporites minutus van d er Hanune n. 1954 

Pl 2, Fig. 22 

Descri/1l ion -Spores sph cri cc:i l , dar k b r o w i1 in co lour, siz r--rangc 10-12 µ,m. 
lnaper lura tc, u n icc ll atc . Spore wa ll thin , up to I µm thi ck, sca brale. 

Inapel"tisporites vulgaris Sh effy & Dilch c:r, 10 71 

Pl. 2, Figs. 23 -24 

D11scripti,.1n-Spores subcircular , d a rk brown in co lour, s1z-range 6-7 µ,m. 
Inap er turate, unicellate. v\Ta ll smoo th , less than l µm thi ck . 

Remarks -In the prese:it assemblage, l lwpatisporite,) viilgaris has been recorded 
in an ascoca rp-like structure, which is p ear-sh a ped with reticulate surface or namen
tation. 

Inapertisporites cil"cularis Sheffy & Dilcher, 1971 

Pl. 2, Fig. 25 

Description-Spores circular, size-range 12-14 µ.m. Spore wall ± 1 µ,m thick, 
smooth, pigment medium to light brown. 

Inapertisporites ovalis Sheffy & Dilcher, 1971 

Pl. 2, Fig. 26 

Description-Spores oval, dark brown in colour; size 10-20 x 5-1 O µ,m. Wall 
± 1 µ,m thick, psilate. 

Remarks-Size of the present specime n is comparatively bigger than those 
described by SHEFFY AND DrLCHER ( 1971). 

Genus-Dicellaesporites Elsik emend. Sheffy & Dilcher, 1971 
Type species-Dicellaisporites popovii Elsik, 1968 
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Dicellaespodtes fusifo,:mis Sheffy & Dilcher, 1971 

Pl. 2, Fig. 29 
Descriptiun-· Spore fusiform in shape; size 2.0 X 10 µ,m. · Dicellate, one cell 

bigger than the other. single septum present. Spore wall smooth, 1 µ,m thick. 

Genus- Multicellaesporites Elsik emend. Sheffy & Dilcher, 1971 

T)'pe specics-Multicel/aesporiles 1wrtonii Elsik, 1968 

Multicellaesporites sp. A 

Pl. 2, Fig. 32 

Description-Fungal spore cone-shaped, dark brown in colour; a Jong hyphae 
attached at one end; size 30 X 22 µ,m. Tricellate, middle cell larger in size, upper
most cell triangular, basal cell subcircular, septa thin. Spore wall ± 1 µ,m thick, psi
late. Stalk 30 µ,min length and 4 µ,min width, cylindrical, nonseptate, golde·.1 yellow 
in colour. 

Compariso1l-Tht' present specimen differs from- other known species by its 
co~e-shaped appearance and presence_ of long stalk. Multicellaesporites simplicissimus 
Sheffy & Dilcher ( 1971) possesses oval shape, sma Her size-range and no stalk: her...ce 
quite different from the former. M. ct1.psula_ris Sheffy & Dilcher (1971) cai1 be 
distinguished by the presence of thick_, non-parallel septa. 

Multicellaesporites sp. B 

Pl. 2: Fig. 30 

Description-Fungal spore elongated-oblong in shape; size 50 X 10 µm. Septa
cellate_. middle cells comparatively larger and rectangular in shape) terminal cells 
taper; septa 6, thin_. few longitudinal septa present in the middle cells. Spore wall 
5 µ.m thick: faintly granulose. · 

Comparison-The present specimen can be distinguished from other known 
species by its longitudinal septa and faintly granulose spore wall. M. elongatus Sheffy 
& Dilcher ( 1971) resembles the present specimen in septacellafe condition but differs 
in having psilate spore wall and tapered terminal cell forming flat basal attachment. 

Multicellaesporites sp. C 

Pl. 2, Fig. 31 
Description-Fungal spore elongated-elliptical in shape; size 26 X 10 µ.m. 

Inaperturate, tetracellate, termi:~1al cells taper, middle cells bigger in size than the ter
minal o -;.'1es, septa weakly developed. Wall less thal."l. 1 µ.m thick, dark brown in colour_. 
± 0.5 µ.m thick, gra~1ulose, grana small. 

Comparison-Multicellaesporites ellipticus Sheffy & Dilcher ( 1971) resembles 
the present specimen in tetracellate condition but differs in having slight 
constriction between two middle cells. M. allomoiphus Sheffy & Dilcher ( 19 71) 
compares favourably with this specimei1 in tetracellate conditior, and gTanulose spore 
wall but differs in having central constriction in second cell and blunt opposite end. 

Gei.1us-Plu:t:icellaespodtes van der 1--lamrnen em end. SlH·' ffy &. Dilcher_. 1971 
Type Species-PluricellaeJjJorites typicus van der Hammen, 195.1~ 
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Pluricellaesporites sp. 

Pl. 2, Fig. 33 

Description-Fungal spore light brown in colour; 3ize 77 x 15· µm. Pentacel

la te , basal cells flatte r.eel , apex round with a single pore, one end of the cell highly 

constricted to form a cap-like str uc tur ':', central cells big!!.er in size septa disc like 
0 ' ' 

thin, few longituclin'.ll folds observed. Spore wall psilate, ± 1 µ~ thick. 

Compariso11- Th e presei1t specimen can be differentiated from other knowa 

species by its bigger size-range and constricted neck-like cell. P. subohlongatus Sheffy 

& Dilcher ( 1971 ) differs from the present specimen by its smaller size and thick 

septa. 

Genus-Monopor.isporites va~1. der Hamme:il. emend. Sheffy & Dilcher, 1971 

Tjipe Species--Monoporisporites minulus van der Hammen, 1954 

Monoporisporites sp. 

Pl. 2, fig . 27 

Description-Fu11.gal spore circular to subcircular in shape, dark b r own in colour 

size 15 p,m, Monoporate, pore circular in shape bordered by a thick margin, wall 

double layered, ± 1 µm thick, psilate to scabrate. 

Comparison-Monoporisporites sp. closely resembles M. annulatus van der Hammen 

( 1954) in overc.11 appearance but latter can be distinguished by its asymmetrical pore 

with raised annulus. M. ovates Sheffy & Dilcher (1971) .differs from this ii1 its oval 

shape and apical pore. 

Gen-..is-Diporisporites van der Hammen_, emend. Elsik~ 1968 

Type species-Diporisporites elongatus van der Hammen, 1954 

Diporispodtes hammenii Elsik, 1968 

Pl. 2, Fig. 28 

Description-Fungal spore oval with both ends rounded, size 23 X 16 JLm. Uni

cellate, diporate, pores small, one pore at each end. Wall 3tratified_, ± l µm thick_, 

psilate. 
Rema,rks-The size of the present specimen 1s comparatively bigger than the 

specimens originally described by ELSIK ( 1968). 

Genus--~hr:agmothy~ites _ Edwards emend._ Kar & Saxena, 1976 

Type species-Phragmothyrites eocaenica Edwards eme:i1d. Kar & Saxena , 1976-

Ph,:agmothyrites eocaenica Edwards eme-.1d. Kar & Saxena, 1976 

Pl. 2, Fig. 34 

DescrijJlio:i- Ascos lromata suhcircular, size ra nge 4L~-65 µ.m. No~w.,tiolate. 

Hyphae radially aira ngccJ a ::1d in terconnected with each oth er to form pscucloparen

chymatous cells, fr ee hyphac a bsent, Cells of th e CC ill.ral r egion slightly b.igger thd.n 

peripher~l ones, polygona l lo h exagona l in shape, marginal cells ± squarish to sub

circular in shape. 
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Phragmothy,:ites assamicus (Kar, Singh & Sah) comb. nov. 

Pl. 2, Fig. 35. 
Singh & Sah, 1972 Palaeobotanist 19(2): .Basionym-Callimothallus assamicus Kar, 

151 , pl. 2, figs. 19-?0 
Holotype-Cnllimothnllu.s assnmicus Kar, Singh & Sah, 1972., pl. 2, fig. 19._ 
Description- A-scostrom.ata subcircular; siz~ range 140x100 µ.m , ~onost~ola_te, 

margin wavy_. centra l cells more or less circular in shape, marginal cells ~1gger rn size 
and rectangular in shape_, a small circular pore present in each cell of the central 
region, margi~l of the individual cell thickened. 

Rrnv;rks-KAR AND SAXENA ( 1976) merged Callimothallus into Phragmothyrites 
Edwards emend. Kar & Saxena (1976), hence this species is recombined with the 
latter. 

Phragmothyrites sp. 

Pl. 2, Fig. 36 
Descriptiou-Ascostromata circular to sabcircular in shape with irregular margin, 

size l :L0 X 100 /'-111. No~1ostiolate. Hyphae radially arranged, interconnected with 
each other to form a thick pseudoparenchymatous disc-shaped structure, fr ee hyphae 
abse:i1t. Cells small, elongated, arranged in a centrifugal manner. Size of the cells 
a lmost same throughout the ascostromata. 

Comparison-The present specimen can be distinguished fropi the other known 
species by its small, u-r1iformly distribated cells and irregular margin. 

Genus-Notothyrites Cookson, 194 7 
Type species-Notothyrites setiferus Cookson) 194 7 

N otothyrites setif el"US Cookson, 194 7. 

Pl. 2, Fig. 37 

Description-Ac:,costromata subcircular; size 100 µ.m. Hyphae radially arran
ged, intercon-aected with each other to form small, rectangular cells forming pseudo
parenchymatous structure . Ostiolate, ostiole 20 µ.m in diameter_, surrounded by a 
dark brown, rim-like structure, few setae present, margin of the ascostromata thicke
ned. 

Notothyrites amorphus Kar & Saxena, 1976 

Pl. 2, Fig. 39 

Description-Ascostromata su.bcircular, dark brown in colour, size SO f.t.m in 
diameter., radiating hyphae forms a pseudoparenchyma tous structure, structure of the
individual cells is not clearly discernible. Ostiolate, ost iole 9 µ.rn in di;:i.meter _, ostiL1k 
rnargin thickened. 

Genus-Aplanosporites Kar, 1979 

Type species-.,,1/Jlano.sJJOrites robustus Kar, l ~)79 

Aplanospo:i:ites robustus Kar, l 07q 

Pl. 2, Fig. 40 
Descri/Jtion- Palynomc,q,J, irn:g11lar u1 sh,qw, highly l'oldcd, si Zt' HO :-->~:°) fHll . 
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\t\Tall±2 µ.m thick, laevigate. A tail-like appendage present, ± 60 µ.m in length a nd 

4 to 5 µ.m in width. 

Genus-Fi:asnacl"itetrus Taugourdeau emend. Saxena & Sarkar, 111 press 

Type species-Fras12acritetrus joseltae Taugourdeau, 1968 

Fi:asnacritet:w:us sp. 

Pl. 2, Fig. 38 

D escript ion- Fungal conidia quadriseriate. Body rectangular 1n shape; size 

60 X40 µ.m, laterally slightly bulging out, quadrangular. Surface verrucose in orna

mentation verrucae very small, closely placed, setae straight uniformly broad, 60-65 

µ.m long and 2-3 µ.m wide, septate. 

DISCUSSION 

The palynoflora recorded here from the Lower, Middle and Upper Siwalik 

sediments of BLakra-Nangal road section, Hima:hal Pradesh comprises fungal remains, 

pteridophytic spores and gymnospermous and angiospermous pollen grains . Alto

gether, 27 genera and 36 species have bee:..1 recorded. Of these, only a single species 

is new (Fig. 2). A ngiospermous pollen grains and fungal-remain.5 con stitute the do

minent elements, whereas gymnospermous pollen and pteriodphytic spores are com

paratively less represented. Moreover, not a singl~ bryophytic spore has been found. 

The qualitative and quantitative analysis of the present palynofloral assemblage has 

been discussed below : 

QUALITATIVE ANALYSIS 

Division-THALLOPllYTA 

Fungal spores and epiphyllous microthyriaceous fungi, represe~1ted by 10 genera 

and 18 species, were recovered from almost all the productive levels of the Siwalik 

sequence. The rich representation of 4 species of Inapertisporites, viz., /. minutus, I. 

vulgaris, I. circutlaris and /. ovalis is quite appare'i.1t. Other identified fungal forms are : 

Diceliaesporities fusiformis, Multicellaesporites spp. A, B, C, Pluricellaesporites sp . ., Mono

porisporitis sp., Diporisporites hammmii. Phragmothyrites eocaenica, P. assamicus, Phrag

mothyrites sp., Notothyrites setiferus, N. amorphus, Aplanosporites robustus, and Frasnacritetrus 

sp. 

Division-· -PTERIDOPHYTA 

Pteridophytic spores are represented by 6 genera and 6 species . On the basis 

of comparative morphology, it appears that they might be related to the followino· 4 

farnilies : 
0 

1 . Cyatheaceae-The spo1 es referred to Cyathidites austral is seem to be related 

to the family Cyatheaceae. The present day distribution of this family is i-est.ricted 

to tropical and subtropical climatic belt. 

2 . Sclz~z_aeaceae- This _family is very poorly represented in the Bhakra-Nangal 
assemblage. I h e only species of [1wo<lt.zt•n•,cp01-: t • · · 

. . _ - ...__,.., - ,,.., i e.s, viz. , L. eocem,ctts appears to h ave 
affim ty with this family. The member" 01· ·tl ·1 • -j'..- - "l - l · -l · · 

. . · , ,, 1 s <-lll1t y c -ite:l y gt ow m tropical and sub-
tropical rcg10ns. 
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3. Parker£aceae-The spores of Striatriletes susannae seem to be related to the 
family Parkeriaceae. 'T'he present day distribution of this family is restricted to 
tropical to s1.1btropical c;lima tic regions. 

4. Pol,ypodiacearJ-Three forms, viz., PolyJ1odiaceaesjJorites sp., Polypodiisporiles sp. 
and i\!onoLites sp. ca.n be rcfetrcd to the family polypodi.::i ccae. This family is cosmo
politan in distribution but rarely occurs in dry region. 

Di vision- SPERMATOP H Y'TA 

Sltb-division- GYMNOsl>ERM:AE 

Although. gymnospermous pollen grains are comparatively less represented, 
still they form a significant group in some horizons ; 3 genera and 3 species of gymn o
spennous pollen grains have been recorded and most likely they belong to Pinaceae . 

1. P£11ar.eae-This family is represented in the present palynoflora by Pini.s
pol/e,zit.fs sp . ., Abiespollenites . sp. and Cedripites sp. The members of this family are dis
trilmted in subtemperate to temperate clmatic regions. 

Sub-division-ANGIOSPERMAE 

The angiospermous pollen grains are represented by 8 genera and 9 species. 
Of these, only 2 genera and 2 species belong to monocotyledons and 6 genera and 7 
species belong to dicotyledons. 

Class-MoNocoTYLEDONAE 

The monocotyledonous pollen grains are represented by 2 families, viz., Palmae 
and Poaceae. 

I. Palmae-Pollen grains referred to Palmaepollenites sp. show close affinity with 
the family Palmae. The members or this family are restricted to tropical and sub
tropical · region. 

2. Poaceae-The representation of this family. in the present assemblage is evi
denced by the ,pollen grains referable to Graminidites media. Plants belonging to this 
family are mostly found m drier regions. 

Class-DrcoTYLEDONAE 

The dicotyledonous pollen grains m the present assemblage are assigned to 6 
families. 

1. Oleaceae-Two species of Retitrescolpites, viz . ., R. africanus, and R. minutus 
indicate the presence of this family. This family is principally tropical to warm tem
perate in distribution. 

2. Chenopodiaceae-The presence of this family is indicated by the pollen grains 
of Polyporina globosa. The memb ~rs of this family grow mainly in halophytic conditions. 

3·. Sapotaceae- This family is represented by the pollen grnins referable to Sa
potaceoidaepoltenites parvus. Th e family has tropical to subtropical distribution. 

Fig. 2. Showng the stratigr;.1,phi.c dii;Lrihut ion of th,: various p.1, I y:nomorph sp~:ci<'s in tlw Siwailk S{~queme 
of Bhakra-Nangal artt.1,. 
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. 4 . _Crucif~rae-Although definite evidence for the occurrence of this family is 

lacking., still Trtcolpit~s sp . may doubtfully be referred to Cruciferae. The members of 

this family are cosmopolitan in distr ibution and grow in diver~e conditions. 

5. M eliaceae-It is represented by the pollen grains referred to Tetracolporites 

sp .. The present day distributio:.:1 of this family is mostly in tropic-al to subtropical 

reg10ns. 

6 . Lentibulariaceae-Granustephanocolpites sp. indicates the presence of this family. 

The family is cosmopolitan in distribution. 

QUANTITATIVE ANALYSIS 

The overall representation of miospores in the assemblage is as follows 

pteridophytic spores (11 % )., gymnospermous pollen grains (14 % L angiospermous 

pollen grains (39 %) a nd fungal spores and ascostromata (36%). 

The frequency of the angiospermous pollen grains in the L ow~r; Middle a :t1,d 

Upper Siwalik Sediments is 41., 35 and 47 per cen t respectively . Among the angio

spermous pollen grains., some of the signific,lTl t forms are : Graminidites media (33 % L 

Tricolpites sp . ( 1 !; % ) R etitrescolpites spp . ( 15 % ) Polypori1ia glohosa ( 5 % ) ., Granustephanoc~l-

pites sp. 
Gymnospermous pollen grains share 15., 13 and 5 per cent of the Lowt r , Middle 

and Upper Siwalik assemblages respectively . Amongst the gymnospermous pollen grains 

alon e., Pinuspollenites sp. (79%) is the most common element., whiL~ other two forms, 

viz., cf. Cedripites sp. and Ahiespollenites sp . are represented by 14 % and 7 % r espectively. 

Pteridophytic spores are compa ratively less represented in the p resent assemblage and 

their occurrence in the Lower, Middle and Upper Siwalik is 11\S}/0 , 5% and 19 % res- · 

pectively. Striatriletes susannae is the m os t common species sharing a bout half of the 

total pteridophytic spores. · 

The remaiuing part of the assemblage is represen ted by a va r iety of funga] spores., 

conidia and ascostroma ta. They domina te in rhe M iddle Siwalik ( 4 7 %) while in the 

Lower and Upper Siwa lik they constitute 33 p er cent and 29 per cent respectively. 

Among the fungal 'elements microthyriaceous ascostromata a re r epresented by ?9 % 

whereas Inapertisporites and Diporisporites constitute 28 per cent and 12 per cent res

pectively. 
From the foregoing discussion it is evident that"in the Lower Siwalik angios·per

mous pollen grains are the dominant componeats followed by fungal., gymnospermous 

and pteridophytic elements whereas in the Middle Siwalik fungal element3 dominate 

over the angiospermous and gymnospermous pollen grains and pteridophytic spores 

are comparatively less represented. In the Upper Siwalik, angiospermous pollen 

grains dominate over the other elements, pteridophytic spores show increase in its 

frequency and gymnospermous pollen start declining (Fig. 2). 

COMPARISON WITH EARLIER RECORDED PALYNOFLORA (BANERJEE, 1968) FROM THE 

SAME AREA 

A comparison of the present miofloral assemblage with that recorded by 

BANERJEE (1968) from the Lower and Middle Siwalik Sediments of Bhakra -Nangal 

area has been extremely difficult due to ii1comistant status of various taxa recorded in 

the latter. For example, trilete spores have been referred to families Gleicheniaceae 

and Polypodiaceae and also to morphographica l groups like trilete and trilobate,; 
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mon0 lete spores have been gr oup ed partly under Polyp odiaceae and partly under mo
nrJlete ; bisacca te pollen grains ha\·e been partl)· referred to Pin us and partly to invalid 
artificial genus Di.saccite.s sp. Similarly_, angiospermous pollen grains also have been 
referred variously either to families Palmae: Gramineae (Poaceae) and Compositae 
or to artificial groups, viz.; tricolpate: tetracolpate: polycolpate and pentaporate. It 
has also been observed that the total percentages of ta.xa show-n in the Lmver Siwalik's 
histogram comes to 61.5 per cent and in 11iddle Siwalik to 38.5 per cent (Banerjee) 
op. cit. , p. l 73J. It therefore appears that tbe two hi~tograms have been made by coun
ting all spores and pollen gfains together irrespecti\·e of their ocntrrence in Lower or 
Middle Siwalik. Percentages of various ta:xa thus obtained have been shown in the 
two histograms and a s sa ch they r eprese·nt rhe percentagess of the taxa in overall assem
blage and not in the Lower or :.vfiddle Si,,·alik separately. For example : 5.5 per 
cent representation of Pinu.s in L ower Siwa\jk and 25.3 pe:· cent representation of the 
:,;amc in the Middle Siwalik mean that this m.1ch p ercentages of overall assembla~e from 
Lower and Middle Siwalik ar c represented by Pinus in n\·o respective horizons. It 
does not mean that 5.:}'1/0 of the Lower Siwalik or 25.5 percent of th e Niiddle Siwalik 
assemblages are Pinus pollen. Similarly Composite pollei1 grains wluch ::i.re shown 1"11 the 
Lower Siwalik histogram as 5.5 percent are i nfact 5.~ per cent or the overall assemblage 
and not of th e Lower Siwalik assemblage alo,1 e. Th e same applies foy all other taxa. 

'l'<J overcome above , th e percentages of the varioas taxa or Lo"vver Siwalik have 
been multiplied by 100 /6 1.5.,i .c. 1.63 and those or iviiddlc Siwa lik taxa by 100/38 .5.,i .e 
2.6. This provided the percentages of th e var ious laxa in Lower and Middle Siwaliks 
separately . To bring consisten cy in th r Sl i11us or vat ious laxa trilete, monolcte, trilo
bate, Glcicheniaccae an<l Polypo<li.-1ccac It.i n : bee n grouped into one as pleridophylic 
spores; Pi1tus, Disaceites anc.1 i JJ a per( ura le ha vi.: bt.:t.:11 groi..Lped under gymnospermous 
pollen grains ; an<l Pa h.na1.;, Gramii1cac t}!uaccat ) , l!ompositae, tricolpate, tclracol
patc, polycolpale and pc,naporatc have bccu gruupc<l togc.:ther as angiospcrmous po
llen grains. The percentages of va1 ious pollc11 groi.tpi, thus obtained, have been com
pared with Lhosc or th e prcseil t assem blage as snow ,1 in table l . The fungal remains, 
which constitute 33 per cent of Lower Siwahk and 47 p er cent or Middle Siwalik assem
blege described hereii1, are ei lh er completely unrepresented in the Banerjec 's assem
blage or they have not been considered for counting. Ignoring the funga l remains of 
the present assemblage too, we find the percentages of various groups as shown in bra
ckets against ea.ch group (Table 1). The percentages, thus obtained., closely correspond 

Table 2. Group-wise comp.1.rison of the prese,1t Lower and Middle Siwalik assemblages with those re
ported by Bane1jee ( I 968 ) from the s;i.me are.:i. . 

. ·\ ssemblage 

Groups 

Pteridophytie, spores 

Gymnospennous pollen 

Angiospennous pollen 

fungal remains 

192 

Lower 

Banerjee 
( 1968) 

17 .1% 

21.9% 

61.0% 

0% 

Siw.1lik 

Present 
Assemblage 

11% (16.4%) 

15% (22 ,4% ) 

41 % (61 .2%) 

33 % 

Middle Siwalik 

Banerjee Present 
(1968 ) Assembl.ige 

13% 5% (9.4% ) 

66.2% 13% (24 .5%) 

20.8% 35% (66. I% ) 

0% 47% 
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t"i those of Banerjee;s assem blage, excep t for th e comparatively less representation of 
g~,-mnospermous pollen with correspon ding increase of angiospermous pollen in Middle 
Siwalik. 

In fact, ther e is no significant difference as observed bet\,veen the present Lower 
and Middle Si"valik assemblages. It is because of the fact that th~ present Middle 
Siwalik a ssemblage could be recovered only from the lowermost level of the Middle 
Siwalik while remaining p ortion was found to be completely unfossiliferous (Fig. 2J. 
The Middle Siwalik assemblages of BA.l'-i""ERJEE (1968) appears to be derived from the 
younger levels of the Middle Siwalik hence sho\vs some differences from the present 
one. 

C:oMPARISION WITH OTHER srvvALIK MI0FL0RAS 

LOWER SIWALIK-The Lower Si•salik palynofl.ora has been recorded by 
VBNKATACHALA (1972JJ M ATHUR (1973) , ~ANDI (1975) and GHOSI-i (1977). 
VENKATACHALA (1 972 ) mentioned that the Lower Si\\·alik sediments are characterized 
by th e pollen grains of Palmae and Poaceae( =-=Graminea.e) and Qj,ercoid·ites_, l-folora -
,gaciditiesJ Cupulijeroipolu nitesJ Sapotareoidaepotienites and Art1Ceoipoilenites. Of this assem
blage; pollen of Pa lmae a nd Poaceae are also recorded from the prese c,t Lowt'r Siwa
li k pt1.lynoflora. 

MATHUR ( 1973) d escribed an a ssemblage~ consisting of 13 genera, from the Lower 
Si.walik of Tharukhola-Chepang, northeast of N epalgange, N epal. Of this assembl
age, Cyat/zidites J Leiotriletes ( ± = Lygodiu m.sporill'f ) . Cicatricos isporites ( ± =Str-iatriletes) , 
VerrucososjJorites ( ± =Pol,yj1odiisporites ), Pit_rosporito ( :t: = Pinuspolleaites) and Gramin-idites 
occur in th e present a ssem blagc to0 . 

NANDI ( 1975,) and GHOSH ( 19 77 ) propo ..-, 1·cl a pa lyno3lratigraphic ~onation of the 
Siwa lik Group and fr om Lower Siwa li k th ey ll:Cn rdccl 28 spore-pollen genera. Of 
the,)c, l l genera, viz. , Cyathidifrs, Ci c<t lricosispuri te.s ( ± =Striatriletes) , Verrucosisporites, 
Verrucatosporiles, Po(ypodiisporif,t'S, J->0~1,Podiiditrs r ± = Polypodiisporites) Po~ypocliaceaeJporilesJ 
Lacviga/,osporil.es ( ± = A1011olilcs) , Pirwspol fr rrites , J:>almaepollenites and MonojJoropoLleniles 
( ±= Graminidites) are also found in the present Lower Siwalik assemblage. 

MIDDLE S1WALIK-Thc Middle Siwalik palynoflora has been described by 
LuKosE, (1969) , NANDI and rlANDYOPADHYAY ( 1970) , VENKATACHALA (1972), NANDI 
(1972J 1975) and GHOSH (1977), LuKOSE (1969) described 11 spore-pollen genera from 
the Middle Siwalik of RaxaulJ BiharJ of which only one type, viz.J Disaccites sp. ( ± = 
P£nuspollenites sp.) appears to _ be common to the present assemblage. 

NANDI AND BANDYOPADHYAY (1970) recorded some monoporateJ periporate, 
inaperturate, polycolpate, monosaccateJ bisaccate and fungal spore types from the 
Middle Siwalik. Except for the bisaccate and fungal spore typesJ none of the types 
of this assemblage has been recorded from the present Middle Siwalik assemblage. 

V ENKA TACHALA ( 19 72) r:-:..cn tioned pal ynomorphs belonging to Mal vaceae, 
Betulaceae, Anacardiaceae, Pinaceae and Polypodiaceae from the Middle Siwalik. 
Out of the above, the latter two families have been recorded from the present assem
blage too. 

NANDI ( 1972) described Middle Siwalik assemblage from Mohand (East) field 
in Saharanpur district of Uttar P£adesh. This assemblage contains spores and pollen 
of LycopodiaceaeJ HymenophyllaceaeJ Schizaeaceae, GleicheniaceaeJ Polypodiaceae, 
Cyatheaceae, monoporate (Cyperaceae) monosulcate (Palmae), polyporate, tricolpora-
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te, inaperturate typ es a long wi th Pinus sp .~ PL'docarpus sp. A.h ies sp . and monosaccate 

pollen. The present assemblage sh o'\-vs resemblan ce v.--ith this assemblage in the 

c0mmon occurrence of p olyp odiaceous sp ores and monosulca teJ tricolporate., and 

Pinus t ype p ollen gr ains . K lukisporites., Concavissimisporites and Tsugaepollenites recorded 

by Na ndi (l.t. ) may be reworked Mesozoic spores. 

NANDI (1975) MH) GH:OSH (1977) recorded 30 spore-pollen genera from the 

Middle SiwaliK sediments., of which only two genera; viz. , Laevigatosporites (±=Mollo

Lites) and Pinuspollenites have been recorded from the present Middle Siwalik 

a ssemblage . 
UPPER SIWALIK-Th e Upper Siwalik palynoflora has been reported by SINGH., 

KHANNA AND SAH (1973) ., K .1L·•,m1 (19 75J; GnosH (197iL SAXENA AND SINGH (1980., 

1981, 1982a., b ) and SrnGH A,'-D SAX.EX..\ f l980; 1981 ) ., 

SINGH., KHANNA A ND SAH (1 973) reported Pi,ius type: monosulcate type and 

inaperturate (non-sa ccate) pollen grains from the Pi.njor Formation: of which only 

the first type h as been r ecorded from the present assemblage. 

NANDI ( 1975) AND GHOSH (1 977) reported a very poor assemblage consisting 

of Cyathidites., Alsophilidites, uptolepidiles, Pinu.spollwites, Podocarpidi fr s .Niouoporopollenites., 

Atnipollenites an<l Tetradomonoporites. O f th ese, 2 ge.1era, viz. , Pi,wspollenites and Mono

f,oropotleni tes ( ±= Graminidites) a re a lso common to the present assemblage. 

SAXENA AND S INGH (1980, 1981 , 1982a ) reported a rich a ssemblage frqm the 

Pinjor Formation exposed near Cha ndigarh . T h is assemblag,:; compares with the 

prescn t one in the common occurrence of Striatri/ ·td 1 Pirtuspollen ites~ Grami1zidites and 

hzapertis/1orites. However, complete a b :;ence nf inapcrtu_ra tc p o llen in the present 

assemblage and their dominance in th r P injor pa ly,w fl nra, is strikin g and may be attri

buted to th e stratigraphical a nd gcogr;1phi ca l d i<: p Lr it y o f the two assemblages. 

SrNGH AND SAXENA (1980, 198 1) d<·\cr ibcd a n assemblage from the Upper 

Siwa lik sediments of Ga gre t-Bh.arwa in R u:ld ~ccliou itt U na district, Himacha1 Pra

desh. This assembla ge compares with du; p 1es1.; ,1t one in the co mmon occurrence of 

PinusjJollwitcs, Grnminidifrs a nd J:w,oM·tisporitrs. 1-h ., wever , th e a bsence of inaperturate 

palynomorphs like Lnricoidift>s, and Verrun/? t;-s in the prese~t mioflora and that of pteri

dophytic spores, a .lcl tricolpa te p ollen in Gagret-Bha rwa in assemblage arc the . major 

differences between the two, which ca nnot be overlooked. 

Another U µp er Siv,ralik palynoflora has b een described by SAXENA AND Srnm-r 

(1982b) from tl1 c Hoshiarpur-Una R oad section. This assemblage resembles the 

present assemblage in common occurrence of Pinuspollenites, Graminidites and lnapertis

porites. Inspite of the above simibrities, the present assemblage differs from the 

Hoshiarpur-Una section' s a ssemblage in the higher perce::. tage of angiospermous po

llen, poor representation of bisaccate pollen and complete ,-.bsence of inaperturate paly- _ 

nomorphs. 

SUMlV!ARY Al~D CONCLUSIONS 

From th·e foregoing account following conclusion can be derived. 

(i) The present Si,,valik assemblage from the Bhakra-Nangal area is a mixed 

one co11sistit1g of fungal remains (both spores and bodiesL pteridophytic spores and 

o-vmnospermous and angiospermous pollen grains. There is no positive evidence of 
n , . 
the presence of bryophyt1c spores. 

(ii) The pteridophytic spores are represented by 6 genera and 6 species 'be-
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longing to families Cyatheaceae, Schizaeaceae, Parkeriaceae and Polypodiaceae . 
Th ese sp or es show an overall representation of 11 % and in Lower, Middle and Upper 
Sjwa liks 11 %, 5 % . and 19 % respectively. , 

(iii) The gymnospermous pollen grains arc represented by 3 gen,"ra and 
3 species relateJ to Pinaceae. Their overall percentage comes to about 14 % ·and in 
lower, Middle and Upper Siwaliks -15 %, 13 % and~% respecitvely. 

(iv) The a ,1giospermous pollea grains are repres ~nted by 8 genera and 9 species. 
Of thest", 2 genera and 2 species belonging to Palmae c>nd Poaceae are of monocotyle
dons while 6 genera aad 7 species belonging; to Oleaceae, Chenopodiaceae, Sapotaceae, 
Cruciferae, Meliaceae and Lentibulariaceae are of dicotyledon;.;. The angiospermous 
pollen share 39% of the overall aseemblage and 41 % , 35% and 47 % respectively of 
Lower, Middle and Upper Siwalik assemblages. 

(v) The fungal remains also constitute an important group in the assemblage, 
being represented by 10 gener a and 18 species. Of these, Inapert -ispor-ites, rep1esented 
by four species, is most common. Fungal remains constitute about 36°/o of the overall 
assemblage and 33 % , 47 % and 29 % respectively of the Lower, l\!Iiddle and Upper 
Siwalik assemblages. 

(iv) The special feature of the present assemblage is the complete absence of 
inaperturate pollen grains which are found in most of the Siwalik palyno:floras descri
bed earlier . Because of the absence of inaperturate pollen., gymnospermous pollen 
grain register lower percentage. This may be due to th e stratigraphical and/or geogra
phical disparity between the presen t assemblage and other ones. 

(vii) A group-wise compar ison of th e pr esent L ower and Middle Siwalik paly
nofloras with those descr ibed ea rli et by B ,, NE RJ EE (1 968) from the same area reveals 
that the frequency of the major groups of boch the floras closely correspond in Lower 
Siw~lik, ~hile in Middle Siw3.lik, the p rese n t pa lynofl 0ra shows a comparatively hi
gher percentage of angiospermous pollen with corresponding decrease of gymnosperm
ous pollen. 

(viii) A com,parison of the present Upper Siwalik assemblage with already 
known Upper Siwalik palynofloras reveals the overall comparatively poor representa
tion of gymnospermous pollen grains in the for mer. This is probably due to the ab
sence of inaperturate pollen grains. The frequency of the bisaccate gymnospermous 
pollen of the present Upper Siwalik mioflora corresponds with that of the Pinjor Forma
tion (Upper Siwalik) mioflora from near Chandigarh. 

(1x) No sharp change could be observed in the gross palyno;floral const.i.tuents 
of the Lower and_ Middle Siwalik assemblages of the present flora. It may be due to 
the position of productive Middle Siwalik samples near the contact of Lower-Middle 
Siwalik so that the difference in the stratigraphic positions of the two assemblage:) re
mained very less and as such tte difference between the two assemblages is also very 
less and insignjficant. 

(x) The mioflora shows complete absence of any element showing positive indi
cations of marine or brackish water influence ar d as such a fluviatilc environment of 
deposition for these sediments can safely be .suggested. Some marine dinoflagellate 
cysts recorded in the present assemblage have be~n considered as reworked. 
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EXPLANATION OF PLATES 

(All photomicrograph s a re en larged ca x 500 unless o the rwise men tioned; Coordinates of 
specimens in slides refer to the stage of Ol ympus microscope no. 208 125 ) . 

PLATE-1. 

l. 
2. 
3. 
4. 
5 . 
6. 
7, 8. 
9. 

10. 
11. 
12. 
13 . 
l 4, 15. 

16 , 17. 
18. 
19 . 
20. 
21. 

Cyathidites austrnlis Couper; Slide no. 6837 , coordinates 65 x 87. 
Lygodiwnsporites eocenicus Dutta & Sah ; Slide no. 6838 , coordinates 19 . 5 x 87. 2. 
Striatriletes s1lSam1at1 van der Hammen emend. Kar; Slide no. 6839, coordinates 7 x 91. 
Pof;ypodiaceaesporites sp. ; Slide no. 6840 , coordinates 13. 5 X 115 . 
1'10•20lites sp.; Slide no. 6841 , coordinates3 X ll9. 
Polypodiisporites sp.; Slide no. 6842 , coordinates 22 x 86. 2. 
Pi1wspolle11ites sp. ; Slide no. 6843 , coordinates 18 x 88; 16 x 88. 
Ab!espollenites sp.; Slide no. 6842 , coordinates 16.5 x 85. 
cf. Cedripites sp.; Slide no. 6844 , coordiantes 16 x 112 .2. 
Palmaepollwites sp. ; Slide no. 6845 , coordinates 12 x 93. 
Tricolpites sp.; Slide no. 6846, coordinates 6.8 x ll2. 
R ~titrescolpites africanus Sah; Slide no. 6846 , coordinates 8 x 104.5 . 
R Jititrescolpites minutus sp . nov. , Slide nos. 6847, coordinates 3.5 x 96; 6848, coordinates 3.5 x 69 
x 1000 (Holotype). 
Granustep~anocolpites sp .; Slide no. 6849, coordinates 13.5 x l03; J0 x 86.3. 
Sapotaceoidaepollenites parvus S:i.h; Slide no. 6850, coordinates 17.8 x 95.5 , X 1000. 
Tetracolporites sp.; Slide no. 6851, coor,dinates 16.5 x l03. 
Graminidites media Cookson,; Slide no 6852 , coordinates 5.5 x }06.5. 
Polyporina globosa Sah; Slide no. 6849, coordinates 10 x 86.3 . 
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PLATE-2. 

22 . 
23 , 24 . 

25 . 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
4-0. 

l q3 

lnapertisporites minutu.s van der Hammen; Slide no. 6853 , coord.iiutes 106.5 X 13.5, x 1000. 
lnapert i.sporites vulgaris Sheffy & D ilcher; Slide no. 684-0, coordinates 21.5 x 91; ascus containing 
<1 scoopo-res ; coordinate,; 19 /.. 85 .5 . 
I nap~rtisporites circularis Sheffy & D ilcher ; Slide no. 6854, coordinates 18 x 96. 
ln'lp?rtisporites ovalis Sheffy & D ilcher; Slide no . 6850, coordinates 5 .8 X 111, X 1000. 
MfJ.wporisporites sp.; Slide no . 68.55 , coord.i.n.ates 17.4- x l0 l.5. • 
Diporisporites hammenii Elsik; Sl ide no. 6856, coordinates 4 X94. 
D i,;eJl,;uspJrites Jusiformis Sheffy & D i lcher; Slide no. 6850, coordinates 14.5 X 78.5. 
Mtdtiulw~sp?rites sp. B. ; Slide no. 6857, coordinates 12 .5 >e 108 .5. 
M'-'lticdlaesporites s1?. C.; Slide no-. 68-tS , coordin.nes 10.5 '< 100. 
M'.Jlt icellaesp?rites sp. A; S lide no . 684-5. coordinates 6 '< 84. 
Plnricellaesf)'Jrites s?. ; Slide no. 6849, coordinates H X 75 .5. 
Phragmothyrites eocaenica Edwards Kar & ~ : Slide no . 68+9 , coordin2. tes 20 x 89. 
PhragwJthyrites assamicus (K .u , Singh & Sah) comb. no'-·.; Slide no. 68-n, coordinates 12 X 110 . 
Phragmothyrites sp.; Slide no . 6858, coord.inate;; 12 x 93. 
Notolhyrites setiferus Cookson ; SI ide no . 68.59, coordinates l '< l 134. 
Fra r11 '.l -:; ritetrus sp. ; Slide nu. 6843. coordinates 20 x 11 2. 
.Notot!ryrites amor/1hus Ka.r & Saxena ; Slide no . 68--H . coordinates 2 .5 >-s 108 . 
A/1lanosf1orites robustu r Kar ; Slide no. 6840, coordina tes 19 '\ 86.5. 
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