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ABSTRAGT 

e results of the palynofloral study of the Upper Siwalik sediments cxposcd along Hoshiarpur-

Ua Road in Hoshiarpur district of Punjab and Una district of Himachal Pradesh have becn incorporated 
here. ne palynoflora consists of 25 genera and 31 species. Or these, 2 genera, viz. Quadrangulosacciles and 

Scalkiatyrites, and 5 specics are new. The gymnospermous pollen grains are dominant (70%) while other 

Sroups are subordinately represented. Thc comparison of the present palynomorphs with their living Count- 

erparts indicates the representation of 8 families : Schizacaceae, 

Potamogetonaceae, Poaceae, Mimosaccac and Euphorbiaceac. 
Polypodiaccae, Pinaceae, Palmae, 

Quantitatively two assemblages have bcen recognised; Assemblage-1 is characterised by rich re 

presen tation of inaperturate (45%) and bisaccate (9.5%) pollen grains while in Assemblage-2 bisaccate 

pollen increase (77%) with corresponding decrease of inaperturate pollen (12%). A comparison of the 

present assemblages with the already known Upper Siwalik assemblages reveals the homotaxiality of the 

Assemblage-l with the Pinjor Assemblage ncar Chandigarh and that of Assemblage-2 with the Upper 
Siwalik assemblage from Gagret-Bharwain Road section. Himachal Pradesh. On the basis of high 
frequency of the pinaceous pollen grains temperate climate has been deduced in the north of present area. 

The environment of deposition has been interpreted as fuviatile. 

INTRODUCTION 

The Siwalik Group, developed in foot-hills all along the southern margin of the 

Himalayan Range, constitutesa significant sequence of fresh water sediments. This 

sequence is well known for its treasure of mammalian fossils, on which huge amount of 

lierature has already been published. 
ments were started in 1968 with the appearance of BaNERJEE's paper which deals with 

the palynoflora, palaeoclimate and depositional environment of the Lower-Middle Siwa- 

lik sediments exposcd in Bhakra-Nangal area of Punjab (now in Himachal Pradesh). 
This was followed by some more palynological information on Lower Siwalik by VEN 
KATACHAILA (1972) and MATHUR (1973), and on Middle Siwalik by LUroSE (1969), 
NANDI AND BaNDYoPADHYAY (1970), VENKATACHALA (1972), and NaND1 (1972). 
KHANNA AND SaH (1973), for the first time, reported the occurrence of Pinus-type, mono- 

sulcato-type and inaperturate (1nonsaccate) pollen grains from the Upper Siwalik (Pinjor 

Formation). Thereafier, NANDI (1975) gave a first systematic accouat on the palynos 

tratigraphy of the Siwalik scquence exposed in the Jawalamukhi area of Punjab (now in 

Himachal Pradesh). NaND1 (loc. cil.) proposed 4 informal zones, viz. zones l to t. Her 

Zone 1 includes the lower and partly the middle part of Lower Siwalik; Zone 2 includes 
the remaining niddle and upper part of Lower Siwalik and the basal part of Middle 

Siwalik; Zone 3 includes te Middle Siwalik excep: for its basal and topmost horizons 

and Zonc 4 includes topnost part of Middle Siwalik and Upper Siwalik. In the Upper
Siwalik, palynolos'ils were recovertd only lrom its basaluost part wltite remaining 

part was found complctcly unfossililerous. "Thc stuclies on the Siwvlik palynology have 

However, palynological studies of these sedi- 

SiNGH, 

Geoplytology, 12(2) : 287-306, 19K2. 287 



Den reviewed by GuoSET (1977) and SAxENA AND SINGH (1982). Recently, some work 

13. Pper Siwalik palynology has been carricd out at the Birbal Sahni Institutc of 

Dotany, Lucknow by SaxENA AND SINGH (1980, 1981, 1982) and SINGH AND 

AXENA (1980, 1981). The above assenblages are from thc middle part of the Upper 

Siwalik which was reporled by NANDI (1975) and GuosH (1977) as "completely unfossili- 
erous. The occurrence of palynofossils in this part of Upper Siwalik is, theretore signi 
ficant. The present paper deals with the palynofloral invcstigation of the Upper Siwalik 
Secdiments exposed along Hoshiarpur-Una Road section in Punjab and Hlimachal Pradcsh, 

MATERIAL AND METHOD 

The material for the present study is represented by 30 rock samples, mostly shalcs 
and siltstones, and was collected from the Upper Siwalik sedimcnts cxposcd betwcen 

Chaksadu and Una along Hoshiarpur-Una Road scction in Hoshiarpur district of 

Punjab and Una district of Himachal Pradesh (Fig. 1). Of these, only 21 samples 
proved to bc productive (sce Table 1). The slides were prepared in polyvenyl 

alcohol and mounted in canada balsam. The slides and ncgatives of the palymo- 
morphs have been deposited in the repository of the Birbal Sahni Institute of Palaeo- 

botany, Lucknow. 
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Fig. 1. Showing the location of Hoshiarpur-Una Road section in Punjab and Himachal Pradesh from 

where the samples were collected, and gcological formation exposed along it. 

SYSTEMATIC PALYNOLOGY 

Genus-Lygodiumsporites Potonié, Thomson & Thiergart cmend. Potonié, 1956 
Type species-Lygodiumsporiles adrennis Potonié, Thomson & Thicrgart, 1950 

Lygodiumsporites lakiensis Sah & Kar, 1969 

Pl. 1, Fig.1 

Genus-Todisporites Couper, 1958 

Type species-Todisporiles major Couper, 1958 

Todisporites flavatus Sah & Kiar, 1969 

Genus-Monolites Cokon ex Potoni�, 1956 

Type species-Monoliles major Cookson, 1947 
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Table 1Scction showing lithology, stratigraphic position and location ol the sampies 

Sample Spore-Pollen 

Lithology Locality 
no. occurrencc 

30+ Poor Clay 
Ncar 37 km on way to Una 

Conglomerate 
Silty clay 
Pinkish clay 

Pinkish-greyish clay 

29+ Abundant 

22.5 km from Hoshiarpur 
100 metrcs away from the above locality 
250 metres away from the above locality 
21.6 km from Hoshiarpur 

28 + Poor 

274 Poor 
264 Poor 

Poor Siltstone 254 
24 Greyish siltstone 

Greyish clay 
Clay 
Greyish clay 

21.2 km from Hoshiarpur 
100 metres away from the above locality 
100 metres away from the above locality

23- 
224 Poor 
21+ Poor 

Poor 20- 
19 
18-
17+ 

Siltstone Near Bankhandi Poor 
Poor 

16+ 
15+ 
14 

Poor 
Poor Pinkish siltstone 15.2 km from Hoshiarpur near the bridge 

0.8 km above the Cho bridge, near 14.3 
km from Hoshiarpur 

134 
12+ 
11 
104 
9+ 
8- 

Poor 
Poor Siltstone 

Poor 
Poor 
Poor 

Near the bridge of Cho, as the ascend 
starts for Una Siltstone 

6+ Poor 

Siltstone and clay Near Chaksadu 
Poor 

Poor 

+productive -unproductive 

Monolites sp. 
PI. 1, Fig. 2 

Description-Spore subcircular, size 67x60 um. Monalete, ray about half of the 
Exine 2.5 m thick, laevigate, two curved cxinal folds, one each on either 

longer axis. 
end of the monolete mark present. 

Comparison-The present species resembles M. discordatus (Plug, in Thomson & 
Pflug) Potonié (1956) and M. mawkmaensis Sah & Dutta (1966), figurcd by DuTTA AND SAH (1970) but differs in havng larger s1ze rangC. 

Genus-Verrucatosporites (Plug) Potonié, 1956 
Type species-Verrucalosporites alienur (Potonié) Thomson & Plug, 1953 

Verrucatosporites usmensis (van der Hamnen) Potonié, 1960 
PI. 1, Fig. 3 

Remarks-Spores arc inilar to those described by SuNGIu AND SAXENA (in press) cxcept for having low-sct, llat-topped verrucat and renilorm shape. 
Geophytolog.), 12(2) 
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cf. Verrucatosporites sp. 
PI. 1, Fig. 4 

Monolet", ray not clearly disccr- 
uNe . pn thick, ornanmented by baculac and blunt cnd coni, baculac/coni 

Description-Spore rcniform, size 55 x 36 pm. nible 
up to 5 pm high, sparsely placed. 

cemarks-This spccimen differs from Verrucalosporites by having baculatc/conate 
SCupture, while the lattcr is verrucate. Howcver, thc former comes closcst to Verrucalo- sporiles, hence conpared with it. 

Genus-Pinuspollenites Raatz, 1937 
ype species-Pinuspollenites labdacus (Potonié) Raatlz, 1937 

Pinuspollenites siwalikus Singh & Saxena, 1981 PI. 1, Fig. 5 

emarks-Specimcns are similar to those recorded by SINGH AND SAXENA (1981) 
The uppcr limit of size-rangc may 

but possess bigger central body (52-62 x 46-55 pm). be extended accordingly. 

Pinuspollenites sp. 
PI. 1, Fig. 6 

Central body circular, 58x 52 am, fain tly 
Sacci cqual in size, smaller than central body, finely rcticulate. Saccus- 

Description-Bisaccate, 78 x 53 um. 
reticulate. 
free-arca 19 um wide. 

Remarks-The specimen is similar to Pinuspollenites sp. described by SAxENA AND
SINGH (I982) from the Pinjor Formation ncar Chandigarh cxcept for being slightly smaller in size. 

Genus-Abiespollenites Thiergart n Raatz, 1937 
ype speciesAbiespollenites absolutus Thicrgart in Raatz, 1937 

Abiespollenites sp. 
PI. 1, Fig.7 

Description-Pollen grains bisaccate, size-range 105-119x 60-68 em. Central 
body subcircular, 50-65 x 49-63 um, fincly sculptured, sculptural clements mostly consist- 
ing of grana, occasionally verrucae, closely placed; thick marginal rim present, saccus- free-area narrow, only 5 um wide, tquadrangular. Sacci almost as large as central body. 
Genus-Abietineaepollenites Potonié ex Delcourt & Sprumont, 1955 

Type species-Abietineaepollenites microlatus (Potoni4) Delcourt & Sprumont, 1955 

Abietineaepollenites sp. 
Pl. 1, Fig. 8 

Description-Bisaccate, size 70-88 x45-55 um. 
tally oval, 45-58 x 35-48 m, finely granulose, with well-developed marginal rim. Attach- 
ment of sacci with central body always at an angle and never straight. Sacci smaller 
than cen ral body, 30-35 x 22-28 pm in size, saccus-ircc-area narrow. 

Central body subcircular-horizon- 

Genus-Phyllocladidites Cookson ex Couper, 1953 

Type species-Phyllocladidites mawsonii Cookson ex Couper, 1953 

Phyllocladidites sp. 
PI. 1, Fig. 9 
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Description-Pollen grains bisaccate, oval, size-range 40-48x 24-34 um. Central boay 52x30 um,tlacvigate, marginal rim present. Sacci very small in size, rcticulat Remarks-This species is clearly differentiated from other bisaccate pollen of the 
present assemblage by its very small sacci. 

Genus-Quadrangulosaccites gen. nov. 
Type species-Quadrangulosacciles himachalensis gen. el sp. nov. 
Generic diagnosis-Pollen grains bisaccate, outline tquadrangular in polar viw Central body characteristically quadrangular, length being more than 1ts wiau granulose to verrucosc, sometimes smooth. 

without making any angle with the latter, elliptical in shape, fincly rcticulate. Saccus free-area narrow, marginal rim present but only occasionally well-developed. 
Comparison-The present genus is comparable to Piyllocladidites Cookson ex Couper 

(953) im having smaller sacci but differs in having quadrangular central body. Abies 

pollenites can be differentiated by having subcircular central body and large siZC. 

Abictineacpollenites sacci arc attached to the cen tral body at an angle. From other bisacca te 

genera, like Pinuspollenites, Piceapollenites, ctc., Quadrangulosaccites differs in havinga 

quadrangular central body. 

Sacci attached to the central body laterally 

In 

Quadrangulosaccites himachalensis sp. nov. 
PI. 1, Figs. 10-12 

Holotype-Pl. 1, Fig. 10, size 55 x 36 um; Slide no. BSIP 6688/9.
Type Locality-Hoshiarpur-Una Road section ncar 37 km stone, Una district, 

Himachal Pradesh. 
Diagnosis-Pollen grains bisaccate with tquadrangular outline, size-range 50-60x 

45-53 um.
45-60x 32-46 um, finely sculptured with grana. Sacci small in size, much smaller thaan 

central body, kidney-shaped, finely reticulate, generally not extending much beyond the 

equator. Saccus-free-area narrow. 

Central body quadrangular, vertical axis longer than the horizontal one, 

Marginal rim present. 

Bisaccate pollen-type 
Pl. 1, Fig. 13 

Descriplion-Bisacate, size-range 78-90 x35-38 um. 

elliptical, 68-71 x35-38 em, laevigate to weakly sculptured, marginal rim present, sacci 

smaller than the central body. Saccus-free-area 22-24 um wide 
Remarks-The present pollen type differs from other bisaccate pollen grains by its 

elliptical central body, smaller sacci and a characteristic wider saccus-free-area. 

Central body horizontally 

Genus-Laricoidites Potonié, Thomson & Thiergart, 1950 

Type species-Laricoidites magnus (Potonié) Potonié, Thomson & Thiergart, 1950 

Laricoidites magnus (Potonié) Potonié, Thomson & Thiergart, 1950 
Remarks--This specics is comnon in the assemblage. The size range of the present 

specimens is larger (45-100 x 45-86 am) than that of pollen grains described by PoroN1É, 

THOMSON AND THIERGART (1950). 

Laricoidites minutus Singh & Saxena (in press) 

PI. 1, Fig. 14 
Remarks-The presenl specimens are exactly similar to those described by SINGn 

AND SAXENA (in press). This species is rare in the assemlslage. 
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Genus-Inaperturopollenites Plug em.end. Potonié, 1958 
pe species-naperturopollenites dubius (Potonié & Venitz) Thomson & Pilug, 1953 

Inaperturopollenites foveolatus Singh & Saxcna (in press) 
emarks-Specimcns are mostly oval in shape and larger in size (75-102 x 52-70 um) 

those recorded by SinGH AND SAXENA (in press) from the Girujan Clay of Jorajan 
wel 3, Upper Assam; the latter are subcircular in shape and 53-81 x53-70 um in size. 

Genus-Aplanosporites Kar, 1979 
ype species-Aplanosporites robustus Kar, 1979 

Aplanosporites bharwainensis Singh & Saxena, 1981 
Kemarks-The spccimens have a larger size range (57-76 x 45-62 um) than those 

describcd by S1nGH AND SAXENA (1981, size 55-66 x 48-52 m). 

Genus-Assamiapollenites Singh emend. Singh & Saxena (in press) 
Tpe speies-Assamiapollenites orownii (Biswas) Singh, 19755 

Assamiapollenites ghoshii Singh & Saxena (in press) PI. 1, Fig. 15 

GenusVerrualetes Singh & Saxcna (in press) 
Type species-Verrualeles assamicus Singh & Saxcna (in press) 

Verrualetes sp. 
PI. 1, Fig.16 

Descriplion-Pollen grain oval, size 102 x 77 um. Inaperturatc. Exine 0.5 pum 
thick, verrucatc, verrucac large, up to 7 um in diamcter, no' very closely placed but evenly distributcd. 

Comparison-This species differs fron V. assamicus Singh & Saxcna (in press) by its largcr size and oval shape. Other specics of Verrualetes also difler from the present species by being smaller in size. 

Genus-Palmidites Couper, 1953 
Type species-Palmidites maximus Couper, 1953 

Palmidites plicatus Singh, 1977 
Remarks-SINGH (1977) published 4 figurcs of this species, viz. pl. 3, figs. 47, 48, 49 and 50, ard designated fig. 50 as its holotype, but under 'Explanation of Plates' he men- tioned fig. 49 as its holotype which is contradictory to the holotype designated in the text. After examining all the figured specimens, pl. 3, fig. 50 of S1NGH (1977) is being proposcd hcre as the lectotype for the present speciecs. 

Genus-Couperipollis Venkatachala & Kar, 1969 
Type species-Couperipellis perspinosus (Couper) Venkatachala & K»r, 1969 

Couperipollis wodehousei (Biswas) Venkatachala & Kar, 1969 

Monosulcate palynomorph 
Pl. 1, Fig. 18 

Description-Palynomorph oval with acute ends; size 88x54 um. 
sulcus end to end, about 10 m wide. Monosulcate, Exine up to 0.5 pm thick, lacvigate. 
292 

Geophytology, 12(2) 



Genus-Lakiapollis Venkatachala & Kar, 1969 
Type species-Lakiapollis ovatus Venkatachala & Kar, 1969 Lakiapollis ovatus Venkatachala & Kar, 1969 

Lakiapollis matanamadhensis Venkatachala & Kar, l969 
Kemarks-The present spccimens bear coarse rcticulation similar to that n the pollen described by SaxENA (1979, p. 135, pl. 3, fig. 39). 

Tricolporate pollen-type 
PI. 1, Fig. 19 

Description-Pollen grain clliptical in cquatorial vicw, size 55 x34 am. TTicol- 
porate, colpi long, pore ca 2.5 um in diameter with slightly thickened porc margin. Exine 0.5 um thick, lacvigate. 
Genus-Graminidites Cookson, 1947 

Tpe species-Graminidiles media Cookson, 1947 

Graminidites pliocenicus Singh & Saxena, 1981 
Pl. 1, Fig. 20 

Graminidites sp. 
PI. 1, Fig. 21 

Descriplion-Pollel1 grain circular, size 75 um. 
about 3 um in diametcr, surrounded by a promincnt annulus. 

thick,tgranulosc. 

Monoulca te, ulcus circular, 
Exinc about 2.5 un 

Remarks-The present specics differs from G. pliocenicus Singh & Saxcna (1981) 
in being bigger in size and having granulose cxine. 

Monoporate palynomorph 
PI. 1, Fig. 22 

Description-Palynomorph circular, size 104 x95 am. Monoporate, pore elonga ted, 
22 x7 am in dimension. Exine 2 jum thick, lacvigate. 

Remarks-The present specimen differs from Graminieites by its elongated aperture 
and bigger size 

Genus-Polyadopollenites Pflug & Thomson in Thomson & Plug, 1953 
Type species-Polyadopollenites multipartitus Pflug & Thomson in Thomson & Plug, 

1953 

Polyadopollenites siwalikus sp. nov. 
P1. 1, Fig. 23 

Hololype-Pl. 1, Fig. 23, size 77 x65 um; Slide no. BSIP 6697/2. 
Type Localiy-Hoshiarpur-Una Road scction, ncar Chaksadu, Hoshiarpur dis- 

trici, Punjab. 
Diagnosis-Polyad, quadrangular to subcircular; size-range 72-77 x61-65 um. 

Each polyad containing 16 individual pollen grains, middle ones appearing to be bigger 
than the marginal ones. Individual pollcn also quadrangular in shape and 20-25 um in 

sizc. No pore visible. Exine I to 1.5 un thick, lacvigate. 
prescnt species resembles P'. miocenieus Ramaujam (1966) in 

general organisation as well as in having 16 individual pollen grains but diflers by being 

larger in size and having no pore, while the latter bears 3 pores in each indivicdual pollen. 

Comparison-The 
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.ullifidus Potoni� & Sah (1960) diers by having more than 20 or somelines evert 
nan hundred grains. P. granulatus Sah (1967) has granulose sculplure ot Cxine and 
aperturcs in the lateral walls. 

Fungal Remains 

Genus-Siwalikiathyrites gen. nov. 
ype species-Siiwalikialhyrites ramanujamii gen. et sp. nov. 

eherc Dagnosis-Ascostromata subcircular to circular, dimidiatc, non-ostiola te, no 
re hyplhac, arrangement of hyphac not radial, divided into cells, central cells poly- gonal, outrr cclls mostly clongate. Pores absent. 

COmparison-The present genus closely compares with Phragmothyriles Edwards 
Cmend. Kar & Saxena (1976) in being circular and non-ostiolate and in having no tree hyphac, but can be separatcd from thc later by non-radial arrangement ot aporate cells. 
MorcovCr, the prcsent genus contains polygonal cells which arc-tsquarish-quadrangular in Phragmothyrites (KAR & SaxENA, 1976, pp. 8-9). being ostiolate. Nolothyriles Clookson (1947) differs in 

Kulchiathyvites Kar (1979) difters in being fish-scale like in shape. Derivation of Name-After Siwalik Group. 
Siwalikiathyrites ramanujamii sp. nov. 
PI. 2, Figs. 24-25 

Holotype-PI. 2, Fig. 25, size 78 um; Slide no. BSIP 6689/6. pe Locality-Hoshiarpur-Una Road section, near Bankhandi, Hoshiarpur district, Punjab. 
Diagnosis-Ascostromata subcircular to circular, size-range 64-86 em, no tree 

hyphae observed, dimidiate, non-ostiolate, arrangement of hyphae not radial, divided into central polygonal and ou ter elongated pseudoparenchymatus cells, cells nonporate. Derivation of name-This species has been named in honour of Dr. C. G. K. Rama-nujam for his well known work on Indian fossil fungi. 
Genus-Inapertisporites van der Hammen emend. Sheffy & Dilcher, 1971 

Type species-Inapertisporiles pseudoreticulatus Rousc, 1959 

Inapertisporites ellipticus Chandra, Saxena, & Setty (in press) PI. 1, Fig. 17 

Genus-Dicellaesporites Elsik emend. Shefly & Dilcher, 1971 
Type species-Dicellaesporites popovii Elsik, 1968 

Dicellaesporites sp. 
PI. 2, Fig. 26 

Description-Fungal spore +oval, size 89 x 79 pm. 
smaller cell has broadly roundcd end but bigger one has-Epointed end. Uniseptate, septa about 5 um thick, dark in colour. Inaperturate. Spore wall 0.5 um thick, 

Dicellate, cells unequal in size, 

punctaie, having few irregular folds. 
Remarks-The present species can casily be distinguished from other species of this genus by its bigger sizc. 

Genus-Staphlosporonites Slielly & Dilcher, 1971 
Type species-Staphlosporoniles conoideus Sheily & Dilcher, 1971 

294 
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Staphlosporonites multicellatus sp. nov. 

Pl. 2, Figs. 28-29 

Hololype-PI. 2, Fig. 28, size 64x 52 um; Slide no. BSIP 6685/8. 
Tpe Localily-Hoshiarpur-Una Road section, near Chaksadu, Hoshiarpur district, 

Punjab. 
DiagnosisFungal spores circular to subcircular, size-range 58-80 x 40-80 unm. 

Multicellate, number of cells more than 25 in cach spore, individual cell polygonal in shape 

and about 5-8 um in size. 

psilate, sometines weakly granulose. 
Comparison-The present species can casily be differentiated from S. cono1deus, 

S. tristratosus, S. ovalis and S. allomorphus all instituted by SaEFFY AND DILGHER (1971)in 
being bigger and in having larger number of polygonal cells. 

Inaperturate. Septa very thin. Spore wall up to 2 4m thick, 

Genus-Lacrimasporonites (Clarke) Elsik, 1968 
Tpe species-Lacrimasporonites levis Clarke, 1965 

Lacrimasporonites magnus sp. nov. 
PI. 2, Fig. 27 

Holobype-Pl. 2, Fig. 27, size 120 x47 pm; Slide no. BSIP 6698/37. 
Type Locality-Hoshiarpur-Una Road section, near 37 km stonc, Una district, 

Himachal Pradesh. 

Diagnosis-Fungal sporc -elliptical, size 120 x47 em, distal end of spore pointed 
and proximal end broad. Unicellate, nonseptate. Monoporate, porc apical, on the 

broader cnd, 27 jem in diameter, surrounded by thickening. Spore wall 0.5 m thick, 
psilate. 

Comparison-This species differs frem L. basidii (9-14 x6-8 jun), L. westii (18 x 
10 um) and L. stoughii (11 x6.5 pm) describcd by ELs1k (1968), and L. singularis Sheffy 
& Dilchecr (1971, 16.4 x 10.6 um) in being much bigger in size. 

Derivation of name-The specific name indicates big size of spores. 

Lacrimasporonites sp. 
PI. 2, Fig. 32 

Description-Fungal spore oval, size 66 x44 um. Unicellate, nonseptatc. 
porate, pore apical, pore diameter ca l am, surrounded by thickening. about 1 um thick, psilate. 

Mono 
Spore wall 

Remarks-This specimen diflers from those of L, magnus sp. nov. in having smaller 
size and oval shapc and from other species of the genus by its bigger sizc. 

Monoporate spore-type 
PI. 2, Fig. 31 

Description-Palynomorph circular, probably a fungal spore, size 79 x 77 pm. Monoporate, pore oval, 10x7 pm in size, margin not thickened. 
m thick, reticulate, reticulum imperfect, meshes subcircular to polygonal in shapc, vary- ing from 4 to 10 um in diameter, irregularly distributed over the spore wall. Remarks-Brown colour, typical of fungal spores, and unstratified nontectate spore 

Spore wall up to 0.5 

wall suggests the present specimen Lo be a fungal spore. 
Genus-Tetraploa Berk. & Br. 
Tetraploa sp 
PI. 2, Fig. 30 

Geophytology, 12(2) 
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Descriplion-Fungal conidia quadrangular in shape consis ting ot + columns, each 

nina ting into a nonseptate unicellular process, size 30 x 15 um (exCluding processes), 

processcs 42-58 um long and 3-4 um wide. 
closcly placcd and evenly distributed. Processes ps1la te. emarks-The prescnt specics differs from Type 89: T. aristala Berk. & Br. described 

by VaN GEEL (1978, p. 52, pi. 17, fg. 89) by its nonseptate and psilaie processes which 
nthe latter are septate and verrucate. Tetraploa sp. described by S1NGH AND SaxENa 

(1981) fron the Upper Siwalik of Gagret-Bharwain Road section, Himachal Pradesh 
closcly comparcs with the present species in having nonseptate and psilate appendages 

but differs in having a psilate body. 

Ornamenta tion of body granulOse, grana 

Palynomorph type- 
PI. 2, Figs. 33-34 

Descriplion-Palynomorphs circular, size-range 70-95 um. In some specimens a 
pore on a protuberance prcsent, pouring out the inner material (PL. 2, Fig. 33) while in 

others (Pl. 2, Fig. 34) no pore is visible. Outer wall 3 to 4.5 m thick, laevigate, having 
a lew very sparscly placed, wart-like or clongated sculptures. 

Remarks-Only four spccimens of this type could be recovered in the assemblage. 

Palynomorph type-2 
P1. 2, Fis. 35-36 

Descriplion-Palynomorphs +elliptical in shape with well rounded ends, size-range 
78-115x 54-75 um. Monoapcrturate, aperture apical, surrounded by a thickening 
about .5 gm thick. Wall less than 0.5 am thick, psilate, highly folded by very snamall 

irregular wrinkles, imparting a pseudoreticulate pattern over the wall. 

Palynomorph type-3 
PI 2, Figs 37-38 

Descriplion-Palynomorphs clongated with wavy margin and rounded ends, size- 
range 160-300 x 51-74 um. No aperture visible. Surfacc smooth. 

Remarks-This palynomorph type closcly resembles Foveofusa describcd by LELE 
AND CHANDRA (1972) from the marine intercalations in Lower Gondwana of Madhya Pradesh in size-range and general organization bui difters in having an irregular and 
wavy margin. 

DISCUSSION 

The palynoflora recorded here from the Upper Siwalik sedimcnts cxpo:cd along Hoshiarpur-Una Road section in Punjab and Hlimachal Pradesh, consists of fungal remains (both spores and bodies), pteridophytic spores, gymnospermous and angiospermous pollen grains and a few palynomorphs of uncertain affinity. The. assemblage is totally devoid of bryophytic spores. The qualitative analysis of the palynoflora has been sum- marized in table-2. 

QUANTITATIVE ANALYSIS 

The present palynoflora is populated by 25 genera and 31 specics of fungal re- mains, pteridophytic spores and gymnospermous and angiospermous pollen grains. these, 2 genera, viz. Quadrangulosacciles and Swalikiathyrites, are newly proposed.
Of 

Out of 21 productive samples, only one (sample no. 29) is rich in spores and pollen grains. The poor recovery of palynomorphs in oiher samples posed a considerable difficulty 
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Table 2-Showing the affinity of various palynomorphs with the modern 

superagcneric taxa. 

Supcragencric T'axa Palynomorph spccies 

Fungi Inaportisporites ellipticus 
Dicellansporiles sp. 
Staplhlosporonites multicellatus 

Lacrimasporonites magnus 
Lacrimasporonites sp. 
Tetraploa sp. 
Siwalikiatiyrilas ramanujamii 

Pteridophyta 
Schizaeaceae Lygodiumsporites lakiensis 

Todisporites flavalus 
Monolites sp. Polypodiaceae 
Verrucatosporites usmensis 
cf. Verucatosporites sp. 

Gymnospermae Pinuspollenites siwalikus 

Pinuspollernites sp. 
Abiespollenites sp. 
Abietineaepollenites sp. 
Plyllocladidites sp. 
Quadrangulosaccites himachalensis 

Laricoidites magmus 

Pinaceae 

Laricoidites minulus 

Inaperturopollenites foveolatus 

Angiospermae 
Palmae Palmidites plicatus 

Couperipollis wodehousei 

Assamiapollenites ghoshii 
Verualetes sp. 
Graminidites pliocenicus 
Graminidites sp. 
Polyadopolenites siwalikus 
Lakiapollis ovatus 
Lakiapollis matanamadhensis 

Potamoge tonaceae 

Poaceae 

Mimosaceae 

Euphorbiaceae 

in quantitative evaluation of the present palynofloral succession. 

samples containing almost like species were grouped into one, and palymomorphs obtained 

from all of them were considered together as if from one sample only. For making such 

groups of samples (representing one type of assemblage) bisaccate and inaperturate 

pollen grains played deciding role, as is evident from the actual counts shown in table- 

Two distinct assemblages have been recognised. 

obtained from sample nos. I to 25 and the younger, Assemblage-2, from sample nos. 26 

To overcome this, the 

3. The older, Assemblage-1, was 

to 30. 

The stratigraphic interval covered by Assemblagc-1 is characterized by the high 

The gym frequency (45%) of inapcrturate and 9.5 per cent of bisaccate pollen grains. The gym- 

nospermous pollen grains thus constitute 54.5 per cent of the Assemblage-1. Amongst the 

inapcrturate pollen, two specics of Luricoidiles, viz. L. magnus and L. minuus constitute 43 
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Table 3-Showing the actual counts of palynotaxa in productive samples. 
Palynomorph 

species 
Sample Nos. 

I3 6 8 9 10 12 13 15 16 17 18 20 21 22 25 26 27 28 29 30 

Lygodium 
sporites 
lakisnsis 

I l . 2 
Todisporites 
flavatus 

Monolites sp. 

Verrucatosporites 
usmensis 

cf. Verrucato 

sporites sp. 
Pinuspollenites 

sivalikus 2 12 2 38 8 

Pinuspollenites 
sp. 

Abiaspollenites 
Sp. 2 

Abietineaepollen-
ites sp. 3 3 2 13 11 1 

Phyllocladidites 
6 sp. 

Qyuadrangulosac- 
ciles himachal-

2 3 3 2 35 4 
ensis 

Bisaccate 

pollen type 

Laricoidites 
. 1l .. 2 1 6 2 2 2 6 5 15 13 1 6 2 62 5 

magnus 

Laricoidites 
I.. 1. 1 16 6 3 3 13 7 1 

minutus 

Inaperturopollen-

ites foveolatus 1 12 1.. 

Aplanospories 
bharwainensis 

5 2 2 1 16 

Assamiapollenites 
ghoshii 

5 3 
Verrualetes sp. 

Palmidiles 2 
plicatus 

Couperipollis 
wodehousei 
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Table 3-(Contd.) 

Palynomorph 
species 

Sample Nos. 
13 6 89 10 12 13 15 16 17 18 20 21 22 25 26 27 28 29 30 

Monosulcate 
palynomorph 

Lakiapollis 
ovatus 

Lakiapollis ma- 
2 tanamadhensis 

Tricolporate 
pollen type 

Graminidites 

pliocenicus 1. 3 

Graminidites sp. . 

Monoporate 
palynomorph 

Polyadopollen- 
ites sivalikus 2 

Siwalikiathyrites 
2 4 2 1 ramanujamii 

Inapertisporites 
ellipticus 3 3 

Dicellaesporites 
sp. 

Staphlosporo 
nites multicel-

4 1 3.. T latus 

Lacrimasporo- 
nites magnus 

.. 

Lacrimasporo-
nites sp. . 

Monoporate
spore type 

2 Tetraploa sp. 

Palynomorph
15 3 type 

Palynomorph 
type 2 

Palynomorph 
type 3 

Total no. of 
3 2 4 7 4 35 25 10 14 25 20 23 563 11 6 16 15 100 21 specimens 
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per cent and rest are Inaperluropollenites foveolatus. Amongst bisaccalc pollen grains Quad 
gosacciles (3.5%), Abielineaepollenites (3%). Pimuspollenites (2%) and Abiesfpollenzles ( %) 

present, Besides the above, ptcridophytic spores are very poor (l.%), angiospermous 

POC Sthare 9 per cent, fngal renains (both spores and bodics) 13 per cent and paly. 
nomorph of uncertain affinity 22 pcr cent. 

Othe other hand, Asscmblagc-2 is very rich (77%) in bisaccate pollen grains 
hil laperlurale pollen decrease in frcqucncy (l12%). Thc gymnospermous pollen 

The thus constitute 89 per ccnt of the assemblage, much higher than in ASsCnbag 

C aNa arc ot present in any appreciable frequcncy and hencc arc of limitcd valuc 

as zonc indicator. The pteridophylic sporcs constitute 2.5 per ccnt, angiospermous 
polen grams 5.5 per cent and fungal remains 3 pcr cent of the AssCmblagc-2. This 

asscnblage is thus easily distinguishable from the Assemblage-l by the very high lre 

quency of bisaccate pollen with corresponding decrease in inapertura te ones (12%) The 

high frequcncy of bisaccatc grains is autributed to the 27 per cent representatiOn ot Qua- 
4rngulosacciles himachalensis, 34 per cent of Pinuspollenites siwalikus, 2 pcr cent of Abiespo- 

leniles sp., 10 per cent of Abietineaepollenites sp. and 4 per cent of Pliyllocladidiles sp. (Figs. 
2, 3). 

The quantitativc analysis also revcaled the ovcrall dominance of gymnospermous 

pollen (70%). Of these, bisaccate pollen represented by 5 gcnera and b specIes cons- 

itute 37 per cent and inaperturate pollen represcnted by 2 genera and 3 spccies share 33 

The pteridophytic spores arc represcn ted by 4 genera and 5 species (2.3 %)» 

angiospermous pollen by 7 genera and 9 spccies (8%), fungal spores and bodies by 6 

genera and 7 spccics (9.5%) and palynomorphs of unccrtain affinity by 1 genus andl 

species (10%). The assemblage is completely devoid of bryophylic sporcs. 

per cent. 

PALAEOCLIMATE AND ENVIRONMENT OF DEPOSITION 

The present assemblage, as a whole, is rich in gymnospermous pollen, both bisa- 

ccate and inaperturate oncs, rclated to Pinaccae. The pteridophytic spores related to 

Schizaeaccac and Polypodiaccac are very rare (2.5%) 5; angiospermous pollen grains 
related to Palmac, Potamogetonaceac, Poaccac, Mimosaccac and Euphorbiacae are 

8 per cent ; fungal remains arc 9.5 per cent and others are 10 per cent. 

of the bisaccate pollen grains sharply increases in the Assemblage-2. The present 
day distribution of the various families is given in table 4. 

The frequcncy 

Table 4-Showing the present day distribution of the various families represen ted in 
the assemblage. 

Tropical Subtropical-Temperate Cosmopolitan (Tropical-Temperate) 

Schizacaceae (mostly tropical-subtropical) 

2. Polypodiaceae 
3. Pinaccae (mostly temperate) 

4. Palmac 

5. Potamogetonaccae 
6. Poaccac 

7. Mimosaceac 
8. Euphorbiaccae 
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3021-21-30% 1 20u-10°-3°% 

TA X A Assemblage Assemblage| 
Aplanosporites bharwainensis 

Siwalikiathyrites ramanujamii 
Staphlospor onites multicellatus 

Graminidites pliocenicus 

Polyadopollenites siwalikus 

Inapertisporites elipticus 

Tetraptoa sp 

Pinuspollenites sp 

Couperipollis wodehousei 

Phyllocladidites sp. 

Lakiapollis matanamadhensis 

Monolites sp 

Verrucatosporites usmensis 

Lakiapollis ovatus 

Dicellaesporites sp. 

Lacrimasporonites sp 

Laricoidites minutus 

Laricoidites magnus 

Pinuspollenites siwalikus 

Quadrangulosaccites himac halensis 
Abietineoepollenites sp. 

Lll 
Inaperturopollenites foveolatus 

Abiespollenites sp 

Verrualetes sp. 

Palmidites plicatus 

Lygodiumsporites lokiensis 

Todisporites flavotus 

Fig. 2. Showing the stratigraphic occurrence of the 

various palynonorph species in the Upper 
Siwalik of Hoshiarpur-Una Road section. 
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Out of the total 8 families only 2, viz. Schizaeaceae and Palmae (both very pocrly 

reprcsented), arc found in tropical-subtropical regions. 
aistributed mainly in temperate region and 5 families, viz. Polypodiaccae, Potamoge- 

OaCcac, Poaccae, Mimosaccae and Euphorbiaccae arc cosmopolitan in distribution. 

he above account indicates that the assemblage includes both tropical and temperate 

Clements. The tropical elcments which are poorly represented may be derived from 

the southern side of the deposition al site while the temperatc elements must have bcen 

derived irom the high Himalayan ranges which by that time would have been consi- 

derably high to support pinaceous fHora. 

One family, viz. Pinaceac, 

The analysis of the present palynoflora also reveals that it does not contain any 

CCment indicating marine or brackish water influence. Potamogetonaceous pollen, 

although less in number, suggest fresh water conditions. Thc gymnospermous pollen 

Would have been transported from north either by wind or by drainage water running 

It is, therefore, reasonable to deduce 
irom northern hills towards the site of deposition. 
a fluviatile environment of deposition for the Upper Siwalik sedimentation in the prc- 

Sent arca. 

PALYNOFLORAL COMPARISON 

Prior to this, Upper Siwalik palynofloras have becn reportcd from 3 places only: 
6i) from the lowermost part of the Upper Siwalik of Jawalamukhi area of Himachal 
Pradesh (NANDI, 1975 ; GHoSH, 1977) ; (i) from the Pinjor Formation exposcd near 

Chandigarh (SAxENA & SINGH, 1980, 1981, 1982) ; and (ii) from the middle part of 

the Upper Siwalik exposed along Gagret-Bharwain Section, Himachal Pradesh (SINGH 
&SAXENA, 1980, 1981). A comparison of the present palynoftora with the above three 

is discussed below 
The palynoflora from Upper Siwalik of Jawalamukhi arca of Himachal Pradesh 

1sists of Cyathidiles, Alsophilidites, Leplolepidites, Pinuspolleniles, Podocarpidites, Monoporo 
pollenites, Alnipollenites and Telradomonoporites. 
ropollenites (t=Craminidites) are common to both the assemblages. 
ficant bisaccate and inaperturate pollen genera of the present palynoflora arc unre-

presen ted in the Jawalamukhi assCmblage while reverse is the case with pteridophytic 
spore genera and Podocarpidiles, Alnipollenites and Tetradomonoporiles. The difference 
between thee two asemblages may be attributed to the disparity in their stratigraphic 
positions. 

Of these, only Pinuspollenites and Monopo- 
Many other signi- 

The palynoflora from the Pinjor Formation cxposed near Chandigarh is closcly 
comparable with the Assemblage-l of the present palynoflora. Both of these are rich 
in inaperturate pollen grains belonging to Laricoidites. Other elements of both the 
assemblages are also more or less Similar except tor the 22 per cent rcj.rcsentation of 
Aplanosporiles, a palynomorph of uncertain affinity, in the prescnt Assemblagc-1 

(Table 5). 
Similarly, the Upper Siwalik palynoflora from the Gagret-Bharwain Road scction, 

Himachal Pradesh is closcly identical to the prcent Assernblage-2. In both of these, 
bisaccate pollen grains are dominant. In ihe iormer, inapcrturate pollen grains arc also 

found in considerably high frequency. The other clem-nti, viz 
fungal spores and angiopermous pollen, are more or leSs similar in both thc assemblages 
(Table-6). 

pteridophytic and 
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C Group-wise comparison of the Assemblage-1 with the Pinjor Formation 
palynoflora from near Chandigarh. 

Formation Pinjor 
(Upper Siwalik) 
ncar Chandigarh 

Groups Assemblage 1 

Pteridophytic spores 1.5% 3% 

Gymnospermous bisaccate pollen 9.5% 4% 

Gymnospermous inaperturate pollen 45% 61% 

Angiospermous pollen 9% 23% 

13% 9% Fungal remains 

0 Palynomorphs of uncertain affinity 22% 

Present Reworkcd phytoplanktons 

Table 6-Group-wise comparison of the Assemblage-2 with the Upper Siwalik palyno- 

flora from Gagret-Bharwain Road Section, Himachal Pradesh. 

Upper Siwalik of 

Gagret-Bharwain Road 
section Himachal Pradesh 

Groups Assemblage-2 

0 Pteridophytic spores 2.5% 

77% 33% Gymnospermous bisaccate pollen 

12% 32% Gymnospermous inaperturate pollen 

5.5% 1% Angiospermous pollen 

3% 14% Fungal remains 

0 14% Palynomorphs of uncertain affinity 

Present Reworked phytoplanktons 

may, therefore, be concluded that Assemblage 1 and 2 hold the same stratigra- 

phic positions as those from Chandigarh and Gagret-Bharwain Road section, respectively. 

CONCLUSION 

From the foregoing account the following conclusions have been derived 

(i) The present Upper Siwalik palynoflora is a mixed assemblage. 
(ii) The gymnospcrmous pollen grains are the dominant constituents of the pre- 

(i) Qualitative analysis indicates that the pteridophytic spores may be related 

to Schizacaceac and Polypodiaccae gymnospermous pollen grains may be referred 
to Pinaceac ; angiospermous pollen grans may be rclated to Palmae, Potamogeto-

naceae, Poaccac, Mimosaceac and Euphorbiaccac. 

sent palynoflora. 
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(iv) The quantitative analysis of the palynoflora revealed two distinct assemblages. 
he prescnt palynoflora contains both tropical-subtropical and temperate 

clements. II appears that the tropical elements have bcen derived from southern side 
while the tempcrate, pinaccous clemernts have bcen derived from north. Tempera te 
clements, which are in abundance, might have been supported by the Himalayan ranges 
n the north which would havc been considerably high by that time. 

(V1) The environment of deposition has becn in terpreted as luviatile. 
ol marine influence, as suspected by some previous workers is completely rulcd out. 

(vii) A comparison of the present palynoflora reveals tha t Assemblage-l closely
resembles the palynoflora recorded from the Pinjor Formation near Chandigarh. 
The Assemblage-2 rescmbles the Upper Siwalik palynoflora from the Gagret-Bharwain 

Road scction, Himachal Pradesh. 

(vii) The present 

Any kind 

flora does not contain cvcn a single spccimen oi rcworked 

phytoplanktons. It appears that either its source would have been different than those of 

Chandigarh and Gagret-Bharwain Road scction assemblages which contain reworked 

phytoplanktons, or they might have becn destroyed during the course of scdiments trans- 

portation. 
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EXPLANATION OF PLATES 

(Al photonicrographs are enlarged ca x500) 

PLATE 

I. ygodiumsporites lakiensis Sah & Kar, Slide no. 6684/7. 
2. Monolites sp., Slide no. 6686/1. 
3. Verrucatosporites usmensis (van der Hammen) Potonié, Silidc no. 6687/8. 

4. cf. Verrucatosporites sp., Slide no. 6684/26. 
5. Pinuspollenites siwvalikus Singh & Saxena, Slide no. 6688/4.
6. Piuspollenites sp., Slide no. 6685/14. 
7. Abiespolilenites sp., Slide no. 6689/5. 
8. Abietinenepollenites sp., Slide no. 6690/1. 
9. Phyllocladidites sp., Slide no. 6688/11. 

Td2. Quadrangulosaccites himachalensis gen. et sp. nov., Slide nos. 6688/9 (Holotype), 6691/3, bb88/10. 

13. Bisaccate pollen type, Slide no. 6689/2. 
14. Laricoidites minutus Singh & Saxena, Slide no. 6895/3. 
15. Assanmiapollenites ghoshii Singh & Saxena, Slide no. 6685/16. 

16. Verrualstes sp., Slide no. 6696/4. 

17. Inapertispor ites ellipticus Chandra, Saxena & Setty, Slide no. 6702 1. 
18. Monosulcate palynomorph, Slide no. 6698/2. 
19. Tricolporate pollen type, Slide no. 6689/3. 

20. Graminidiles pliocenicus Singh & Saxena, Slide no. 6695/2. 
Graminidites sp., Slide no. 6685/13. 

22. Monoporate palynomorph, Slide no. 6700/2. 
23. Pobyadopolleniles siwalikus sp. nov., Slide no., 6697/2 (Holotype) 
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24-25. Siwalikiathyritas amamjami gen. et sp. nov., Slide nos. 6689/1, 6689/6 (Hlolotype). 
26. Dicellaesporites sp., Slide no. 6702 a/l. 

27. Lacrinasporonites magnus sp. nov., Slide no. 6698/37 (Holotype). 
28-29. Staphtosporonites multicellatus sp. nov., Slide nos. 6685/8 (Holotype), 6685/5. 

Tetraploa sp., Slide no. 6693/2. 
31. Monoporate spore type, Slide no. 6687/14. 
32. Lacrimasporonites sp., Slide no. 6687/31. 
33-34. Palyaomorph type-1, Slide nos. 6685/6, 6685/2. 
35-36. Palynomorph type-2, Slide nos. 6687/33, 6698/49. 
37-38. Palynomorph type-3, Slide nos. 6694/10, 6694/9. 

30. 
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