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assemblage from Siwalik foredeep Neogene sediments of Darjecling 

Fifty seven species under fifty three genera are recorded from the Siwalik foredeep basin of Darjeeling foothills. 
Eastern Himalaya. Fifteen recycled Permian taxa occur in the assemblage. The assemblage containing dinocyst. Heliospermopsis the isolated salt glands of mangrove plant leaves, Spinizonocolpites, Palaeosantalaceaepiles, 
Araliaceoipollenites, Psilodiporites suggests near shore to back swamp environment at a certain phase of deposition. 
Cupuliferoidaepollenites, Triporopollenites, Alnipollenites and Pinuspollenites suggest influence of temperate climate at 
the time of deposition. 
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INTRODUCTION sandy shale, sandstones and siltstones mostly from 
PALYNOASSEMBILAGES have been recorded from Geabdat Sandstone Formation (Table 1). Total 
almost all the Siwalik foredeep basins (Mathur, 1984; number of samples collected, sample position in the 

Mathur& Mathur 1991; Singh 1992; Singh& Tripathi respective traverses and lithology of the samples which 
have recovered palynomorphs so far are enumerated 1990; Banerjee & Dasgupta 1995). However, 

palynological study of Darjeeling foredeep basin has 
not been attempted so far. Recently, a short report on 

Darjeeling foot hills palynoassemblage has been com-
municated (Banerjee & Pathak 1998). In the present 
paper a detail palynofloristic study of Siwalik 

sediments from four river traverses of Darjeeling foot 
hills (Map 1) is recorded for the first time. Megatloral 
assemblages are, however, known from the Neogene 
sediments of Darjeeling foot hills since long time 
(Pathak 1969; Antal & Awasthi 1993; Antal & Prasad 

in Table 2. 
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The sedimentary succesion of Neogene sediments 

in the Darjeeling foot hills as described by Ganguly 
and Rao (1970) and Acharyya (1994) are given in 

Table 1. 
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Table 1: Stratigraphic succession in the frontal zone of 
eastern Himalaya. 

The usual techniques for recovery of 

palynomorphs using HCI, HF, HNO, and KOH have 
been adopted including specific gravity floatation Darjeeling Foot hills 

method. Slides prepared in glycerine jelly are kept in u or 
the repository, Palacobotany and Palaeopalynology 
Laboratory, Department of Botany, University of Cal-

Age 
Damuda Formation Permian 

- MBT-

Chunabati Formation Early Miocene 

(Contain horses of cutta. 
Damuda & slivers of 

OBSERVATION earliest Miocene 

limestone) 
The taxa identified are enlisted in the check list Thrust 

(Table 3; Plate 1, figs 1-36; Plate 2, figs 1-10). Murti Boulder Bed Formation 

DISCUSSION AND CONCLUSION Parbu Grit Formation Upper Siwalik-

Geabdat Sandstone Formation Middle Siwalik Neogene 
The miofloral assemblage recovered from the 

Neogene sediments of Darjeeling foot hills include fifty Foot h hill Thrust 
seven species under fifty three genera of which fifteen 
are Permian recycled taxa (Plate 1, figs 1-36; Plate 

2, figs 1-10). Palynomorphs recovered from different 
stratigraphic levels of Geabdat Sandstone Formation 
of Siwalik sequence (Map-1) have affinities to plants evergreen to moist deciduous forest in the Neogene growing in tropical, subtropical, temperate, cosmopoli- Siwaliks of Darjeeling foot hills. 
tan, humid, fresh water, mangrove swamp and shal-
low marine environmental conditions (Table 3). 

Gish Clay Formation Lower Siwalik 

Alluvial topped sediments of Ganga-Brahmaputra Basin 

Sterculiaceae, Tiliaceae, Urticaceae and Verbenaceae. 
The assemblage suggests occurrence of a tropical, wet 

Palynomorphs belonging to tropical wet ever-
green to moist deciduous plant families viz., 

A good number of megaplant remains of similar Sterculiaceae (Bombacacipites nacimientos), 
environmental conditions have been recorded from the Anacardiaceae (Rhoipites nitidus), Apocynaceae 
same sediments (Awasthi 1993; Antal & Prasad, (Psilodiporites hammenii) and Tilliaceae 
1995, 1996a-c, 1997, 1998; Banerjee et al. 1996, (Retitricolporites guianensis) have been recorded 
1997; Banerjee & Mitra, 1998). The mega-plant re- from the same sediments. Granminidites pollen grains mains include members of Anacardiaceae, of Poaceae are associated with megascopic 
Apocynaceae, Arecaceae, Anonaceac, Asteraceae, graminaceous spikelets Sharmatheca siwalikensis 
Burseraceae, Combretaceac, Clusiaceae, Dilleniaceae, (Banerjee& Mitra, 1998). 
Dipterocarpaceae, Ebenaceae, Euphorbiaceae, 
Flacourtiaceae, Fabaceae, Lauraceae, Lythrace ae, Heliospemmopsis spp. (Nagy) Banerjee, 1985, the 
Marantaceae, Poaceae, Rubiaceae, Sapindaceae, isolated salt glands of mangrove plant leaves, dinocysts, 

Occurrence of Spinizonocolpites brevispinosus, 

PLATE1 

(All figures magnifiedx 700) 

Fig. 1 Notothyrites setiferus, Fig. 2 - Meliolinites sp., Fig 3 Alter 

naria type, Fig. 4 - Polyadosporites sp., Fig. 5 Dicellaesporites 
minutus, Fig. 6 ? Dinocyst type 1, Fig. 7- ? Dinocyst type 2, 
Fig. 8 Microthyriaceous germling, Fig. 9-Polypodisporites speciosus, 
Fig. 10 Dictyophyllidites trilobiformis, Fig. 11 Alsophilidites sp. 
Fig. 12 Laevigatosporites gracilis, Fig. 13 Ephedripites sp., Fig 
14-Graminidites media, Fig. 15 - Palmaepollenites kutchensis, Fig 
16 P plicatus, Fig. 17 P. keralensis, Fig. 18 -P. ovatus, Fig. 19 
P. communis, Fig. 20 Spinizonocolpites brevispinosus, Fig. 21 

Liliacidites crassireticulatus, Fig. 22 Bombaracipites nacimientos, 

Fig. 23 Cupulife roidaepollenites quisqualis, Fig. 24 

Polybrevicolporites cephalus, Fig. 25 Retitricolporites guianensis, Fig 26 Araliaceoipollenites reticulatus, Fig. 27 Favitricolporites 
microreticulatus, Fig. 28 Tetracolporites onagrareoides, Fig. 29 
Sapotareoidaepollenites communis, Fig. 30 Palaeosantalaceaepites 
primitiva, Fig. 31 Alnipollenites verus, Fig. 32 Tricolpites reticulatus, 
Fig. 33 Rhoipites nitidus, Fig. 34 Cupuliferoipollenites ornatus, 

Fig. 35 Triporopollenites triangularis, Fig. 36 Chenopodipollis 
miocenica. 
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Table 2 : Total number and details of samples yielding 
palynomorphs from Siwalik sediments of four traverses from 
Darjeeling foot hills. 

Palaeosantalaceaepites (Rhizophoraceae), 
Araliaceoipollenites (Araliaceae), Psilodiporites 
(Apocynaceae) suggest nearshore to back rnangrove 

swamp environment indicating marine influence at 
certain phase of deposition. Record of 

Ramanujamipalmaephyllum siwalikensis, a 
pinnately compound palm leaf from Ramthi Nala 

Section having close affinity to modern day nypoid 
palm, supports the near shore environment of the Geabdat Sandstone 
deposits. In addition, occurrence of diverse types 

of palm pollen also signifies prevalence of coastal 

environment. Acharyya et al. (1987), Sinha and 
Srivastava (1992), Acharyya (1994) have described 

Early Miocene planktonic microforaminifera from 
Chunbati Formation of Darjeeling foot hills. Shal-

low marine and mangrove swamp environment have TRAVERSE 
been recorded in the Lower and early Middle 
Siwalik of Bhutan (Banerjee, 1985, 1995, 1996a,b; 

Banerjee & Dasgupta, 1995). 

Formation Sample nos. Lithology 
(Total 20 samples collected) 

S/TR-20 Brown fine grained 
sandstone. 

TISTA RIVER 

TRAVERSE 

s/TR-14 Brown fine grained 
sandstone with paper 
salt 

S/TR-13 Brown coloured 
sandstone 

S/TR-9 Paper salt, sandstone 
with leaf impression 

Grey coloured fine 
grained sandstone 

s/TR-7 

S/TR-4 Dark coloured sand 
stone 

LISH RIVER (Total 23 samples collected) 

S/LR-18 Dark coloured shale 
S/LR-11 Brownish-grey fine 

grained sandstone 
S/LR-10 Fine grained greyish 

brown sandstone 
Geabdat Sandstone 

Presence of Cupulife roidaepollenites 

(Fagaceae), Triporopollenites (Betulaceae/ 
Myricaceae), Alnipollenites (Betulaceae) and TRAVERSE 

Pinuspollenites (Pinaceae) suggests influence of tem-

perate climate at the time of deposition. The occur 

rence of the temperate climate loving plant pollen 
grains in the assemblage further suggests that uprising Geabdat Sandstone 
of the Himalayas has already initiated at the time of 
deposition of the Geabdat Sandstone Formation. The 

palynomorphs produced by the plants of temperate 
climate forest growing in the high slopes in near vicin-

ity were carried to the site of deposition. 

S/LR-5 Fine grained brownish 
grey sandstone. 

(Total 33 samples collected) 

S/GR-30 Brownish grey fine 
grained sandstone. 

GISH RIVER 

S/GR-25 Grey clay 
SIGR-23 Brownish grey fine 

grained sandstone 

S/GR-18 Bluish grey clay 
S/GR-13 Fine grained sandstone 

with leaf impression 

Fine grained brown 
sandstone 

S/GR-9 

S/GR-8 Fine grained sandstone 

Fine grained sandstone 

(Total 26 samples collected) 

Fine grained sandstone 
with leaf impressions 

S/GR-7 
RAMTHI NALA 
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S/RN-7 
Fine grained sandstone 
with leaf impressions 

Blackish claystone 

S/RN-6 

S/RN-5 
S/RN-4 Dark coloured fine 

grained sandstone 

PLATE2 

(All figures magnified x 700) 

Fig. 1- Polyadopollenites sp., Fig. 2 Heliospermopsis sp., Fig 3-Marsupipollenites sp., Fig. 4 - Pinuspollenites tenuicorpus, Fig. 
5 Alisporites sp., Fig. 6 

Psilodiporites hammeni, Fig. 8 - Primuspollenites sp., Fig. 9 

Scheuringipollenites sp., Fig. 10 Microbaculispora sp 

Rhizomaspora sp., Fig. 7 
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Table 3: Arf+inity and environmental consideration of mioflora recovered 

PLANT GROUPS MIOFLORAL TAXA AFFINITY ENVIRONMENT 

Algae Shallow marine Dinophyceae 
Dinophyceae 
Uncertain 

? Dinocyst type-1 (PI. 1, fig.6) 
? Dinocyst type-2 (PI. 1, fig. 7) 
Dicellaesporites minutus (PI. 1.fig. 5) 
Polyadosporites sp. (Pl.1,fig. 4) 
Alernaria type (Pl. 1, fig. 3) 
Meliolinites sp. (PI. 1 fig. 2) 

Notothyrites setiferus (Pl. 1, fig.1) 
Microthyriaceous germlings (PI. 1, fig. 8) 
Alsophilidites sp. (P. 1, fig. 11) 
Dictyophylidites trilobiformis 
(PI. 1, fig. 10) 
Gleicheniidites senonicus 

Shallow marine 

Fungi Tropical humid 

Uncertain 
Alternaria sp. * ***"******* * 

Meliolinaceae *****"** **** 

Microthyriaceae 
Microthyriaceae 
Cyatheaceae 
Coniopteris sp. 
(Dicksoniaceae) 
Gleicheniaceae 
Polypodiaceae 

Pteriodophytes Tropical and subtropical 
Cosmopolitan 

Tropical and subtropical 

Cosmopolitan Polypodiisporites speciosus 
(PI. 1, fig. 9 
Laevigatosporites 8racilis 
(PI. 1, fig. 12) 
Ephedripites sp. (PI. 1,fig. 13) 
Pinuspollenites tenuicorpus (PI. 2, fig. 4) 
Palmaepollenites ovatus (PI. 1, fig. 18) 
P kutchensis (Pl.1, fig. 15) 

P. keralensis (Pl. 1, fig. 17) 
P. plicatus (PI. 1, fig. 16) 
P. communis (PI. 1, fig. 19) 

Spinizonocolpites brevispinosus 
(PI. 1, fig. 20) 
Graminidites media (PI. 1, fig. 14) 
Liliacidites crassireticulatus (PL. 1, fig. 21) Liliaceae 
Bombacacipites nacimientos 
(PI. 1, fig. 22) 
Cupuliferoidaepollenites quisqualis 
(PI. 1, fig. 23) 
Tricolpites reticulatus (PL. 1, fig. 32) 

Polypodiaceae 

Gymnosperms Ephedraceae 
Pinaceae 

Tropical and subtropical 

Subtropical Temperate 
Tropical and subtropical Angiosperms 

Monocotyledons 
Arecaceae 

*** ******" * ****** 

"*****.******** 

*******""************ ***" 
***** ** ***** **..*o**o****. 

Nypa sp. (Arecaceae) Tropical subtropical, Swampy 
mangrove. 

Poaceae Cosmopolitan 

Dicotyledons Freemontodendron Pantropical and subtropical 
sp. (Sterculiaceae) 

Uncertain Temperate 

Gunnera sp. 
(Haloragaceae) 
Araliaceae 

Cosmopolitan 

Araliaceoipollenites reticulatus 
(PI. 1, fig. 26) 
Cupuliferoipollenites ornatus 
(PI. 1, fig. 34) 

Tropical 

Castanea sp. 
(Fagaceae) 

Temperate 

Favitricolporites microreticulatus 
(PI. 1, fig. 27) 
Sapotaceoidaepollenites communis 
(PI. 1 fig. 29) 
Rhoipites nitidus (P. 1, fig. 33) 

Retitricolporites guianesis (Pl. 1, fig. 25) 
Tetracolporites onagraceoides 
(PI.1. fig. 28) 
Palaeosantalaceaepites primitiva 
(PI. 1, fig. 30) 
Polybrevicolporites cephalus (PI. 1, fig. 24) Uncertain 
Psilodiporites hammenii (Pl. 2, fig. 7) 

Uncertain 

Sapotaceae Tropical 

Anacardiaceae Tropical and temperate 
Grewia sp. (Tiliaceae) Tropical, marshy 

Cosmopolitan Onagraceae 

Rhizophoraceae Tropical, mangrove 

Apocynaceael 
Proteaceae 

Cosmopolitan 

Triporopollenites triangularis 
(PI.1, fig. 35) 
Alnipllenites verus (Pl.1, fig. 31) 

Betulaceace 
Myricaceae 
Alnus spP. 
(Betulaceae) 
Chenopodiaceae 
Uncertain 

Temperate 

*** ************** 

Chenopodipollis miocenica (PI. 1, fig. 36) 
Polyadopollenites sp. (PI. 2, fig. 1) 
Heliospermopsis sp. 1 (PI. 2, fig. 2) 

Heliospermopsis sp.2 

Halophyte 

Incertae sedis Salt gland of ? 

Aegiceras sp. 
Tropical, mangrove 
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REFERENCES 

Acharyya SK 1994. The cenozoic foreland basin and tectonics of 
the Eastem Himalaya : problems and prospects. Him. Geol. 
15 3-21 

Acharyya SK, Bhatt DK & Sen MK 1987. Earliest Miocene Plank 
tonic Foraminifera from Kalijhora area, Tista river section, 
Darjeeling sub-Himalaya. Ind. Min. 41 (1): 31-37. 

Banerjee M & Dasgupta R 1995. Palynostratigraphy and 

Palaeoenvironment: Palaeobiogeographic considerations of 

Siwalik sediments of Bhutan, Eastem Himalaya. Proc. Symp. 

N. W. Himalaya and Foredeep. 1995. Geol. Surv. India Spl. 

Publ. 21 (1) : 233-248. 

Banerjee M & Mitra S 1997. Sharmatheca siwalikensis gen.et sp. 
nov. Graminoid spikelets from Siwalik sediments of 

Darjeeling foot hills, Eastern Himalayas. Nat. Symp. 

Biodiversity, Conservation and Evolution of Plants, Depart-
ment of Botany, Univ. of Allahabad : 54 (Abst.). 

Antal JS& Awasthi N 1993. Fossil flora from the Himalayan foot 
hills of Darjeel ing District. West Bengal and its 

palaeoecological and phytogeographical significance. 

Palaeobotanist 42 (1): 14-60. 

Antal IS& Prasad M 1995. Fossil leaf of Clinogyne Salisb. from 
the Siwalik sediments of Darjeeling District, West Bengal. 
Geophytology 24 (2) : 241-243. 

Antal JS& Prasad M 1996a. Some more leaf impressions from the 
Himalayan foot hills of Darjeeling District, West Bengal, 
India. Palaeobotanist 43 (2): 1-9. 

Antal JS & Prasad M 1996b. Leaf impressions of Polyalthia Bl. in 

the Siwalik sediments of Darjeeling District, West Bengal. 

Geophytology 26 (1): 125-127. 

Antal IS&Prasad M 1996c. Dipterocarpaceous fossil leaves from 
Gish river section in Himalayan foot hills near Oodlabari, 

Darjeeling District, West Bengal. Palaeobotanist 43 (3): 73-

Banerjee M & Mitra, S 1998. Megafloristic study of Siwalik 

sediments of Bhutan and Darjeeling foot hills, North-East-

ern Indian subcontinent with remarks on environment. 

Workshop on Geodynamics and Natural Resources of North 

East India, Wadia Inst. of Him. Geol. and Dibrugarh Univ. 

Abstr.: 2-3. 
Banerjee M, Mitra S & Das A MS Raman1ujamipalmaephyllum 

siwalikensis gen. et sp. nov. foliage shoot and isolated pinna 
cf. Nypa palm from Siwalik sediments of Darjeeling foot 
hills, Easterm Himalaya and remarks on environment. C.G.K. 

Ramanujam Commemoration, Volume (ln press). 

Banerjee M & Pathak NR 1998. On the Palynoassemblage from 

the Neogene Siwalik sediments of Darjeeling foot hills, 
Eastern Himalaya. Workshop on Himalayan Foreland Ba-

sin with special reference to pre-Siwalik Tertiaries, Jammu 

University. Dehradun Abstr. 20-21 

Ganguly S& Rao DP 1970. Stratigraphy and structure of the Ter-

tiary foot hills of Easterm Himalaya, Darjeeling District, 
w.B. Q. JI. Min. metall. Soc. India 42(4): 185-195. 

77. 

Antal JS & Prasad M 1997. Angiospermous fossil leaves from he 
Siwalik sediments (Middle Miocene) of Darjeeling District. 
West Bengal. Palaeobotanist 46 (3): 95-104. 

Antal JS& Prasad M 1998. Morphotaxonomic study of some more 
fossil leaves from the Lower Siwalik sediments of West 

Bengal, India. Palaeobotanist 47: 88-98. 

Antal JS, Prasad M & Khare EG 1996. Fossil woods from the 
Siwalik sediments of Darjeeling District, West Bengal, In-

dia. Palaeobotanist 43 (2): 98-195. 
Banerjee M 1985. Heliospermopsis Nagy (Oudhkusumites 

Srivastava) salt glands of mangrove plants in the cuticles 
of angiosperm leaves from Neogene of Eastern Himalaya 
and remarks of Palaeoecology of the sediments. Indian J. 

Earth Sci. 12 (2): 150-152. 

Mathur YK 1984. Cenozoic palynofossils, vegetation, ecology and 
climate of the North and North-Western sub-Himalayan 
region, India. In the evolution of the East Asian environ-
ment, Vol. II: 504-551. Publ. Centre of Asian Studies, Univ. 
of Hong Kong. 

Mathur YK & Mathur K 1991. Cenozoic Transgressive Regres-
sive events in the Himalayan foot hills and the Global sea 

level change. Geosci. Jour 12 (2) : 149-154. 

Banerjce M 1995. Palaceobiology of Neogene sediments of Bhutan, 
Eastern Himalaya and environment of deposition. Birbal 

Sahni Centenary Vol., Proc. Int. Conf. Global environmen 
and Diversification of Plants through geological time. Soc. 

Ind. Plant Taxonomists, Alababad: 41-57. 

Pathak NR 1969 Megafossils from the foothills of Darjeeling. In 

H.Santapau et al. (eds)-J. Sen Memorial Volume, Bot Soc. 

Beng. Calcutta, pp. 379-384. 

Singh HP 1992. Cenozoic plant fossils and the Himalayan orogeny 
Palaeobotanist, 40: 328-335. 

Banerjee M 1996a. Tropical Estuarine Angiosperm Vegetation in 
the Neogene sediments of Bhutan, Eastern Himalaya and 
remarks on Palaeogeography of Siwalik foreland basins of 

Indian subcontinent. Rheedea, 6 (1): 127-140. 

Banerjee M 1996b. Biological remains in tracing coastal evolution 
with particular reference to West Bengal geoprovince of 

Bengal Basin, India. Integrated coustal zone Management-

Singh T& Tripathi SKM 1990. Siwalik sediments of Arunachal 
Himalaya: Palynology. Palacoccology and Palacogeography. 
Palaeobotanist, 38: 325-332. 

Sinha HN& Srivastava SS 1992. Marine influence in the Chunabati 

Formation, Darjeeling sub-Himalaya, India. Geosci. Jour 13 

(2): 147-152. 

(Received 14.07.1999; Accepted 08.11. 1999) 



{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

