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PALYNOLOGY OF THE PINJOR FORMATION (UPPER SIWALIK)

EXPOSED NEAR CHANDIGARH, INDIA

R. K. SAXENA & H. P. SINGH
Birbal Sahni Institute of Palacobotany, 53 University Road, Lucknow 226 007, India

ABSTRACT

The paper deals with the systematic description and discussion of the palynoflora
recovered from the Pinjor Formation near Chandigarh. A total of 19 genera and 23
species have been recovered. Of these, two species are new. )

The study of the Pinjor assemblage reveals that the spores and pollen grains may
belong to 11 families, viz., Cyatheaceae, Schizaeaceae, Parkeriaceae, Podocarpaceae,
Pinaceae, Palmae, Liliaceae, Gramineae, Magnoliaceae, Proteaceae and Oleaceae. The
occurrence of reworked Eocene phytoplanktons has been discussed. The significance
of the assemblage has also been commented upon.
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INTRODUCTION

HE progress of palynological research

I on the Upper Siwalik sediments has
been rather slow because of the
paucity of spores and pollen grains in
these sediments. The possible reason for
the absence or impoverished recovery of
palynomorphs seems to be the prevalence
of oxidizing environment of deposition in
addition to secondary weathering to which
these sediments have been exposed as they
are mostly coarse grained, loose and friable
in nature. In spite of these setbacks,
palynologists have recovered assemblages
which have been used to throw light on
the problems like climatology and environ-
ment of deposition (Ghosh, 1977). In-
formal assemblage zone has also been

A2h

recognized in the Upper Siwalik (Nandi,
1975). The present paper is the first
attempt in which palynology of the Pinjor
Formation near Chandigarh has been syste-
matically described and compared with the
known comparable assemblages.

The literature on palynology of the
Siwalik Group is rather scanty. Banerjee
(1968) was the first to publish a paper on
the palynology of Lower and Middle
Siwalik sediments of Bhakra-Nangal area,
Himachal Pradesh. On the basis of the re-
covered palynoflora, he inferred that during
the Lower Siwalik sedimentation the vegeta-
tion was coastal having tropical-temperate
climate, while during the deposition of
Middle Siwalik it changed to a predomi-
nantly inland type of vegetation with
temperate climate, The dominance of



326

gymnospermous elements over the angio-
spermous ones and rather poor representa-
tion of pteridophytes lead him to suggest a
gradual cooling of the surrounding climate.
Lukose (1969) described a palynoflora from
the Middle Siwalik of Raxaul, Bihar and
discussed about the source of sediments
and probable cause of their poor fossili-
ferous state. Nandi and Bandyopadhyay
(1970) published a short note on the
microfossils and microstructures from the
Middle Siwalik lignite exposed along Bhed
Khad in Himachal Pradesh between Ghasoti
and Badahr. They described the palyno-
fossils under 5 types, viz., porate, inapertu-
rate, polycolpate, saccate and fungal spores.
Venkatachala (1972), while reviewing the
palynological contributions to Indian strati-
graphy, gave the characteristic palyno-
morphs of the Lower and Middle Siwalik
sediments. Palynoflora  from  Middle
Siwalik sediments of Mohand (East) Field,
Uttar Pradesh has been described by Nandi
(1972). Based on the palynofloral evidence,
she concluded that the sediments were
deposited under fresh water condition and a
great climatic change occurred during their
deposition, i.e. during Upper Miocene to
Lower Pliocene. Mathur (1973) described
Lower Siwalik palynoflora from Tharu-
khola-Chepang, located towards north-east
of Nepalgange, Nepal, assigning a Miocene
age to the sediments. She inferred the
prevalence of tropical to subtropical climate
during the time of deposition.

Singh, Khanna and Sah (1973) mainly
reported the occurrence of Pinus-type,
monosulcate-type and inaperturate (non-
saccate) pollen grains from the Pinjor
Formation of which the later mentioned
being in abundance. This fact has been
confirmed by the present investigation.
Singh, Khanna and Sah (1973, p. 76)
surmised sub-temperate to temperate climate
during the Upper Siwalik times.

Palynostratigraphical studies on the
Siwalik Group exposed in Jawalamukhi
area of Himachal Pradesh have been
attempted for the first time by Nandi
(1975). She proposed 4 palynological zones
in the Siwalik, i.e. zones 1-4, giving
characteristic palynomorphs and their verti-
cal distribution for each zone and concluded
the prevalence of tropical to subtropical
climate during Lower Siwalik, subtropical
to temperate during Middle Siwalik and a
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distinctly colder one during Upper Siwalik
sedimentation. Ghosh (1977) reviewed the
palynological work done on Siwalik sedi-
ments. He discussed the palaeoecology and
palacoclimate during the Siwalik sedimenta-
tion and gave a brief description of the
palynological zones originally proposed by
Nandi (1975).

From the above mentioned resume, the
present authors feel that the terms like
subtropical to temperate climate or vegeta-
tion have been very loosely used by various
authors which need to be avoided in future
work.

The material for the present study was
collected from a carbonaceous shale bed of
the Pinjor Formation exposed in the vicinity
of Chandigarh which was kindly made
available by Dr S. B. Bhatia of Punjab
University, Chandigarh. The slides and
unused material have been deposited in the
repository of the Birbal Sahni Institute of
Palacobotany, Lucknow.

SYSTEMATIC PALYNOLOGY
Anteturma — Proximegerminantes Potonié,
1970
Turma — Triletes Reinsch emend. Dettmann,
1963
Suprasubturma — Acavatitriletes Dettmann,
1963

Subturma — Azonotriletes Luber

Dettmann, 1963 _

Infraturma — Laevigati Bennie & Kidston
emend. Dettmann, 1963

emend.

Genus —Cyathidites Couper, 1953
Type  Species — Cyathidites  australis
Couper, 1953.

Cyathidites minor Couper, 1953
PL. 1, fig. 1

Cyathidites sp.
Pl 1, fig. 2

Description — Spores triangular-sub-
triangular, 30-38 um. Trilete rays extend-
ing almost up to the equator. Exine 2-3
pm thick, occasionally slightly thicker at
apices, laevigate- + sculptured.

Comparison — The present specimens are
identical to C. minor Couper (1953) in
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shape, size and nature of trilete mark but
in the former, the exine is slightly thicker
and occasionally faintly sculptured.

Genus — Lygodiumsporites Potonié, Thomson &
Thiergart ex Potonié, 1956

Type Species — Lygodiumsporites adriennis
Potoni¢, Thomson & Thiergart, 1950.

Lygodiumsporites sp.
PL 1, fig. 3

Description — Spores subtriangular, apices
broadly rounded, interapical margin convex,
46 um. Trilete, rays extending up to the
equator. Exine 2.5 um thick, laevigate-
+ intrastructured.

Comparison — The present spores re-
semble Lygodiumsporites  pachyexinus
Saxena (1978) in shape and size but in the
latter the exine is thicker. L. lakiensis
Sah & Kar (1969) and L. eocenicus Dutta &
Sah (1970) are bigger in size.

Genus — Todisporites Couper, 1958

lg'%’pe Species — Todisporites major Couper,

Todisporites sp.
Pl 1, fig. 4

Description — Spores circular-subcircular,
30-35 pm. Trilete, rays extending three-
fourth of the radius, generally covered by
exinal fold. Exine 1-1.5 pm thick, laevi-
gate.

Remarks — The present specimens re-
semble Todisporites cf. plicatus Sah &
Kar (1969) described by Nandi (1972,
p. 376, pl. 1, fig. 7) from the Middle Siwalik
sediments of Mohand (East) Field, Uttar
Pradesh.

Infraturma — Murornati Potonié & Kremp,
1954

Genus — Striatriletes van der Hammen, 1956

Type Species — Striatriletes susannae van
der Hammen, 1956.
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Striatriletes sp.

PL 1, fig. 5

Description — Spore triangular with acute
apices, 65 pum. Trilete, rays obscure.
Exine 2.5 pm thick, striate, 4 ridges in each
interradial region, ridges as wide as furrows,
occasionally bifurcating on distal surface to
form loop-like structures.

Anteturma — Variegerminantes Potonié, 1970

Turma — Saccites Erdtman, 1947

Subturma — Disaccites Cookson, 1947

Infraturma — Podocarpoiditi Potonié, Thom-
son & Thiergart, 1950

Genus — Podocarpidites Cookson emend. Potonié,
1956

Type Species — Podocarpidites ellipticus
Cookson, 1947.

Podocarpidites ellipticus Cookson, 1947
Pl 1, fig. 9

Podocarpidites microreticuloidatus Cookson,
1947

PL 1, fig. 8

Remarks — The present specimens are
slightly bigger in size than those described
by Cookson (1947) from Kerguelen Archi-
pelago.

Infraturma — Pinosacciti Erdtman emend.
Potonié, 1958

Genus — Pinuspollenites Raatz, 1937

Type Species — Pinuspollenites labdacus
(Potoni¢) Raatz, 1937,

Pinuspollenites sp.

Pl 1, fig. 6

Description — Pollen grains elliptical in
polar view, 88-108 x 58-62 pm. Bisaccate.
Central body circular-subcircular, 60-66
% 50-60 pm, very finely reticulate. Sacci
equal in size, smaller than central body,
reticulate, reticulum fine to coarse, muri
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delicate, sometimes meshes irregular and
obscure. Sulcus 18-22 pm wide, longi-
tudinally oval.

Remarks — The present specimens re-
semble Disaccites sp. 1 and Disaccites sp. 5
described by Lukose (1969) from the Middle
Siwalik sediments of Bihar.

Infraturma — Cedrosacciti Erdtman, 1945

Genus — Cedripites Wodehouse, 1933

Type Species — Cedripites eocenicus Wode-
house, 1933.

Cedripites sp.
Pl 1, fig. 7

Description — Pollen grains + oval in
polar view, 77-112 um. Bisaccate. Central
body subcircular, 66-70 wm, finely sculptured,
granulose. Sacci + equal in size, smaller
than central body, very finely reticulate.
Sulcus wide.

Remarks — Only two specimens assign-
able to Cedripites Wodehouse (1933) have
been found in the present assemblage.

Turma — Aletes Tbrahim, 1933

Subturma — Azonaletes  Luber  emend.
Potonié¢ & Kremp, 1954

Infraturma — Psilonapiti Erdtman, 1947

Genus — Laricoidites  Potonié, Thomson &
Thiergart ex Potonié, 1956
Type  Species — Laricoidites  magnus
(Potoni¢) Potonié, Thomson & Thiergart,
1950.

Laricoidites magnus (Potonié) Potonié,
Thomson & Thiergart, 1950

Pl 1, fig. 10

Remarks — The present species is pre-
dominant in the assemblage.

Laricoidites punctatus Saxena, 1979a
Pl 1, fig. 11

Infraturma — Granulonapiti Cookson, 1947

THE PALAEOBOTANIST

Genus — Araucariacites Cookson ex Couper, 1953

Type Species — Araucariacites australis

Cookson, 1947.

Araucariacites australis Cookson, 1947

Pl 1, fig. 12

Remarks — The occurrence of this species
is rare in the present assemblage.

Infraturma — Reticulonapiti (Erdtman) Bose
& Kar, 1967

Genus — Retiinaperturites Mathur, 1966

Type Species — Retiinaperturites depressus
Mathur, 1966.

Retiinaperturites pinjoricus sp. nov.
Pl 1, figs 16-18; Text-fig. 1

Holotype — PI. 1, fig. 16, size 118 x 100
um; slide no. 6198/2.

Type Horizon & Locality — Pinjor Forma-
tion, Upper Siwalik, near Chandigarh, India.

Diagnosis — Pollen  grains subcircular-
oval, 93-120 x 68-102 um. Germinal mark
absent. Exine 1-3 um thick, reticulate,
reticulum coarse, muri fairly raised, lumina
polygonal-irregular in shape. )

Comparison — The present species can
be differentiated from the type species,
R. depressus Mathur (1966), in being much
bigger in size and in having thicker exine
and coarser reticulum.

TEXT-FIG.
nov.,x 250,

1 — Retiinaperturites  pinjoricus  Sp.
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Turma — Plicates Naumova emend. Potonié,
1960
Subturma — Monocolpates Iversen & Troels-
Smith, 1950
Infraturma — Monoptyches Naumova emend.
Potonié, 1958

Genus — Palmidites Couper, 1953

Type Species — Palmidites — maximus

Couper, 1953.
Palmidites maximus Couper, 1953

Pl. 2, fig. 19

Genus — Psilamonocolpites van der Hammen &
Garcia de Mutis, 1965

Type Species — Psilamonocolpites medius
van der Hammen & Garcia de Mutis, 1965.

Psilamonocolpites sp.
PL. 2, fig. 28
Description — Pollen grain elliptical, 100
% 43  pm. Monosulcate, sulcus wide,

extending from one end to the other.
Exine 1.5 pm thick, laevigate.

Genus — Pinjoriapollis Saxena & Singh, 1981

Type  Species — Pinjoriapollis ~ magnus

Saxena & Singh, 1981.

Pinjoriapollis magnus Saxena & Singh, 1981
PL. 2, figs 20, 21

Pinjoriapollis lanceolatus Saxena & Singh,
1981

Pl. 2, figs 27, 29

Infraturma — Sculptati Potonié, 1970

Genus — Liliacidites Couper, 1953

Type Species — Liliacidites kaitangataensis
Couper, 1953.
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Liliacidites matanomadhensis Saxena, 1979
Pl. 2, fig. 23

Subturma — Ptychotriporines Naumova
emend. Potonié, 1960
Infraturma — Prolati Erdtman, 1943

Genus — Favitricolporites Sah, 1967

Type Species — Favitricolporites eminens
Sah, 1967.

Favitricolporites sp.
Pl 2, fig. 24

Description — Pollen grain subcircular in
polar view, 42 upm. Tricolporate, colpi
long, well-developed, funnel-shaped, meso-
colpia wide, pore margin slightly thickened.
Exine 2-5 wum thick, sexine thinner than
nexine, reticulate, reticulum fine, tegillate.

Remarks — Only one specimen of this
species could be recovered from the present
assemblage.

Turma — Porosus Naumova emend. Potonié,
1960

Subturma — Monoporines Naumova emend.
Potonié, 1960

Genus — Graminidites Cookson, 1947

Type Species — Graminidites media

Cookson, 1947.
Graminidites chandigarhensis sp. nov.
Pl. 2, fig. 25; Text-fig. 2

Holotype — PI1. 1, fig. 25, size 47 x 34
pwm, slide no. 6192/8.

TEXT-FIG. 2-— Graminidites chandigarhensis sp.
nov., x 500,
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Type Horizon & Locality — Pinjor Forma-
tion, Upper Siwalik, near Chandigarh, India.

Diagnosis — Pollen grains oval, 30-40
% 25-30 pm. Monoporate, pore + circular
with a clearly defined annulus. Exine 0.5-
1.5 pm thick, laevigate.

Comparison — The present species differs
from G. media Cookson (1947) and G.
subreticulata  Cookson (1947) in having
laevigate exine while the latter two have
reticulate ornamentation of the exine. G.
assamicus Sah & Dutta (1968) is bigger in
size.
Subturma — Triporines Naumova emend.

Potonié, 1960

Infraturma — Zoniporiti Ramanujam, 1966

Genus — Triorites Erdiman ex Couper, 1953
Type Species — Triorites  magnificus
Cookson, 1950,

Triorites sp.
PL 2, fig. 22

Description — Pollen grains subtriangular,
26-40 pm. Triorate, ora distinct, 7-9 pm
in diameter, ora margin slightly thickened.
Exine 3 pm thick ornamented by a few,
very fine, conical, sparsely placed spinules,
interspinal area laevigate.

Comparison — The present species differs
from other species of Triorites Erdtman ex
Couper (1953) in having very fine sparsely
placed conical spinules.

PALYNOMORPH TYPE-1
Pl 1, fig. 13

Description — Spore  circular, 24 pm.
Trilete, rays extending almost up to the
equator. Exine 1 pm thick, spinulose,
spinules hair-like, small, up to 2 pm in
length, sparsely placed.

PALYNOMORPH TYPE-2
Pl 2, fig. 30
Description — Pollen grains elliptical, 187
X 77 pm. Inaperturate. Exine 2 pm thick,

intrapunctate, puncta closely placed and
evenly distributed, exine irregularly folded.

THE PALAEOBOTANIST

Remarks — The
sembles  Laricoidites
Saxena (1979a) from
Formation of Kachchh.

present specimen re-
sp. described by
the Matanomadh

PALYNOMORPH TYPE-3
Pl. 2, fig. 26

Description — Pollen grain elliptical, 49
»% 26 pm. Monosulcate, sulcus oval in
shape, extending half the length of longer
axis. Exine 1.5 pm thick, baculate-pilate,
pila/bacula small.

Remarks — The present specimen appears
to have some affinity with Liliaceae.

FUNGAL SPORES

Genus — Inapertisporites van der Hammen emend.
Sheffy & Dilcher, 1971

Type Species — Inapertisporites pseudoreti-
culatus Rouse, 1959,

Inapertisporites vulgaris Shefly & Dilcher,
1971

Pl. 1, fig. 14

Genus — Monoporisporites van der Hammen emend.
Sheffy & Dilcher, 1971

Type Species — Monoporisporites minutus
van der Hammen, 1954,

Monoporisporites minutus van der Hammen,

1954
PL 1, fig. 15
1954  Monoporisporites minutus A & B

van der Hammen, pl. 21, figs 1, 2,
p. 103.

DISCUSSION

The palynofloral assemblage from the
Pinjor Formation consists of fungal and
pteridophytic spores alongwith gymno-
spermous and angiospermous pollen grains.
Altogether 19 genera and 23 species have
been recovered. Of these, two species are
new.
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QUANTITATIVE ANALYSIS

An analysis of the mioflora reveals the
occurrence of different spores and pollen
grains in the following order: gymnosperm-
ous pollen (65%), angiospermous pollen
(239,), fungal spores (9%) and pterido-
phytic spores (3 %) (Text-figs 3, 4).

Among gymnospermous pollen, Laricoi-
dites Potonié, Thomson & Thiergart ex
Potonié (579%,) is the predominant genus,
being represented by two species, viz., L.
magnus (Potonié) Potonié, Thomson &
Thiergart (529%) and L. punctatus Saxena
(5%), while the other two alete genera,
Araucariacites Cookson ex Couper (3 %,) and
Retiinaperturites Mathur (29,) are meagre
in occurrence. The bisaccate pollen are
represented by three genera, viz., Pinuspolle-
nites Raatz (29%), Podocarpidites Cookson
emend. Potonié (1%) and Cedripites
Wodehouse (less than 19,).

Among angiospermous pollen, Pinjoria-
pollis Saxena & Singh (109%), is represented
by two species, viz., P. magnus Saxena &
Singh (4%) and P. lanceolatus Saxena &
Singh (6%). Graminidites Cookson (6%),
Psilamonocolpites van der Hammen &
Garcia de Mutis (39%,), Triorites Erdtman ex
Couper (29,) and Palmidites Couper (2%,
have also been encountered.

The pteridophytic spores are very poorly
represented. Out of 4 genera present in
the assemblage, only two appear in the
counting, viz., Cvathidites Couper (2%,) and
Striatriletes van der Hammen (1%,

The fungal spores are represented in the
assemblage by two genera, lnapertisporites
van der Hammen emend. Shefly & Dilcher
(9%) and Monoporisporites van der Hammen
emend. Sheffy & Dilcher. The latter does
not figure in the percentage count.

QUALITATIVE ANALYSIS
PTERIDOPHYTA

The pteridophytic spores are represented
by 4 genera and 5 species and may be
related to the following three families:

1. Cyatheaceae — The spores referred to
Cyathidites minor Couper and Cyathidites
sp. are comparable to those of Cyatheaceae.
The present day distribution of this family is
in tropical-subtropical region.

60

40

PERCENTAGE
30

20

ANGIOSPERMOQUS POLLEN
GYMNOSPERMOUS POLLEN
PTERIDOPHYTIC SPORES
FUNGAL SPORES

TEXT-FIG. 3 — Showing the representation of vari-
ous plant groups in the Pinjor palynoflora of
Chandigarh.
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PERCENTAGE
20 30 40 50

1 L L 1

LARICOIDITES MAGNUS

INAPERTISPORITES VULGARIS

PINJORIAPOLLIS LANCEOLATUS

GRAMINIDITES CHANDIGARHENSIS

LARICOIDITES PUNCTATUS

PINJORIAPOLLIS MAGNUS

PSILAMONOCOLPITES SP.

ARAUCARIACITES AUSTRALIS

PINUSPOLLENITES SP.

TRIORITES SP.

RETIINAPERTURIPITES SP.

PALMIDITES MAXIMUS

CYATHIDITES SP.

STRIATRILETES SP

PODOCARPIDITES MICRORE TICULOIDATU!

TeXT-FIG. 4 — Showing the representation of various palynomorph species in the Pinjor palynoflora of

Chandigarh.

2. Schizaeaceae — The spores described
under Lygodiumsporites sp. and Todisporites
sp. seem to belong to this family. This
family is chiefly distributed in tropical-
subtropical climatic belt.

3. Parkeriaceae — Only a single speci-
men referred to Striatriletes sp. shows close
relationship with this family and probably
belongs to the living genus Ceratopteris.

GYMNOSPERMAE

The gymnospermous pollen are re-
presented by six genera and ecight species
and may be referred to the following two
families:

1. Podocarpaceae — The pollen
described under Podocarpidites

grains
ellipticus

Cookson and P. microreticuloidatus Cook-
son have close affinity with Podocar-
paceae and in all probability, they
represent this family. This family is
distributed in both tropical and temperate
region.

2. Pinaceae — The presence of this family
in the present assemblage is evident by
Laricoidites  magnus (Potonié) Potonié,
Thomson & Thiergart, L. punctatus Saxena,
Araucariacites australis Cookson, Pinuspol-
lenites sp. and Cedripites sp. The rich
representation of  Laricoidites Potonié,
Thomson & Thiergart ex Potonié clearly
testifies that this family constituted the
principal element in the present assemblage.
The family is distributed in both tropical
and temperate climate,
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ANGIOSPERMAE

The angiospermous pollen are represented
by 7 genera and 8 species. Of these, 4
genera and 4 species belong to monocoty-
ledons and 3 genera and 4 species belong
to dicotyledons. The monocotyledonous
pollen may be related to Palmae, Liliaceae
and Gramineae while dicotyledonous ones
may be referred to Magnoliaceae, Proteaceae
and Oleaceae.

1. Palmae — Pollen grains referred to
Palmidites maximus Couper and Psilamono-
colpites sp. show close affinity with the
pollen grains of Palmae. The geographical
distribution of this family is exclusively
tropical-subtropical.

2. Liliaceae — This family is represented
by the pollen grains described under Liliaci-
dites matanomadhensis Saxena. The present
day distribution of this family is cosmo-
politan.

3. Gramineae — Pollen grains described
under Graminidites chandigarhensis sp. nov.
prove the presence of this family in the
Pinjor assemblage.

4. Magnoliaceae — This family is repre-
sented by the pollen grains described under
Pinjoriapollis magnus Saxena & Singh and
P. lanceolatus Saxena & Singh. This family
is distributed primarily in temperate regions.

5. Proteaceae — Pollen grains referred to
Triorites sp. show close relationship with
this family. The family is ubiquitous in
distribution.

6. Oleaceae — A single specimen referred
to Favitricolporites sp. appears to belong
to Oleaceae. The present day distribution of
this family is in tropical-warm temperate
Zone.

PALYNOFLORAL COMPARISON

Very little has so far been published
on the Siwalik palynology. Many taxa
reported in the literature are either invalid,
viz., Monosaccites, Disaccites (Lukose, 1969,
p. 109) or their morphological details are
not available, viz., Siwalikisporites (Nandi,
1975, p. 416; Ghosh, 1977, p. 15) or no
generic or specific name has been assigned,
viz., pollen grains having affinities to
Compositae (Asteraceae), Palmae (Areca-
ceae), Gramineae (Poaceae), etc. (Banerjee,
1968, p. 172). As such a comparison of
the present assemblage with those described
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earlier has been extremely difficult. How-
ever, an attempt has been made here in
this regard with the help of whatever data
is available.

Lower Siwalik palynoflora has so far
been recorded by Banerjee (1968), Venkata-
chala (1972), Mathur (1973), Nandi (1975)
and Ghosh (1977). Banerjee (1968) re-
covered palynomorphs belonging to Com-
positae (5-5%), Gramineae (8%), Palmae
(5:5%), Pinus spp. (5:5%), Disaccites sp.
(2:5%), tricolpate (2:5%,), tetracolpate
(13-59/), polycolpate (2-59,), inaperturate
(5:59%) types alongwith a good percentage
(119,) of trilete and monolete spores
belonging to Gleicheniaceae, Polypodia-
ceae, etc. from the Lower Siwalik
sediments exposed in  Bhakra-Nangal
area. This assemblage resembles the pre-
sent Pinjor assemblage in common occur-
rence of inaperturate and Gramineae pollen.
However, the two assemblages are distinctly
different as the Bhakra-Nangal assemblage
is rich in tetracolpate, polycolpate and tri-
colpate pollen which are completely absent
in the Pinjor assemblage. On the other
hand, Pinjor assemblage is loaded with
inaperturate pollen (629%) and magnolia-
ceous pollen (109)). Of these, former is
poor and the latter is totally unrepresented
in Bhakra-Nangal palynoflora.

Venkatachala (1972), while reviewing the
palynological contributions to Indian strati-
graphy, mentioned that the Lower Siwalik
sediments are characterized by pollen of
Palmae and Gramineae associated with
Quercoidites, Holoragacidites, Cupuliferoi-
pollenites, Sapotaceoidaepollenites  and
Araceopollenites. Except for the occurrence
of Gramineae (6%) and Palmae (2%
pollen, none of these genera could be
recorded in the present assemblage.

Mathur (1973) described a rich assem-
blage from Lower Siwalik sediments exposed
in Tharukhola-Chepang, northeast of Nepal-
gange, Nepal. It consists of Verrucoso-
sporites (3 spp.), Polypodiaceoisporites (1 sp.),
Leiotriletes (1 sp.), Cyathidites (1 sp.),
Hymenophyllumsporites (1 sp.), Lycopodium-
sporites (1 sp.), Perotriletes (1 sp.), Cicatri-
cosisporites (2 spp.), Contignisporites (2 spp.),
Pityosporites (1 sp.), Sabalpollenites (1 sp.),
Echimonocolpites (1 sp.) and Graminidites
(1 sp.). It is interesting to note that none
of the species described by Mathur (1973) is
common to the Pinjor palynoflora. More-
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over, Mathur’s assemblage is dominated by
angiospermous pollen followed by pterido-
phytic spores while gymnospermous pollen
are rare, but in the Pinjor assemblage
gymnospermous pollen are dominant (65 9,)
followed by angiospermous ones while
pteridophytic spores are rare (39;). It may
be mentioned here that Contignisporites spp.
A & B recorded by Mathur (1973) may be
recycled Mesozoic spores.

Nandi (1975) and Ghosh (1977) proposed
a palynostratigraphic zonation of the
Siwalik Group. They mentioned, Cicatri-
cosisporites, Polypodiaceoisporites, Pterida-
cidites, Verrucososporites, Monoporopollenites,
Cupuliferoidaepollenites, Cyathidites, Triplano-
sporites, Verrucatosporites, Hymenophyllum-
sporites, Leptolepidites, Polypodiaceaesporites,
Polypodiisporites, Palmaepollenites, Tetrado-
monoporites, Gleicheniidites, Alsophilidites,
Siwalikisporites, Laevigatosporites, Polypodii-
dites, Abietineaepollenites, Pinuspollenites,
Piceapollenites, Podocarpidites, Caryapolle-
nites, Alnipollenites, Polyadopollenites, etc. as
characteristic palynomorphs of the Lower
Siwalik. This assemblage is rich in pterido-
phytic spores and angiospermous pollen
grains while the present assemblage is rich
in gymnospermous (65%) pollen, hence
easily distinguishable.

The Middle Siwalik assembldges have
been recorded by Banerjee (1968), Lukose
(1969), Nandi and Bandyopadhyay (1970),
Venkatachala (1972), Nandi (1972, 1975)
and Ghosh (1977). Banerjee (1968) re-
covered Pinus spp. (26:5%,), angiospermous
pollen of tricolpate (5-5%) and pentacolpate
(2:5%) types and pteridophytic spores of
monolete (2-5%) and trilobate (2:59;) types.
Inaperturate and magnoliaceous pollen,
which are dominant in Pinjor assemblage,
are completely absent from the Middle
Siwalik assemblage of Bhakra Nangal area.
On the other hand, tricolpate and penta-
porate pollen and monolete and trilobate
spores recorded in the Bhakra Nangal
assemblage are completely absent and Pinus
sp. is poorly represented in the Pinjor
assemblage.

Lukose (1969) described Middle Siwalik
palynoflora from Raxaul, Bihar. He re-
corded Retimonoletes (1 sp.), Foveomonoletes
(1 sp.), Retitriletes (1 sp.), Cingutriletes
(1 sp.), Monosaccites (2 spp.), Disaccites
(6 spp.), Polyadites (1 sp.), Inaperturites
(1 sp.), Retimonocolpites (1 sp.), Triporites
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(1 sp.), Retitriporites (2 spp.). A perusal of
this assemblage reveals that none of these
genera is common to the Pinjor assemblage
except probably for a few bisaccate pollen.

Nandi and Bandyopadhyay (1970)
recorded some monoporate, periporate,
inaperturate, polycolpate, = monosaccate

and bisaccate pollen types alongwith a
few fungal spores. This assemblage is too
scanty to be of any use in specific compa-
rison. However, except for the probable
resemblance in inaperturate, bisaccate (cf.
Pinuspollenites) and monoporate (cf. Gramini-
dites) pollen, the two assemblages are
entirely different. The high frequency of
Laricoidites magnus (52%,) also makes the
present assemblage distinct.

Venkatachala (1972) mentioned that
Middle Siwalik assemblage contains palyno-
morphs belonging to Malvaceae, Betulaceae,
Anacardiaceae, Pinaceae and Polypodiaceae.
This assemblage shows better representation
of gymnospermous pollen than angiosperm-
ous ones. In the Pinjor assemblage too,
pollen of Pinaceae have been recorded
associated with high frequency of inapertu-
rate, magnoliaceous and graminoid pollen.

Nandi (1972) published Middle Siwalik
assemblage from Mohand (East) field in
Saharanpur District, Uttar Pradesh. This
assemblage consists of many spore-pollen
spacies related to Lycopodiaceae, Hymeno-
phyllacczae, Schizaeaceae, Gleicheniaceae,
Polypodiaczae, Cyatheaceae, monoporate
(Cyperaceae), monosulcate (Palmae), poly-
porate, tricolporate, inaperturate types
alongwith Pinus sp., Podocarpus sp., Abies
sp. and monosaccate pollen. The present
Pinjor assemblage differs from the Mohand
assemblage by having rich representation of
Laricoidites and Pinjoriapollis and scarcity
of pteridophytic spores (monolete spores
are completely absent) and Pinus sp. How-
ever, monoporate pollen (cf. Graminidites)
may be common to both the assemblages.
Klukisporites,  Concavissimisporites — and
Tsugaepollenites may be recycled Mesozoic
sporomorphs (Saxena, 1979b).

Nandi (1975) and Ghosh (1977) stated
that Pinuspollenites, Piceapollenites,
Abietineaepollenites, Podocarpidites, Abies-
pollenites, Cyathidites, Gleicheniidites,
Triplanosporites, Siwalikisporites, Leptolepi-
dites,  Laevigatosporites,  Polypodiidites,
Verrucatosporites, Polypodiisporites, Also-
philidites,  Hymenophyllumsporites, ~ Poly-
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podiaceoisporites, Tsugaepollenites, Cedripites,
Sciadopityspollenites, Betulaepollenites, Carya-
pollenites, Monoporopollenites, Alnipollenites,
Polyadopollenites, Tetradomonoporites, Longa-
pertites, Verruinaperturites, Cupuliferoidae-
pollenites, Cupuliferoipollenites are charac-
teristic of Middle Siwalik. This assemblage
is fairly rich in pteridophytic (both trilete
and monolete) spores and bisaccate pollen
and very poor in inaperturate pollen while
reverse is the case with Pinjor assemblage.
Nandi (1975) and Ghosh (1977) mentioned
that the basal part of Upper Siwalik con-
tains a very poor assemblage represented
by Cyathidites, Alsophilidites, Leptolepidites,
Pinuspollenites, Podocarpidites, Monoporo-
pollenites, Alnipollenites and Tetradomono-
porites. This assemblage comes compara-
tively closer to the present assemblage
except for the absence of inaperturate and
magnoliaceous pollen in the former and
Leptolepidites, Alnipollenites and Tetrado-
monoporites in the latter. Nandi (1975) and
Ghosh (1977) also stated that except for the
basal part, the rest of the Upper Siwalik is
unfossiliferous. The present Pinjor assem-
blage which represents the middle part of the
Uppar Siwalik has proved it to be produc-
tive now. Palynological assemblages from
different horizons in other areas and even
from the Boulder Conglomerate bed re-
presenting uppermost part of the Siwalik
Group have been recovered by the present
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authors and are being studied for their
botanical and stratigraphical importance.
It is hoped that the Upper Siwalik palyno-
flora will be better understood in the coming
times because of the enhanced research
activity on these sediments by various
workers.

OCCURRENCE OF REWORKED
PALYNOMORPHS

While studying the Pinjor palynoflora, a
few specimens of phytoplanktons were also
recorded. Their representation in the pre-
sent assemblage is very poor as only 3 such
spzcimens could be recovered. The pre-
servation of these specimens is poorer than
that of the original Pinjor mioflora.

It is very likely that the specimens of
phytoplanktons are of Subathu (Lower
Eocene) origin. Normally the phyto-
planktons are found in the marine sediments
while the Pinjor Formation is essentially of
fresh-water origin. It, therefore, appears
that these phytoplanktons are not part of
the original Pinjor assemblage and might
have been derived from the Subathu Forma-
tion of the neighbouring area. The re-
worked palynomorphs must have been
transported and redeposited in the Pinjor
sediments along with the material eroded
and transported from the Subathu Forma-
tion.
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EXPLANATION OF PLATES

(All photomicrographs are enlarged ca.>< 500 unless
otherwise mentioned)

PratE 1

1. Cyathidites minor Couper, slide no. 6189/4.

2. Cyathidites sp., slide no. 6190/1.

3. Lygodiumsporites sp., slide no. ?19” 1.

4. Todisporites sp., slide no. 6192/1.

5. Striatriletes sp., slide no. 6193/2.

6. Pinuspollenites sp., slide no. 6194/19.

7. Cedripites sp., slide no. 6]8_9;‘6. .

8. Podocarpidites microreticuloidatus Cookson, slide
no. 6194/10. )

9. Podocarpidites ellipticus Cookson, slide no.
6195/4.

10. Laricoidites magnus (Potonié¢) Potonié, Thomson
& Thiergart, slide no. 6192/2.

11. Laricoidites  punctatus  Saxena, slide no.
6191/6.

12. Araucariacites australis Cookson, slide no.
6196/13.

13. Palynomorph type-1, slide no. 6189/20.

14,
15.

Inapertisporites vulgaris Sheffy & Dilcher, slide
no. 6197/2.x 1000.

Monoporisporites  minutus van der Hammen,
Slide no. 6197/3.x 1000.

16-18. Retiinaperturites pinjoricus sp. nov., slide nos.
6198/2 (Holotype), 6189/21, 6193/5.

=
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PLATE 2 24, Favitricolporites sp., slide no. 6196/19,
) 25. Graminidites chandigarhensis sp. nov., slide
19. Palmidites maximus Couper, slide no. 6192/3. no. 6192/8. (Holotype).
20, 21. Pinjoriapollis magnus Saxena & Singh, slide 26. Palynomorph type-3, slide no. 6199/4.
nos. 6196/5, 6189/5. 27, 29. Pinjoriapollis lanceolatus Saxena & Singh,
22. Triorites sp., slide no. 6199/12. slide nos. 6198/7, 6193/9.

23. Liliacidites matanomadhensis Saxena, slide no. 28. Psilamonocolpites sp., slide no. 6199/8,
6195/6. 30. Palynomorph type-2, slide no. 6199/13.
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PLATE 2



