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ABSTRACT

Rao MR & Patnaik R 2001. Palynology of the Late Pliocene sediments of Pinjor Formation, Haryana,
India. Palaeobotanist 50 (2 & 3) : 267-286.

Present study highlights the palynoassemblage consisting of algal and fungal remains, pteridophytic
spores, gymnosperm and angiosperm pollen recovered from the Pinjor Formation exposed at Nadah, Panchkula,
Haryana. The assemblage is dominated by pollen of gymnosperms and angiosperms followed by pteridophytic
spores. Algal remains assignable to the Zygnemataceae (Spirogyra, Mougeotia and Zygnema), fungal spores
(Polyadosporites and Frasnacritetrus), pteridophytic spores Lycopodiumsporites (Lycopodium),
Pteridacidites (Pteris) and Striatriletes (Ceratopteris)., gymnosperm pollen Pinuspollenites (Pinus),
Piceapollenites (Picea) and Abiespollenites (Abies) have been recorded. Angiosperm pollen are mainly repre-
sented by Pinjoriapollis (Magnolia), Retitrescolpites, Graminidites, Chenopodipollis and Malvacearumpollis.
On the basis of their affinities with the modern equivalents, a warm and humid tropical-subtropical climate
has been inferred for the Pinjor Formation. The presence of Spirogyra, Mougeotia, Zygnema, Lycopodium,
Ceratopteris, fungal spores (Polyadosporites spp.) and angiosperm pollen (Malvacearumpollis) collectively
suggest the existence of moist and swampy depositional environment. The presence of grass pollen (Poaceae)
indicates the existence of herbaceous flora. The significant drop in grass pollen coinciding with the good
proportion of ferns in the middle part of the Pinjor Formation suggests that the vegetation was changed from
dry to mainly wet and marshy grassland. Based on the overall palynofloral assemblage, a wet grassland with
open and mixed flora during the Pinjor sedimentation has been inferred. The temperate elements viz., Abies,
Pinus and Picea appear to be derived from the near by upland areas of the rising Himalaya.

Key-words—Palynology, Palaeoecology, Pinjor Formation, Late Pliocene, Upper Siwalik, Haryana,
India.
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INTRODUCTION

THE Siwalik Group of rocks forms an important
succession in the Tertiary strata of the Indian
subcontinent. These continental deposits were laid
down in the foredeep on the southern side of the rising

Himalaya all along the sub-Himalayan range of India, Nepal
and Pakistan. The Group has been divided into Lower, Middle
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Fig. 1—Geological map showing the Nadah area, Panchkula, Haryana
(modified after Kumar & Tandon, 1985).

and Upper Siwaliks on the basis of lithology. These were
further subdivided into Kamlial, Chinji, Nagri, Dhokpathan,
Tatrot, Pinjor and Boulder Conglomerate formations. They are
best exposed in Potwar Plateau, Pakistan where most of the
type sections of the Siwalik Group but the type sections of the
Pinjor and Boulder Conglomerate formations (the middle and
the Upper part of the Siwalik subgroup) are best exposed in
the vicinity of Chandigarh in India (Pilgrim, 1910, 1913: Gill,
1951). The Siwalik group in general is composed of sandstones,
grits, conglomerates, pseudoconglomerates, clays, silts, etc.
These fluvial sediments representing age from Middle
Miocene to Early Pleistocene (18.4 m.y. to 0. 22 m.y.. Johnson
etal., 1985;RangaRao et al., 1985).

The Upper Siwaliks in general and Pinjor Formation in
particular is very well exposed in the vicinity of Chandigarh
(Fig. 1) and are characterized by red, grey mudstones and
sandstones. It is sandwiched between the lower Tatrot and
upper Boulder Conglomerate formations. These deposits have
been extensively studied for sedimentological features (Tandon
& Kumar, 1984a; Kumar & Tandon, 1985), fossil fauna (Sahni
& Khan, 1959; Nanda, 1973; Raghavan, 1990; Patnaik, 1995,
1997, Patnaik & Schleich, 1998) and Charophyte flora (Bhatia,
1999), Palynoflora (Saxena & Singh, 1980, 1981, 1982a, b; Singh
& Saxena, 1980, 1984; Saxena, 1996, 2000), Mathur (1984);
Saxena & Bhattacharyya (1987) and Phadtare et al. (1994),
magnetostratigraphy (Tandon er al., 1984; Azzaroli &
Napoleone, 1982; Ranga Rao et al., 1995) and dating of
tuffaceous mudstone (Tandon & Kumar, 1984b; Mehta er /.,
1993).

The Nadah locality, which has yielded the present flora
lies in the Pinjor Formation exposed about 100 meters above
the base of the section. The maximum thickness of the section
is about 2.5 m but it varies laterally (Fig. 2). Lithologically, the
fossiliferous horizon at Nadah is a part of the bluish grey
mudstone facies of Kumar and Tandon (1985) contain
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Fig. 2—Litholog of the sampled prolile of Pinjor Formation exposed in
Nadah section. Panchkula, Haryana.

ferruginous and calcareous nodules, molluscan shells,
bioturbation and capped by around 15 cm thick nodular
calcium carbonate band indicating presence of shallow
seasonal pool of limited aerial extent. In this area, Pinjor
Formation conformably overlies the Tatrot Formation
characterized by dominant red and grey mudstones and
sandstones. Transition between the Tatrot and Pinjor
formations is marked by the presence of grey tuffaceous
mudstone of 2.14 m.y. (Mehta ez al., 1993). In up section, the
Pinjor Formation overlain by the Lower Boulder conglomerate
Formation. Azzaroli and Napoleone ( 1982) placed the Nadah
section within the Matuyama Epoch spanning between 2.48
and 0.73 m.y. Based on rock magnetic studies, Sargode et al.
(2001) opined that the Pinjor Formation could also of
Pleistocene age. By integrating the data on fission track dating
of the tuffaceous mudstone. palacomagnetic reversals and
rodent assemblages, Patnaik (1997) considered the Nadah
deposits of Late Pliocene age (around 1.8 to 2 m.y.).
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MATERIAL AND METHODS

The samples were collected from the Pinjor Formation.
Upper Siwalik exposed at Nadah, Panchkula, Haryana. Out of
20 samples were collected from the grey mudstone facies, 12
samples yielded palynotossils. Samples were treated with HCL
and HF followed by 5% solution of KOH. The slides were
prepared in polyvinyl alcohof and mounted in Canada balsam.
The material, slides and negatives have been deposited in the
Museum of Birbal Sahni Institute of Palaeobotany, Lucknow.

PALYNOLOGY

The palynoflora recorded from the Pinjor Formation
(Nadah section) consists of 28 genera and 37 species of algal
and fungal remains, pteridophytic spores, gymnosperm and
angiosperm pollen. Of these, 3 genera and 4 species belong to
algal remains, 2 genera and 2 species to fungal remains, 4
genera and 8 species to pteridophytic spores, 7 genera and 9
species to gymnosperm pollen and 12 genera and 14 species
to angiosperm pollen. Besides, some cuticles and tracheids
have also been recorded.

LIST OF PALYNOTAXA

Taxa with an asterisk (*) mark have been either described
or commented in the text.
Algal remains
*Zygospore of Spirogyra type- A (Pl. 1.7)
¥Zygospore of Spirogyra type- B (Pl. 1.8)
*Zygospore of Zygnenia (Pl. 1.9)
*Zygospore of Mougeotia (P1. 1.11-12)
Fungal remains
*Polyadosporites nadahensis sp. nov. (Pl. 1.14-16)
*Polyadosporites siwalikus sp. nov. (Pl. 3.6, 9)
*Frasnacritetrus sp. A (Pl. 3.7)
*Frasnacritetrus sp. B (P1. 3.8)
*Fungal spore type-A (P1. 2.18)
*Fungal spore type-B (P1.2.19)
Pteridophytic spores
*Lycopodiumsporites nadahensis sp. nov. (Pl. 1.1-2)
*Lycopodiumsporites sp. A (P1.2.1-2)
*Lycopodiumsporites sp. B (Pl.3.1)
*Lycopodiwmsporites sp. C (Pl. 3.4)
*Pteridacidites chandigarhensis sp. nov. (Pl. 1.3-4)
*Leprolepidites sp. (P1. 2.3)
Striatriletes susannae van der Hammen emend. Kar 1979
S. sinuosus Rao & Singh 1987
*Spore-type (P1. 1.5-6)
Gymnosperm pollen
Inaperturopollenites punctarus Saxena & Bhattacharyya,
1987
*Cycadopites sp. (P1. 3.12)
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Laricoidites magnus Potonié 1958

Podocarpidites meghalayaensis Rao 1986

Pinuspollenites foveolatus Rao 1986

*Pinuspollenites nadahensis sp. nov (Pl. 2.7-8)

*Pinuspollenites chandigarhensis sp. nov (Pl. 2.12-14)

*Piceapollenites sp. (P1. 3.5)

Abiespollenites surmaensis Rao1986
Angiosperm pollen

Verrualetes assamicus Singh and Saxena, 1984

*Liliacidites sp. (P1. 3.2)

*Palmidites sp. (Pl. 3.10)

*Nymphaeacidites sp. (Pl. 1.13)

Iridacidites warkalliensis Ramanujam 1987

Pinjoriapollis lanceolatus Saxena & Singh 1981

*Retitrescolpites sp. (PI. 2.9)

*Jacobipollenires sp. (Pl. 2.6)

*Psilodiporites sp. (P1.3.11)

Malvacearumpollis bakonyensis Nagy 1962

M. grandis Sah 1967

*Malvacearumpollis sp. (P1.2.15-16)

*Grantinidites siwalikus sp. nov. (PL. 1.18-20)

Chenopodipollis mioceneca Kar & Jain 1981

*Pollen tetrad type-A (PL. 1.13)

*Pollen tetrad type-B (P1. 1.20)

SYSTEMATIC DESCRIPTION

SPIROGYRA zygospore type-A
PL 17

Remarks—Several specimens closely comparable to the
zygospores of Spirogyra have been recovered. The specimens
are oval to rounded-elliptical in outline. Size range 75-100 x 45-
55 um. Each specimen is characterized by longitudinal furrow.
The walls are 3 um thick with multiple folds, laevigate.

Affinin—7Zygnemataceae (van Geel, 1976).

SPIROGYRA zygospore type-B
PL 1.8

Remarks—Zygospores are oval-ellipsoidal in outline.
Size range 65-80 x 45-60 um. The walls are 3 um thick with wavy
blunt folds, scrobiculate ornamentation.

Affinin—Zygnemataceae (van Geel, 1976).

ZYGNEMA zygospore
Pl 1.9

Remarks—2Zygospores are quadrate in shape, most of
them are crumpled. Size range 70-95 x 68-93 um. A circular
depression present in the center of the angles. The retuse
angles 2-5 pm in diameter. The walls are 3-4 um thick , laevigate
to finely scabrate ornamentation.

Affinity—Zygospores closely compare with those of
extant genus Zygnema of Zygnemataceae (Randhawa, 1959).

MOUGEOTIA zygospore

Pl 1.11-12

Remarks—Zygospores are more or less circular in shape.
Size range 63-70 x 60-65 um. The retuse angles are 2-10 um in
diameter. The walls are 2.5 um thick, laevigate to finely scabrate.
Depression present in the center of the angles.
Affinity—Zygnemataceae.

Genus—POLYPODISPORITES van der Hammen, 1954
emend. Takahashi, 1991

Type Species—POLYPODISPORITES SUESCAE vander
Hammen, 1954

POLYADOSPORITES NADAHENSIS sp. nov
PL L14-16
Holotype—Pl. 1.14, size 90 x 65 um, Slide No. BSIP 1261 1.

PLATE1

—

(All photomicrographs are enlarged ca. x 500. Coordinates of the specimens refer to the stage of the BH2 Olympus microscope no.

1-2. Lycopoditnsporites nadahensis sp. nov., Slide No. BSIP 12604,
coordinates, 19.5 x 150.0 (Holotype): 12605, coordinates 21.6
x 154.9.

3-4. Preridacidites chandigarhensis sp. nov Slide No. BSIP 12500,
coordinates 17.3 x 146.2. 12607, coordinates 9.5 x 138.5

(Holotype).

5.6.  Spore type. Slide No. BSIP 12606. coordinates 9.5 x 138.5.

7 Spirogyra zygospore type — A, Slide No. BSIP 12608, coordi-
nates 8.5 x 167.5.

8. Spirogyra zygospore Lypc- B, Slide No. BSIP 12609, coordi-
nates 8.5 x 156.6.

9. Zvgnema zygospore. Slide No. BSIP 12610, coordinates 15.5 x
153.5.

217267)

10, 11 Mougeoria zygospore, Slide No. BSIP 12607, coordinates 7.0

x 146.5; 12609, coordinates 3.0 x 151.0.

12. Pollen tetrad type-A, Slide No. BSIP 12605, coordinates 22.0
x 151.0.

13. Nymphaeacidites sp., Slide No. BSIP 12608, coordinates 5.5 x
141.0.

14-16. Polyadosporites nadahensis sp. nov. Slide No. BSIP 12611,
coordinates 11.0 x 163.5 (Holotype): 12612, coordinates 9.0
x 136.0: 12613, coordinates 8.0 x 131.0.

17 Pollen tetrad type-B, Slide No. BSIP 12605, coordinates 3.5 x
151.0.

18-20. Graminidites siwalikus sp. nov. Slide No. BSIP 12604, coordi-
nates 11.4 x 148.0 (Holotype); 12614, coordinates 6.0 x 140.0;
12605, coordinates 22.0 x 151.0.
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Type Locality, Horizon and Age—Nadah, Panchkula.
Haryana, Upper Siwalik, Pinjor Formation, Late Pliocene.

Diagnosis and Description—Fungal spore colonies
composed of number of cells, 16-20 in number. Overall size
range 90-130 x 65-90 um. Inaperturate. Individual cells more or
less subspherical in shape, variation in overall shape and size,
size range 35-42 x 28-33 um. Wall | pm thick, perforated, surface
showing finely pitted reticulate ornamentation.

Comparison—Polyadosporites nadalensis sp. nov. is
closely comparable with the type species P. suescae van der
Hammen (1954) by its general characters but the latter is
differentiated by its smaller size (40-55 pm) and psilate wall.

POLYADOSPORITES SIWALIKUS sp. nov.
P1.3.6,9

Holotype—P1. 3.6.size. 127 x 112 um, Slide No. BSIP 12620.

Type Localiry, Horizon and Age—Nadah, Panchkula,
Haryana, Upper Siwalik, Pinjor Formation, Late Pliocene.

Diagnosis and Description—Fungal spores composed
of number of individual subspherical cells, cells inapeturate.
Sizerange 127-145 x 112-120 um . Cell wall thin, septa connecting
to 2 or 3 cells, 1-2 um thick, smooth.

Comparison—Polyadosporites siwalikus sp. nov is
distinguished from Polyadosporites nadaliensis sp. nov. by
its bigger size and psilate wall.

Genus—FRASNA CRITETRUS Taugourdeau, 1968 emend.
Saxena & Sarkar. 1986

Type Species—FRASNA CRITETRUS JOSETTAE
Taugourdeau, 1968

FRASNACRITETRUS sp. A
P1.3.7

Description—Fungal conidia with three processes. Main
body rectangular in shape, unicellular, longitudinally septate.

Surface finely conate, evenly distributed all over the body.
Processes arise from one end of the body, tubular, wide at the
base and gradually tapering towards the apices, nonseptate.
wall processes smooth.

Length of conidia—127 yum.

Size of the body—35 x 25 pm.

Size of the processes—92 pm.

Comparison—The present species closely resembles
with the Frasnacritetrus conarus Saxena and Sarkar (19806) by
its conate wall but the latter is differentiated in having 4
processes.

FRASNACRITETRUS sp. B
PL.3.8

Description—Fungal conidia with four processes. Main
body subrectangular, longitudinally septate. Surface verrucate,
verrucae very small. closely placed. Processes arise from one
end of the body, tubular, transversely septate, 3-4 septa present
in each processes, wall smooth.

Length of conidia—140 pm.

Size of the body—30 x 21 um.

Size of the processes—110-113 x 4 um.

Comparison—The present species is closely comparable
with the type species Frasnacritetrus josettae Taugourdeau
(1968) by its shape and general organization but differs in
having verrucate body wall.

FUNGAL SPORE -type A
Pl.2.18

Description—Fungal spore sub-circular with broad
appendage. Size 85 x 95 um. Appendage tubular, coiled, length
65-80 um. Inaperturate, wall thin. iaevigate associated with
folds.

Affiniry—Spores of Glomus (Pirozynski er al., 1988).

PLATE2

—

(Al photomicrographs are enlarged ca. x 500. Coordinates of the specimens refer to the stage of the BH2 Olympus microscope no.

1-2. Lycopodiumsporiies sp. A Slide No. BSIP 12615, coordinates
7.8 x 162.0.

3. Leptolepidites sp.. Slide No. BSIP 12611, coordinates 19.5 x
139.0.

4. Abiespollenites surmaensis Rao. 1986. Slide No. BSIP 12616,
coordinates 14.0 x 135.3.

5. Striatriletes sinuosus Rao & Singh, 1987, Slide No. BSIP 12615,
coordinates 18.5 x 150.0.

6. Jacobipollenites sp. Slide No. BSIP 12606, coordinates 17.0 x
154.0.

7-8. Pinuspollenites nadahensis sp. nov. Slide No. BSIP 12617,
coordinates 19.0 x 149.0 (Holotype).

9. Retitrescolpites sp. Slide No. BSIP 12618, coordinates 17.4 x
149.5

217267)

10. Podocarpidites meghalayaensis Rao, 1986 Slide No. BSIP
12609. coordinates 8.4 x 140.0.

I Pinuspollenites foveolatus Rao. 1986. Slide No. BSIP 12608.
coordinates 13.2 x 167.5.

12-14. Pinuspollenites chandigarfiensis sp. nov. Slide No. BSIP 12609,
coordinates 13.2 x 167.5; 12607, coordinates 6.0 x 134.0
(Holotype): 126006, coordinates 9.7 x 145.0.

15-16. Malvacearumpollis sp. Shide No. BSIP 12607, coordinates 9.5
x 132.0.

17 Malvacearumpollis grandis Sah. 1967, Slide No. BSIP 12607,
coordinates 16.4 x 161.5.

18-19. Fungal spores of Glomus, Shde No. BSIP 12609, coordinates
8.5 x 147.0; 12619. coordinates 5.5 x 159.0.
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FUNGAL SPORE type-B
Pl.2.19

Description—Fungal spore sub-circular with broad
appendage. Size 110 x 100 um. Appendage tubular, coiled, 60
pm long, 4-6 um wide. Pore present on one side, 4 uym diameter,
surrounded by thickening, wall smooth.

Affinity—Spores of Glomus (Pirozynski et al., 1988).

Genus—LYCOPODIUMSPORITES (Thiergart, 1938)
Delcourt & Sprumont, 1955

Type Species— LY COPODIUMSPORITES AGATHOECUS
(Potonié) Delcourt & Sprumont, 1955

LY COPODIUMSPORITES NADAHENSIS sp. nov.
Pl 1.1-2

Holotype—P]. 1.1, Size 100 um, Slide No. BSIP 12604.

Type Locality, Horizon and Age—Nadah, Panchkula,
Haryana, Upper Siwalik, Pinjor Formation, Late Pliocene.

Diagnosis and Description—Miospores sub-circular in
proximal view. Size range 100-118 pm. Trilete, rays indistinct
due to heavy reticulation. Exine 1 pm thick, proximal surface
psilate while distal surface showing distinct broad reticulate
ornamentation, mesh size variable, meshes filled with grana.

Comparison—The present species is distinguished from
all the recorded species of Lycopodiumsporites from Tertiary
sediments of India in having extraordinary size and broad
reticulate ornamentation.

Affinity—Lycopodiaceae.

LY COPODIUMSPORITES sp. A

PL2.1-2

Description—Miospores sub-triangular in proximal view,
interapical margins concave, apices broadly rounded. Size
range 78-83 x 70-75 pm. Trilete, trilete rays sinuous, raised,
reaching almost to the apices. Exine thin, proximal surface

smooth. Distal surface showing distinct reticulate
ornamentation, meshes big in the centre and small towards
apices.

Affinity—Lycopodiaceae.

LYCOPODIUMSPORITES sp. B
P1.3.1

Description—Miospore sub-circular in proximal view. Size
150 x 140 um, Trilete, indistinct due to heavy ornamentation.
Exine 3 um thick. Proximal surface smooth, distal surface
showing distinct reticulate ornamentation, meshes 15-25 ym
wide, meshes filled with grana. Thin cingulum present around
the miospore.

Affinity—Lycopodiaceae.

LYCOPODIUMSPORITES sp.C
PL34

Description—Miospore sub-triangular in proximal

view, margins concave, apices broadly rounded. Size 110 x 105

um. Trilete, rays thickened at the centre and narrow towards

apices, reaching almost reaching to the equator. Exine 4 pm

thick, proximal surface smooth and distal surface showing

distinct broad reticulate ornamentation, meshes 10-30 um wide.
Affinity—Lycopodiaceae.

Genus—PTERIDACIDITES Sah, 1967
Type Species— PTERIDA CIDITES AFRICANUS Sah, 1967
PTERIDA CIDITES CHANDIGARHENSIS sp. nov.

PL134

Holotrype—P). 1.4, Size 95 x 100 um, Slide No. BSIP 12607.

Type Locality, Horizon and Age—Nadah, Panchkula,
Haryana, Upper Siwalik, Pinjor Formation, Late Pliocene.

Diagnosis and Description—Miospores subtriangular
with cingulum in proximal view, apices broadly rounded. Size
range 93-105 x 85-95 um. Trilete, open, reaching almost to the

PLATE3
(All photomicrographs are enlarged ca. x 500. Coordinates of the specimens refer to the stage of the BH2 Olympus microscope no.
217267)
L. Lycopodiumsporites sp. B Slide No. BSIP 12616, coordinates 7 Frasnacritetrus sp. A., Slide No. BSIP 12607, coordinates 5.7 x
9.0 x 137.4. 141.5.
2. Liliacidites sp. Slide No. BSIP 12607, coordinates 19.5 x 147.0. g Frasnacritetrus sp. B., Slide No. BSIP 12622, coordinates 15.0
3. Laricoidites magnus Potonié, 1958. Slide No. BSIP 12607, x 140.7.
coordinates 5.0 x 133.0. A 10.  Palmidites sp. Slide No. BSIP 12609, coordinates 10.4 x 157.0.
4. Lycopodiumsporites sp. C, Slide No. BSIP 12007, coordinates [ psilodiporites sp. Slide No. BSIP 12623, coordinates 5.0 x
5.5 x 154.3. 142.0.
5. Piceapollenites sp. Slide No. BSIP 12609, coordinates 10.5 X {2 Cycadopites sp. Stide No. BSIP 12604, coordinates 12.0 x 151.4.
145.0.

6, 9.  Polyadosporites siwalikus sp. nov. Slide No. BSIP 12620, coor-
dinates 5.0 x 155.5 (Holotype); 12621, coordinates 19.0 x
166.0.

13. Angiosperm tracheid, Slide No. BSIP 12624, coordinates 11.0
x 167.0.
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apices. Exine 1-2 pm thick, proximal surface smooth, distally
verrucate, verrucae coalesce to form distinct broad reticulate
ornamentation.

Comparison—Pteridacidites chandigarhensis sp. nov.
is comparable with the type species Pteridacidites africanus
Sah (1967) by its general characters but the latter is
distinguished in its smaller size (53-81 um), thicker exine and
ornamented with fairly large reniform and rounded verrucae.
Preridacidites rarus Sah (1967) is distinct by its more or less
¢ircular shape, broader cingulum and in possessing few and
large warts. P. vermiverrucatus Sah (1967) differs from the
present species in having inter-ray area wholly covered by a
small rounded verrucae fused to form a warm-like appearance.

Genus—LEPTOLEPIDITES Couper, 1953

Type Species—LEPTOLEPIDITES VERRUCUS Couper,
1953

LEPTOLEPIDITES sp.
PL23

Description—Miospore subtriangular in proximal view.
Size 60 x 45 pm. Trilete rays indistinct due to heavy
ornamentation. Exine thin, verrucate, verrucae very closely
placed. Distal surface showing negative reticulate
ornamentation.

SPORE-TYPE
Pl 1.5-6

Description—Miospore sub-triangular in proximat view,
apices broadly rounded, interapical margins concave. Size 83
x 78 um. Trilete, open, reaching almost to the apices thickening
along the rays. Exine 2 um thick. Proximal surface smooth and
distal surface showing distinct reticulate ornamentation.

Affinity—Lycopodiaceae.

Genus—CYCADOPITES Wodehouse, 1933

Type Species—CYCADOPITES FOLLICULARIS Wilson &
Webster, 1946

CYCADOPITES sp.
PL.3.12

Description—Pollen grain oval-elongate in polar view.
Size 120 x 64 um. Monosulcate, sulcus broad at the margin, 15-
30 um wide, and narrow in the center. Exine 3 um thick, sexine
and nexine not differentiated, laevigate ornamentation.

Affinity—Cycadaceae.

Genus—PINUSPOLLENITES Raatz, 1937

Type Species—PINUSPOLLENITES LABDA CUS (Potonié)
Raatz, 1937

PINUSPOLLENITES NADAHENSIS sp. nov.
P1.2.7-8

Holotype—P!.,2.7, Size 77 x 50 um, Slide No. BSIP 12617.

Type Locality, Horizon and Age—Nadah, Panchkula,
Haryana, Upper Siwalik, Pinjor Formation, Late Pliocene.

Diagnosis and Description—Pollen grains bisaccate.
Size range 70-77 x 45-55 um. Central body more or less circular,
size range 45-52 x 40-45 um, margin wavy, thickened in the
middle part, up to 4 um thick, thinning towards the sacci, 1-2
um thick, central part sunken. Sacci diploxylonoid type, bean-
shaped, size range 35-42 x 28-32 um. marginal crest developed.
Surface showing distinct broad reticulate ornamentation.

Comparison—The present species is closely comparable
with the type species Pinuspollenites labdacus Potonié (1958)
by its general organization but the latter is distinguished in
having bigger sacci and larger than central body.
Pinuspollenites foveolarus Rao (1986) is distinct in having
smaller size (41-48 x 33-47.5) and foveo-reticulate
ornamentation.

Affiniry—Pinaceae.

PINUSPOLLENITES CHANDIGARHENSIS sp. nov
PL.2.12-14

Holotype—Pl. 2.13, Size, 122 x §7 pm, Slide No. BSIP
12607.

Type Locality, Horizon and Age—Nadah. Panchkula,
Haryana, Upper Siwalik, Pinjor Formation.

Diagnosis and Description—Pollen grains bisaccate, size
range 90-122 x 60-87 um. Central body sub-circular to
quadrangular in shape, margin wavy, dark brown in colour,
size range 75-88 x 58-70 pum, central body bigger than sacci,
crest well developed, very thick in the middle and narrow in
the attachment of sacci. Sacci kidney-shaped, size range 73-88
x 35-58 um, ornamented with small meshes, marginal crest
developed.

Comparison—Pinuspollenites chandigarhensis sp. nov.
is distinguished from the P. nadahensis sp. nov. by its bigger
size and well developed crest on the central body.

Affinity—Pinaceae.

Genus—PICEAPOLLENITES Potonié 1931

Type Species—PICEAPOLLENITES ALATUS Potonié,
1931

PICEAPOLLENITES sp.
PL.3.5

Description—Pollen grains bisaccate, oval-elongate in
outline. Size range 125-132 x 90-96 um. Central body sub-circular
in shape, size range 90-93 x 80-83 pum, microreticulate. Sacci
very closely placed leaving no space in between, hemispherical
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in shape, size range 88-92 x 40-45 um, ornamented with small

meshes, marginal crest developed, crest gradually thinning to

the wings though thickened in the middle.
Comparison—Piceapollenites alatus Potonié (1931)

differs from the present species in having smaller size (70 pm)

and coarser reticulum of the central body.
Affinity—Pinaceae.

Genus—LILIACIDITES Couper, 1953

Type Species— LILIACIDITES KAITANGATAENSIS
Couper, 1953

LILIACIDITES sp.
Pl.32

Description—Pollen grain oval in polar view. Size 110 x
90 um. Monosulcate, sulcus broad and wide. Exine thin,
perforated, distinct reticulate ornamentation.

Comparison—Liliacidites sp. compares well with
Liliacidites kaitangataensis Couper (1953) in its general
characters but the latter can be distinguished by its differential
ornamentation pattern of the reticulate exine (lumina 5 um at
the equator and 1 pm at poles). Liliacidites baculatus
Venkatachala & Kar (1969) differs in having funnel-shaped
sulcus and intrabaculate exine. Liliacidites keralaensis Rao
(1990) is different in having thicker exine (3.5 um) and smaller
size.

Affinity—Liliaceae.

Genus—PALMIDITES Couper, 1953
Type Species—PALMIDITES MA XIMUS Couper, 1953
PALMIDITES sp.
P1.3.10

Description—Pollen grain oval-elongate in polar view.
Size 120 x 47 pm. Monocolpate, colpus very long, broad in the
middle and narrow at the apex. Exine 7 pm thick, sexine and
nexine differentiated, sexine 4 pm thick, perforated, nexine 3
pm thick, smooth, surface showing finely scrobiculate
ornamentation.

Affinity—Arecaceae.

Genus—NYMPHAEACIDITES Sah, 1967
Type Speciess—NYMPHAEA CIDITES TYPICUS Sah. 1967
NYMPHAEACIDITES sp.
Pl 1.13

Description—Pollen grain sub-circular in shape. Size 92
x 82 pm. l-aperturate, aperture large, operculate, exine 5 pm
thick, sexine and nexine not differentiated, sexine provided
with sparsely placed spines, spines thin, 6 um long.

Comparison—Nymphaeacidites sp. is differs from N.
typicus Sah (1967) in having comparatively larger size and
absence of suprategellar baculoid processes.

Affinity—Nymphaeaceae. ‘

Genus—RETITRESCOLPITES Sah, 1967
Type Species—RETITRESCOLPITES TYPICUS Sah, 1967
RETITRESCOLPITES sp.
PL.2.9

Description—Pollen grain sub-triangular in polar view,
apices broadly rounded. Size 60 x 55 pm. Tricolporoidate. Exine
6 um thick, tectate. Sexine 5 um thick, pilate, sparsely placed,
nexine 1 um thick, smooth. Distal surface showing distinct
broad reticulate ornamentation.

Comparison—The present species is closely comparable
with the type species Retitrescolpites typicus Sah, 1967 by its
retipilate exine but the latter is distinguished in having closely
placed pila and thick reticulum.

Affinity—Oleaceae.

Genus—JA COBIPOLLENITES Ramanujam. 1966

Type Species—JACOBIPOLLENITES MAGNIFICUS
Ramanujm, 1966

JACOBIPOLLENITES sp.
PL.2.6

Description—Pollen grain sub-circular in polar view. Size
72 um. Monoporate, pore wall thin, 10 um in diameter. Exine
thin, finely reticulate ornamentation.

Comparison—Jacobipollenites sp. is closely
comparable with J. magnificus Ramanujam (1966) by its general
characters but the latter distinguished in having coarser
reticulum.

Affinity—Sparganiaceae.

Genus—PSILADIPORITES Varma & Rawat emend.
Venkatachala & Rawat, 1972

Type Species—PSILADIPORITES HAMMENII Varma &
Rawat, 1963

PSILADIPORITES sp.
PL3.11

Description—Pollen grain oval-cylindrical in polar view.
Size 120 x 70 um. Diporate, 15 pm diameter, pore margin
thickened, 5 um thick. Exine 6 um thick, sexine and nexine
differentiated, sexine 2 um thick, smooth, nexine 4 um thick,
finely scrobiculate ornamentation.
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Fig. 3—Representation of different plant groups of Nadah area, Panchkula, Haryana.

Genus—MALVACEARUMPOLLIS Nagy, 1962

Type Species—MALVACEARUMPOLLIS BAKONYENSIS
Nagy. 1962

MALVACEARUMPOLLIS sp.
PL2.15-16

Description—Pollen grains sub-circular. Size range 90-
100 um excluding processes. Polyporate, pores more than 12
in number. Exine 6 um thick, sexine and nexine well
differentiated, sexine beset with numerous suprategillar spines,
fairly long spines, broad and bulbous base and narrow at the
tips, nexine 1 pm thick, smooth. Spines are many, 15-20 pm
long, 6-10 um wide, in between the processes finely fitted
reticulate ornamentation.

Comparison—Malvacearumpollis sp. closely
comparable with the type species Malvacearumpollis
bakonyensis Nagy (1962) by its general characters but the
former is distinguished in having many spines (more than 12)
and very bulging bases (bases 6-10 um). M. grandis Sah (1967)
is very much larger size (115-139 um) and many pores.

Affinity—Malvaceae.

'Genus—GRAMINIDITES Cookson, 1947

Type Species—GRAMINIDITES MEDIA Cookson, 1947
GRAMINIDITES SIWALIKUS sp. nov.
Pl 1.18-20

Holotype—P). 1.18, Size 110 x 83 um, Slide No. BSIP 12604.

Type Locality, Horizon and Age—Nadah, Panchkula,
Haryana, Upper Siwalik, Pinjor Formation, Late Pliocene.

Diagnosis and Description—Pollen grains in clusters,
generally 4-15 in number, connected with 2 or more septa. Size
range 70-115 x 70-98 um. Individual grains sub-triangular to
sub-circular in polar view. Size range 40-48 x 32-45 um .
Monoporate, pore surrounded by thick annulus. Exine 2 t0 2.5
pum thick, surface showing finely foveo-reticulate
ornamentation.

Comparison—The present species is closely comparable
with the type species by its porate nature but differs from
Graminidites media and G. subreticulata Cookson (1947) in
distinct reticulate ornamentation. Graminidites assamicus Sah
& Dutta (1968) is distinct by its oval-elliptical shape and
ornamentation psilate to faintly structured. Graminidites
chandigarhensis Saxena & Singh (1982a) is different in having
laevigate exine. G. congoensis Sah, 1967 is distinct from the
present species in having larger size (60-76 um).

Affinity—Poaceae.

Fig. 4—Possible affinities of palynomorphs recognised in the assemblages and present day distribution.
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Family Fossil Taxa Modern Preferable habitat Distribution/
equivalents Climate
Zygnemataceae | ---------m-m-o-omasessoeee Zvgnema, Commonly found in Cosmopolitan
Spirogyra freshwater of small
Mougeotia ponds or temporary
ools in wet areas
Lycopodiaceae Lycopodiumsporites Lycopodium Terrestrial or epiphytes | Cosmopolitan
L Spp. absent in arid areas
Parkeriaceae Striatriletes spp. Ceratopteris Grow in a variety of Widespread
aquatic habitats distribution though
including lakes, ponds, [ largely confined to
rivers, open swamps warmer regions
and ditches tropical-
subtropical
Pteridaceae Pteridacidites Pteris Terrestrial Worldwide
chandigarhensis distribution though
largely confined to
warmer regions.
tropical-
subtropical
Schizaeaceae Leptolepidites sp. Schizaea Mostly moist forest Tropical-
subtropical
Arecaceae Palmidites sp. | -=-mmimeees [ e Tropical-
subtropical
Cycadaceae Cycadopites sp. Cycas Prefers dry places Tropical-
subtropical
Podocarpaceae Podocarpidites Podocarpus Plants of mesic forest Mostly in tropical
meghalayaensis conditions to warm or
occasionally in
cool temperate
L regions.
Pinaceae Pinuspollenites spp. Pinus, Picea, Trees of generally poor | Widely distributed
Piceapollenites sp. Abies acidic and either wet or | throughout the
Abiespollenites rocky habitats temperate parts
surmaensis
Liliaceae Liliacidites Sp. | cccemmeemmnnes Mostly herbs, terrestrial | Cosmopolitan
Iridaceae Iridacidites Watsonia | -meemammmeene- Tropical to
warkalliensis temperate
Magnoliaceae Pinjoriapollis Magnolia Trees and shrubs Temperate to
lanceolatus terrestrial
Oleaceae Retitrescolpites Sp. | ===mmmmmmmmmmas | mcmemoccooae Cosmopolitan
Poaceae Graminidites | =eemmmecearaaa- Almost every type of Widely distributed
siwalikus habitat frequently in all regions of
forming a part of a the world.
forest undergrowth in
wet or dry places
Malvaceae Malvacearumpollis Hibiscus Terrestrial Tropical and
Spp. temperate
Nymphaeaceae Nymphaeacidites sp. Nymphaea Aquatic plant Warm
parts of
India
Chenopodiaceae | Chenopodipollis Chenopodium | =aemmemeeaamnn Tropical-temperate
mioceneca
Spargantaceae Jacobipollenites sp. Sparganium Aquatic Temperate
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POLLEN TETRAD type- A
PL1.13

Description—Pollen grain in tetrad stage, sub-circular
in polar view. Size 72 x 85 um. Individual grains oval-subcircular
inshape. Size 40x 35 um. Monosulcate, sulcus showing simple
cohesionin a tetrad. Exine thin, finely punctate ornamentation.

POLLEN TETRAD type-B
PI1.20

Description—Pollen grain in tetrad stage, sub-triangular
in polar view. Size 98 x 93 um. Individual grains sub-circularin
shape, size 57 x 52 uym. Monosulcate, sulcus wide, long and
associated with folds. Exine 4 um thick, sexine and nexine
differentiated. Surface showing finely fitted reticulate
ornamentation.

PALYNOFLORAL ANALYSIS

The palynoassemblage recovered from the Pinjor
Formation consists of algal and fungal remains, pteridophytic
spores, gymnosperm and angiosperm pollen. Of these
Polyadosporites nadahensis, P. siwalikus,
Lycopodiumsporites nadahensis, Pinuspollenites nadahensis,
P. chandigarhensis and Graminidites siwalikus have been
proposed as new species.

The gymnosperm pollen is dominant over angiosperm
pollen and pteridophytic spores. The frequency of algal
remains (zygospores of Zygnemataceae) are low in the lower
part of the section and increases in the up section whereas the
fungal remains show high frequency in the lower part and
progressively decreases towards the top. The frequency of
pteridophytic spores especially Lycopodiumsporites is
dominant in the lower and upper part of the section and
decreases at the top of the section. Gymnosperm pollen
represented by Pinaceae (Pinus) are dominant at the top of
the section whereas reverse is the case with the angiosperm
pollen (Fig. 3). The possible modern affinities of palynomorphs
recognized in the assemblage and their ecological
interpretations are given in Fig. 4.

PALYNOSTRATIGRAPHIC ZONATION

Quantitative analysis has been done on the basis of
frequencies of palynotaxa in a countof 100 specimens or more
specimens per sample and percentage of each palynotaxon or
group of palynotaxa was calculated. Percentage frequencies
of the selected palynotaxa were plotted under four categories,
namely, rare (1-5%), common (6-10%), abundant (11-20%) and
predominant (above 20%) (Fig. 5).

Vertical distribution of the palynotaxa clearly indicates
that the studied sequence (Pinjor Formation) has been divided

into two palynozones —the lower Zone-1 and the upper Zone-
2. Recognition of these zones is based on the first (FAD) and
last appearance (LAD) of various palynotaxa and their maximum
development, decline, restricted occurrence and absence. A
description of zones is discussed below:

The characteristic palynotaxa to the lower Zon-1 are
Polyadosporites spp., Lycopodiumsporites spp.,
Pinjoriapollis lanceolatus and Graminidites siwalikus. The
frequency of zygnemataceous spores (Spirogyra, Zygnema
and Mougeotia) is rare to common in the lower part of the
section and increases from abundant to predominant at the
top of the section. On the other hand, the percentage frequency
of Polyadopsorites spp., Lycopodiumsporites spp..
Pinjoriapollis lanceolatus and Graminidites siwalikus is
abundant to predominant in the lower part of the section and
decreases at the top of the section. Laricoidites magnus and
Inaperturopollenites punctatus are restricted to this zone.

The characteristic feature of Zone-2 is that the
Pinuspollenites spp. are dominant to predominant in the upper
part of the zone. The increased frequency of Graminidites
siwalikus has been observed at the top of the section.
Abiespollenites, Piceapollenites, Retitrescolpites and
Chenopodipollis are restricted to this zone. Striatriletes spp.
and Malvacearumpollis spp. occurring in both the zones of
the section (Fig. 5).

PALYNOFLORAL COMPARISON

A comparison of the present assemblage with the known
Upper Siwalik assemblages from India and Nepal is discussed
below:

Nandi (1975) reported a rich palynoflora from the Siwalik
sequence exposed in Jwalamukhi area, Chamba District,
Himachal Pradesh and utilized the same in palynostratigraphic
zonation. On the basis of qualitative analysis of spore-pollen,
she divided the Siwalik sequence into four zones, viz., 1-1V, of
these Zone- IV represents the upper most part of the middle
and upper Siwalik. This zone has poor representation of
Cyathidites, Alsophilidites, Leptolepidites, Podocarpidites,
Pinuspollenites, Monoporopollenites, Alnipollenites and
Tetradomonoporites. Of these, Podocarpidites,
Pinuspollenites, Monoporopollenites (Poaceae) are common
to both the assemblages. The comparative study reveals that
the dominant elements  Pinuspollenites  and
Monoporopollenites (Poaceae) are present in both the
assemblages showing close resemblance to them.

Singh and Saxena (1981) recorded fungal remains,
gymnosperm and angiosperm pollen grains from the Gagret-
Barwain Road section, Una District, Himachal Pradesh. The
common genera between the two assemblages are
Pinuspollenites, Laricoidites, Verrualetes and Graminidites.
The above comparison reveals that the palynoassemblage
recorded by Singh and Saxena (1981) is broadly comparable to
the present assemblage.
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Saxena and Singh (1982a) recovered palynofossils from
the Upper Siwalik sediments exposed along Hoshiarpur-Una
Road section, Himachal Pradesh. The common genera between
the two assemblages are Pinuspollenites, Abiespollenites,
Laricoidites, Inaperturopollenites, Verrualetes and
Graminidites. The palynoassemblage described by Saxena
and Singh (1982a) is broadly comparable.

Saxena and Singh (1982b) recorded palynoassemblage
from the Pinjor Formation (Upper Siwalik) exposed near
Chandigarh, India. The assemblage recorded by them are:
Cyathidites, Lygodiumsporites, Todisporites, Striatriletes,
Podocarpidites, Pinuspollenites, Cedripites, Laricoidites,
Araucariacites, Retiinaperturites, Palmidites,
Psitlamonocolpites,  Pinjoriapollis,  Liliacidites,
Favitricolporites, Graminidites and Triporites. Of these,
Striatriletes, Laricoidites, Podocarpidites, Pinuspollenites,
Liliacidites and Graminidites are common to both the
assemblages. The above comparison indicates that the
assemblage recorded by Saxena and Singh (1982b) closely
resembles with the present assemblage.

Saxena er al. (1984) studied the entire Siwalik sequence
exposed along Bhakra-Nangal Road section. The palynoflora
recovered from Upper Siwalik are very poor and the genera
common to both the assemblages are Striatriletes,
Pinuspollenites and Graminidites. A critical study of the two
palynoassemblages reveal that the assemblage recorded by
Saxena et al. (1984) is broadly comparable with the present
one.

Mathur (1984) reported palynofiora from the Upper
Siwalik sediments exposed in Malnu-Salwana traverse. The
common tdxa between the assemblages are Pinuspollenites,
Piceapollenites, Chenopodipollis and Graminidites
(Poaceae). The important genera like Spirogyra, Mougeotia,
Zygnema, Polyadosporites and Lycopodiumsporites are not
recorded by Mathur (1984), hence, both are not comparable.

Saxena and Bhattacharyya (1987) recorded fungal spores,
gymnosperm and angiosperm pollen from the Upper Siwalik
sediments exposed along Kala-Amb—Nahan Road section,
Sirmaur District, Himachal Pradesh. Laricoidites,
Inaperturopollenites, Pinuspollenites, Pinjoriapollis and
Monoporopollenites (Poaceae) are common to both the
assemblages. The gymnosperms referable to Laricoidites,
Inaperturopollenites and Pinuspollenites are most dominant
element of the assemblage and the same have been recorded
from the present study, hence both are broadly comparable.

Phadtare er al. (1994) recovered algal and fungal remains,
pteridophytic spores, gymnosperm and angiosperm pollen
from the Upper Siwalik (Tatrot-Pinjor) sequence of Haripur
Khol area, Sirmaur District, Himachal Pradesh. The common
genera between the two assemblages are Preridacidires,
Lycopodiumsporites, Striatriletes, Pinuspollenites
Abiespollenites, Graminidites, Chenopodipollis and
Malvacearumpollis. According to their study the reduction
in Pinus pollen and absence of Ceratopteris, Lycopodium,
Chenopodium have been observed in the Pinjor Formation
but reverse is the case in the present study, hence, both the
assemblages are not closely comparable.

Saxena et al. (1987) recorded fungal remains, pteridophytic
spores, gymnosperm and angiosperm pollen from Upper
Siwalik (Tatrot-Pinjor) sequence exposed along the Masol-
Kiratpur Road, Haryana. The Pinjor palynoassemblage is
dominated by gymnospermous pollen (Laricoidites,
Inaperturopollenites and Pinuspollenites). The pteridophytic
spores are represented by Osmundacidites and Striatrileres
and angiospermous pollen are represented by Verrualetes,
Pinjoriapollis and Cupuliferoipollenites. The present study
has recorded all except Osmundacidites and
Cupuliferoipollenites. The above comparison indicates that
the assemblage recorded from Pinjor Formation by Saxena er
al., 1987 is broadly comparable with the present one.
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Sarkar (1990) recorded palynofossils from Surai Khola of
western Nepal and the significant elements of the palynoflora
are Botryococcus, zygospores of Zygnema and Mougeotia,
Pediastrum, Striatriletes, Lycopodiumsporites,
Monoporopollenites, Malvacearumpollis and
Polyadopollenites. Except Botryococcus. Pediastrum and
Polyadopolienites all the other genera recorded from the
present study, hence, the two assemblages are closely
comparable.

PALAEOECOLOGICAL INTERPRETATION

The distribution pattern of spores and pollen grains in
the Pinjor Formation (Nadah section) clearly indicates the
temporal changes in the environment of deposition from the
older to younger horizons. The lower part of the section
exhibits the presence of aquatic elements viz., Striatriletes
(Ceratopteris) and Jacobipollenites (Sparganiwmn) that are
known to be of freshwater environment. The upper part of the
section seems to represent stagnant shallow freshwater
conditions in view of the high incidence of zygospores
belonging to Zygnemataceae (Spirogyra, Zygnema and
Mougeotia). It seems likely that a lowland topography
supported the growth of ferns and other herbaceous
angiosperms (Poaceae). In the up section the occurrence of
algal remains, and pteridophytic spores belong to
Lycopodiaceae (Lycopodiwm) gradually decreased and
replaced by taxa belonging to upland (Pinus, Picea and Abies)
forest communities. The palynofloral population continued
from the preceding section shows a remarkable drop in grass
pollen and increase the frequency of the spores of Lycopodium
collectively indicate the wet climate. The presence of
Striatriletes (Ceratopteris) further supports the existence of
marshy muddy condition. The highest percentage of Pinaceae
(Pinus) pollen in the upper part of the section indicates the
possibility of the closeness of temperate vegetation belt.

PALAEOCLIMATE

The Pinjor (Nadah area) palynoassemblage contains algal
and fungal remains, pteridophytic spores, gymnosperm and
angiosperm pollen. The assemblage has been studied and
compared with the modern families and found they are
comparable to 18 families. Of these, 5 families restricted to
tropical-subtropical, 3 families to tropical to temperate, 4
families to temperate and 6 families are cosmopolitan in
distribution (Fig. 4). The pteridophytic spores generally favour
moist and shady habitat. Ceratopteris, a genus represented
by Striatriletes, is a water fern growing in tropical region. The
presence of fungal spores is indicative of warm and humid
condition. The overall vegetational pattern indicates, a tropical
- subtropical humid climate during the sedimentation of the
Pinjor Formation. The temperate flora belonging to

Magnoliaceae (Magnolia) and Pinaceae (Pinus) appear to be
transported from the upland areas in the north.

ENVIRONMENT OF DEPOSITION

Palynological data were thoroughly scrutinized and
ecologically significant taxa were selected and seggregated
for identifying various habitats. Ecological analysis of Pinjor
Formation (Nadah area) identifies habitats including low-land,
freshwater swamp and water edge and montane elements
mentioned below:

Low-land elements—Polyadosporites, Frasnacritetrus,
Retitrescolpites, Graminidites and Malvacearumpollis.

Freshwater elements—Spirogyra, Zygnema, Mougeotia,
Lycopodiumsporites, Pteridacidites, Striatriletes,
Nymphaeacidites and Jacobipollenites.

Montane elements—Cycadopites, Laricoidites.
Inaperturopollenites, Podocarpidites, Pinuspollenites,
Abiespollenites and Piceapollenites

The ecological interpretation of recovered spore-pollen
reveals that the freshwater forms are dominant over the low-
land and montane elements. The percentage frequency of
freshwater elements (Spirogyra, Zygnema, Mougeotia,
Nymphaea) is low in the lower part of the section and
progressively increases at the top of the section but reverse is
the case with the low-land elements. The montane elements
belonging to Pinaceae are predominant at the top of the section
(Fig. 6).

The presence of zygospores of Zygnemataceae is
indicative of stagnant shallow and more or less mesotrophic
freshwater habitat (van Geel, 1976; van Geel & van der Hammen,
1978). The presence of the fossil Chara Lamprothamnium
(i.e., L. papulosum and L. succintum) in the Pinjor Formation
suggests that the grey mudstone bed must have been laid
down in an oligo-mesohaline environment (Bhatia, 1999). The
presence of Nymphaea pollen further corroborates the
prevalence of lacustrine habitat. A diverse microvertebrate
assemblage recovered by (Patnaik & Schleich, 1998) suggest
the presence of pond and pond bank communities.

The high incidence of algal and fungal remains, fern
spores (Lycopodiumn) and grass pollen indicates that the
prevailing flora was mainly of wet, open and mixed nature. The
presence of many chlamydospores of Glomus reflect the
paucity of endomycorrhizal plants and repeated occurrence in
these sediments, linked with allochthonous elements
representing grassland (Berch & Warner, 1985; Wilson, 1965).
The significant drop in grasses pollen coinciding with the
good proportion of ferns (Lycopodium) and Chenopodiaceae
pollen reveal that the flora was changed from dry to mainly
wet and marshy grass land. The top most part of the succession
exhibits reappearance of graminaceous pollen along with
bisaccate pollen, collectively indicate the drier condition during
the latter period. The presence of Chenopodiaceae along with
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the other members of ferns shows that at few places. these
f)lants were thriving for a short period. The gymnosperm pollen
possibly were derived from the high mountains nearby in the
north. So it may be inferred that the depositional environment
of the Pinjor Formation particularly in Panchkula area was
deposited in a wet and marshy with open and mixed grassland
flora.

CONCLUSIONS

1. The palynoassemblage recovered from the Pinjor Forma-
tion (Late Pliocene) is well diversified and contains algal
and fungal remains, pteridophytic spores, gymnosperm
and angiosperm pollen.

2. Polyadosporites nadahensis, P. siwalikus,
Lycopodiumsporites nadahensis, Pteridacidites
chandigarhensis, Pinuspollenites nadahensis, P.
chandigarhensis and Graminidites siwalikus have been
newly proposed.

3. Qualitative and quantitative analyses reveal that the gym-
nosperm pollen is dominant over angiosperm pollen fol-
lowed by pteridophytic spores.

4. Stratigraphic distribution of palynoflora revealed that the
Pinjor Formation can be divided into lower Zone-1 and
the upper Zone-2.

5. Onthe basis of affinity with modern families, a tropical-
subtropical humid climate has been interpreted during
the sedimentation of the Pinjor Formation.

6. Theassemblage represents a mixture of ecological groups
such as low-land, freshwater swamp and water edge,
montane and back-mangrove elements.

7. The Pinjor Formation was deposited in a wet and marshy
grassland with open and mixed flora.

Acknowledgements—The authors are thankful 10 Prof. C.G.K.
Ramanujam, Osmania University, Hyderabad for help in the identi-
fication of some fungal and pteridophytic spores and valuable sug-
gestions during the preparation of the manuscript.

REFERENCES

Azzaorli A & Napoleone G 1982. Magnetostratigraphic investigations
of the Upper Siwaliks near Pinjor. India. Riview of Italian
Paleontology 87: 739-762.

Berch SM & Warner BG 1985. Fossil vesicular-arbuscular mycorrhizal
fungi: two Glomus species Endogonaceae (Zygomycetes) from
late Quaternary deposits in Ontario, Canada. Review of
Palaeobotany and Palynology 45: 229-237.

Bhatia SB»1999. Revision of the Charaphyte flora of the Siwalik
Group (Neogene-Quaternary) of the lesser Himalaya, India.
Australian Journal of Botany 47: 459-474.

Cookson IC 1947. Plant microfossils from the lignites of Kerguelen,
Archipelago. Rep. B. A. N Z Antarctic Research Expedition Series
A 2:127-142.

Couper RA 1953. Upper Mesozoic and Cainozoic spores and polien
grains from New-Zealand. Bulletin of New-Zealand geological
Survey of Paleontology 22: 1-77.

Delcourt AF & Sprumont G 1955. Les spores et grains de pollen du
Wealdein du Hainaut. Memoirs de la Societe Belge de Geologie de
paleontologie et d’ hydrologie 4: 1-73.

Gill WD 1951. The tectonics of the sub-Himalayan fault zone in the
northern Potwar region and in the Kangra District of Punjab.
Geological Society of London. Quaternary Journal 107: 395-421.

Johnson NM, Stex J, Tauxs L, Corvey PF & Tahirkheli RAK 1985.
Palacomagnetic chronology, fluvial processes and tectonic
implications of the Siwalik deposits near Chinji Village. Pakistan.
Journal of Geology 93: 27-40.

Kar RK 1979. Palynological fossils from the Oligocene sediments
and their biostratigraphy in the district of Kutch, western India.
Palaeobotanist 26: 16-49.

Kar RK & Jain KP 1981. Palynology of the Neogene sediments
around Quilon and Varkala coast, south India. 2. Spores and pollen
grains. Palacobotanist 27: 113-131.

Kumar R & Tandon SK 1985. Sedimentology of Plio-Pleistocene
Late orogenic deposits associated with intraplate subduction- The
Upper Siwalik subgroup of a part of Panjab sub-Himalaya. India.
Sedimentological Geology 42: 105-158.

Mathur YK 1984. Cenozoic palynofossils, vegetation, ecology and
climate of the north and northwestern sub-Himalayan region, India.
In : White RO (Editors)—The evolution of the past Asian
environment. Occasional papers and monographs 59 : 504-551.
University of Hongkong.

Mehta YP, Thakur AK, Lal N, Shukla, B & Tandon SK 1993. Fission
track age of zircon separates of tuffaceous mudstone of the Upper
Siwalik subgroup of Jammu-Chandigarh sector of Panjab sub-
Himalaya. Current Science 64 : 519-521.

Nagy E 1962. New pollen species from the Lower Miocene of the
Bakony Mountain (Varpalota of Hungary). Acta Botanica 8 :
153-163.

Nanda AC 1973. A note on the biostratigraphy and the Upper Siwaliks
of Naraingarh Tehsil, Ambala. Current Science 42 : 319.

Nandi B 1975. Palynostratigraphy of the Siwalik Group of Punjab.
Himalayan Geology 5: 411-423.

Patnaik R 1995. Micromammal-based palacoenvironment of the
Upper Siwaliks exposed near village Saketi, Himachal Pradesh.
Journal of the Geological Society of India 46 : 429-437.

Patnaik R 1997. Evolution of Rabbits and Hares: A palaeontological
perspective. JPAS | : 205-210.

Patnaik R & Schleich HH 1998. Fossil microreptiles from Pliocene
Siwalik sediments of India. Veroffentlichungen Aus dem Fuhlrott-
Museum Band 4:295-300.Wuppertal. Germany.

Phadtare NR, Kumar R & Ghosh SK 1994. Stratigraphic palynology,
floristic succession and the Tatrot/Pinjor boundary in Upper
Siwalik sediments of Haripur Khol area. District Sirmaur (H.P).
India. Himalayan Geology 15 : 69-82.

Pilgrim GE 1910. Preliminary note on a revised classification of the
Tertiary freshwater deposits of India. Record Geological Survey
of India 40 : 185-205.

Pilgrim GE 1913. The correlation of the Siwalik with mammal horizons
of Europe. Record Geological Survey of India43 : 264-326.

Pirozynski KA, Jarzen DM, Carter A & Day RG 1988. Palynology
and mycology of organic clay balls accompanying mastodon
bones- New Brunswick, Canada. Grana 27 : 123-139.



RAO AND PATNAIK—PALYNOLOGY OF THE LATE PLIOCENE SEDIMENTS OF PINJOR FORMATION 285

Potonié R1931. Zur Mikroskopie der Braunkholen. 1. Z. Braunkhole
30 : 554-556.

Potonié R 1958. Synopsis der Gattungen der sporae dispersae. 11,
Teil. Sporites Nachtrage Saccites, Aletes, Praecolpates,
Polyplicates, Monocolpates. Beihefte zum Geologischen Jahrbuch
31 1-114.

Raghavan P 1990. New records of microfossil assemblages from the
basal Pinjor Formation at Panchkula, Haryana (India). Bulletin
Indian Geological Association 23 : 29-37.

Ramanujam CGK 1966. Palynology of the Miocene lignite from
South Arcot District, Madras, India. Pollen et Spores § @ 149-
203.

Ramanujam CGK 1987. Palynology of the Neogene Warkalli beds of
Kerala state in south India. The Journal of the Palaeontological
Society of India 32 : 26-46.

Randhawa MS 1959. Zygnemataceae ICAR. Monograph on algae.
Indian Council of Agricultural Research, New Delhi.

Raatz GV 1937. Microbotanisch-stratigraphische Unter suchung der
Braunkhole des Muskauer Bogens. Preuses. Geol. LA. N. F 183
:1-48

Rao MR 1986. Palynology of the Barail (Oligocene) and Surma
(Lower Miocene) sediments exposed along Sonapur-Badarpur
Road Section, Jaintia Hills (Meghalaya) and Cachar (Assam) Part-
IV. Gymnospermous Pollen Grains. Geophytology 16 : 89-96.

Rao MR 1990. Palynological investigation of Arthungal bore-hole.
Alleppey District, Kerala. In : Jain KP & Tiwari RS (Editors)—
Proceedings of the Symposium “Vistas in Indian Palaeobotany™
Palaeobotanist 38 : 243-255.

Rao MR & Singh HP 1987. Palynology of the Barail (Oligocene) and
Surma (Lower Miocene) sediments exposed along Sonapur-
Badarpur Road Section, Jaintia Hills (Meghalaya) and Cachar
(Assam) Part- I11. Pteridophytic spores. Palaeobotanist 35 : 267-
280.

Rao AR, Nanda AC, Sharma. UN & Bhalla MS 1995. Magnetic
polarity stratigraphy of the Pinjor Formation (Upper Siwaliks)
near Pinjor, Haryana. Current Science 68 : 1231-1236.

Rao AR, Aggarwal RP, Sharma, UN, Bhalla MS & Nanda AC 1985.
Magnetic polarity stratigraphy and vertebrate paleontology of
the Upper Siwalik subgroup of Jammu Hills, India. Journal of the
Geological Society of India 31 : 361-365.

Sah SCD 1967. Palynology of an upper Neogene profile from Rusizi
Valley (Burundi). Musée Royal de I" Afrique Centrale Tervuren,
Belgique Annales- Séries in 8°, Sciences Géologiques 57 : 1-173.

Sah SCD & Dutta SK 1968. Palynostratigraphy of the sedimentary
formations of Assam 2. Stratigraphic significance of spores and
pollen in the Tertiary succession of Assam. Palacobotanist 16 :
177-195.

Sahni MR & Khan E 1959. Stratigraphy, structure and correlation of
the Upper Siwaliks, East of Chandigarh. Journal of Palaecontological
Society of India 4 : 61-74.

Sargode SJ, Bloemendal J. Kumar R & Ghosh JK 2001. Plio-
Pleistocene pedogenic changes in the Siwalik palaeosols : A rock
magnetic approach. Current Science 81 : 387-392.

Sarkar S 1990. Siwalik pollen succession from Surai Kholaof western
Nepal and its reflection on palaeoecology. Palacobotanist 38 :
319-324.

Saxena RK 1996. Palynology of the Upper Siwalik sediments in
northwestern India. Proccedings of Symposium North West

Himalaya and Foredeep, February, 1995. Geological Survey of
India, Special Publication 21: 249-255.

Saxena RK 2000. Palynology of the Neogene sediments of northwest
India. Geological Survey of India, Miscellaneous Publication 64 :
11-22.

Saxena RK & Bhattacharyya AP 1987. Palynology of the Siwalik
sediments of Kala Amb-Nahan area in Sirmaur District, Himachal
Pradesh. Palaeobotanist 35 : 187-195.

Saxena RK & Sarkar S 1986. Morphological study of Frasnacritetris
Taugourdeau emend. from Tertiary sediments of Himachal
Pradesh, India. Review of Palaeobotany and Palynology 46 : 209-
225.

SaxenaRK, Sarkar S & Singh HP 1984. Palynological investigation of
Siwalik sediments of Bhakra Nangal area, Himachal Pradesh.
Geophytology 14 : 178-190.

Saxena RK & Singh HP 1980. Occurrence of palynofossils from the
Pinjor Formation (Upper Siwalik) exposed near Chandigarh.
Current Science 49 : 479-480.

Saxena RK & Singh HP 1981. Pinjoriapollis, a new fossil pollen from
the Pinjor Formation (Upper Siwalik) exposed near Chandigarh.
Current Science 50 : 418-419.

Saxena RK & Singh HP 1982a. Palynology of the Pinjor Formation
(Upper Siwalik) exposed near Chandigarh, India. Palaeobotanist
30:325-339.

Saxena RK & Singh HP 1982b. Palynological investigation of the
Upper Siwalik sediments exposed along Hoshiarpur-Una Road
section in Punjab and Himachal Pradesh. Geophytology 12 : 287-
306.

Saxena RK, Singh HP & Rao MR 1987. Palynology of the Tatrot-
Pinjor sequences exposed between Masol and Kiratpur in Ambala
District, Haryana. Geophytology 17 : 270-284.

Singh HP & Saxena RK 1980. Upper Siwalik palynoflora from Gagret
Bharwain Road section, Himachal Pradesh. Geophytology 19 -
278-279.

Singh HP & Saxena RK 1981. Palynology of the Upper Siwalik
sediments in the Una District, Himachal Pradesh. Geophytology
11:173-181.

Singh HP & Saxena RK 1984. Palynology of the Neogene sediments
of Jorajan well-3, Upper Assam. Proceedings of AK Ghosh
Commemoration Volumc . 613-631.

Takahashi 1991. Fungal and algal palynomorphs from the Tokotan
and Kiritappu formations of the Nemuro Group, Eastern
Hokkaido. Japanese Journal of Palynology 37: 151-168.

Tandon SK & Kumar R 1984a. Active intrabasinal highs and
palacograinage reversal in the late orogenic hominoid-bearing
Siwalik basin. Nature 308 : 635-637.

Tandon SK & Kumar R 1984b. Discovery of tuffaceous mudstones
in the Pinjor Formation of Panjab Sub-Himalaya, India. Current
Science 53 :982-984.

Tandon SK, Kumar R, Koyama M & Nitsuma N 1984. Magnetic
polarity stratigraphy of the Upper Siwalik Sub-group, east of
Chandigarh. Panjab Sub-Himalaya. India. Journal of Geological
Society of India 46 : 429-437.

Taugourdeau P 1968. Sur un curieux microfossile incertae sedis du
Franien du Boulonnais Frasnacritetrus nov. gen, (Architarche).
Arch. Orig. Cent. Doc. C.N.R.S No. 452. Cah. Micropaleontol.
Ser. 1,10:1-4



286 THE PALAEOBOTANIST

Thiergart F 1938. Die pollen flora der Niederlausitzer Braunkohle,
Besondern in profil der Grabe Margo bei Senftenber. Jb. Preuss.
Geol. Landesanst. Bergakad 58 : 282-351.

Varma CP & Rawat MS 1963. A note on some diporate grains
recovered from Tertiary horizons of India and their potential maker
value. Grana Palynology 4 : 130-139.

van der Hammen T 1954. El Desarrollo de la flora Colombiana en Los
Periodos Geologicos. Boletin Geologico - Tomo I1 : 49-106.

van Geel B 1976. Fossil spores of Zygnemataceae in ditches of a
prehistoric settlement in Hoockarspel (The Netherlands). Review
of Palaeobotany and Palynology 22 : 337-344.

van Geel B & van der Hammen 1978. Zygnemataceae in Quaternary
Colombian sediments. Review of Palacobotany and Palynology
25 377-392.

Venkatachala BS & Kar RK 1969. Palynology of the Tertiary sediments
of Kutch 1. Spores and pollen from bore-hole no. 14.
Palaeobotanist 17 : 157-178.

Venkatachala BS & Rawat M 1972. Palynology of the Tertiary
sediments in the Cauvery Basin 1. Palacocene-Eocene. Palynoflora
from the subsurface. Proceedings of Seminar Palaeopalynology
Indian Stratigraphy, Calcutta : 292-374.

Wilson LR 1965. Rhizophagites, a fossil fungus from the Pleistocene
of Oklahoma- Okla. Geological notes 25 : 257-260.

Wilson LR & Webster RM 1946. Plant microfossils from a Fort
Union coal of Montana. American Journal of Botany 33 : 27]-
278.

Wodehouse RP 1933. Tertiary pollen -II. The oil shales of the Green
River Formation. Bulletin Torrey Botany Club 60 - 479-524.





