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In the present paper some more angiospermous leaf-impressions recovered from Ghish River, Lish River and Sevok Road
section in Darjeeling District, West Bengal have been described. These are—Flacourtia tertiara Prasad & Awasthi 1996, dlsodeia
palaeoracemosa sp. nov. (Flacourtiaceae), Shorea bengalensis sp. nov. (Dipterocarpaceae), Zizyphus palaeoapetala sp. nov.,
Ventilago tistaensis sp. nov. (Rhamnaceae), Syzygium palacocuminii Prasad & Awasthi 1996 (Mynaceae) and Homonoia
mioriparia sp. nov. (Euphorbiaceae). Out of these seven taxa, five are new records to the Siwalik flora. The dominance of
evergreen and moist deciduous elements in the assemblage further confirms the prevalence of warm and humnid climate during
the deposition of the Himalayan foreland sediments.
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THE Siwalik sequence of West Bengal has been
broadly subdivided into three units—(i) upper
pebbly sandstone and conglomerate unit, (i) middle
sandstone unit, and (iii) lower claystone unit
(Acharyya, 1972, 1975). The lower claystone unit is
best exposed in Ramthi River, Ghish River and
along Tista River on the Sevok Road. They consist
of claystone, siltstone and fine-grained sandstone.
The middle sandstone unit is well exposed in Lish
and Ghish Rivers and also in some tributaries of
Tista River

The material for the present investigation was
collected from both lower and middle units exposed

in Ghish River, Lish River and Sevok Road section
about 2 km from Tista River Bridge towards Oodlabari
(Map 1). Earlier a number of leaf-impressions, some
fruits and fossil woods have been described from this
area (Antal & Awasthi, 1993; Antal & Prasad, 1995,
1996a, 1996b, 1996¢; Antal et al., 1996). Recently, a
large number of well preserved impressions of leaves,
fruits and seeds were collected from these sections.
The study on these impressions reveals the presence
of some more new taxa which have been described
and discussed in this paper. For description of these
leaf-impressions the terminology given by Hickey
(1973) and Dilcher (1974) has been followed.
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Map 1 — Showing the fossil localities in the area
All the figured specimens have been deposited Flacourtia tertiara Prasad & Awasthi 1996
in the Museum of Birbal Sahni Institute of Pl 1, fig. 1
Palaeobotany, Lucknow.

SYSTEMATIC DESCRIPTION

Family—Flacourtiaceae

Genus—Flacourtia Comm. ex L’Herit

Material—One specimen with counterpart

Description—Leaf simple, symmetrical, elliptic,
preserved size 9.0 x 3.8 c¢m; apex slightly broken;
base acute, normal; margin serrate, serration con-

PLATE 1 _—
(All specimens are in Natural size)
Flacourtia tertiara Prasad & Awasthi 1996, fossil leaf showing 4. Shorea bengalensis sp. nov., fossil leaf showing shape, size and
shape, size, venation pattern and serrate margin; Specimen no venation pattern; Specimen no. BSIP 38023.
BSIP 38020. 5
Alsodeia palaeoracemosa sp. nov., fossil leaves showing shape, '

size and venation pattern; Specimen no. BSIP 38021.

Alsodeia palaeoracemosa sp. nov., another fossil leaf showing

Shorea bengalensis sp. nov., apical pan of the fossil leaf showing
i 6, 7.
details of venation; Specimen no. BSIP 38022.

nature of apex; Specimen no. BSIP 38024.

Shorea bengalensis sp. nov., another fossil leaves showing some
variation; Specimen nos. BSIP 38025 and 38026.
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vex from basal as well as apical side; texture thick,
chartaceous; petiole broken; venation pinnate,
simple craspedodromous; primary vein (1°) single,
prominent, almost straight, stout; secondary veins
(2°) five pairs preserved, alternate to subopposite,
distance between secondary veins 1.3 to 3.0 cm,
curving up toward margin and run toward apex to
a greater length before terminating at the margin,
angle of divergence about 50°, acute, sometimes
branched; tertiary veins (3°) fine, angle of origin R-
R, percurrent, branched, almost straight and right
angle in relation to midvein, close; further details
not clearly visible.

Specimen — No. BSIP 38020.

Locality—Sevok Road section about 2 km from
Tista River Bridge towards Oodlabari, Darjeeling
District, West Bengal.

Horizon & age—Lower Siwalik, Middle Mi-
ocene.

Comparison—The important distinguishing char-
acters of the fossil leaf are elliptic shape, acute base,
serrate margin, simple craspedodromous venation
and percurrent tertiaries with right angle in relation
to midvein. Besides, the secondary veins arising
from midvein run towards apex up to a greater
length. These features indubitably indicate that the
fossil leaf belongs to the family Flacourtiaceae.
Among this family nearly resembling modern gen-
era Scolopia, Xylosmia, Maesa and Flacourtia were
studied in detail in order to identify this fossil leaf
and found that the genus Flacourtia shows closest
resemblance with the fossil. To identify it up to
specific level, a number of herbarium sheets of
various species of this genus were consulted and
observed that the leaves of extant Flacourtia inermis
Roxb. comes closest with the fossil leaf.

So far only two fossil leaves resembling the
genus Flacourtia have been recorded under F.
nepalensis Awasthi & Prasad 1990 and F. tertiara
Prasad & Awasthi 1996 from The Siwalik sediments
of Surai Khola, western Nepal. On comparison of
the present fossil leaf with those already known
fossil leaves of Flacourtia, it has been observed that
F. tertiara which has also been compared with F.
inermis Roxb., shows closest similarity in all mor-
phological features. Therefore, it has been de-

scribed under F. tertiara Prasad & Awasthi 1996:
though it is the first record from India.

The genus FlacourtiaComm. ex'L'Herit consists
of about 15 species of trees and shrubs distributed
in tropical Asia and Africa. The extant taxon F.
inermis Roxb. is an evergreen tree and native of
Malayan Archepelago. It is also cultivated in India
on account of its edible fruits (Brandis, 1971).

Genus—dAlsodeia Thours

Alsodeta palaeoracemosa sp. nov.
Pl. 1, figs 2, 3

Material—This species is based on three speci-
mens.

Description—Leaf simple, symmetrical, wide
ovate, preserved size 7.5 x 5.0 cm; apex seemingly
bluntly acute; base narrow acute, normal, margin
entire; texture chartaceous; venation pinnate,
eucamptodromous; primary vein (1°) single, promi-
nent, thicker at the basal region, massive; secondary
veins (2°) 5 to 6 pairs preserved, less than 1.00 to 2.5
cm apart, alternate to subopposite, angle of diver-
gence 45°, seemingly unbranched, intersecondary
veins present, simple; tertiary veins (3°) very fine,
angle of origin usually RR, percurrent, sometime
branched, predominantly alternate, right angle in
relation to midvein, close to slightly distantly placed;
quaternary veins (4°) still fine with angle of origin RR,
branched forming orthogonal to polygonal meshes.

Holotype—Specimen no. BSIP 38021.
Paratype—Specimen no. BSIP 38022.

Locality—Sevok Road section about 2 km from
Tista River Bridge towards Oodlabari, Darjeeling
District, West Bengal.

Horizon & age—Lower Siwalik, Middle Miocene.

Comparison—The distinguishing features of
the fossil leaves such as wide ovate shape, acute
base and apex, entire margin, chartaceous texture,
eucamptodromous venation and percurrent tertiary
with RR angle of origin and closely to distantly
placed tertiary veins collectively indicate their re-
semblance with the modern leaves of Alsodeia
racemosa H.f. & Th. (CN Herbarium Sheet no.
32274) of the family Flacourtiaceae.
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As far as we are aware there is only one record
of the fossil leaves of Alsodeia palaeozeylanica Antal
& Awasthi 1993 described from Ghish River Section
near Oodlabari, Darjeeling District, West Bengal.
This fossil leaf was compared with another modern
species—Alsodeia zeylanica Thw. and thus obvi-
ously differs from the present specimens in being
small size and possessing very closely placed
percurrent fine tertiary veins. Therefore the present
fossil leaves have been assigned to a new species-
Alsodeia palaeoracemosa.

Genus Alsodeia Thours. includes 50 species
distri- buted in the tropics of both hemispheres. The
comparable extant species A. racemosa H.f. & Th. is
a small tree of the tropical forests and upper mixed
forest of Martaban and Tenasserim up to 500 m. In
India, it is also distributed in Assam (Gamble, 1972;
Brandis, 1971).

Family—Dipterocarpaceae
Genus—Shorea Roxb.

Shorea bengalensis sp. nov.
Pl. 1, figs 4-7

Material—There are 12 specimens in the collection.

Description—Leaf simple, symmetrical, ovate to
elliptic, preserved size 9.0 x 6.0 cm, 11.0 x 6.0 cm, 9.0
x 6.0 cm; apex acute; base cordate to rounded,
normal; margin entire; texture coriaceous; petiole
present, 0.5 cm preserved, normal; venation pinnate,
simple craspedodromous to eucamptodromous; pri-
mary vein (1°) single, prominent, almost straight,
sometime slightly curved, thicker at the basal region;
secondary vein (2°) about 10 pairs visible, 0.5 to 1.2
cm apart, curved up, angle of divergence acute to
nearly right angle (65°-85°), usually alternate; tertiary
veins (3°) fine, angle of origin usually RR, percurrent,
sometime branched, straight, oblique in relation to
midvein, predominantly alternate and close, further
details could not be seen.

Holotype—Specimen no. BSIP 38023.

Paratype—Specimen nos. BSIP 38024, 38025
and 38026.

Locality—Sevok Road section about 2 km from
Tista River Bridge towards Oodlabari, Darjeeling
District, West Bengal.

Horizon & age—Lower Siwalik, Middle Miocene.

Comparison—The characteristic features of the
present fossil leaves are ovate to elliptic shape,
cordate to rounded base, entire margin, usually
eucamptodromous venation, arrangement of low-
est pair of secondary veins and percurrent tertia-
ries having right angle origin. These features
indicate that the fossil leaves belong to the genus
Shorea Roxb. of the family Dipterocarpaceae. In
order to find out its nearest comparable species a
large number of available Herbarium sheets of
different species of Shorea were consulted. After
critically examination it has been found that the
fossil leaves show closest affinity with the extant
species Shorea roxburghii (S. talura Roxb.) (CN
Herbarium Sheet no. 82236).

The fossil leaves resembling the genus Shorea
are known both from India and abroad (Merill,
1923; Seward, 1935; Antal & Prasad, 1996¢, p. 76).
Of them, three fossil species have been reported
from the Siwalik sediments of India. These are
Shorea siwalica Antal & Awasthi 1993 from Lower
Siwalik sediments, Ramthi River, Darjeeling District,
West Bengal; S. neoassamica Prasad 1994 from the
Lower Siwalik sediments of Kathgodam, Uttar
Pradesh, India and S. miocenica Antal & Prasad
1996c¢ from the Middle Siwalik sediments of Ghish
River Section near Qodlabari, Darjeeling District,
West Bengal. The comparison of present fossil
leaves with those already known fossil leaves of
Shorea was done and found that none of them is
comparable to the present leaves. Thus they have
been described as a new species Shorea bengalensis.

The genus Shorea Roxb. consists of about 167
species distributed all over the world. Out of these,
nearly 100 species of trees grow throughout the
tropical parts of Indo-Malayan region (Pearson &
Brown, 1932). The extant taxon Shorea roxburghii,
with which the fossils show closest resemblance, is
a large handsome tree found in the evergreen
forests of North Kanara southwards and the hills of
southern Deccan. It is also found in the Malayan
Peninsula (Desch, 1957; Brandis, 1971).

Family—Rhamnaceae
Genus—Zizyphus Juss
Zizyphus palaeoapetala sp. nov.
Pl. 2, figs 1, 2
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Material—This species is represented by four
specimens.

Description—Leaf simple, slightly asymmetrical

at base, narrow elliptic, preserved size 11.0 x 4.0 cm’

and 7.0 x 4.2 c¢m; apex acute; base acute, oblique;
margin almost entire; texture thick chartaceous;
petiole not preserved; venation acrodromous, basal,
perfect; primary veins (1°) three, one midvein and
two strongly developed secondary veins; secondary
veins (2°) 4-5 pairs arising from mid-primary vein, up

"to 10 secondary veins radiating towards margin,
distance between secondaries at mid-primary 2.5 to
3.5 cm and at lateral primary about 1.00 cm, alternate,
angle of divergence acute, about 35° curved up
running towards apex up to a greater length joining
to their supradjacent secondaries; tertiary veins (3°)
fine, angle of origin AR to RO, percurrent, straight as
well as retroflex, angle in relation to midvein almost
right angle, predominantly alternate and close, fur-
ther details not clearly visible.

Holotype—Specimen no. BSIP 38027.
Paratype—Specimen no. BSIP 38028.

Localtty—Lish River, near Bagrakot and Sevok
Road Section about 2 km from Tista River Bridge
towards Oodlabari, Darjeeling District, West Ben-

gal.

Horizon & age—Lower Siwalik, Middle Mi-
ocene.

Comparison—The narrow elliptic shape with
slightly asymmetrical acute base, acute apex, almost
entire margin, basal perfect acrodromous venation,
prominent secondaries arising both from mid- and
lateral primary veins and straight to retroflexed
tertiaries with almost right angle in relation to mid-
primary vein indubitably indicate their resemblance
with the genus Zizyphus Juss. of the family
Rhamnaceae. In order to identify them up to

specific level the herbarium sheets of a number of
species of this genus have been examined and
observed that the present fossil specimens closely
resemble the leaf of Zizyphus apetala Hook.f. (CN
Herbarium Sheet no. 80636) in shape, size and
venation pattern.

As far as we are aware there are about 16 fossil
records of Zizyphus leaves from India and abroad
(Prasad, 1994, p. 134). Of them, six fossil leaves
have been reported from the Siwalik sediments.
They are : Z. stwalicus Lakhanpal (1965, 1966) from
Jawalamukhi, Himachal Pradesh; Z. indicus Singh
& Prakash 1980 from Arunachal Pradesh; Z.
champaran Lakhanpal & Awasthi 1984 from
Bhikhnathoree, Bihar; Z. cf. Z. rugosa Prasad 1994a
from Haridwar, Uttar Pradesh and Z. miocenica
Prasad 1994b from Kathgodam, Uttar Pradesh and
Koilabas, western Nepal.

All the known fossil leaves were critically com-
pared with the present fossil leaves and found that
these are entirely different from them either in size
or nature and arrangement of secondary and ter-
tiary veins. Thus they have been described as
Zizypbus palaeoapetala sp. nov.

The genus Zizyphus Juss. consists of about 40
species of shrubs or trees, mostly Indo-Malayan.
The extant species Z. apetala Hook f., with which
our fossil leavesresemble, isa large struggling shrub
or small tree distributed in Sikkim (Brandis, 1971).

Genus—Ventilago Gaertn.

Venttlago tistaensis sp. nov.
Pl. 2, fig. 3
Material—Three specimens, one with counter-
part, are in the collection.
Description—Leaf simple, almost symmetrical,

narrow ovate, preserved size 9.6 x 4.6 cm; apex
seemingly acute; base nearly obtuse, somewhat

PLATE 2

—_—

(All specimens are in Natural size)

1. Zizyphus palacoaperala sp. nov., a fossil leaf showing shape, size
ang venation pattern; Specimen no. BSIP 38027.

2. Zizyphus palacoapetala sp. nov., another fossil leaf showing
details of venation; Specimen no. BSIP 38028.

3. Ventilago tistaensis sp. nov., a fossil leaf showing shape, size and
venation pattern; Specimen no. BSIP 38029.

4. Syzygtum palaeocuminiiPrasad & Awasthi 1996, a fossil leaf showing
shape, size and venation pattern; Specimen no. BSIP 38030.

5. Homonoia mioriparia sp. nov., a fossil leaf showing shape, size
and venation pattern; Specimen no. BSIP 38031.
6. H. mioriparia sp. nov., another fossil leaf variation in size;

Specimen no. BSIP 38032.
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oblique; margin entire; texture chartaceous; petiole
0.4 cm preserved, normal; venation pinnate,
craspedodromous to eucamptodromous; primary
vein (1°) single, prominent, stout, thicker at basal
half part, almost straight; secondary veins (2°) about
9 pairs visible, 0.6 to 1.5 cm apart, alternate to
subopposite, angle of divergence acute, about 55°,
uniformly curved up, unbranched; tertiary veins
(3°) very fine, angle of origin usually RR, percurrent,
branched, almost straight, oblique to right angle in
relation to midvein, alternate to opposite, close;
quaternary veins not visible.

Holotype—Specimen no. BSIP 38029.

Locality—Sevok Road section about 2 km from
Tista River Bridge towards Oodlabari, Darjeeling
District, West Bengal.

Horizon & age—Lower Siwalik, Middle Mi-
ocene.

Comparison—The most characteristic features
of the present fossil leaves are narrow ovate shape,
nearly oblique obtuse base, entire margin,
chartaceous texture, craspedodromous to
eucamptodromous venation, very fine and some-
what closely placed percurrent tertiary veins having
right angle origin. These features obviously indicate
their resemblance with the leaves of genus Venttlago
Benth. of Rhamnaceae. In order to reach up to
specific level the herbarium sheets of all available
species of Venttlago were examined and observed
that the present leaves closely resemble those of V.
calyculata (CN Herbarium Sheet no. 168) in all
morphological features.

As far as the authors are aware, so far there is no
fossil record of the genus Ventilago and hence this
has been described as a new species Ventilago
tistaensts. The specific name is after Tista River
flowing along the road section, from where the
Holotype was collected.

The genus Ventilago Gaertn. consists of about
five species of large climbing shrubs. V. calyculata,
which closely resembles with the fossil leaves is a
very conspicuousforest climber distributed through-
out the plains of India, chiefly in the drier forests,
also in Myanmar and Sri Lanka (Gamble, 1972).

Family—Myrtaceae
Genus—Syzygium Gaertn.

Syzygtum palacocuminii Prasad & Awasthi 1996
Pl. 2, fig. 4

Material—This species is represented by only
one specimen.

Description—Leaf simple, symmetrical, wide
elliptic, preserved length 7.5 cm and width 2.0 cm
(one side of midrib; apex acute; base acute; margin
entire; texture chartaceous; petiole not preserved;
venation pinnate, eucamptodromous; primary vein
(1°) prominent, straight, stout; secondary veins (2°)
about 28 pairs visible, alternate to opposite, branched,
angle of divergence widely acute, 60°-75°, uni-
formly curved up, closely placed, joining their
supradjacent veins forming intramarginal vein,
intersecondary veins frequent, simple, 3-4 intersec-
ondary veins in between secondaries; tertiary veins
(3°) fine with angle of origin AO, exmedially
ramified, oblique in relation to midvein and close.

Spectmen—No. BSIP 38030.

Locality—Sevok Road section about 2 km from
Tista River Bridge towards Oodlabari, Darjeeling
District, West Bengal.

Horizon & age—Lower Siwalik, Middle Mi-
ocene.

Comparison—Wide elliptic shape, acute apex
and base, entire margin, eucamptodromous vena-
tion, closely placed secondary veins with wide
acute angle of divergence, presence of intramarginal
vein and exmedially ramified tertiary veins indubi-
tably indicate its resemblance with the genus
Syzygium Gaertn. of the family Myrtaceae. After
detail examination of the extant species of this
genus it has been found that the present fossil leaf
closely resembles the leaves of Syzygium cuminii
Roxb. However, during the examination of leaves
of extant species it has been observed that the
nature of venation pattern in most of the species
looks somewhat similar due to which it becomes
practically difficult to distinguish them from one
another.
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So far, six fossil species of Syzygium are known
from different parts of world. These are §.
Sfloribundoides Engelhardt from the Middle Mi-
ocene of West Germany (Miller, 1934), S. chaneyi
Huzioka & Takahashi 1970 from the Eocene of
Japan, S. kachchbense Lakhanpal & Guleria 1981
from the Eocene of Kachchh, S. miocenicumPrasad
& Prakash 1984 from the Siwalik sediments of
Koilabas, Nepal; S. palaeobracteatum Awasthi &
Lakhanpal 1990 from the Siwalik sediments of
Bhikhnathoree, Bihar and S. palaeocuminii Prasad
& Awasthi 1996 from the Siwalik sediments of Surai
Khola, Nepal.

The present fossil leaf was critically compared
with all the known species and found that it shows
close resemblance with S. palaeocuminii Prasad &
Awasthi 1996 in all morphological features and thus
has been described under it.

The genus Syzygium (= Eugenia) Gaertn. in-
cludes about 650 species distributed in the tropical
and subtropical region of Asia, tropical America and
few of them in tropical Africa and Australia. About
110 species are found in India and Myanmar. The
modern comparable species S. cuminii Roxb. is an
evergreen tree occurring throughout India, Myanmar
and Sri Lanka. It is chiefly found along river banks
and in the forests of moist localities (Brandis, 1971,
Gamble, 1972).

Family—Euphorbiaceae
Genus—i#{omonoia Lour.

Homonota mioriparia sp. nov.
Pl 2, figs 5,6

Material—This species is represented by two
specimens, one specimen with counterpart.

Description—Leaf simple, symmetrical, narrow
elliptic, preserved size 8.0 x 2.1 cm; apex seemingly
acute; base seemingly acute, normal; margin entire
to slightly wavy; texture thick, chartaceous; petiole
not visible; venation pinnate, eucamptodromous;
primary vein (1°) single, prominent, straight, mas-
sive; secondary veins (2°) 6-7 pairs visible, usually
alternate, 1.5 to 2.2 cm apart, angle of divergence
50°to 65°, acute, unbranched, uniformly curved up;

tertiary veins (3°) fine, poorly visible, angle of origin
RR, percurrent, seemingly unbranched, almost
straight, predominantly alternate; close; further details
not visible.

Holotype—Specimen no. BSIP 38031.
Paratype—Specimen no. BSIP 38032.

Localtty—Sevok Road section about 2 km from
Tista River Bridge towards Oodlabari, Darjeeling
District, West Bengal.

Horizon & age—Lower Siwalik, Middle Mi-
ocene.

Comparison—The distinguishing features of
the present fossil leaf are narrow elliptic shape,
seemingly acute apex and base, slightly wavy
margin, eucamptodromous venation, distantly placed
secondary veins with acute angle of divergence
having characteristic curvature which collectively
indicate its resemblance with extant taxon Homonoia
riparia Lour. of the family Euphorbiaceae (CN
Herbarium Sheet no. 417075).

As far as we are aware there is only one record
of the fossil leaf resembling H. riparia from the
Siwalik sediments of Haridwar, Uttar Pradesh. This
specimen was described as Homonoia ct. H. riparia
Lour. by Prasad (1994, p. 90) without establishing a
form species. Since this leaf as well as the present
fossil leaf both possess same morphological charac-
ters and also have been compared with the same
extant species, these are being named as Homonota
mioriparia sp. nov.

Genus Homonoia Lour.consists of about 3 or 4
Indo-Malayan species. Homonota riparia Lour.,
with which the present fossil species closely re-
sembles, is an evergreen shrub distributed in
Myanmar, Sri Lanka, Malaya Peninsula, China and
throughoutIndia, exceptin the north-west (Brandis,
1971; Gamble, 1972).

DISCUSSION

The investigation of the present plant megafossils
recovered from Ghish River near Oodlabari, Lish
River near Bagrakot and Sevok Road Section near
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Tista River Bridge in Darjeeling District, West Ben-
gal reveals the presence of some more elements
belongingto five dicotyledonous families and seven
taxa. Of them, Ventilago tistaensis, Zizyphus pa-
lacoapetala, Alsodeia palaeoracemosa, Shorea
bengalensis and Homonoia mioriparia are new to
the angiospermous fossil leaf records from the
Tertiary sediments of Indian Subcontinent . The
remaining two taxa, viz., Sygygium palaeocuminii
and Flacourtia tertiara are already known from the
Siwalik sediments of Surai Khola, western Nepal. It
is interesting that the present assemblage represents
trees, shrubs and climbers distributed mostly in
evergreen forests either in north east India, Myanmar
or Malayan region. The habit and habitat as well as
physiognomic characters of the fossil floral assem-
blage infer that an evergreen forest was flourishing
under tropical climate with excessive rainfall in and
around the area.
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