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Angiospermous fossil woods viz., Euphorioxylon indicum and Barringtonioxyon deccanese are described for the
first time from the Lameta Formation (Maastrichtian) of Nand-Dongargaon inland basin in Nagpur district, Maharashtra.
The report is probably the oldest record of structurally preserved dicot woods from India. The earliest angiospermic
woods were hitherto described from Deccan Intertrappean beds of central India. The present woods are commonly
found in the Deccan Intertrappeans and other Tertiary localities of India. The comparable forms e.g. Euphoria and

Barringtonia of family Lecythidaceae are present in extant flora of India.
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INTRODUCTION

THE dicotyledonous woods collected from Lameta
Formation (Maastrichtian) exposed at Polgaon and
Rajulwari localities of Nand- Dongargaon inland basin
situated in Nagpur district, Maharashtra show
satisfactorily preserved anatomical features. The
reported woods are in all probability represent the
oldest record of anatomically preserved dicot woods
in India. Earlier Mohabey et al. (1993, 1996) have
only listed the presence of leaf impressions of
angiosperms and casts of woods.

The Lameta Formation in the Nand-Dongargaon
area attains thickness up to 20m. It unconformably
rests over either the Precambrian or Gondwana
Supergroup and is overlain by the Deccan volcanic
sequence associated with thin intertrappean
sedimentaries. Based on lithofacies and biofacies
analyses, Mohabey et al. (1993) interpreted that the
dinosaur bearing Lameta sediments have been
deposited in alluvial-limnic environment and assigned
them a Late Cretaceous (Maastrichtian) age. They also
identified various lithofacies of Lameta Formation,
representing overbank, channel, palustrine and lake
subenvironments. Recent work of Mohabey (2001)
has helped in identifiying a diatom (Aulacoseira)
bearing varved clay within the lake sequence.

*Corresponding Author’s E-mail: rashmi_bsip@yahoo.com

Mohabey and Samant (2003) and Samant and
Mohabey (2003), recovered a rich assemblage of
palynomorphs from the gray marly horizon of the
Lameta Formation of Polgaon and plant bearing
coprolite of type A from Pisdura areas. The
assemblage includes pteridophytic spores
(Biretisporites and Equisetitriletes), pollen grains of
gymnosperm (Podocarpidites, Araucariacites,
Balmeisporis and Cycadopites) and angiosperms
(palm pollen grains).

MATERIAL

At Polgaon, the specimens of Euphorioxylon
indicum were collected (Map) from the Lameta
sequence, having a composite thickness of nearly 6 m.
This sequence rests over Precambrian and comprises
over-bank red and green clays associated with thin
partings of lateral accretional sandstone and

fossiliferous gray palustrine marls (Mohabey et al.
1993; Mohabey 1996).

The Lameta sediments of Rajulwari (Map) which
yielded fossil woods of Barringtonioxylon
deccanense, comprise over-bank red clays which
ascend to green clays overlain by the Deccan Traps.
The fossil woods are found in association with
titanosaurid skeletal remains, few coprolites and

pelecypod (Unio). So far, the plant fossils are
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concerned,:Mohabey. (1996) have listed charophyta,
conifer, palms, woods and a few spores and pollen
grains,

The lossil woods described in the present paper
were collected by onc of us (Mohabey) and studicd
at the Birbal Sahni Institute ol Palacobotany, Lucknow,
All the figured slides arc preserved in the muscum ol
Birbal Sahni Institute ol Palacobotany, Lucknow.

SYSTEMATIC DESCRIPTION
Family — Sapindaceae
Genus — Euphorioxylon Awasthi et al. 1982
Euphorioxylon indicum Awasthi et al. 1982
Pl. 1, Figs. 1-4

Material - Two small picces of secondary wood,

the larger one measuring about 6.0 cm in length and
3.2 cm in width.

- Horizon — Lameta Formation

Locality — Polgaon, Nagpur district, Maharashtra
(Map)

Specimen — BSIP Muscum no. 39085

Description - Wood diffuse—porous. Growth
rings not seen. Vessels 9-18 per sq. mm; solitary few,
mostly in radial multiples and irregular clusters of 2-5
(PL 1 figs. I, 2); small to medium sized, tangential
diameter 33-110 pm, radial diameter 25-140 pm; oval
to circular when solitary, flattened at the place of
contact when in multiples; open or filled with some
kind of deposit (Pl. 1, figs 1, 2); tyloses absent;
perforation simple; vessel clements 140-400 pum with
truncate or oblique ends (PI. 1, figs 3, 4); inter-vessel
pits alternate, bordered, hexagonal, small, 3-5 pm in
diameter; vessel-ray and vessel parenchyma pits not
observed. Parenchyma scanty, paratracheal, few cells
aséQCimed[\vitl1 some of the vessels, occasionally
vasicéntric forming uni - biseriate sheath around few
vessels (PL. 1, figs 1, 2); parenchyma cells 35-40 um
in diameter, Rays 16-20 per mm; uniseriate, rarely
bicelled due to few paired cells (P11, figs 3, 4);
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Map - Geological map of the area showing fossil localities.
cells; 5-24 cells or 110-850 pum long; rarely prismatic
crystals observed in few ray cells. Fibres aligned in
radial rows (P1. 1, figs 1, 2), 12-20 um in diameter,
moderately thick walled, seemingly non-septate, septa
may not be observed due to poor preservation.

Affinities - The above anatomical features of the
fossil woods indicate its affinity with members of the
family Sapindaceae, particularly with Euphoria,
Comm. ex. Juss. Litchi Sonn, and Otonephelium
Redlk. (Metcalfe & Chalk 1950; Li Baizhong e al.
1995). These genera are xylotomically indistinguishable
from each other (Ramesh Rao, 1963, p. 212). For
naming such woods Awasthi ez al. (1982) instituted

) . . S S 5 . .
homocellular, in one of the specimens made up of  the genus Euphorioxylon. So far, two species are

procumbent cells, while in others made up of squarish

reported from India, namely, Euphoioxylon indicum
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Awasthi et al. (1982) from the Neogene sediments of
Kutch, Tamil Nadu, Uttaranchal, Arunachal Pradesh,
Assam and Kerala (Awasthi et al. 1982; Awasthi &
Mchrotra 1993; Prasad 1993; Prakash et al. 1994
and Srivastava & Awasthi 1994). Another species
Euphorioxylon deccanensis Mehrotra (1987) is
reported from the Deccan intertrappean sediments,
Neyveli Lignite deposits, Tamil Nadu and Arunachal
Pradesh (Mehrotra 1987; Agarwal 1997; Mehrotra et
al. 1999).

The present fossil wood shows gross resemblance
with both the species, however, in having homocellular
rays, it is closer to Euphorioxylon indicum Awasthi
et al. (1987), and hence it has been assigned to the
same species.

Distribution - Family Sapindaceae consists of
131 genera, mostly distributed in tropical and warm
regions of the world (Mabberely 1997, p. 637). Of
the three modern species showing resemblance with
the fossil woods, Euphoria longan (Laur.) Steud. is
distributed in wet evergreen forests of Western Ghats
from Konkan southwards extending to Sri Lanka and
ascending up to 900 m in Assam, south China,
Myanmar and Malaysia. Otonephelium stipulaceum
(Bedd.) Radlk,, is also confined to Western Ghats from
Nilgiris southwards and ascending up to 900 m. Litchi
chinensis (Gaertn.) Sonn. is a native of China and
cultivated in India (Ramesh Rao 1963).

Family — Lecythidaceae
Genus — Barringtonioxylon Shallom 1960
Barringtonioxylon deccanense Shallom 1960
Pl. 1, Figs. 5 - 10

Material - The description is based on two pieces
of fossil woods, the larger one measuring 10.0 cm in
length and 4.5 cm in width. The preservation is
satisfactory revealing xylotomical details.

Horizon — Lameta Formation

Locality — Rajulwari, Nagpur district, Maharashtra
(Map).

Specimen — BSIP Museum no. 39086

Description - Wood diffuse — porous. Growth

rings not seen. Vessels solitary, as well as in radial
multiples of 2-3 (sometimes up to 6), occasionally into
small clustures (P1.1, figs 6, 7); 12-19 per sq. mm;
small to medium (mostly small) sized, tangential
diameter 30-110 pm, radial diameter 30-150 pm;
circular to oval when solitary, flattened at the place of
contact when in multiples (P1. 1, figs 6, 7); mostly
open, few seems to be tylosed; vessel members 150-
370 pm in length with oblique end walls; perforation
simple; intervessel pits alternate, hexagonal, large,
about 10.5-12 pm in diameter with lenticular apertures
(P1. 1, fig. 5). Parenchyma abundant, both
apotracheal and paratracheal; paratracheal scanty,

vasicentric, forming 1-2 seriate sheath round the
vessels; apotracheal abundant, diffuse to diffuse-in-
aggregate forming 1-2 seriate broken lines among
fibres forming reticulum (P1. 1, figs 6, 7); parenchyma
lines are separated by 2-4 cells of fibres; parenchyma
cells 28-40 um in diameter. Rays 1-5 seriate, 8-12 rays

per mm; heterocellular (P1. 1, figs 9, 10); uniseriate few,

made up of upright cells only, 8-12 cells-er 275-600

um long; multiseriate, 2-4 seriate, made, up of
procumbent cells in the centre with 2-4 or more

marginal row of upright cells at one or both the ends

(P1. 1, fig. 9); 10-35 cells or 275-1265 pm long; end

to end ray fusion present; procumbent cells with

tangential height 22-25 pm and radial length 40-60 pm;

upright cells with tangential height 36-60 ym and radial

length 22-36 pm. Fibres aligned in radial rows between

two consecutive rays, angular, 24-32 pm in diameter;,

nonseptate.

Affinities - The characteristic features of the fossil
wood are: vessels mostly in radial multiples,
perforation simple, intervessel pits large; parenchyma
abundant, paratracheal and apotracheal both,
paratracheal vasicentric and apotracheal as diffuse-in-
aggregate forming 1-2 seriate broken lines; rays 1-4
seriate, heterocellular and fibres nonseptate. These
characters collectively indicate its close resemblance
with the modern woods of Barringtonia J. R. Forster
and G. Forster of the family Lecythidaceae.

Thin sections as well as published descriptions and
photographs of a number of woods of modern species
of Barringtonia were critically examined to find out
nearest modern counterpart. These are: Barringtonia
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acutangula (Linn.) Gaertn., B. augusta Kurz. (Syn.
B. pterocarpa Kurz.), B. cymosa C.E.C. Fischer, B.
gigantostachya Koord. et Valet., B. insignis Mig.,
B. macrostachys (Jack.) Kurz., B. musiformis King,
B. racemosa (Linn.) Spreng. (syn. Eugenia
racemosa Linn.), B. scortechnii King and B. spicata
Bl. (Moll & Janssonius 1914, pp. 494-502, fig. 187,
Metcalfe & Chalk 1950, pp. 633-634, figs. 142 A,
B; Desch 1957, pp. 52, pl. 60, fig.1; Kribs 1959,
p.57, fig. 153; Hayashi et al. 1973, fig. 145; Shahi
& Taneja 1982, p. 20-20, pl. 98, figs. 585-588; Ilic
1991, figs. 1998-1999). The study reveals that the
fossil wood shows closest resemblance with B.
acutangula.

The genus Barringtonioxylon was instituted by
Shallom (1960) to accommodate fossil woods
showing affinities with the extant genus Barringtonia
J. R. and G. Forst. So far, five species have been
described from India and one from Ethiopia. These are:
Barringtonioxylon deccanense Shallom (1960) from
Deccan intertrappean bed of Nagpur, Maharashtra;
Namsang Beds, Arunachal Pradesh (Awasthi &
Mehrotra 1993), Tipam Sandstone, Assam (Prakash
et al. 1994); B. eopterocarpum Prakash and Dayal
(1965) from Deccan intertrappean bed of Nagpur,
Maharashtra; B. arcotense Awasthi (1970) from
Cuddalore Sandstone and Neyveli Lignite, Tamil Nadu
(Reddy & Ramanujam 1985) and B. assamicum
Prakash and Tripathi (1972) from Tipam Sandstone,
Assam; B. mandlaensis Bande and Khatri (1980)
from Deccan Intertrappean bed of Mandla (now
Dindori), Madhya Pradesh and Wardha District,
Mabharashtra (Khare et al. 2000); B. rajasthanense

GEOPHYTOLOGY

Harsh et al. (1992) from Bikaner, Rajasthan.
Barringtonioxylon allemblack-ioides has been
reported by Lemoigne (1978) from The Tertiary of
Ethiopia. Besides, Barringtonioxylon assamicum is
also reported from Bangladesh (Agarwal e al. 2000).

Amongst them, Barringtonioxylon arcotense
Awasthi (1970) and Barringtonioxylon mandlaensis
Bande and Khatri (1980) can be differentiated in
having well developed paratracheal, vasicentic, aliform
to aliform-confluent parenchyma while in the present
fossil wood scanty paratracheal to uniseriate vasicentric
parenchyma is present in addition to diffuse to diffuse-
in-aggregate apotrachaeal parenchyma. B. arcotense
has larger vessel diameter (up to 300 pm).
Barringtonioxylon mandlaensis reported by Khare
et al. (2000) from Wardha District is wrongly
described as their description does not tally with the
slides. They described apotracheal parenchyma as
diffuse to diffuse-in-aggregate, while it is totally absent.
Likewise, in multiseriate rays pterospermum type of tile
cells are present which they have not mentioned in their
description. These characters are absent in
Barringtonia and even in the family.

Rest of the four species, namely, Barringtonioxy-
lon deccanense Shallom, Barringtonioxylon
eopterocarpum  Prakash  and  Dayal,
Barringtonioxylon assamicum Prakash and Tripathi,
Barringtonioxylon rajasthanense Harsh et al.
exhibit resemblance with the fossil wood under
consideration in having similar type of parenchyma
pattern. However, B. eopterocarpum can be
differentiated in having broader (up to 8 seriate) and
taller (up to 4 mm) rays. B. assamicum and B.

PLATE 1

Euphorioxylon indicum Awasthi ef al.

1. Transverse section showing: distribution of open vessels and
scanty parenchyma x100. BSIP Slide no. 39085-1.

2. Another transverse section showing vessles filled with deposits.
x 100. BSIP Slide no. 39085-II.

3,4. Tangential longitudinal sections showing uniseriate rays and
simple perforation. x100. BSIP Slide no. 39085-III.

Barringtonioxylon deccanense Shallom

5. Tangential longitudinal section showing bordered, alternate,
hexagonal intervessel pits. x400. BSIP Slide no. 39086-11.

-

6.

Transverse section showin istributi
g distribution of vessels and
parenchyma. x40. BSIP Slide no. 39086-I. ’

7. Same section enlarged showing vessels and diffuse-in-

parenchyma lines. x100. BSIP Slide no. 39086-1

8. Tangential longitudinal section show
x 40. BSIP Slide no. 39086-I].

9.  Same section enlarged showin
Slide no. 39086-11.

aggregate
ing distribution of rays.

g a multiseriate ray. x [00. BSIP

10. Radial longitudinal section sho

wing het ar ray cells
40. BSIP Slide no. 39086.1]1 g heterocellular ray cells. x
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rajasthanense have slightly larger vessels (diameter up
to 230 um). Besides, in B. rajasthanense Harsh et
al. described homocellular rays and vessels without
tyloses. B. allamblackoides Lemoigne differs in having
larger vessels (diameter 250-300 pm). The present
fossil wood shows nearest resemblance with

Barringtonioxylon deccanense Shallom, and hence
placed under it.

Distribution - The genus Barringtonia Forster
and G. Forster consists of 39 species (Mabberley,
1997, pp. 77). Small and medium sized trees of the
genus are characteristic of beach forests of Polynesia,
northwest Australia, Malaysia, Myanmar, Sri Lanka,
Bangladesh and India. Inland they occur along the
streams and the swamps. Three species are reported
to occur in India. B. acutangula (Linn,) Gaertn., the
nearest modern counterpart is distributed in the sub-
Himalayan tract from Ganga eastwards to Bengal and
Assam, also in Madhya Pradesh and the coastal
districts of the peninsula along the banks of rivers and
on swampy land, more scarce inland in the Deccan
and Karnataka (Shahi & Taneja 1980, p. 20).

DISCUSSION

The two fossil woods described here are so far
the oldest anatomically preserved angiospermous
woods from India. A large number of fossil
angiospermous woods are recorded from the Deccan
Intertrappean sediments but so far nothing was known
from the underlying Lameta Formation. In this
formation also there are many fossil woods around
Zeerabad, Dhar District, but these are in the form of
casts and hence depict no internal structure. The fossil
woods described here do not belong to the primitive
families. If Barremian is taken as the age of
establishment of angiosperms then almost after 65
million years in the Maastrichtian we get the first
angiospermic woods in Lameta Formation. In the
Maastrichtian the modem characters of angiosperms
were already attained and that is why there is hardly
any difference between the living and fossil ones. Th‘e
woods of both the families were widely spread in India
during Tertiary as evidenced by the presence of nmber
of fossil specimens from different localities of peninsular

GEOPHYTOLOGY

and extrapeninsular regions covering different
geological horizons of Palacogene and Neogene. The
existence of both the genera in India in the present day
flora speaks in volume about their adaptability and
tolerance in different ecological conditions.
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