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ABSTRACT

A new '[ossil dicotyledonous wood has, been
described from the Tertiary rocks of South India
near Pondicherry, South Arcot district, Tamil
Xadu (;\Iadras). In all the anatomical details it
shows closest ITsl'mblancc \\'ith those of modern
Diospyros and llIaba of the family Ebenaceae.

INTRODUCTION

THE present paper deals with theanatomical description and affinities
of a fossil wood collected from l\Iurat­

tandichavadi near Pondicherry, South Arcot
district, Tamil ~adu (;\ladras). After a
detailed comparative study with the modern
woods it has been found very close to those
of Diospyros and Alaba of the family Ebena­
ceae. This is another addition of a new
species of fossil woods to the all-eady known
flora of the Cuddalore Series of South India.
Prior to this, ebenaceous woody structure
has been reported by Kavale (1968) from
the Xey\'eli lignite, South Arcot district,
Tamil Xadu (.:\ladras).

DESCRIPTION

Family - EBENACEAE

Genus - Ebenoxylon Felix, 1882

Ebenoxylon arcotense Sp. novo

PI. 1, Figs. 1-5; Text-figs. 1-2

The present species is based OJ!, a small
piece of a secondary wood measunng about
5 X 4 cm. in length and diameter. The
preservation is fairly good.

Topography - Wood diffus~-'porous: Growth
rings not seen. Vessels VISIble WIth the
hand lens as small dark pin holes, small
to medium (mostly small), solitary as well
as in radial multiples of 2-3 (PL. 1, FIGS.
1-2; TEXT-FIG, 1), rarely in partial double
rows, evenly distributed, about 3-6 vessels
per sq. mm.; perforations simple; tyloses
not seen; vessels plugged with dark gummy
deposits. Parenchyma paratracheal and
apotracheal; paratraeheal parenchyma very

lQ2

sparse, occasionally only a few cells asso­
ciated with the tangential wall of the vessels
(TEXT-FIG.1); apotracheal parenchyma re­
presented by uniseriate concentric, tangen­
tial lines, mostly regular, wavy, somewhat
undulating the vessels (PL. 1, FIGS. 1-2;
TEXT-FIG.1), about 5-7 lines per mm., each
separated by 5-14 radial rows of fibres.
Xylem rays fine, uniseriate (PL. 1, FIG. 3),
occasionally biseriate due to pairing of pro­
cumbent cells through the median portion;
ray tissue heterogeneous; rays heterocellular,
consisting of procumbent cells through the
median portion and 1-2 marginal rows of
upright cells at one or both the ends (PL. 1,
FIGS. 3-4; TEXT-FIG. 2), about 4-40 cells
in height, 13-18 rays per mm., each sepa­
rated by 1-6 tangential rows of fibres. Fibres
aligned in radial rows between the two
consecutive xylem rays.

Elements - T'essels circular to oval, Ld.
32-160 tL, Ld. 32-176 tL, thick-walled, wa~s
about 8-12 tL, vessel-members 90-630 tL 111

length, truncate (PL. 1, FIG. 3) or tapered;
intervessel pits small, 3-4 tL in diameter,
oval or polygonal through crowding (PL. 1,
FIG. 5), apertures small; circular or lenti­
cular; vessel-ray and vessel-parenchyma
pits not seen. Parenchyma cells circular
to oval, those associated with the vessels
peripherally flattened, 40-60 tL in diameter,
while those of apotracheal lines mostly
circular or tangentially elongated, 20-40 tL

in diameter; infiltration dark; crystalliferous
cells not seen. Ray cells upright and pro­
cumbent, upright cells 40-60 tL in tangential
height, 32-40 IJ. in radial length ; procumbent
cells 24-32 IJ. in tangential height, 32-100 fl·

in radial length, infiltration dark. Fibres
angular, 12-24 !l. in diameter, semi-libriform
to libriform, nonseptate, thick-walled, 4-6 !l.
in thickness.

AFFINITIES

Comparison with the Modern ""oods

The most important anatomical feature
of the present fossil wood is the predomi-



AWASTHI - A FOSSIL WOOD OF EBEXACEAE FRO"l THE TERTL\RY OF S. IXDIA 193

~

I ~:m

,t.

~':::..._.'-,~:
t.··

-,
r;i:>'.:,'

::'':::.

,-;::

;,,:..''. ;;,:

~
,., ~..,.'

.'.
,..'

~.'
'"::.

~ j~::: ;
.:..

.'.

.....
':: ~$

...,

~·t;~
k1 "'"

:::...... ' ......... ' J."~:,'. "\':
.,

.,::.....
.... it::...t.:

t·:·:·

:..

'.;':"'::'

':.

~.
..:::;:;'....... .,.. .,

:~
\:::::

:.'::
,.';::; ':t.0':,ot:

kr-:~
:::..j.•'~,, ::....~.. :'::',.::!.:·i~;..":",',pi!

:il'l'

.,
r-4 ..'.,.'. ..

:
::;; ..:0'

. .
.,.,::',:

.'
........
::.

.'

'.,.,.. , ~
:;if

..
~.. -

:(:
.::::::

., :...... ',,:'
::::::

..,
::... ...~..'
..,...:::.'

..

,.:.

'. ..,',;,,
~

.'
.:.......:,',::;'..,,,, :',": ":'.:::: ••••:..'.

, ::', .....,, ..,,..:,.. ....

...dl.

, r.:.::..:.~
rr:::;':'::

..

.r.;'

::: .... :1 .......::: .:,':...•...

,./.: ..•.

..

' ... ,),#
:m

:.::

:.,:
:..,

'.'. r:',;.,.. ,'..:~ :.:0:. "
..'..' . t'::.::.',~~

';:'
•••

J
..

...
.'

... .... •I'-:.:":'0:-,'"'.,'.:....... ... "",. ..I

TEXX-FIG. 1 - Cross-section "ho\\ in!.( na( IIr,' and distributi011 of n·ss·~b and pa.renchyma. . 70.
(B.S.T.P. Museum, Slide :\0. 3896).

nantly apotracheal parenchyma occurring
as uniseriate, concentric, tangential lines
at regular intervals. This type of paren­
chyma is found in some genera of Annona­
ceae, Polygalaceae, Theaceae, :\Ialvaceae,
Bambacaceae, Sterculiaceae, Tiliaceae,
Humiriaceae, Rosaceae, Rubiaceae, Sapota­
ceae, Ebenaceae, Apocynaceac, Boragina­
ceae, Euphorbiaceae and Fagaceae.

Besides the presence of uniseriate lines
of parenchyma, the other important features
of the present fossil wood are small to me­
dium-sized vessels with small pits, predomi­
nantly uniseriate hetero-cellular xylem rays,
and semi-libriform to libriform and non-

septate fibres. A combination of all these
features are found in the woods of .11aba
and Diospyros of the family Ebenaceae.

In gross features the present fossil wood
also shows resemblance with some genera
of Apocynaceae and Sapotaceae. However,
there are some important characters by
which it can be distinguished from them.

In most genera of Apocynaceae the fibres
are septate and the xylem rays are 1-6
(usually 2-3) seriate, composed wholly of
upright cell; while the multi seriate rays
are with 4-10 marginal rows of upright
cells. Whereas in the present fossil wood
the xylem rays are almost uniseriate with
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of these two genera is so similar that they
cannot be distinguished easily.

In order to find out the nearest modern
equivalent of the present fossil wood, a
critical examination of 2 species of Jlaba
and 45 species of Diospyros was made at
the Wood Anatomy Branch, Forest Research
Institute, Dehra Dun. Besides, it was
also compared with the published anatomical
descriptions and figures of several species
of Diospyros and Maba (METCALFE& CHALK,
1950; pp. 883-885; PEARSO~ & BROWN,
1932, pp. 689-708; KAl\'EHIRA, 1924, pp.
+0-43; DESCH, 1957, pp. 148-152; jIoLI.
& JAXSSONIUS, 1920, pp. 413-470; HEXDER­
SOX, 1953, p. 24; CHOWDHURY,1934, p. Sf,
PL. 29; 1945, p. 40, PL. 29; KRlI3S, 1959,
pp. 37-39, FIGS. 127-129, 358-359; NOR­
~IAND, 1960, pp. 323-326, PL. 143-145).
It is found that the present fossil wood is
similar to the woods of Diospyros assimilis
Bedd., D. crume nata Thw., D. ebenwn
Koenig., D. kurzii Hiern., and D. mellll>­
oxylon Roxb. Out of these the wood of
D. assimilis Bedd. appeared to be almost
identical with our fossil.

In view of its closest resemblance with
those of modern Diosj!yros and Maba the
present fossil wood has been placed under
the genus Ebenoxyloll Felix, and named
as Ebenoxylon arcotel1se sp. nov.

Comparisoll u'ith the fossil species - Fossil
wooels referred to Ebenaceae are known
from Cretaceous onwards. They are Eben­
oxylon ebenoides Schenk (SCHENK, 1883;
KAISER, 1890) from the Upper Cretaceous
of Libyan desert (near Regenfeld); E.
diospyroides (FELIX, 1882, 1883; KAISER.
1890) from the Tertiary of .\.ntigua; E.
speciosum Platen (1908) from the Tertiary
of California; E. tenax Beck (BECK, 1886;
KAISER, 1890; SCHONFELD,1930) from the
Oligocene of Saxony, E. Germ .ny; E. tune­
tanum Fliche (FLICHE, 1888; THOMAS, 1893)
from the Pliocene of Tunisia (Ain Cherichira);
Ebenoxylon sp. Fliche (FUCHE, 1898) from
the? Tertiary of Mytilene (Orthymnos); E.
boreale Platen (1908) from the Tertiary
(? Oligocene) of Alaska; E. aegypticum
Krausel (1939) from the Tertiary of
Egypt; E. lwol1ii Hofmann (1944) from
the Oligocene of Prambachkirchen, and
also descrihed by Greguss (1956) from
the Oligocene of Dam6-Berges (Kom.
Heves), Hungary; E. hofmannae Greguss
(1956) from thf' Oligocene of Da"no­
Berges, Hungary; Diospyroxylol1 d. ebenaliter

exception being biseriate due to pamng
of procumbent cells through the central
portion, they are composed of 1-2 margin­
al rows of upright cells at one or both
the ends and the rest of procumbent
f:ells. Moreover, in some of the woods of
Apocynaceae the vasicentric tracheids are
present.

Similarly the present fossil can also be
distinguished from the members of Sapota­
ceae. In most genera of Sapotaceae the
vessels are characteristically grouped loosely
together to form a radial or oblique pattern,
the vasicentric tracheids are commonly
present, and the xylem rays are 1-5 (typi­
cally 2-3) seriate.

Among the modern woods of Ebenaceae
there is a close resemblance between the
present fossil wood and those of M aba and
Diospyros. Basically the wood anatomy

TEXT-FIG. 2 - 1-2 seriate xylem rays. X 150.
(B.S.l.P. :'Iuseum, Slide No. 3897).
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Greguss (1967) from the Miocene of I poly­
tarnac, Hungary; Diaspyraxylan sp. Greguss
(I.e.) from the Helveti of Erd-Torokbalint,
Hungary; Diaspyras washingtania Prakash
and Barghoorn (1961) from the Miocene of
Columbia basalts, Central Washington; Dias­
pyras sp. Slijper (1932) from the Pliocene
of Holland; Ebenaxylan indicum Ghosh
and Kazmi (1958) from the Tertiary of
NEFA, Assam, and wood d. Diaspyras and
Maba ( AVALE, 1968) from the Neyveli
lignite, Tertiary of South India. .

Considering the anatomical features collec­
tively, the present fossil wood is different
from the above species.

In Ebenaxylan indicum, the already known
Indian species, the vessels are comparatively
larger (t.d. 82-225 fL, r.d. 164-328 fL); th-e
apotracheal parenchyma is diffuse-in-aggre­
gate, in uniseriate irregular or interrupted
closely spaced tangential lines, forming
reticulum or net-like structure with the
rays; and the xylem rays are often appearing
as homogeneous. On the other hand in
the present fossil the vessels are small to
medium (t.d. 32-160 [1" Ld. 32-176 fL); apo­
tracheal parenchyma is in uniseriate, con­
centric, tangential lines (not so much closely
spaced as in Ebenaxylal1 indicum) and the
rays are heterogeneous.

The other fossil wood of which only the
structural details have been observed in
cross-section of the lignite (NAVALE,1968)
differs from E. arcatense in having more
frequent apotracheal-diffuse parenchyma.
Besides, the xylem rays are almost homo­
geneous, whereas in the present fossil wood
they are heterogeneous.

Present distributio.n af Diaspyras - Accor­
ding to Willis (1966) the genus Diaspyras
(= Maba) now consists of about 500 species
of trees and shrubs, widely distributed
throughout the tropical and subtropical
regions of the world. In points of numbers
'of species, Diaspyras attains its best deve­
lopment in the Indo-Malayan region, In
the Indian region there are nearly 100
species, chiefly occurring in South India,
Ceylon, Burma, Eastern Bengal, and a few
extending to North India (GAMBLE,1902,
1956). In the South Indian region, from
where the fossil wood was collected, there
are about 24 species of Diaspyras, found
mainly in the evergreen forests. Those
species which resemble very closely in wood
structure with the present fossil are still
very common in the South Indian evergreen

forests. Diaspyras assim1'lis is found in
'i'Jorth Circars, Palkonda Hills of Visakha­
patam, \Vestern Ghats, South Kanara to
Travancore from 300-900 m. in evergreen
forests. D. ebenum is true ebony producing
species, moderate sized to large tree, found
in Madras, in Deccan and Carnatic, exten­
bing westward to North Coimbatore and
northwards to the southern corner of South
Mangalore and southward, through Malabar,
Coorg, Cochin and Tra\'ancore "'here it is
very scattered in the evergreen forests
(PEARSON & BROWN 1932, p. 693), D.
melal1axylan is the commonest Indian black
ebony tree, a moderate sized tree, found
throughout the Central India and Bombay
in South of Central India, as far as the
Panch Mahal, Maharashtra, in the North
Circars, Carnatic and Southwards to
Ceylon (GA:-1BLE,1956: PEARSON& BROWN,
1932).

Diagnasis - Waod di ffuse-porous. Grawth
rings not seen. Vessels small to medium,
t.d. 32-160 fL, r.d. 32-176 fL, circular to oval.
solitary as well as in radial multiples of
2-3, rarely in partial double rows, 3-6 vessels
per sq. mm., perforations simple; inter­
vessel pits small, 3-4 fL in diameter, with
small circular apertures: tyloses absent;
dark gummy infiltration abundant. Paren­
chyma paratracheal and apotracheal; para­
tracheal parenchyma sparse, only a fe\\'
cells associated with the tangential wall of
the vessels; apotracheal parenchyma in
uniseriate, concentric, tangential lines, lines
somewhat wavy and undulating the vessels,
about 5-7 per mm. Xylem rays fine, uni­
seriate, rarely biseriate due to pairing of
procumbent cells through the central
portion and 1-2 marginal rows of upright
cells at one or both the ends, 4-40 cells
in height. Fibres semi-libriform to libri­
form, nonseptatc, thickwalled, waU thickness
4-6 fL.

Halotype - B.S.I.P, Museum No. 34056.
Lacality - Murattandichavadi, about 8

km. W.N.W. of Pondicherry, South Arcot
district, Tamil Nadu (Madras).

ACKNOWLEDGEMENTS

The author is deeply indebterl to Dr.
R. N. Lakhanpal for going through the
manuscript critically. He is also grateful
to the authorities of the Forest Research
Institute, Dehra Dun, for facilities to consult
their xylarium.



196 T1-II! P:\LAEOBOT,\Xl~T

REFftRENCES

BECK, R. (1886). Beitrage zur Kenntnis del' Flora
des Sachsischen Oligocans. Z. dt. geol. Ges. 38:
342-352.

CHOWDHURY,K. A. (193+). The identification of
the Commercial timbers of Punjab. Foresl Bu/l.
(economy series). 84: 1-70.

Tnem (1945). Regional l<cys for the identification
of important timbers used in military areas of
inspection. Illdiall Forest Ree. (new series). 3(7):
1-67.

DESCH, H. E. (1957) . .\Lanllal of .\falayan timbers.
Jlalav. Forest Ree. 15: 1-328.

FELIX, ). (1882). Stlldien libel' Fossile Holzl:'r.
Inang.-Diss., 1-82. Leipzig.

Idem (1883). Die Fossilen Holzer \\'est-indiens.
Samml. Pal. Abh. 1: 1-29.

FLICHE, P. (1888). Sur les bob silicifies d,· la
Tunisie et de L\lgeric. c.r. SecII/c. Acad. Sei.
Paris. 107: 569-572.

ldem (1898). Note sur Ie Bois Fossiles lie :\Ietelin.
Ann. Milles (9) MeJlls. 13: 293-303.

GAMBLE, J. S. (1902). A manual of Indian
Timbers. LOl/don.

Idem (1956). Flora of the Presidency of .\Iadras. 2:
409-942.

GREGUSS, P. (1956). urpflanzenreste aus clem
Oligoziin des Darn6-Berges (Kom. Heyes).
Foldt. Kozl. 86(1): 86-92.

Idem (1967). Ujabb adatok ::Vlagyan,rszag foss­
zilis fainak ismerdcnez. [bid. 97(3): 318-321.

GnosH, S. S. & KABlI, .\f. II. (1958). ],bel/o:ryloll
i'ldicum sp. no\·., a new fossil record from Tirap
Frontier Di\·ision. :\171'.-\. Assam. Sci. Cult. 24:
187-188.

I!EXDERSOl\', F. Y. (1953). .\n atlas of end-grain
photomicrographs for the identification of
hard woods. LOl/doll.

HOF)1.\NN, E. (1944). Pflanzenreste ails (Il'm
phosphoritvorkommen von Prambachkirchen in
Oberdonau. Palacolltogmphica. 88B: 1-86.

K..••ISER, P. (1890). Die fossil en Laubholzer. Wiss.
Beilage jahresber Realprogynm. Schollebeck a E:
46.

KAXEHIRA, R. (1924). Identification of Philippine
woods by anatomical characters. Taihoku.

KRAUSEL, R. (1939). Die fossil en Pflanzen
Agyptens Ergebnisse del' Forschungsreisen
Prof. E. Strommers in den Wlisten Agyptens.
IV. Die Fossilen Floren Agyptens. Abh. hayer.
.Had. lViss. n.s. 47: 1-140.

KRIBS, D. A. (1959). Commercial foreign ",oods
on the American market. Peusl'lvania.

.\IETCALFE, C. R. & CHALK, L. (1950). Anatomy
of the Dicotyledons. 1 & 2. Oxford.

;HOLL,J. \\'. & JAXSSONIUS,H. H. (1920) . .\Iikro­
graphic des holzes del' anf Java \'orkomnwndell
Baumarlen. 4: 1-288. Leiden.

.'< AVALE,G. K. B. (1968). 'Woody tissue resembling
the woods of Ebenaceae in the microstructure of
Xeyveli !ignit(·. Palaeobotanist. 16(1): 91-94,1967.

XORMAND,D. (1960). Atlas des bois de la cote
d' It·oil'c. 3. Nogent-S'Ilr-1Ilal'll~ (Seitle).

PEARSON,R. S. & BROWN, H. P. (1932). (ol11nwr­
cial timbers of India. 2. Calclftta.

PL.\TEN, P. (1908). Untersuchungen fossiler Holzer
aus dem \\'esten del' V,'reinigten Staat< n von
Xordamerika. Diss. L~ipzig.

PRAKASH,1J. & B.~RGHOO]{X,E. S. (1961). 21 Iioceul"
fossil "'oods from the Columbia basalts of
Central Washington. j. Arnold Arbor 42(2):
165-195.

SCHENK,A. (1883). Fossile Holzer (Bcitragc 7.IIrgeoI.
u. Pal. del' Libyschen \Viite). Palaeolltogl'apltica.
30(2): 1-19

SCHONFELD,E. (1930). Sachsische Braunkohlen­
holzer. 1Jntcrsucht und hestimmt von G. Schon·
feld, Sber. Abh. natll'/'w. Ges. [s;s, Dre>rt.: 68-70.

SLI]PER, E. J. (1932). Ober PJiozane Holzer au,
dem tonvon Reuver (Limburg, Holland).
Reel. des. Trav. bot. lyeeri. 29: 18-35.

TJlo~l.\s, P. (1893). Description de qllelqll<"s
Fossiles Xouveaux ou Critiques des Terrains
Tertiaires et Secondaircs de la Tunisie. \,,<gt'taux
Fossiles. Explor. Sciellt. Tunis. Paris.

\rILLIS, J. C. (1966). A dictionary of the flowering
plants and ferns. Cambridge.

EXPLANATION OF PLATE

£benoxylon arcotense sp. novo

1. Cross-section showing general type and distri­
bution of vessels and parenchyma. x 12 (B.S.I.P.
:'vIusellm, Slide No. 3896). .

2 .. -\.nother cross-section magnified to ,how
vessels and parenchyma. 50 (B.S. I.P. :\fu,,'llll1,
Slide XO. 3896).

3. Tangentiallougitudinal section showing xylem

rays. X 80 (B.S.LP. Museum, Slid to t\o.
3897).

4. Radial longitudinal section showing hetero­
cellular x"I,'m ravs. X 100 (B.S.I.P. :\luseurn,
Slide Xo. '3898). .

5. Intervessel pits. X 600 (B.S.I.P . .\Luseum,
Slide Xo. 3899).
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