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ABSTRACT

The anatomy of a petrified dicotyledonous wood is
described from the Tertiary rocks of the Cuddalore
series, South India. The fossil specimen shows
close resemblances with the woods of the Phyllan­
thoidae group of Euphorbiaceae.

INTRODUCTION

FROM the Tertiary rocks of the Cudda­lore series, South India, three genera
of fossil woods of Euphorbiaceae col­

lected from Mortandra, South Arcot District,
Madras, have been already described by
Ramanujam (1956).

The present material consists of a few
small pieces of highly silicified woods collected
recently at Bangalamod near Pondicherry.
The fossil woods are embedded in the Cud­
dalore sandstones (KRISHNAN,1956). The
details of the area, age and topography
have already been described in my previous
papers (NAVALE,1955, 1956 & 1958). It is
interesting to note that mostly dicotyledo­
nous woods are found in this area. The pre­
servation of the fossil specimen is fairly satis­
factory. A careful study of the structural
details have been made and compared with
the modern woods.

DESCRIPTION

Vessels are scarcely visible to the naked eye.
They are seen as small pores through the hand
lens. Vessels are less frequent, more or less
uniform in distribution (PL. 1, FIG. 1; TEXT­
FIG. 1) without showing any definite pattern.
They are typically small, characteristically in
radial multiples of 2 to 5 cells (PL. 1, FIGS.
1,3; TEXT-FIG.1). Solitary vessels are round
in shape, and rare. Vessels in radial rows are
slightly flattened at the point of contact (PL.
1, FIGS. 1,3; TEXT-FIG.1). Frequently ves­
sels are contiguous with rays (PL. 1, FIG. 1;
TEXT-FIG.1). Vessels are sometimes filled
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with brown deposits and tyloses (PL. 1, FIGS.
1, 4). Vessel segments are short, truncate
and tailed (PL. 1, FIG. 5). Vessel pits are me­
dium in size, abundant, alternate, bordered,
having more or less horizontal orifices (PL. 1,
FIG. 5). Vessel-ray pits are simple, small,
rounded and many per cell (TEXT-FIG.3).

Parenchyma is scarcely visible even with
the help of the hand lens. It is exclusively
apotracheal and occurs frequently as diffused,
scattered cells (PL. 1, FIG. 1; TEXT-FIG.1) in
the ground mass of the wood, also at some
places forming short irregular strands. Very
often it is difficult to differentiate the cells of
parenchyma from the fibres. Parenchyma cells
are very small, round to oval, and filled with
contents (PL. I,FIGS. 1,3; TEXT-FIG.1). Pits
in the cells of parenchyma have not been seen.

Rays are distinct, numerous and distri­
buted uniformly (PL. 1, FIGS.2, 6). They are
one to few cells wide and several millimetres
high (PL. 1, FIG. 6; TEXT-FIG.2). Also small
dissected rays are intermingled with high rays
(PL. 1, FIGS. 2, 6; TEXT-FIG.2). Uniseriate
rays are medium to high and composed of ver­
tical cells (PL. 1, FIG. 2; TEXT-FIG.2). Multi­
seriate rays are composed of small procum­
bent cells which are more or less angular or
round in shape. They are heterogeneous,
mostly having many vertical cells in the end
rays (PL. 1, FIGS. 4, 6; TEXT-FIG.2). Link­
age in the rays is fairly common (PL. 1,
FIG. 6). Ray cells are small, angular, round
and usually filled with contents (PL. 1, FIGS.
2,6).

Fibres form the ground mass of the wood.
They are more or less round in cross-section
and arranged in radial rows (PL. 1, FIGS. 1,3).
Fibres are libriform and septate (PL.l, FIG. 6).
Fibre pits are scarcely visible. They are
small, scanty and round in shape.

COMPARISONS WITH LIVING WOODS

The salient structural features of the speci­
men are the typically small, multiple rows of
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TEXT-FIGS. 1-3-1, cross-section showing the nature and distribution of rays, parenchyma and
vessel. X ca. 140. 2, tangential section showing the nature of rays. X ca. 250. 3, radial section
showing vessel-ray pits. X ca. 480.

vessels; the medium sized, alternate, bordered
intervessel pits having more or less horizontal
orifices; the diffused scattered cells of apo­
tracheal parenchyma; the distinct, heteroge­
neous, high, one to few seriate rays and thick,
septate fibres. This assemblage of features
indicates the comparability of the woods in
the living families Pittosporaceae, Flacour­
tiaceae, Burseraceae, Sapotaceae, Ebenaceae
and Euphorbiaceae. The woods of the Pit­
tosporaceae show similarities with the fossil
in some characters but they can be easily
separated due to the presence of exclusively
homogeneous rays. Similarly few members
of Flacourtiaceae (Doyalis and Taralllogens)
although agreeing in some features yet
markedly differ in having scaJariform perfora­
tion in the vessels and very broad rays. The

anatomical details of the wood of Garuga and
Bursera of Burseraceae reveal manv similar­
ities with the fossil, however the p;esence of
conspicuous gum ducts separates them wide­
ly from the fossil. The genus Bassiaof Sapo­
taceae agrees with the present specimen in
the nature of vessels, parenchyma and rays
but markedly differs in the arrangement of
vessels which is conspicuously in 0bliq ue rows
and in having vasicentric tracheids and limit­
ed rays. Woods of Diospyros in Ebenaceae
show similarities in many structural details
with the present fossil but can be easily sepa­
rated from the fossil by the nature of rays and
parenchyma. Most of the species of Diospy­
ros have distinct growth rings, homogeneous,
uniseriate rays and abundant apotracheal
parenchyma in tangential bands.
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The detailed and careful examination of the
wood and reference to the available literature
shows that the fossil under investigation indi­
cates strong affinities to certain woods of
Euphorbiaceae. This family is composed of
genera having wide range of characters. On
the basis of the wood anatomy, the family is
divided into two, namely Phyllanthoidae and
Crotonoideae.

Phyllanthoidae is divided into Aporosa
type and Glochidion type (METCALFE&
CHALK,1950; JONSSONlUS,1929).

The aporosa type of woods (Aporosa, Bac­
caurea, Dicoelia, M aesobotrya, Protomegabaria
and Richeria) have medium to small vessels,
simple or scalariform perforation, small, al­
ternate pits; abundant, apotracheal, scat­
tered and numerous short uniseriate strands
of parenchyma; uniformly distributed limited
rays having highly heterogeneous ray cells
and unseptate fibres.

The Glochidion type of woods (A ntidesma ,
Aporosella, Hymenocardia, Eischoffia, Glochi­
dion and Phyllanthus) are characterized by
vessels having a simple perforation and me­
dium alternate, bordered pits; absence of
parenchyma or very few cells near the vessels;
multi seriate high rays and thick, septate
fibres.

The Crotonoideae (Croton, Acalypha, Eu­
phorbia, M allotus, Pogonophora, Actinostemon,
Agrostitachys, Celaenodendron, Codiaeum, Di­
morphocalyx, Fontainea, Gymnanthes, Lasio­
croton, Leucocroton, Pausandra, Pycnocoma,
Sebastiania, H evea, Jatropha and others) is
distinguished by the presence of vessels with
simple perforation, typically medium to
large, intervessel pits; distinct, abundant
paratracheal parenchyma varying from scat­
tered cells to continuous tangential bands; ex­
clusivelyuniseriate, or 2-3 cells wide heteroge­
neous rays and short to medium septate fibres.

Comparing the fossil under investigation
with the above two groups, the members of
the Crotonoideae can be distinctly differen­
tiated from the fossil in the nature of vessels,
parenchyma and rays. But Phyllanthoidae
agrees in most of the anatomical details with
the fossil such as in having small multiple
vessels with simple or scalariform perfora­
tion and small to medium-sized alternate
pitting; scanty apotracheal, diffused paren­
chyma and highly heterogeneous, multiser­
iate rays.

Considering the Aporosa group of Phyllan­
thoidae, the present fossil resembles in the
nature of vessels, rays and parenchyma, yet

it differs in some conspicuous features. The
fibres in the Aporosa type of woods are
distinctly aseptate, vessel pits are small to
minute and parenchyma is fairly abundant.
The members of the Glochidion group agree
with the fossil in the nature of vessels, fibres
and intervessel pits but at the same time show
distinct differences in the nature of paren­
chyma and rays. In the woods of Glochidion
group, parenchyma is characteristically ab­
sent or at the most confined to few cells near
the vessels, whereas in my fossil it is fairly
common as diffused apotracheal cells and
sometimes even in short, irregular, abrupt
strands. Also rays in the fossil material do
not agree. So, exact resemblances to either
of the group is not shown by the fossil al­
though it markedly agrees with the members
of Phyllanthoidae in general anatomical
characters. Large number of available wood
sections prepared from the woods of this
family and references to literature reveal its
closer similarities with the woods of Aporosa,
Richeria, Antidesma and Glochidion. How­
ever, it should be noted that the fossil does
not agree to anyone of them in each and
every respect.

COMPARISONS WITH FOSSIL
EUPHORBIACEOUS WOODS

Three Euphorbiaceous woods are recorded
from the Tertiary rocks of South India. They
are Putranjivoxylon puratanum, Bridelioxylon
cuddalorense and Glochidioxylon tertiarum
(RAMANUJAM,1956).

The fossil under investigation agrees in
gross structural details with all the above spe­
cies although it is distinctly different. Con­
sidering P. puratanum, it shows resemblances
to some extent in the nature of parenchyma.
However, the distinctly aseptate fibres; typi­
cally numerous, groups of 2-5 or more ves­
sels, 20-30 vessels per sq. mm. with minute
intervessel pits; limited, one to two seriate,
thin, heterogeneous rays, not more than
2-3 cells wide, the multiseriate parts being
limited to relatively small portions of each
ray and composed of relatively small, dis­
tinctly procumbent cells, and also the pits
between vessels and ray cells are the major
differences. Similarly B. cuddalorense can be
easily separated from the present fossil
under consideration, due to its marked
differences in· the nature of parenchyma
which is paratracheal and vasicentric. Al­
though G. tertiarum agrees with the present
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fossil in the overall nature of vessels, paren­
chyma and rays yet wide dissimilarities are
seen in some characters. In G. tertiarum,
growth rings are recognizable, vessels are very
abundant and without tyloses; parenchyma is
almost absent or confined to few cells indicat­
ing affinities to the Glochidion group whereas
my specimen in contrast lacks growth rings;
vessels are limited with brown deposits and
tylotic out-growths; parenchyma is distinct,
diffuse and scattered as numerous small cells.

Also two fossil Euphorbiaceous woods,
Euphorbioxylon krauseli and Glochidioxylon
sahnii, have been described from the Dec­
can Intertrappean beds of Madhya Pradesh
(PRAKASH,1958). Comparing my fossil with
Euphorbioxylon krauseli the latter differs in
having paratracheal parenchyma, vestured
pits and limited rays. Similarly, Glochidioxy­
lon sahnii also differs in many features. G.
sahnii possesses smaller vessels, very scanty
parenchyma, limited to few cells near the ves­
sels and numerous broad heterogeneous rays.

Euphorbioxylon speciosum (FELIX, 1887),
E. lefrancii (BOUREAU,1951),Paraphyllantho­
xylon arizonense (BAILEY,1924), Dryoxylon
drypeteoides, (BANCROFT,1932), Phyllanthi­
nium pseudohobashiraishi (OGURA,1933, 1943)
and Haveoxylon microporosum (KRUSE,1954)
are other fossil woods refered to the family
Euphorbiaceae. E. speciosum differs from the
present fossil in having mostly solitary vessels
and distinctly para tracheal parenchyma.
E. lefrancii resembles the present fossil little
as it possesses paratracheal parenchyma, uni­
seriate, heterogeneous rays, aseptate fibres
and solitary vessels. P. arizonense does not
agree with my specimen in the nature of
parenchyma which is paratracheal and rays
which are very broad and high. D. drypete­
oides shows marked dissimilarities in having
numerous, closely set uniseriate tangential
lines of apotracheal parenchyma and weak
heterogeneous rays. P. pseudohobashiraishi
although resembles in the nature of pitting,
fibres and rays yet differs in having paratra­
cheal, scanty vascicentric parenchyma. H.
microporosum can also be eliminated easily
because of its abundant paratracheal paren­
chyma, limited heterogeneous rays and asep­
tate fibres in contrast to my specimen.

NAME OF THE FOSSIL AND DIAGNOSIS

It can be seen from the detailed anatomical
studies that the fossil under investigation
clearly indicates its affinities with the group

Phyllanthoidae of Euphorbiaceae. Bailey
(1924)designated Paraphyllanthoxylon for fos­
sil woods showing apparent similarities with
the Phyllanthoidae of Cretaceous horizon.
Ogura (1933) instituted a new generic term
Phyllanthinium for his fossil wood showing
similarities with the Phyllanthoidae group.
Recently Ramanujam (1956) created three
more generic terms for fossil woods of
Euphorbiaceae. They are (1)Putranjivoxylon
for fossil woods resembling the modern genus
Putranjiva, (2) Bridelioxylon for those fossil
woods having affinities with the genus Bride­
lia and (3) Glochidioxylon for the fossil woods
of the Glochidion group of Euphorbiaceae.

But the present fossil specimen combines
one or two characters of both of Glochidion

and Aporosa type of woods of Phyllanthoidae.
Therefore it is included in the genus Phyllan­
thinium (OGURA,1933) which includes the
fossil woods resembling the modern woods
of Aporosa and Glochidion types of Phyllan­
thoidae in Euphorbiaceae. Ramanujam has
suggested to name the fossils of Phyllanthoi­
dae group after its sub-groups (Aporosa and
Glochidion types) rather than the broad genus
(Phyllanthinium) on the basis of wood ana­
tomy of the living. But the present fossil
falls neither in the Glochidion nor in the Apo­
rosa group although one or more characters
resemble to each one of the groups. There­
fore it is more judicious to place such fossils
in the genus Phyllanthinium (OGURA,1933).
As the only known species of Phyllanthinium,
P. pseudohobashiraishi differs in a number of
details from my specimen, I describe it as a
new species of Phyllanthinium.

DIAGNOSIS

Phyllanthinium bangalamodense sp. novo

General- Diffuse-porous wood.
Growth Rings - Indistinct.
Vessels - Small, 80-120!J. in diameter, in­

distinct even to the hand lens, less frequent,
4-5 per sq. mm., distinctly in multiples of
2-5, thick-walled, round when solitary and
slightly flattened when radial, brown deposits
frequent, occassionally tyloses also present;
vessel segments short to medium, 300-500 !J.,
truncate or tailed, vessel pits abundant, alter­
nate, medium in size, bordered, orifices hori­
zontal; vessel ray pits medium, round, simple,
many per cell.

Parenchyma - Fairly common, apotra­
cheal, distinctly diffused, abundant, scattered
in the cells of the fibres, sometimes in short,
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abrupt strands; cells round to polygonal, 35 fL

in diameter.
Rays - Numerous, evenly distributed, 1-4

cells broad, 10-50cells high; ray cells with de­
posits, heterogeneous, 1-6 marginal rows; uni­
seriate to few seriate, uniseriates made up of
upright cells, high; multi seriate rays high,
made up of procumbent cells with 1-10 up­
right end ray cells; linkage of different rays
common.

Fibres - Medium to long, libriform, sep­
tate; more or less round in cross-section,

arranged in radial rows, forms ground
mass of the wood; fibre cells small, 2 fL in
diameter.

Holotype-No. 4963, Museum, BirbalSahni
Institute of Palaeobotany.

ACKNOWLEDGEMENTS

I wish to express my grateful thanks to
Dr. D. C. Bhardwaj for his valuable sugges­
tions and criticisms during the progress of the
work.

REFERENCES

BAILEY, I. W. (1924). The problem of identifying
the wood of Cretaceous and later Dicotyledons:
Paraphyllanthoxylon arizonense. A nn. Bot. 38:
439-451-

Idem (1933). Structure, distribution and diag­
nostic significance of vestured pits in Dicoty­
ledons. J. Arnold. Arbor. 14: 259-273.

"BANCROFT,H. (1932). Some fossil dicotyledonous
woods from the Miocene (?) beds of East Africa.
Ann. Bot. 66: 746, 747.

BOUREAU, E. (1951). Etude Palaeoxylogique du
Sahara (XV). Sur un nouveau bois mineralise,
Euphorbioxylon lefrancii n. sp. Recolte en Al­
gerie au nordouest de Fort-Flatters. Bull. Mus.
Nat. Hist. Paris. 23(6): 706-712.

Idem (1957). Anatomie Vegetale. 3. Paris.
CHOWDHURY, K. A. (1945). Regional keys for

identification of important timbers used in
Military areas of inspection. Indian Forest Rec.
3: 1-55.

Idem (1953). On the Tertiary flora of Eastern
India. The Palaeobotanist. 1: 121-125.

FELIX, J. (1887). Untersuchungen tiber fossile
Holzer 3. Ztschr. Geol. Ges. 39: 1-35.

FOXWORTHY, F. W. (1907). Philippine woods.
Philipp. J. Sci. 2: 351-404.

GAMBLE, J. S. (1922). A Manual of Indian
Timbers. London.

HOOKER, J. D. (1885). The flora of British India.
5. London.

JANSSONIUS, H. H. (1929). A contribution to
natural classification of the Euphorbiaceae.
Trop. Woods. 19.

KANEHIRA, R. (1924a). Identification of Philip­
pine woods by anatomical characters. Bull.
Govt. Res. Inst. Taihoku (3): 1-69.

Idem (1924b). Anatomical notes on Indian woods.
Ibid. (4): 1-37.

Idem (1926). Anatomical characters and identi­
fication of important woods of Japanese Empire.
Ibid.: 1-30.

KRUSE, H. I. (1954). Some Eocene Dicoty­
ledonous woods from Eden Valley, \Vyoming,
Ohio. J. Sci. 54(4): 260, 261.

KRISHNAN, M. S. (1949). Geology of India and
Burma. Madras.

METCALFE, C. R. & CHALK, K. P. (1950). Ana­
tomy of Dicotyledons. 1 & 2. Oxford.

MOLL, J. W. & J ANSSONlUS,H. H. (1908). Mikro­
graphie des Holzes. Leiden.

fAVALE,G. K. B. (1955). On two new species of Ter­
minalioxylon Schonfeld from the Tertiary beds
of South India. The Palaeobotanist. 4: 35-40.

Idem (1956). Sapindoxylon indicum sp. nov.: a
new fossil wood from the Tertiary bed of South
India. Ibid. 5(1): 73-77.

Idem. On the occurrence of fossil Cvnometra
from the Tertiary beds of South India. MS.

OCURA, Y. (1932). On the structure of Hoba­
shiraishi, a famous silicified trunk at Najina near
FukuokaCity. jap.J.Bot.4:173-190.

PEARSON, R. S. & BROWN, 'vV. P. (1932). Com­
mercial Timbers of India. Calcutta.

PRAKASH, U. (1957). Studies in the Deccan
Intertrappean Flora. 3. On a new species of
fossil woods of Euphorbiaceae from the Inter­
trappean beds of Madhya Pradesh. The Palaeo­
botanist. 6(2): 77-81.

Idem. Studies in the Deccan Intertrappean Flora.
4. On two silicified woods from the Intertrappean
beds of Madhya Pradesh. ]vIS.

Idem (1953). Fossil woods resembling M angifera,
Shorea and Albizzia in the Tertiary rocks of
South Arcot, India. Curro Sci. 22: 336, 337.

Idem (1954). On some silicified woods near
Pondicherry. The Palaeobotanist. 3: 40-50.

Idem (1954a).· Fossil woods belonging to Gutti­
ferae, Celastraceae, Leguminosae, Sonneratiaceae
and Euphorbiaceae from the Tertiary rocks of
South Arcot District, Madras. J. Sci. industr.
Res. India. 13B: 146, 147.

Idem (1955). Fossil woods of Dipterocarpaceae
from the Tertiary rocks of South Arcot Dis­
trict, Madras. Ibid. 4.

Idem (1956). On two new species of Terminalia
Schonfeld from the Tertiary rocks of South
Arcot District, Madras. J. Indian Bot. Soc. 35:
103-113.



16 THE PALAEOBOTANIST

Idem (1956). On the occurrence of Fossil wood of
Sonneratia, Sonneratioxylon dakshinense sp. novo
from the Tertiary of South Arcot District,
Madras. The Palaeobotanist. 5(2): 78-81.

RECORD, S. J. & MELL (1924). Timbers of
Tropical America. New Haven.

SOLEREDOR,H. (1908). Systematic anatomy of the

dicotyledons (translated by C. A. Boodle and
F. E. Fritsch). 2. Oxford.

WATARI, S. (1943). Studies on the fossil woods
from the Tertiary of Japan. III. A large silici­
fied trunk of Phyllanthinium pseudohobashiraishi
Ogura from the Palaeogene of Tobata City.
] ap. J. Bot. 13: 255-260.

EXPLANATION OF PLATE 1

1. Cross-section showing the distribution of
vessels, rays and parenchyma (Type Slide No.
770). xIS.

2. Tangential section showing the distribution of
rays (Type Slide No. 772). x 35.

3. Cross-section magnified showing the diffuse
parenchyma and the ground mass of fibre cells
(Type Slide No. 771). x 50.

4. Radial section showing the heterogeneous
nature of cells and contents in vessel segment
(Type Slide Nos. 774, 775). x 35.

5. Tangential section showing vessel pits (Type
Slide No. 772). x 100.

6. Tangential section enlarged showing the nature
of rays ( Type Slide No. 773). x 100.
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