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ABSTRACT 

The paper deals with the anatomical studies and 
iden tifications of four new fossil woods of Diptero
carpaceae. Fossil specimens resemble the modern 
woods of Dipterocarpus, A nisoptera, Shorea and 
Hopea. The new fossil woods are named as Diptero
Cal'poxylon cuddalorcJ7se sp. nov" Anisopteroxylon 
co"omandelense sp. nov., Shoreoxylon speciosum sp. 
nov. and Hopeoxylon indicum gen. el. sp. nov. 

INTRODUCTION 

RECENTLY two important contribu
tions to our knowledge of living 
and fossil woods of Dipterocarpa

ceae (CHOvVDHURY & GHOSH, 1958); 
SCHWEITZER, 1958) have been published. 
The above authors have given a key to the 
genera of living and fossil woods of Diptero
carpaceae which can well be adopted for 
iden tifications. 

The present paper describes the anatomi
cal structures and identifications of some 
new fossil woods of Dipterocarpaceae from 
Tertiary rocks of the Cuddalore series near 
Pondicherry, South India. 

DESCRIPTION 

DIPTEROCARPOXYLON HOLDE:-f
 
EMEND, DEN BERGER
 

1.	 Dipterocarpoxylon cuddalorense sp. nov. 
Anatomy 

This species is rcprescnted by a small 
piece of fossil wood measuring 6 X 12 cm. in 
size. It is deeply stained due to ferrugin
ous su bstance. 

The fossil wood shows the di f(use porous 
type of structure (PL. 1, FIG. 1). : 

Growth-rings are not clearly visible. 
Vessels are seen clearly as round :,.pores 

even without the help of the micros'cope. 
They are numerous and scattered without 
any definite type of arrangement (PL. 1, 
FIG. 1; TEXT-FIG. 1). Vessels are large 111 

size, solitary or sometimes seen in groups 
of two (PL. 1, FIG. 3; TEXT-FIG 1). Shape 
of the individual vessel is round to slightly 
oval, thin-walled, often filled with tyiosc'i 
and other contents (PL. 1, FIG 3; TEXT
FIG. 1). Vessel segments are medium in 
length and the intervessel pits are sm'll!, 
circular and alternate (PL. 1, FIG 2). Vcc
sel-ray pits are few, not well preserved but 
can be secn as simple, round to oval pits 
(TEXT-FIG. la). 

Parenchyma is distributed around the 
vessels in patches (PL. 1, FIG. 1; TExT
FIG. 1). It is mostly paratracheal vasi
centric and composed of few layers around 
the vessels (PL. 1, FIG. 3; TEXT-FIG. 1). 
Cells of the parenchyma are not well pre
served. Ho"vever, they are "een as small 
cells, slightly elongated in transverse sec
tion (PL. 1, FIG. 3). Also incipient apo
tracheal parenchynia is associated with the 
resin canals which are difiusl' in the ground 
mass of the wood (PL. 1, FIr:S. 1, 3). 

Rays are hardly visible without the aid 
of the microscope. They are not preserved 
uniformly. Only at some places they are 
recognizable due to the stain in the fossil 
specimen (PL. 1, FIG. 4; TEXT-FIG. 2). Rays 
are mostly uniseriate, 6-15 cells high and 
heterogeneolls (PL. 1, FIG, 4; TEXT-FIC;. 3). 
Cells of the rays are filled with contents and 
stained due to ferruginous substance. TJ'ey 
are made up of both vertical and procumbent 
cells (PL. 1, FIG. 4; TEXT-FIG. 3). 

Fibres are libriform and arranged in resu
lar rows. Fibre cells are seen as small, 
round and thick-walled in cross-section 
(PL. 1, FIG 3). They are medium in length 
and non-septate (PL. 1, FIG 4). Fibre pits 
could not be observed clearly due to heavy 
inner contents. They appear to be simple 
(TEXT-FIG. 4). 

Resin canals are scattered in the ground 
mass of the wood. They are solitary, some
times in groups, small and difiused (PL. 1, 
FIG. 1; TEXT-FIG l).R('sin canals are often 
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Dipterocarpoxyton cuddatoyense sp. nov. 

TEXT-FIGS. 1-4 - 1, cross-section showing the distribution of vessels, parenchyma, rays and resin canals 
(small, oval cells). x ca. 75. la, vessel ray pits. X ca. 400. 2, distribution of rays in tangential section. 
X ca. 121. 3, ray cells and their nature. x ca. 150. 

associated with apotracheal parenchyma (PL. 
I, FIG. 3). They are arranged in vertical 
plane. Resin canals consist of a layer of 
epithelial ceUs which are rounded to elongat
ed and protrude out on the inner side of 
the cavity. Often small vessels with con
tents, show a false appearance resembling 
resin cavities but a careful examination 

la 

4, fibre pits. x ca. 360. 

gives the true nature of the structure with
out any doubt. 

Affinities and Discllssion 

Presence of the medium-sized to bigger, 
soli tary or radially arranged vessels with 
alternate, round, small, intervessel pits; 
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incipient, vasicentric, parenchyma in addi
tion to thin apotracheal parenchyma in the 
vicinity of resin cavities; uniseriate, hetero
geneous rays; non-septate, Iibriform fibres; 
and the characteristic presence of vertical 
canals lead one to compare the present 
fossil specimen with the woods of the 
families Caesalpineae, Cornaceae, Simaruba· 
ceae, and Dipterocarpaceae. In the family 
Caesalpineae, woods of Copcl1fera, Daniel
la, Detarium, Eperua, Gossweilerodendron, 
Kingeodendron, Oxystigma and Pterygopo
diuJ11 possess also normal vertical resin 
canals (METCALFE & CHALK, 1950; .NIoLL & 
J ANSSONIUS, 1906) but these woods can be 
easily discarded as they generally have 
abundant parenchyma in various forms, 
unlike the fossil where parenchyma is 
incipient and only limited to few cells round 
the vessels. Also, woods mentioned above 
have broad rays whereas in the present 
fossil specimen they are few and usually 
uniseriate. Cornarus and NJastixia of Corna
ceae contain vertical canals in the wood 
(METCALFE & CHALK, 1950) but they differ 
from the fossil in the nature of vessels which 
are very small and rays which are homo
geneous. In the family Simarubaceae, 
Simaruba and others show vertical arrange
ment of canals (METCALFE & CHALK, 1950; 
MOLL & JANSSONIUS, 1906) but they differ 
in the nature of rays, vessels and fibres. 
Comparing the fossil with the family Dip
terocarpaceae, many anatomical characters 
are found to agree with the modern woods 
of this family (METCALFE & CHALK, 1950; 
PEARSON & BROWN, 1932; GAMBLE, 1906; 
HEYS, 1923; DESCH, 1936; CHOWDHURY & 
GHOSH, 1958). The resembling features are, 
the vertical resin canals; medium-sized 
solitary or radial type of vessels having 
alternate, simple, round, intervessel pits; 
paratracheal parenchyma along with apo
tracheal parenchyma and uniseriate rays of 
heterogeneous cells. 

Brandis divides this family into following 
tribes including 15 genera (GAMBLE, 1902): 

(i) Dipterocarpae-Dipteroearpus, A nl:
soptera 

(ii) Shorae -, 'horea, Hopea, Doona, 
P entaeme, B alanoearpus, 
Parashorea. 

(iii) Vaticeae - Vatiea, Cotylelobium 

(iv) Vaterieae - Vateria, lv[onoporanda, 
Stemonoporous 

Anatomically the family Dipterocarpaceae 
can be divided into two groups on the basis 
of the arrangement of resin canals. One 
group of woods namely Shorea, Hopea, 
Parashorea, Pentaeme and Balanoearpus hav 
resin canals always in tangential rows of 
many concentric bands. The other group 
consists of A m:soptera, Dipteroearpus, Vatiea 
and Vateria wherein resin canals are diffuse. 
The present fossil specimen possesses resin 
canals in diffused condition and obviously 
on the basis of above classification, it falls 
in the second group. Woods of Vaterieae 
and Vaticeae of the second group have 
parenchyma which IS abundant, diffused 
and paratracheal to metatracheal and thus 
do not agree with the fossiL Even the 
rays of the above woods do not match as 
they are very high and multiseriate. It is 
with the woods of Dipteroearpus that the 
fossil shows close resemblance. Compari
son with the wood sections of the modern 
specimens and published literature (GAMBLE, 
1902; MOLL & J ANSSONIUS, 1906; PEARSON & 
BROWN, 1932; NIETCALFE & CHALK, 1950; 
CHOWDHURY, 1938; CHOWDHURY & GHOSH, 
1958; SOLEREDER & HENDEI{SON, 1953, and 
others) have been made for structures simi
lar to those in the fossil specimen. It was 
found that the fossil agrees well with the 
anatomical details of Dipteroearpus woods. 
D. pilosus, D. obtiusifolius and D. turbinatus 
resemble closely with little variation in the 
arrangement of rays. 

Dipteroearpoxylon garoense (CHOvVDH URY, 
1938), D. indieum (RAMANUJAM, 1955), D. 
ehowdhurii (GHOSH, 1956) and D. malavii 
(GHOSH & GHOSH, 1959) are somewhat 
resembling fossil genera with the present 
fossil specimen. Species of Shoreoxylon do 
not compare with my fossil as they have 
resin canals in tangential rows with regular 
concen tric zones. Also, species of A nisop
teroxylon need no comparison as they 
differ in the nature and arrangement of 
resin canals and rays. Dipteroearpoxylon 
garoense from Assam resembles the modern 
woods of Anisoptera to a large extent. In 
this species grouping of vessels are very 
common and rays are wide having 5-6 
seriate cells whereas in my fossil they are 
mostly solitary, rarely radial and rays 
are generally uniseriate. Dipteroearpoxylon 
indicum from South India also differs from 
my fossil in having multiseriate rays con
sisting of 10-30 cells in height; non-septate, 
round fibre cells, smaller vessels of high 
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frequency and parenchyma of both apo
tracheal and paratracheal type, the latter 
having tangential strips of parenchyma cells 
apart from being vasicentric. D. chowdhurii 
and D. matavii can be separated as they 
possess thick layer of parenchyma around 
the large-sized resin ducts and multiseriate 
rays. 

Large number	 of fossil woods described 
in this family from other countries by 
Krausel (1922, 1925, 1926), Den Berger 
(1923, 1927), Pfeffer & Van Beurn (1928), 
Edwards (1931), Bancroft (1933), Chiraugi 
(1933), Gupta	 (1935), Boureau (1952) and 
Schweitzer (1958) have been tabulated by 
Ramanujam and Schweitzer (1955, 1958). 
Among them,	 Dipterocarpoxylon africanum, 
D. somalense,	 D. krae~tseh, D. javanicum, 
D. goepperti and D. schen/n are comparable 
with the present fossil and the rest of the 
fossil woods described in this family do not 
compare with the Indian specimen. Dip
terocarpoxylon africanum (BANCROFT, 1933) 
resembles my specimen in many respects 
except in the nature of vessels which arc 
rather small and the parenchyma which is 
apotracheal and banded. Similarly Diptero
carpoxylon somalense is also comparable 
with my fossil but it differs iII having larger 
resin canals and tangential bands of meta
tracheal parenchyma. D. kraeuseli although 
agrees in many gross features, it differs in 
having broad rays, resin ducts often in 
one or two groups, having abundant paren
chyma enclosing the resin ducts. Likewise 
D. goeppertl does not resemble in the 
nature of rays and parenchyma which are 
abundant and broadly spaced. D. java
nicum can be differentiated by its abun
dant tracheids in the ground mass of the 
wood, broad rays and smaller vessels. D. 
schenki also can be separated as it possess 
smaller vessels, broad rays and resin ducts 
in groups of two or three, enclosed by 
patches of parenchyma often uniting each 
other. 

The fossil specimen resembles the modern 
woods of Dipterocarpus of the family Dip
terocarpaceae in its internal structures. It 
is, therefore, included under the genus 
Dipterocarpoxylon in its restricted sense as 
advanced by Den Berger (1927). My speci
men shows certain distinct features differing 
from the hitherto described species of the 
genus Dipteroca1'poxylon as discussed above 
and hence it has been separated into a new 
species. 

Dipterocarpoxylon cuddalorense sp. nov. 
Diagnosis 

A diffuse porous type of wood. 
Growth-rings indistinct. 
Vessels large,	 scattered, 220-330 fJ. JI1 

diameter, solitary also radial, ty!osed, usual
ly 2 per sq. mm., vessel segm2nts medium 
height, perforation simple, inter-vessel pits 
small, alternate, circular, ray-pits indistinct. 

Parenchyma limited, paratracheal, vasi
centric, few layers round the vessels, also 
apotracheal, in	 association with resin canals, 
faint, circular	 to oval. in shape, often with 
conten ts, 2 p. in diameter. 

Rays uniseriate, 6-15 cells 111 height 
and 180 p. in diameter, ray fusion not 
uncommon, heterogeneous, stained due to 
ferruginous matter and often filled with 
contents. 

Fibres modium, non-septate, imperfectly 
preserved, circular in cross-section, 12 p. in 
diameter, thick, pits indistinct. 

Resin canals vertical type, diffuse, solitary 
or in groups, 100 p. broad, rarely associated 
with apotracheal parenchyma, epithelial 
cells present, round, often protruded inside 
the vessels. 

Holotype - No. 1061, Museum, Birbal 
Sahni Institute of Palaeobotany. 

Locality - Kashikoppam, near Pond i
cherry, South India. 

Horizon - Tertiary. 

ANISOPTEROXYLON GHOSH &
 
KAZl\U 1958
 

2.	 A n·isopteroxylon co1'Omandelense sp. nov. 
Anatomy 

Two small pieces of variegated petrified 
wood represent the present fossil specimen. 
The diagnostic in ternal structures of the 
fossil wood are fairly clear, although the 
material lacks uniform preservation. The 
fossil wood is greyish yellow in colour. 

Growth rings are not well indicated in the 
specJmen. 

Vessels are visible as small pores without 
the help of the microscope. They are 
medium to large-sized and closely distributed 
more or less uniformly without showing any 
pattern or arrangement (PL. 2, FIG. 5; 
TEXT-FIG. 5). Vessels are solitary, rarely. 
radial, circular in shape and sometimes 
aligned in oblique lines (PL. 2, FIG. 5). 
Vessel cavitie. are often plugged with dark 



70 THE PALAEOBOTA"IST 

deposits and tylotic out-growths. V ~s I seg
ments are medium in height, truncate 
and thick-walled (PL. 2, FIG. 7). Perforation 
is simple and the intervessel pits are abun
dant, lacking good preservation, medium 
sized, alternate and bordered (TExT-rrG. 6). 
Vessel-ray pits and other details are not 
seen due to imperfect preservation. 

Parenchyma is of two types, namely 
paratracheaI and the apotracheal. The para
tracheal parenchyma is very scanty. It is 
vasicentric and the cells are small, oval in 
shape and form few cells around the pores 
(PL. 2, FIG. 5; TEXT-HG. 5). The apotra
cheal parenchyma is abundantly diffused 
as small scattered or aggregate cells (PL. 2, 
FIG. 5; TEXT-FIG. 5). Also apotracheal 
parenchyma encloses the resin ducts in the 
wood (PL. 2, FIG. 6). 

Rays are moderately numerous, and more 
or less uniformly distributed (PI.. 2, FIG. 7; 
TEXT-FIG. 7). They are moderately broad 
and medium in height (PL. 2, FIG. 8; TExT
FIG. 7). Rays are mostly heterogeneous. 
A row of upright cells simulating sheath 
cells form the outer boundary of the rays 
and the inner portion is constituted bv 
procumbent cells (PL. 2, FIG. 8; TEXT-rIG. 8). 
Procumbent cells are irregularly placed and 
invariably have no preservation (PL. 2, 
FIG. 8). The pits and the other details were 
not seen due to the bad preservation. 

Fibres are irregularlv arranged ane! can 
be seen in higher magnification (PL. 2, FIG. 6). 
Cells of the fibres are angular to polygonal 
in shape ane! arranged radially in cross
section (PL. 2, FIG. 6). Fibres are libriform, 
thick-walled ane! non-septate. 

Tracheie!s are hardly visible under the 
low power. But on careful examination in 
high magnification they are seen in close 
vicinity of the vessels. They are made up 
of one or few cells, flattened and are inter
cepted by parenchyma cells. 

Gum ducts are not abundant, diffused, 
sometimes paired (PL. 2, FIGS. 5, 6; TEXT
FIG. 9). Cells are small, circular and enclosed 
by parenchyma cells (PL. 2, FIG. 6; TEXT
FIG. 9). They are made up of one layer of 
epi thelial cells which are not well preserved 
(TEXT-l'1G. 9). Often the resin ducts are 
confused with the vessels but the true nature 
can be made out on close examination. 

Affinities and Discussion 

The internal structures of the fossil 
specimen, especially the possession of dis

tinct vertical resin ducts, at once give clue 
to its identification. Also it can be seen 
that the other characters of the fossil are 
somewhat similar to those of the previous 
woods described here. Therefore, the com
parisons with the modern members are 
limited only to genera having vertical resin 
canals; limited, heterogeneous rays; and 
mostly medium-sized to large, solitary vessels. 
It has been already mentioned earlier that 
the different genera in Caesalpineae, Corna
ceae, Simarubaceae and Dipterocarpaceae 
pos ·ess vertical resin ducts. Considering 
the comparable members of aesalpineae 
they can all be eliminated for they have 
abundant differences in the amount of the 
parenchyma, rays and in the arrangement 
of resin ducts. Similarly, Cornaris, M as
tixia (Cornaceae) and Simaruba (Simaruba
ceae) differ distinctly in the nature of rays. 
Some woods of the family Dipterocarpa
ceae indicate a closer comparic;on with the 
fossil by having many similar anatomical 
characters. 

In the \-voods of the tribe Shorae of Dip
tel'ocal'paceae resin ducts are characteristi
cally in more or less regular tangential lines. 
Thus it is apparent that the present fossil 
does not agree with the tribe Shoreae 
(Sh01'ea, Hopea, etc.) as they have banded 
resin ducts. Woods of the tribes Vaterieae, 
Vaticeae and Dipterocarpeae are compar
able with the fossil specimen in the nature 
of resin ducts and other features and, th re
fore, considered for closer comparison. on
sidering the woods of Vaterieae, the fossil 
agrees in overall features but a closer 
comparison indicates many differences. 
Members of Vaterieae possess conspicuously 
abundant, diffu e parenchyma, the cells of 
which are even seen without the help of the 
microscope as small diffus avities of pores. 
Also, a conspicuous variation in vessel sir,e 
is found bdween the two. Similarly, woods 
of Vaticeae differ with th pres nt fossil 
specimen in the detailed anatomical features 
in spite of the fact that the two resemble in 
one or two cbaractl~rs. It is with the tribe 
Dipterocarpeae that the fossil shows agree
ment in a very large number of features. 
According to the classification given by 
Schweitzer (1958) and Chowdhury & Ghosh 
(1958), the genera Diptel'ocal'pus and A niso
ptera are differentiated on the basis of the 
distribution and size of resin canals paren
chyma and rays. In Anisoptera rec;in canale; 
are small, diffused; parenchyma is mostly 
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A nisopte,yoxyloll cOl'omandelense sp. nov. 

TEXT-FIGS. 5, 6, 9 _. 5, cross-section showing tIle distribution of ve~scls, parenchyma, rays and resin 
canals. >( ca. 120. (V, vessel; R, Rays; D.P.,-diftuse parenchyma; D.A.P. diffuse aggregate parenchyma 
V.P. Vaslcentric parenchyma; G.D. gum ducts.). 6, inter-vessel pits. X ca 240. 9, resin canaIs and their 
structure. X ca. 240. 
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Anisopteronylon cOl'omandelense sp. nov. 

TEXT-FIGS. 7-8 - 7, distribution of rays. x ca. 120. 
8, ray cells and their nature. Note the shcatll 
cells. X ca. 240. 

diffused to diffused aggregate; rays arc 
broad with upright sheath cells at the: 
perifery and procumbent cells in the middle; 
whereas in Diptefocarp~ts resin canals are 
distributed singly or in ro""s; parenchyma 
is. mostly vasicentric, rays are limited 
and heterogeneous. Comparative anatomical 
studies with the above two genera, namely 
Anisoptera and D1:ptel'ocarpus reveal tha.t, 
my specimen is more closer to the genus 
A nisoptera. 

During recent years, a number of fossil 
woods belonging to this family have been 
recorded from India. Among these, closely 
resem bling woods are Dipterocarpoxylon 
indicum (RAMANUJAM, 1955), D. cuddalorense 
sp. nov., D. garoense (CHOWDHURY, 1938), 
D. chowdhurii (GHOSH, 1956), D. malavii 
(GHOSH & GHOSH 1960), Anisopteroxylon 
bengalensis (GHOSH & KAZMI 1958), A. 
jawalamuhhi (GHOSH & GHOSH 1958) and 
A. cuddalorense (RAMANUJ AM, '1960), 

Comparing with D. indicum, my specimen 
differs in the nature of vessel, rays and 
parenchyma. D. indicum possesses large
sized vessels, 1-4 seriate rays and 1-4 cells 
of vasicentric sheaths. Similarly D. cudda
lorense sp. nov. does not agree with the 
present one due to very large-sized vessels, 
limited paratracheal parenchyma, and uni
seriate heterogeneolls rays. D. garoense and 
the present fossil have anatomical charac
ters much in common between them as 
regards the vessels, parenchyma, fibres and 
ducts. However, the distinct differenc. 
exist in the nature of the rays and the size 
of the vessels, In D. garoense, vessels are 
smaller and the rays are made up of three 
types,' namely the uniseriate, biseriate, and 
multiseriate, whereas in my specimen mostly 
multiseriate rays are seen, D. chowdhurii 
also differs in having large-sized solitary 
vessels and limited, uniseriate to few seriate 
rays and scanty parenchyma. A nisoptero
xylon bengalensis and A, jawalamukhi al
though agree in the nature and distribution 
of resin canals, parenchyma, yet the size of 
the pores and the nature and distribution of 
rays differ. A, cuddalorei~se differs in having 
abundant tyloses, short strip of apotracheal 
parenchyma and in the nature of ray cells, 

Comparing with the large number of spe
cies of Dipte1'ocarpoxylon recorded from out
side India (see page 69), only D. ajricanum, 
D. somalense, D. g1'acile, D. perf01'atum and 
D. anisopteroides are considered here because 
the others differ very markedly in the 
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nature and distribution of gum ducts and 
other features. Dipterocarpoxylon africanu·Jn 
(BANCROFT, 1933) is comparable with the 
present fossil in the nature of resin ducts but 
other features show many differences. Simi
larly, D. sornalense agrees with the arrange
ment of resin ducts, but the nature of paren
chyma and rays do not resemble. D. gracile 
can be differentiated from the present fossil 
in the nature of vessels (small vessels), rays 
(both uniseriate and broad rays present) 
and resin ducts (distinctly enclosed by 
broad patches of parenchyma). D. perfora
tum fairly compared with my specimen but 
the nature of rays, the arrangement and 
distribution of resin ducts, frequency of 
vessels and their distribution are some 
of the important. differences. Similarly, D. 
anisopteroides agrees with my specimen 
in overall features but distinctly differs 
in having abundant, diffuse fibre tracheids 
and homogeneous broad and high rays. 

The fossil specimen has been referred to the 
fossil genus A nisopteroxylon (GHOSH & KAZMI, 
1958) as it shows close resemblances with 
the modern woods of A nisoptera. Also it has 
been assigned to a new species for it differs 
from the known forms of the genus. 

A nisopteroxylon coromandelense sp. nov. 
Diagnosis 

A diffuse porous type of wood. 
Growth-rings not visible. 
Vessels 180-215 fL in diameter, ranges 

3-4 vessels per sq. mm., solitary, often in 
radial groups of two; intervessel pits small, 
alternate and bordered; vessel-ray pits and 
other details are not seen due to the bad 
preservation. 

Parenchyma paratracheal and apotra
cheal; paratracheal type scanty, vasicentric, 
few ceIls around the vessels; the cells 36-48 u. 
broad; apotracheal cells abundant, small, 
24 1). broad, diffuse to diffuse aggregate, 
often enclosing groups of resin ducts. 

Rays 3-6 seriate, rarely uniseriate, 12
35 cells high, ray cells heterogeneous, vertical 
ceIls 12 1). broad, along the margin, simulat
ing sheath cells, procumbents crowded, 
irregularly arranged in the middle and not 
preserved well. 

Fibres Jibriform, non-septate, 48 fL in 
diameter, angular and arranged in rows. 

Tracheids scanty, one or few layered, 
thick-walled 36 in diameter. 

Gum ducts circular in cross-sections 36
48 fL in diameter, solitary or in pair, epi
thelial cells, oval to elongated, scattered. 

Holotype-No. 19417, Museum, Birbal 
Sahni Institute of Palaeobotany. 

Locality - Usteri, near Pondicherry, South 
India. 

Horizon - Tertiary. 

SHOREOXYLON DEN BERGER 1927 

3.."·horeoxylon speciosurn sp. nov. 
Anatomy 

The fossil specimen is represented by a 
single piece of wood measuring 8 X 5 cm. 
in size. The material is blotched with 
coloured patches h re and there. Only 
secondary xylem is present with the internal 
structures well preserved. 

The fossil wood shows the diffuse porous 
type of structure. 

Growth-rings are not found in the fossil 
specimen, however the resin ducts are 
arranged in tangential lines simulating the 
growth mark (PL. 3, FIG. 9). 

Vessels are recognized as small pores to 
the naked eye. They are more or less 
uniform and diffused in the ground mass 
of the wood (PL. 3, FIG. 9). Vessels are 
medium to large in size, mostly in groups 
of 3-5 and also solitary (PL. 3, FIG. 10; 
TEXT-FIG. 10). Tyloses and other deposits 
are seen in many vessels (PL. 3, FIG. 10). 
Vessel segments are truncated, and have 
abundant intervcssel pits which are mcrlium, 
alternate and angular in outline (PL. 3, 
FIG. 12) Vessel-ray pits are also recog
nizable and are small and 3-5 per cells 
(TEXT-FIG. 11). 

Tracheids are not abundant and difficult 
to differentiate in the fossil specimen. 

Parenchyma is distinct and limited. It 
can be seen as dark patches encircling the 
vessels, even by the naked eye. Paratra
cheal parenchyma is confined to the region 
of the vessels (PL. 3, FIG. 9; TEXT-FIG. 10). 
It is mostly vasicentric and sometimes 
extending laterally, but never forming bands 
(PL. 3, FIG. 10). Parenchymatous cells are 
small, round to oval and are in 2-3 layers 
around the vessel (PL. 3, FIG. 10). These 
cells are filled with dark su bstances. Apo
tracheal parrnchyma is distinctly associated 
with the resin ducts and forms tangential 
bands (PL. 3, FIG. 9; TEXT-FIG. 10). Two 
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or three layers of apotracheal cells are seen 
along with the resin ducts (PL. 3, FIG. 10; 
TEXT-FIG. 10). CeJ]s of the apotracheal 
parenchyma are faint, elongated and limited 
(PL. 3. FIG. 10). 

Rays are scarcely visible without the help 
of the microscope. Ray cells are often 
stained due to ferruginous substance. They 
are evenly distributed (PL. 3, FIG. 10; 
TEXT-FIG. 12), multiseriate, being 3-6 cells 
broad and 30-40 cells in height (PL. 3, FIG. 11; 
TEXT-FIG. 13). Rays are mostly homo
geneous having procumbent cells (PL. 3, 
FIGS. 11, 13; TEXT-FIG. 13). Ray pits are 
few, small and circular. 

Resin canals are vertical and embedded 
in the tangential bands (PL. 3, FIG. 10; 
TEXT-FIG. 10). They are small to medium 
in size and arranged in tangential, successive 
rows (PL. 3, FIG. 9; TEXT-FIG. 10). The 
size of the canals ranges from 80 to 150 (.I. and 
usually smaller than the vessels, although 
few, almost equal to or more than the size 
of the vessels (PL. 3, FIG. 10). Often resin 
cells are compressed due to lateral compres
sion. Epithelium is clearly visible some
times only in part of the canal and the 
epithelial cells are small, round and often 
filled with contents (PL. 3, FIG. 10; TEXT
FIG. 14). 

Fibres are libriform, thick and medium in 
length (PL. 3, FIG. 11). They are septate 
(PL. 3, FIG. 11), round in cross-section 
(PL. 3, FIG. 10) and form extensive tracts 
between vessels and the rays (PL. 3, FIG. 11), 
The fibre pits are small, simple and few. 

Affinities and Discussion 

The chief diagnostic characters of the 
fossil specimen are vertical resin canals, 
homogeneous xylem rays, and limited 
parenchyma 'which characterize the 'woods 
of Dipterocarpaceae. While dealing with 
Dipterocarpoxylon cuddalorense, it was men
tioned that the family Dipterocarpaceae 
may be broadly grouped into two groups, 
one vvith woods having resin canals in 
concentric rows and the other with woods 
having diffused resm canals, The first 
group includes the tribe Shoreae and the 
secoml group embraces tribes Diptero
carpeae, Vaterieae and Vaticeae, The pre
sent fossil specimen by possr:ssing resin canals 
in concentric rows compares vvith the tribe 
Shoreae in which the genera H opea, Shorea, 
Parashol'ea and Pentacme are members. 

Considering the genus Parashol'ea, although 
it agrees in the nature of vertical canals, 
rays and fibres yet it differs markedly with 
the fossil as its vessels are vr:ry large, rang
ing up to 350 (J.. and parenchyma is 
abundant, whereas the fossil possesses 
medium-sized vessels and rays and limited 
parenchyma. The genus Pentacme, resem
bles the fossil in the nature of vessels, rays 
and other characters but abundant presence 
of tracheids, diffuse, besprinkled, meta
tracheal parenchyma among fibres and 
successi ve single or dou ble rows of resin 
canals are very distinctive features of this 
genus unlike my fossil. Comparing with 
genera Shorea and H opea, the fossil agrees 
with them in most of the features. Recently 
Chowdhury & Gosh (1958) have given a 
key to the gen('ra Dipterocarpaceae. 
According to the key, the present fossil can 
be referred to the genus Shorea. The genus 
Shorea is distinguished by presence. of large 
vessels (more than 200 iL), abundant multi
seriate rays and fibres. In H opea vessels 
are typically small (less than 100 1.1.) with 
distinct contours, and rays are short, and 
two to three seriate unlike Shorea. Also 
detailed anatomical studies of the living 
woods of Shorea and H opea were made in 
order to find out the genus resembling most 
to the fossil. Among the two genera, 
Shorea compares well with my specimen. 
In Shorea, similar to my fossil, vessels are 
large, solitary or radial, the intervessel pits 
are small, round and alternate, parenchyma 
is both apotracheal and paratracheal and 
limited in distribution, rays are multiseriate, 
homogeneous, made up of procumbent cells, 
fibres are libriform and thick, resin canals 
are many, distinct and distributed in tan
gential rows. 

Among the Indian fossil woods described 
in the family Dipterocarpaceae Shoreoxylon 
mortandrense and Shoreoxylon holdem: (RAMA

Nl'J AM, 1955) and S. InegapoJ'Osu111 (RAMA

NUJAM, 1960) are comparable with the 
present fossil. Other fossils described (DiP
terocal'poxylon indicum, D. garoense, D. 
chowdhurii and D. malavii) are discarded for 
the purposes of comparison with the present 
fossil because they have resin canals in dif
fused condition. Comparing with Shoreoxylon 
holdeni, mv fossil resembles in the nature 
of resin ~anals and pits, However, S. 
holdeni differs in having conspicuously larger 
vessels ranging up to 280 iL in size, abun
dant tracheids and parenchyma, and in the 
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Shoreoxylon speciosum sp. nov. 

TEXT-FIGS. 10-14 - 10, cross-section showing the nature and distribution of vessels, rays, paren
chyma and resin canals. x ca. 75. 11, vessel-ray pits in radial section. X ca. 360. 12, distribution of rays 
in tangential section. x ca. 75. 13, ray cells and their nature. xca 240. 14, resin canals and their struc
ture. Note the epithelial celts. x ca. 240. 

rays' \vhich are characteristically spindle il'lg with each other. The other fossil spe
shaped, heterogeneous and more or less cies S. mortandrense does not compare with 
having uniseriate and biseriate types alter-' the present fossil in the nature of rays and 
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fibres although other characters rcscmble 
to a certain extent. S. megaporosuin differs 
in having very large-sized solitary vessels 
and heterogeneous rays. 

Among the fossil woods described from 
other countries (RAMANU]AM, 1955, TARLE 
1), following species were considered for 
comparison as they approached nearest to 
the fossil wood under consideration. Shore
oxylon palembangense (DEN BERGER, 1923), 
Drybalanoxylon javanense (DEN BERGER, 
1923), D. tobleri (DEN BERGER, 1923), Shore
oxylon swedenborgii (SCHWEITZER, 1958), D. 
scebehanum and D. gibuense (CRIARUGI, 1933). 
The present fossil wood shows many features 
resembling the above fossils although it 
differs in specific details. D. gibuense and 
D. scebelianum have generally solitary ves
sels, short rays of one or two rows, and 
often tangential bands of parenchyma along 
the vessels, whereas my specimen generally 
possesses radial vessels of 3-4 groups, rays of 
medium size and tangential bands of paren
chyma always associated with resin ducts. 
Shoreoxylon swedenborgii and S. palembengen
sis differ from fossil under consideration in 
having larger vessels, and very high and broad 
rays apar,t from abundant metatracheal 
parenchyma. Comparing with the present 
fossil, Drybalanoxylon tobleri shows similari
ties in the nature of vessels, rays and fibres. 
However, it differs in having very incipient 
parenchyma, bigger vessels and resin canals 
which are not always associated with tangen
tial bands of parenchyma. D. javanense 
resembles my fossil wood in many characters 
such as having radial vessels, rays of 10-40 
cells high and the nature of resin canals, 
although' certain differences exist between 
them. In the former, parenchyma is very 
limited and rays are very few seriate, 
mostly two to three, and highly hetero
geneous. The fossil woods described by 
Schweitzer (1958) Shoreoxylon maxim'um and 
S. posthumi are closely comparable. The 
detailed comparison shows that 5, InaximU1n 
differs well in having very large mostly 
solitary vessels, abundant vasicentric to ali
form parenChyma, very high ray ranging 
up to 85 cells and smaller resin clucts when 
compared to the South Indian fossil. The 
other fossil, 'namely S. j)osthumi agrees in a 
good number of features. However, the 
noticeable differences are that vessels are 
very frequent 5 to 10 per sq. mm., large 
sized, ranging up-300 iJ.; rays are higher 
than my fossil and the parenchyma is 

abundantly diffused in the ground mass of 
the wood. 

Anatomical structurrs of the fossil wood 
clearly indicate that its affinities are stronger 
with the gellus Slwrea enabling its inclusion 
in SllOreoxylon constituted hy Den Berger 
in 1927 for the fossil woods resembling the 
woods of Shorea. A new species has been 
created as this wood differs frorn all the 
knovvn fossil woods. 

Shoreoxylon speciosum sp. nov. 
Dia~nosis 

A diffuse porous wood. 
G1'owth-rings indistinct. 
Vessels evenlv distributed, not crowded, 

175-230 f1. in diameter, 2-3 per sq. mm., 
solitary, mostly radial, 2-3 in groups, cir
cular to oval ;n shape, frequently tylosed, 
vessel segments medium, truncate, perfora
tion simple, pits abundant, alternate, round 
and crowded. 

Trachelds very limite I, difficult to dif
ferentiate from parenchyma. 

Parenchyma distinct, paratracheal and 
apotracheal, paratrachcal 3-4 layered, vasi
centric, often extended to aliform type; 
apotracheal in tangential bands,' along with 
the resin ducts; few layered and also dif
fused. 

Rays numerous, 3-6 seriate, 3-5 per sq. 
mm., 40 cells high, mostly homogeneous 
having procumbent cells, contiguous on 
ei ther side of the vessel. 

Fibres libriform, thick, septate, 16 il. 
broad round in cros. -section, medium in 
height and forming extensive tracts between 
the vessel and rays. 

Resin canals distinct, vertical, in tangen
tial bands, small or medium-sized, 80-150 il., 
distinctly enclo.sed by apotracheal paren
chyma, epithelial cells round to f'longated, 
without contents, often protruding inside the 
vessel. 

Holotype - No. 26372, Museum, Birbal 
Salmi Institute of Palaeobotany. 

Locality - Bangalamoc1, near Pondicherry, 
South India. 

Horizon - Tertiary. 

H.OPEOXYLON GE.-. NOV. 

4. Hopeoxylon indiculn sp. nov. 
Anatomy 

The material is represented by two small 
pieces of fossil woods which are similar in 
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anatomical feature~. The fossil specimen 
under investigation measures 8 X 4 cm. in 
size. Often patches of stains are seen in 
the material clue to ferruginous and other 
substances. The preservation of the S('l'on
narv xvlcm is satisfactory, re\'ealing fairly 
weli tlic internal drtails of the wood. In 
one of tlte specimens pith is also visihle. 

Growth-rings arc not sren by the naked 
eye or with the help of the microscope but 
tf1~ characteristic occurrence of parenchyma 
in tangential rows along \vith the resin ducts 
which arc also in tangential row;; appear as 
growth marks (PL. 4, FIG. 14; TEXT-FTG. 15). 

Vessels are hardlv visible without the 
aid of microscope. they are conspicuously 
small, diffuse, and have uniform distribution 
(PL. 4, FIGS. 14, 16; TEXT-FTG. 15). Ve'sels 
are solitary as well as radial in groups of 2
4, and usually fiJlcd with dark substances 
(PL. 4, FIG. 16). Vessel segments are 
some-what truncated, 80-90 il. broad, and 
medium in length. fntern'ssel pits are small, 
crowded, alternate to opposite and circular 
in shape with angular outline (PL. 4, FTG. 
17), V ssel-ray pits are hardly visible due 
to lack of preservation. 

Tracheids are not recognizable put when 
present, difficult to difkn'ntiate from the 
parenchymatous cells. 

Parenchyma is limited and distinct (PL. 4, 
FTG. ]6; TEXT-FIG. ]5). It is visible with 
the help of the handlens as light coloured 
patches in the immediate vicinity of vessels 
(PL. 4, FIG. 14). Paratracheal parenchyma 
is made up of 3-4 cells which are small, 
circular, often filled with dark substances 
and always distributed in the vicinitv of 
vessels (Pi.. 4, FIG. 16; TEXT-FIG. 15). 'It is 
vasicentric and also sometimes aliform ex
tending on either sides (PL. 4, FIG. 16; 
TEXT-FTG. 15). Tangential parenchyma is 
distinct and usually associated with resin 
canals forming bands (PL. 4, FIG. 14). These 
hands are made up of 3-4 layers of cells 
which are small and filled with dark sub
stances (PI.. 4, FIG. 16). Parenchymatolls 
cells arc distributed all along the resin ducts 
which are characteristically in sllccessi\'e 
row;; (PL. 4, lorG. 16; TEXT-FTG. 15). 

Rays are hardly visible to the naked eye, 
They are short and distributed uniformly 
in reglliarrows (PL. 4, FTG. ]5; TEXT-FTG. 16). 
Rays are lIniscriate to biseriate but rarely 
more than triseriate (PL. 4, FIG. 15; TEXT
r:IG. 17). Biseriate rays are most common 
heing 4-25 cells in height. Rays mostly 

homog neous to weakly hetcrog neous (Pr., 
4, FIG. 18; TEXT-FIG. 17 , Procumb nt c lis 
which mostly constitut the rays are usually 
filled with dark contents (PI.. 4, FIG. 18). 

Fibres are' libriform, [aidv thick and 
ircllhr in cro".'-sectioJl (Pr..' 4, FIG. 16). 

They are non-septat , medium in height and 
form the gronnd mass of the wood (PL. 4, 
FIG. 16). 

Resin canals are embedded in th paren
chymatous cells (Pr.. 4, ;T . 14). They are 
small, circular in shape and often filled with 
contents (PI.. 4, FIG. 16; TEXT-FIG. 18). 
Resin ducts are always v rtical, and tan
gentially distributed in successive rows 
more or I ss regularly (PL. 4, FIG. 16). The 
cells of the epithelium are sma.ll, somewhat 
elongated in shape and often with dark 
substances (PL. 4, FI ,. 16; TEXT-FIG. 18), 

Affi nitie. and Discussion 

The fossil specimen i charact'rized by 
the presence of re in canals distributed in 
vertical tangential rows, small to medium 
:ized vess Is, limited parenchyma and weak
1. h t rog neous rays indicating very clearly 
its afflI1iti with the group Shoreae of Dip
terocarpaceae (see page 68). 

Among the woods of Shorea-, Hopea-, Para-
shorea and Pentacme, of the group Shoreae, 
the latt r two have generally large vessels 
and rays, and diffused parenchyma among 
the fibres, vvhereas the presen t fossil is very 
distinct i·n having . maIler vessel and rays, 
and limited parenchyma. Comparing with 
Shorea the fos"il shows many feature in 
common, although it differs in few other 
characters. As mentionp,d earlier the genera 
Shorea and Hopea can ue differentiated by 
using the key to genera given by Chowdhury 
& Ghosh (1958). In Shorea, v ssels are 
always more than 200 i.J., usually with 
tyloses and vessel contour;; are not distinct. 
Rays are broader, more than 3-4 seriat 
and made up of 40-50 cells which are h tero
geneous in nature. OIl the other hand in 
the genus Hopea-, ve els are typically small 
to medium, punctate and have distinct 
\'essel contours. Parenchyma is limi d, 
paratracbeal, vasicentric to aliform and 
tang nbal layers along with resin duct, 
Rays ar short, 2-3 seriate, 25 cells high and 
weakly heterogeneous. Resin canals are 
smalI, tangential, embedded in the par n
chyma, (CHOWDH RY & GHOSH, 1958; MET
e:\ FE & CHALK, 1950; PEARSON & BROWK, 
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Hopeo.>:ylonindicwn gen. et sp. nov. 

TEXT-HGS. 15-18 -15, cross-section showing the distribution of vessels, parenchyma, rays and 
resin canals. x ca. 120. 16, distribution of rays in tangential section. x ca. 120. 17, ray cells and their 
nature. Xca. 240. 18, resin canals and their structure. Note the epithelial cells. x ca. 240. 

1932 and GAMBLE, 1920). Among the large speciosum sp. nov. among th.e fossil woods 
number of wood sections and references to described from India. Shoreoxvlon holdeni 
literature studied during the investigation differs with the fossil under consideration 
of the fossil wood sho\vs similarities with in having solitary vessels of 200-280 (J. 

the genus H opea. diameter, indistinct parenchyma, and abun
The fossil specimen shows many com dant tracheids whereas my fossil is distinct 

parative features with Shoreoxylon holdeni, in having very small vessels, limited paren
S. mOl'tandrense (RAMANUJAM, 1954), S. chyma though not abundant and indistinct 
megaporosum (RAMANUJAlII, 1960) and' S, tra,cheids, Rays of S, holden.i are distinctly 
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different in having typically spindle shaped 
cells and made up of regular uniseriate and 
biseriate rayse Comparing with ,So 1Jlortan
drense, the present fossil differs as in the 
previous case in the nature of vessels, 
parenchyma and rays. Vessels are bigger 
being 200-300 [J. in diameter, rays and paren
chyma are abundant and of many cells, 
But in the present fossil, rays are very 
limited, usually biseriate and never more 
than triseriate. Also resin canals are smaller 
in size as compared to S. mortandrf'nse . 

. lIlcgaporosum differs in having very l::trge 
vessels and broJ.d heti'rogellfolls rays S. 
speciosum sp. no\'. shows eli fferences wi tll 
the present fossil in having multiseriate 
rays of high frequency, bigger vessels and 
resin canals, in contrast to the fossil under 
consideration which is characterized by 
small vessels, Iimitf'n rays and smaller resin 
ducts. 

Few fossil woods', among the Diptero
carpaceous woods described outside this 
country can be compared with the fos
sil under investigation. DI:pterocarpoxyLon 
gibuense (CHIAIWGI, 1933) resembles in the 
nature of rays and resin canals which are 
small and short as in the case of my fossil 
but its vessels are bigger and usually soli
tary and also possess distinct metatracheal 
bands which arc absent in the Indian fossil. 
D. scebelianum (CHIAIHJ(;I, 1933) agrees 
with the fossil under consideration in til<' 
nature of ravs and resin canals and other 
features, yet" the presence of metatracheal 
bands and usually solitary vessels of very 
big size are distinct differences. D. sweden
borgii (SCHUSTER, 1910) differs with the 
present fossil in having broad metatra
cheal bands, multiseriate rays and large 
vessels whereas in my fossil the vessels 
are small, radial and metatracheal bands 
are absent. Shoreoxylon palem.bangense (DEN 
BERG ER, 1923) can also be eli fferen tiated 
easily from the Indian material as it possesses 
large-sized vessels, and abundant parenchyma 
as metatracheal bands. Drybalanoxylon tobleri 
agree in many features in spite of the fact 
that it distinctly differs in having bigger 
vessel., incipient parenchyma and multi
seriate rays. D. javanense shows certain 
features resembling well with the present 
fossil. However, my fossil differs in having 
very narrow rays with limited number of 
cells; distinct parenchyma which is vasi
centric to aliform whereas in D. javanense, 
parenchyma is incipient, rays are a hit 

broader with distinct heterogeneous c lIs. 
D. perforatum Schweitzer (1958) compares 
well with my fossil in overall features, yet 
the sizE' of the \'cssels, resin canals, and the 
nature of rays cliffer. In D. perforalum 
vessels range between 125 and 200 1-1. in dia
meter, resin ducts are 50-125 [.L in size and 
rays are heterogeneous. From the above 
comparisons it can be seen that my fossil 
although shows some resembling characters 
with those of D. /az'anense, D. toblen: and 
particularly with D. perforat1lm yet it cliffers 
from these in certain distinct featurf's. 

The fossil under consideration shows 
most of its anatomical features resembling 
well with Hopea. Therefore, based on the 
anatomical studies and on the key to genera 
of Indian dipterocarps recently outlined by 
Chowdhury &: Ghosh (1958), a new form 
genus H opeoxylon is created to accommodate 
this fossil. The new genus is a distinct form 
in having typically small vessels with vessel 
contours, limited vasicentric, aliform paren
chyma, 2-3 weakly heterogeneous, short rays 
having up to 25 cells high and small resin 
canals in tangential bands. As opposed, the 
genus Shoreoxylon Den Berger is distinguished 
by having larger vessels usually more than 
200 fL in diameter, abundant aliform paren
chyma, broad rays having up to 50 cells high 
and sizable resin canals in tangential hands. 

Hoj!eoxyloll is'en, no\'. 

Dia~nosis 

diffuse porous wood. 
Vessels typically very small, solitary or 

radial; intervessel pits small, alternate. 
Parenchyma very limited, paratracheal 

scanty and vasicentric, apotracheal along 
the resin duct. 

Rays limited, uniseriate to biseriate not 
more than triseriate, typically short, Homo
geneous to weakly hderogelleous. 

Resin callals typically very small, arranged 
in tangential bands. 

F1:bres libriform to semi-libriform. 

H opeoxylon indicum sp, nov. 
Diagnosis 

A diffuse porous wood. 
Growth-rings not visible but tangential 

bands of parenchyma enclosing the resin 
ducts look like growth marks. 

Vessels-small, solitary, radial, 80-90 fL 
in diameter, filled with dark substance I 
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vessel segments medium, intervessel pits 
small, circular, alternate and fairly crowded. 

Tracheids hardly visible and difficult to 
differentiate from ·parenchyma. 

Parenchyma distinct, limited; paratracheal, 
vasicentric, sometimes aliform, 3-4 rows of 
cells in the vicinity of vessels; apotracheal, 
tangentially banded along with the resin 
canals, 4-5 layered in tangential rows. 

Rays uniseriate, mostly biseriate, rarely 
more than triseriate; 4-25 cells high, 5-10 
per sq. mm., mostly homogeneous, having 
procumbent cells. 

Resin canals typically small, 30 iJ., 
arranged in successive rows in tangential 
thin bands. 

Fibres libriform, non-septate, forming 
extensive tracts between the vessel and rays, 
circular and 16 f.L in cross-section, fi.bre pits 
small, poorly preserved, many per cell. 

Resin canals smalJ, circular in shape, 
arranged in tangential concentric rows, 
epithelial cells small "vith fi.llings. 

Holotype - No. 26382, Museum, Birbal 
Sahni Institute of Palaeobotany. 

Locality - Kashikoppam, near Poncll
cherry, South India. 

CONCLUSION 

The fossiliferous localities near Pond i
cherry of South India abundantly represent 

the fossil Dipterocarpaceous woods. The 
study of the present day-distribution of 
Dipterocarps (GA:VlBL£, 1902; PEARSON & 
BROWN, 1932; CHOWDHURY & GHOSH, 
1958 and CHAMPION, 1936) show' that the 
modern woods of Dipterocarpaceae ar 
dominant in tropical moist d ciduous forests 
of India. This gives a possible clue that 
during the tertiary times the fossil area 
might have had the same climate and 
vC'getation similar to the present-clay areas 
of tropical moist deciduous forests of 
India. 

Ghosh & GJlO,h (1958) have indicated 
the possiblity of the migration of Diptero
carpaceous woods to Africa, from Northern 
route of India from the evidence of their 
record of Anisoptera from Siwaliks. But 
the present investigation reveals the pre
sence of Dipterocarpaceous woods in South 
India and this indicates the possibility of 
the migration from southern route also, 
as suggested by H.amanujam (1954). 
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EXPLANATION OF PLATES 

l'L,\TE 1 

Diptcrocarpoxylo'll clldda!oJ'IIJ!SC sp. nov. 

1. Cros,-:,eetiun ,hu\l'ing the distributiun of 
ve:;scls, p~\lench\'nl'l CI.nd resin cclllais. X 3. 

2. Tangential section shu\l'ing 1he nature of pib. 
;< 100. 

3. ,\nother cross-sectiun mdgnil1cd showing the 
naturc and contents of vesseb, the distributiun of 
paren~hyma and resin eitnals. X 75. 

4. Tangential section sho\l'ing the distribution 
and the nature of nlYs. X 900. 

PLXrE 2 

A lIisupleroxylon coromande!cnse sp. nov. 

5. Cruss'section shuwing the distribution uf 
\'e"els, parenchyma aJld resin canab. x 35. 

6. ;\nother cross-section magnifled :;llO\I"ing 3, pair 
of resin ducts and diffused parenchyma. X 100. 

7. Tangential section showing the di:;tribution of 
rays. ;( 35. 

8. :\nothcr tangent'ial ~cction to show the multi. 
seriate heterogeneous rays. );otc the sheath cells 
alan:; the margin. x 100. 

PI..uc; 3
 
SllUYcoxylon :,pceiosw!I sp. DOV.
 

9. Cross-section to SllO\I the gencral structure. 
]\ute the tangential lines of resiu canals and flle 
distribution uf vessels. ;.; 3. 

10. ;\nuther cruss-section rnagniJied to show tile 
ndl urc of vessels, j1clrcnchyma, resill canals and 
Jibre cells. 35. 

11. Tangenllal section showing the nature, dis
triuutiul1 of reL,"S and ftbrcs. x 35. 

12. Tangen(ial section of a portion of the vessel 
sllOwing intervessel pits. x 100. 

13. Hadial section to show the nature of rays. 
X 100. 

J'L.\TE 4
 

Hopeoxy!oll ind/cum gen. et sp. nov.
 

14. Cross-section showing the gross general fea
tures. Note the distribution of resin canals, paren
chyma and vcssels. ;< 3. 

i 5. Tangen ti,ll sectiun showing the distribution 
of rays, tliC naturc of rav cells and l'iiJres. X 35. 

16: '\l101.her cro's·sectlon magniJied to show the 
nature and arrangement of vessels, parenchyma, 
resin canals and fi brc cells. x 35. 

17. A portion o( a \'c"se! segment in tangential 
secticln showing th" pits. X 250. 

18. Radial scction to show the nature of rays. 
>< 100. 


