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I. Introduction.

The material on which the present study is based was

collected by Dr. C.S. Fox of the Geological Survey of India in

January, 1933. Two years later he kindly handed it over to the

writer for investigation. The material consisted of two specimens

both collected in the district of Garo Hills, Assam. The specimen

F.R.I. 6 was from Damalgiri, about eleven miles west of Tura,

headquarters of the district. In size it was about 8 cm. long,

4 cm. broad and 2 cm. thick. F.R.I. 7 was from a place about a

mile north west of Garobadha, nineteen miles west of-Tura. It was

a much smaller specim about 4 cm. long, 3 cm. broad

(B) SPECIMEN F.R.I. 7

and 2 cm. thick both the specimens was far from



satisfactory for a complete anatomical study, although Mo. 6 was

somewhat better than Mo. 7. Slides prepared from Mo. 6 showed

sufficient anatomical structure to enable its identification,

while those from Mo. 7 were far too brittle to be ground to the

required thinness. Tn this connection it is interesting to note

that microscopic examination of Mo. 6 revealed fungal hyphae in
its woody tissues (PI. 1, Fig. 8), but not in Mo. 7.

Geologically the locality is known to be Tertiary but as to

the exact age of the fossil bed, no definite information is at

present available. In the recent geological map it is coloured
as Siwalik which is equivalent to the Tipam stage of Assam Series.

Occurrence of fossils in this particular area has already been

reported. Pinfold (28) found some fossils at about 4| miles

distance from Dalu, on the road from Dalu to Tura, and also at

about a mile from Bagmara on the foot-path from Bagmara to Dalu.

Based on palaeontological information alone he was not inclined

at that time "to correlate succession of Garo Hills with that of

Assam." Vredenburg (38) carefully studied pinfold's specimens

and made some interesting observations. He compared these

fossils with those from Morth Western India, Burma and Java, and

provisionally placed them along with Upper Gaj of Sind and Pyalo

beds of Burma. He was of opinion that further investigation

would be necessary before coming to the final conclusion. Later

on Svans (12) and his co-workers reported additional fossil

localities near about'Dalu and Bagmara. These workers were of

opinion that the fossil-bearing beds could be regarded

approximately as Upper Gaj or Burdigalian. Further information

on this question will perhaps be available when Dr. Pox, who has

been engaged for sometime on the geological survey of this part

of Assam, completes his work.

(A) SPLCIrliiT P.L.I. G.

f 1) Anatomical Description of the Fossil.

Growth rings: The cross sections did not show axiy growth

marks either to the naked eye or with a hand lens (PI. I, Pig. 1).

Mor did careful search under high power microscope reveal any
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any structural difference indicating boundary of the growth ring

(PI. I, ^igs. 2 & 3). However, at one extreme corner of the

fossil some suggestion of growth marks was noticed, which under

a high oower microscope turned out to be nothing but a group of

gum ducts aligned tangent!ally.

Vessels: Distribution of the vessels is more or less

uniform throughout the wood, without any tendency to grouping at

any particular place (PI. I, Figs. 1, 2, 3). Individual vessels

or vessel groups are distinctly visible to the eye, appearing as

dots against the ground tissue of the wood. This timber also

shows some comparatively small vessels, which are distributed
/

rather sporadically (PI. I, Fig. 2). At first it was thought that

these might be solitary gum ducts, but careful examination revealec

their tracheal nature. For the most part the vessels .are medium-
1

sized and they are either solitary, or in radial or obliquely radia

groups of 2-4. In transverse sections the tyloses are not very

distinctly visible but in longitudinal sections their presence

cannot be overlooked (PI. I, Fig. 6). Vessel cavities are often

plugged with darkish deposit of gummy nature. Vessel lines are

often prominent on the longitudinal surfaces due to the coloured

deposit that they contain. Perforation plates are simple,

Horizontal to slightly inclined. Inter-vessel pit pairs are

fairly large, alternate; outlines of the border are oval and

widest horizontally; the aperture is lenticular and horizontal or

slightly oblique (PI. tj, trigs. 7, 8). Vessel-tracheid pits are

similar to those of the inter-vessel. Vessel-ray pits are

distinctly of two types and show some similarity to inter-vessel

pits. They are one to several per ray cell; when one, usually

large (PI. II, Fig. 9); when several, they are comparatively small

The outline of the border is round to oval. The aperture is oval

to lenticular, horizontal or slightly oblique. Vessel-parenchyma

pits are of the same type as those of ves el-ray but in this case

the large type is less common that the small type.

Tracheids: Although they are not distinguishable under low

power but careful examination of some vessels under high power

microscope shows their vasicentric distribution, often intercepted

by parenchyma cells. They are mostly flattened to conform to the
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the wall of the vessel and are usually in a single row. As

regards pits, they are of the same type as those found on the wall
of the vessel; their size and shape depending on the cells that
are contiguous to them.

Fig. 1 ( X 340)
!

s/»w/Lr-

©

©

Fig. 3 (X GOO)

Figs. 1-3. Dinterocarpoxylon garoense sp. nov.

(Semi-diagrammatic Camera-lucIda drawings).

Fig. 1. Showing pits between wood rays and
longitudinal parenchyma cells; note grouping
of pits. Fig. 2. Portion of longitudinal
parenchyma cells showing inter-parenchyma pits.

Fig. 3. Portion of a wood fibre with pits.

Wood fibres: Outline of the fibres can only be distinguished

under high magnification. As a rule, they are irregularly arranged

although they may show somewhat radial alignment in small patches

(PI. T, Figs. 1, 2). The thickness of the fibre wall varies from

thick to very thick. Longitudinal sections do not give the

correct impression of the fibre wall thickness, which can be best

gauged either in the transverse sections or in macerated material.

Fo septate fibre has been observed although occasionally some

P

Fig. 2 (X 340)
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some fibres show resinous contents. Inter-fibre are simple

or bordered; the outline is round to oval, the aperture is

slit-like, vertical or slightly oblique (Text-fig. 3).

Parenchyma; mhe amount of parenchyma present is scanty to

fairly abundant. Paratracheal parenchyma cells are in a sheath

of 1-3 (mostly 2) cells often intercepted by tracheitis (PI. I,

Figs. 1, 2 & 3) . Metatraclieal parenchyma cells are in narrow

to wide bands. They are irregularly spaced and mostly

discontinuous (PI. J, Figs. 1, 2). Then surrounding the gum

ducts usually they are in a row of 3-6 cells. Diffuse parenchyma

cells are also present but are rather scanty. Inter-parenchyma

pits are round to oval. They are of two types; the small type

is in clusters (Text fig. 2) while the large type is usually

single. Farenchyma-ray pits are similar to those of the

inter-parenchyma (Text-fig. 1).

Rays: On the cross surface of the fossil the rays are

visible to the eye and under a hand, lens (X 10) their outlines

are fairly distinct. They are more or less uniformly distributed,

moderately numerous and moderately broad (PI. I, Figs. 1, 2, 3).

On the radial surface of the fossil they do not show up

conspicuously. Of the slides cut in three different planes the

tangentials alone have given the best view of the diagnostic

characters of the rays. They are mostly heterogeneous and can

be classified more or less into three groups (PI. I, Fig. 5).

(1) The uniseriate type" is composed of upright cells only. As a

rule this type is not very high. (2) The biseriate type is also

fairly common, and it shows only a few procumbent cells at the

middle portion of the ray, the rest being composed of upright cells

(3) The majority of the rays are 5-8 (mostly 5-6) seriate. a

row of upright cells form the outer boundary of the rays and the

inner portion consists of procumbent cells packed in an irregular

fashion. The pits between ray cells are numerous. Their

outlines are not so distinct in tangential sections but from

some partially macerated material it has been possible to notice

that they are small, oval or nearly so. As a rule, the rays

are very low to low, but when vertically fused, they run to a

c onsiderable height.
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Gum ducts: A casual observation of the cross sections might

give an impression of a large number of vertical gum ducts, but
careful microscopic examination would prove it to be incorrect.
Some thin walled vessels with resinous contents do show up

somewhat like the gum ducts but the tracheal origin of their

surrounding cells can be easily detected. The gum ducts show a

few layers of surrounding parenchyma cells which are often

arranged in radial rows (PI. T, Fig. 4), while the vessels

containing gummy deposit have at least a few trache ids round about
them. (Pl. T, Fig. 3). By this method it has been possible to
detect some vertical gum ducts in this fossil and these are

classified under two groups: (1) Diffuse or scattered in groups

of 1-3 .and (?) in long row of tangential bands (PI. I, Figs. 1, 2).

But no horizontal gum ducts have been observed in the fossil.

(2) Comparison of the Fossil with the Living Dicotyledons.

In the description of the fossil given above, presence of

vertical gum ducts has been recorded. This is of great importance

from anatomical point of view, for according to Solered.er (37)

and Record (30) only four orders are known to possess the

gum ducts of the normal type found in the fossil. They are

Cornaceae, Simarubaceae, Iemuniinosae and Dipterocarpaceae.

In Cornaceae the genus hastixia (30) is said to have vertical gum

ducts, but the timber specimens of this genus in the Dehra Dun

collection did. not reveal any gum duct. T'ereover, the woods of

I"astixia show very little similarity with the fossil either in

general structure or in minute anatomy. In Simarubaceae, only one

genus Simaruba (30), which is mostly confined to tropical America,

has this special feature. Besides the gum ducts there is very

little similarity between the Sirnaruba and the fossil in question.

In Simaruba the distribution and the shapes of both ray and

parenchyma cells are entirely different from those of the fossil.

There appears to be, therefore, no justification for attaching

any affinity of the fossil F.R.T. 6 with the genus Simaruba.

Then comes the sub-order Caesalpinieae of the Leguminosae in which

the genera'' Cooaifera, Daniella. R.perua. Kingi.odendron, Prioria and

Sindora have normal vertical gum ducts. Row, taking one by one,
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in a Copaifera of tropical America, Record ana Me11 (29) reported
vertical intercellular canals but Chalk and his co-workers (3)

did not find any canals in two African species that they had studied

Apart from the gum ducts, the general features of the Copaiferas
are entirely different from what has been found in the fossil;
for instance, the Copaiferas show distinct growth rings and

have vasicentric and confluent parenchyma, and their rays are

exclusively homogeneous. In view of these differences there

does not appear to be any affinity with this fossil and the

Copaiferas. Text comes Daniella, a genus growing in tropical

Africa. It has been possible to examine only one species of

this genus. This shows paratracheal parenchyma, often forming

conspicuous 'eyelets' and distinct ripple marks. In view of these

anatomical differences, its affinity to the fossil does not seem to

be possible. The next genus, Bperua of Brazil and Guianas was not

available for comparison. However, Record and fell (29) report

on Bperua falcata as having distinct growth rings while Bancroft

(1, 2) reports presence of ripple marks in it. By these tv/o

features alone, the affinity of the fossil to this genus does not

seem to be justified. Of the Priori a copaifera Record and Mell

(29) describe as having parenchyma vasicentric and "numerous

irregularly spaced tangential and concentric lines." Thus it will

be seen that none of the Caesalpinioid woods with normal vertical

gum ducts can be profitably compared with the fossil under

investigation.

Dipterocarpaceae is the only order which now remains to be

critically examined. Except Bono tec and Marquesia (2) all its

genera are known to have vertical gum ducts in their woods. The

diagnostic anatomical features of this order are vertical gum ducts,
tracheids adjacent to the vessels, vasicentric parenchyma in thin

intercepted bands, metatracheal parenchyma in short or long rows at

unequal distance and heterogeneous rays. It will be seen that the

fossil under investigation shows all these features in common with

wood of Bipterocarpaceae. Moreover, the type of pitting found on

the different kinds of cells in Bipterocarpaceous wood are also

the same as has been recorded for the fossil. In view of these

facts it would appear that the fossil F.E.I. 6 belongs to the
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the order Dipterocarnaceae.

The wood of Dipterocanoaceae on account of their commercial

importance have been studded to some extent by various plant
anatomists (14, 25, 24, 32, 26, 13, 10). Most of these

publications are confined to the woods of different political or

geographical regions. Complete anatomical data of various

gene:; a and species growing in different countries are not
available at present. It is not, therefore, possible to trace
the fossil to any particular species. Tn this connection it may,

however, be mentioned here that some seven years back a start was
made in this laboratory to collect anatomical data of tne various

Dipterocarpaceous woods obtainec both from India and abroad. This
work is not yet complete, but based on the available data, the

following tentative classification is suggested. Leaving aside
Monotes and Marquesla, the rest of the family can be divided into

two main groups. Those which have gum duets mostly in concentric
bands extending over an inch will come under one group. Included
in this are the genera, Shore a. Doona, Lope a, I soptera. Parashore,a.

P entacme, P alanoc arpu s, Dryobalanon s and Dip tic.annus.* In the

other group the gum ducts are always scattered all over the wood -

they may be single or in groups of a few. Occasionally one may

come across in this group a concentric band of gum ducts but always

accompanied by the scattered ones. Seven genera come under this

and they are Dipterocarpus. Materia, Vatica., Anisoptera.

Cotvlelobium. Stenonoporous* , ? achyno c anus:< and " "onooor andra* .

Vrom the description of the fossil recorded in this paper it

will be noticed that it belongs to the second group. On making

a comparative study of the genera under this group, based on the

size and the distribution of vessels and of gum ducts as well as the

shape and the arrangement of rays and their individual cells, it

has been found that the fossil shows greatest affinity to the genus

Anisoptera. As to tracing the fossil to a particular species of

Anisoptera, it could not be done for two reasons. Tirstly, our

knowledge of the anatomy of the Dipterocarpaceae is not at present

complete, and secondly, the unsatisfactory preservation of the

* Due to divergence of opinion amongst the systematic botanists,
the generic position of these four is still uncertain.

. I



the fossil does not allow the required measurements that are

necessary for separating the species.

(3) Comparison of the Fossil with those Previously Recorded.

(a) Fossils from India.

In IS16, a fossil wood from the Irrawady (Tertiary) Series
of Burma was identified by Holden (18, 36) as DipterocarpoxyIon

burmense. Later, Gupta (16) re-examined and re-named it as

Irrawadioxylon burmense. In a previous paper the author (6) has

expressed his doubt regarding Gupta's identification and has also

pointed out the affinity of Hoiden's original specimen to

Glutoxylon as sarnie urn. In any case, it is now certain that this

fossil from Burma has been wrongly named as Dipterocarpoxy1on.

Sen (35) reported another fossil wood from Bengal and called it

Dinterocarooxylon after Holden. Since Holden's specimen was not

correctly identified, it appears to be justified to conclude that

Sen's specimen is not a trxae Dipterocarpoxylon.

In 1935 Gupta (17) reported another fossil wood from the

Tertiary formations of Burma as Dipterocarpoxvlon holdeni. The

photomicrographs included in his paper did not show much affinity

to the woods of the living Dioterocarpaceae. At my request

Professor Sahni of Lucknow University has been kind enough to send

me the slides of this fossil. I have examined them and am of

opinion that Dipterocarpoxylon holdeni has not been correctly

identified. To start with, it does not possess any vertical

gum ducts. Uor does it show similarity to the woods of

DIpte ro c arpac e ae in size and distribution of vessels, of

parenchyma and of rays. In the face of all these differences

there does not appear to be any justification to take it as one

of the Dipterocarpoxyla.*

Recently Rode (33) described a fossil dicotyledonous wood from

the Deccan Intertrappean beds and named it as Dryoxylon raohgaoense.

* I understand Dr. Gupta is soon going to re-examine this fossil
critically, and if possible, determine its correct systematic
position.
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He did not attempt to draw affinity of the fossil to the living
trees but simple recorded some of his observation. From

what he has given in his paper it appears that the fossil

from the Tntertrappean beds does not belong to the D ipter o c aro ac e ae

nor to the fossil wood from the Garo Hills. From the above

it would be seen that the fossil under investigation is the

first specimen in India to be recorded as belonging to the

family Dipterocarpaceae.

Different workers have used the name D ipter o c aro oxylon

in different senses and it seems here desirable to clear up this

point before an enumeration is made of the various Dipterocarpoxyla

21, 22, 23), Edwards (11) and "Bancroft (1, 2) are of opinion that
the name Dipterocarpoxylon should be used to include all fossil

woods of the Dipterocarpaceae, while Den Berger (S, 9), Pfeiffer

and Van Heuren (27) have gone further and divided the family into

different genera or sub-groups and named them accordingly. In

the opinion of the latter group DipterocarpoxvIon includes only

two genera, Dipterocarpus and Anisoptera.

Altogether 17* fossil specimens have so far been reported as

belonging to the Dipterocarcaceae and these are shown in the table

below under the names they have at present:-

(b) Fossils from outside India.

that have so far been recorded from outside India. Krausel (20,

Table showing various fossil woods referred to
Dip tero c arpac e ae with their age.

Species Country Age

1. Bredaea moroidesh C W-GLVP CX iiiVl i O 1 ^ >7 4

Goeppert 1854. (15).

JJ ip tero c arp o xylon moroides
'.rausel. 1926. (23).

Java Tertiary

Shoreoxylcm moroides,
Den Berger. 1327. (9).

* bIpterocarooxylon annamense, Colani, has not been included in
this list. For reasons see author's remarks in (6).
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SI.
No. Species. Country. Age. j

2. Naucleoxvlon soectabile, )
Crie. 1888. (7). ) j:

J

Dipterocarpoxylon spectabile, )
Krausel. 1926. (23) )

\

Java. Tertiary. |
1

/

Dryobalanoxylon spectabile, )
Den Berger. 1927. (9). )

3. Grewioxylon swedenborgii, )
Schuster. 1910. (34). )

)
T>ipterpcarpoxy1on sweden- )
borgii, 'Krausel." 1922. (20) )

East Indies.

jj

Tertiary.

4. Dipterocarpoxvlon tobleri, )
Krausel. 1922. (20). )

)
Drvobalanoxylon tobleri, )

Den Berger. 1923. (8). )

South Sumatra. Tertiary.

5. Dipterocarpoxylon sp., )
Kr'dusel. 1922. (20). )

a
1

Shoreoxvlon d.iambiense, )
Den Berger. 1923. (8). )

South Sumatra. Tertiary.

J

Bipterocarpoxylon cfiambiense, )
Edwards. 1931. (11). )

6. Dipterocarpoxvlon sp., )
(tobleri?) Krausel. 1922. (20) )

)
Shoreoxylon krauseli, )
Den Berger, 1923, (8), )

"n

South Sumatra. Tertiary.

Dipterocarooxvlon krauseli, )
Edwards. 1231. (11). )

7. Oaesalpinioxvlon palembangense, )
Krausel. 1922. (20) )

)
Shoreoxylon palembangense, )
Den j3erger. 1923. (8)7, )

Sumatra. lliocene.

8. Dipterocarooxvlon .iavanense, )
Krausel, 19-22. (21). )

Dryobalanoxylon .iavanense, )
Den Berger. 1227. (9). )

Java. Tertiary.

9. Dipterocarpoxvlon geooperti, )
Kr'iusel. 1926. (23). )

Java. Tertiary.

10. Drvobalanoxvlon sp., )
Pfeiffer K Van Veurn. 1928(27) )

Java. Plio-
Pleistocene. 1

11. Dipterocarpoxylon sp., )
Pfeiffer & Van Veurn. 1928 (27))

Java. Plio-
Pleistocene.

12. Shoreoxvlon sp., Pfeiffer & )
Van Veurn. 1928. C27). )

Java. Plio-
Pleistocene.

13. Dipterocarpoxvlon scebelianum, )
Chiarugi. 1933. (5). )

T tali an

Somaliland.
Plio-

Pleistocene. !

14. DipterocarpoxylonNsomalense, )
Chiarugi. 1933. (5). )

Italian
Somaliland.

Plio-
Pleistocene.
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o Species Country Age

15. Dip ter-o c anoxy1on glubense ,

Cli 1 arug i. 1933 (5) .

) Italian
) Somaliland

Plio-
Pleistocene

16. Pinterocaraor-lon africanura, )
Bancroft."~lS33 (1) and 1935 (2))

st Africa Tertiary

17. Dinteroc arpo xylon garoense
Chowdhury. 1938.

)
)

Garo Hills
Assam.

Tertiary.

Illustrations of these fossils as well as their descriptions

have been critically studied. None of then: shows all the

anatomical characteristics similar to those of the fossil from the

GarcHills. Pinterocamoxy1on goeorertl, Krausel, (23) shows

some slight resemblance to the fossil in the cross section but the

tangential sections are entirely different. Again, Dryobalanoxylon

spec tab lie, DenBgrger, (9) and this fossil show some agreement in

their tangential view but their cross sections are not at all

similar. In view of these facts it can, therefore, be concluded

that the fossil from Garo Hills has no affinity with any of the

Pinterocarpoxyla previously reported from outside India.

A comparative study of the fossil F.R.I. 6 with the living

dicotyledons has shown its greatest affinity to the genus Anisoptera.

Considering our imperfect knowledge in the anatomy of the living

Dinterocarpaceae it does not at present appear to be judicious to

give it that generic name. The fossil from the Garo Hills is,

therefore, named Dipterocarpoxylon garoense, which means that it

belongs to the order Dipterocaroaceae excluding the genera Honotes

and Marque si a. Its specific diagnosis is given below;-

I)ipter-ocarpoxylon garoense , Sp. Nov.*

Growth rings; Indistinct.

Vessels; Visible to the eye, medium-sized to rather large;

♦Description of the fossil given here is in accordance with the
standard method of describing a wood by Chattaway (4) , Rendle and
Clarke (31). Figures included in the description are based on
counts as given below;-

Vessel distribution 20 counts; tangential and radial diamete-
of vessels, 100; fibre length, 50; ray distribution, s5; raf
width and height, 50. "

(4) Name of the Fossil and its Diagnosis
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tangential diameter of solitary vessels 169 - Sp., radial diameter

268 - 8p, more or less evenly distributed, usually 112 (138) single
or groups per 25 mm. sq., in groups of 2-4 (7), 30% in pairs and

the rest single; tylosed, occasionally filled with solid contents;

perforation plate simple, horizontal or oblique; vessel elements
with or without tail. Inter-vessel pit pairs fairly large,

alternate, outline of border oval; aperture lenticular, horizontal
or slightly oblique. Vessel-tracheid pits similar to inter-vessel

pits. Vessel-ray pits two types: (1) one to a ray cell, usually

large, (2) several to a ray cell, somewhat similar to inter-vessel

nits but smaller, outline of the border small, round to oval,

aperture oval to lenticular. Vessel-parenchyma pits similar to

vessel-ray nits.

Tracheids: Vasicentric in a single row, occasionally

intercepted by parenchyma cells. Pits exactly like vessel, their

size and shape depending on the adjacent cells.

fibres: Thick to very thick-walled, irregularly arranged,

showing no definite alignment in cross section, occasionally

filled with solid contents. Septate fibres not observed. Inter-

fibre pits simple to bordered, outline of border round to oval,

aperture slit-like. fibres short, 978 - 56jj in length.

Parenchyria: Vot visible to the eye or with a hand lens,

scanty to fairly abundant under microscope; (1) paratracheal in

rows of 1-3 (mostly 2) intercepted by tracheids; (2) metatracheal

irregular, in narrow or wide bands, occasionally surrounding gum

ducts: (3) diffuse rather scanty. Tnter-parenchyma pits round

to oval, small to large, one to many per cell.

Hays: Visible to the eye, moderately numerous, 5 per mm.,

heterogeneous, occasionally containing solid deposit; moderately
broad to broad, 5-8 cells, 98 - 23p. in width; height usually more

than 15 cells, very low to low, 720 - 144;u; ur.iseriate rays and

outer cells of the multiseriate rays squarish to oblong vertically,
the inner cells procumbent, irregularly arranged. The rays

occasionally vertically fused, running to considerable height.

Pits between ray cells small, numerous, oval or nearly so.

C-um ducts; Vertical gum ducts noticed. (l) "Diffuse or
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or scattered in groups of 2-3, (2) in tangential bands of

considerable length.

- General Remarks.

Much has been written on the difficulty of identifying

palaeobotanical specimens based on isolated material. But it
is doubtful whether one can always obtain complete material of

foliar and reproductive remains to be sure of the specific naming
\

of a fossil. Tn view of the progress made in plant anatomy

within the last 50 years and of the certainty with which the

isolated wood samples of the living species are now being identified
in various laboratories, it appears to be possible to trace

specimens of fossil wood to at least a genus or group of genera.

According to this school of botanists,the degree of certainty in the

identification of a fossil wood will depend on the extent of our

knowledge in the anatomy of the family concerned. The order

Dipterocarpaceae shows distinct anatomical characteristics by which

its members can be easily distinguished from, those of the others.

Fossil woods possessing no gum ducts or only doubtful ones have in

some cases been placed under Droterocarpoxylon. Such rash

identifications have caused only confusion, as can be seen from

the past record. All anatomical details of a fossil wood must

match with those of the Dio tero c arp ac e ae before it can be placed

with certainty under Dipteroc arpoxylon.

The present distribution of the Droterocarpaceae has been

recorded by various, systematic botanists and this question has been

fully discussed by Bancroft (1) in her paper on "A contribution to

the Geological History of the Dipterocarpaceae." Lately, Kanjilal

and Das (19) have published a 'Flora of Assam' according to which

only three genera namely Shore a, Dipterocarpus and. Vatic a occur

in Assam. Ho mention is made by these authors of the genus

Anisortera to which the fossil under investigation shows the greatest

affinities. At present the Anisopteras are known to occur in

Burma, Siam, Indo-China, Malay Archipelago and Philippine Islands,
and the reason for their migration from Western Assam is not well

understood.

Dr. Fox's specimen from the Garo Hills is of great interest



from the botanical point of view, for amongst the fossil woods

so far reported from India, this alone shows in full details the

anatomical structure of the living Dipterocarpaceae and therefore

would appear to be the first Dioterocarpoxylon to be recorded

from India. From other countries such as Malay Archipelago and

East Africa a good many Dinterocarpoxyla have been reported.

It was thought that a consideration of the age of these fossils

from, outside India might throw some light as to the exact age of

the fossil under investigation, but unfortunately no helpful clue

was possible to obtain, for the D 1p tero c arp o xyla from outside

India had been recorded from the Tertiary to the recent formation

and this is little more than what is already known about the age

of the fossil in question.

(B) SPECIMEN P.M.I. 7.

(1) Description of the Fossil.

To start with it may be mentioned here that the preservation

of this specimen has been so bad that its detailed anatomical

study was not possible. Whatever minute anatomy has been
\

observed is recorded below:-

Growth rings are very difficult to distinguish. There is

some suggestion of a tangential parenchyma band which cannot with

certainty be taken for a demarcation of growth ring (PI.IT, Fig. 10)

Moreover, the specimen is so small that it does not show more than

one such band. Vessels are more or less evenly distributed.

Some are in radial pairs but majority single. in shape they are

oval to circular (PI. II, Figs. 10,12). ooc. fibres are arranged

in somewhat radial rows. Their vjtlls are thin to fairly thick

(PI.II, Fig.12). parenchyma cells are difficult to distinguish

from the wood fibres. There appear to be some round the vessels

but the patterns the;r form are not at all distinct. hays are not

prominent either to the eye or with a hand lens but they are

fairly distinct under a high power microscope. They are more or

less uniformly distributed, 2-3 seriate, heterogeneous end low in

height (PI.II, Fig. 11).
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(2) Name of the Dossil and its Diagnosis.

The above anatomical data are too incomplete for any-

profitable comparison either with the woods of the living
dicotyledons or with the dicotyledonous fossil woods that have so

far been reported. In these circumstances it seems advisable

to place it in the form genus Dryoxylon, Schleiden, and its

diagnosis is given below:-

Specimen 7.D.1. 7. Dryoxylon sp.

A diffuse porous wood.

Growth rings: Indistinct.

Vessels: fTedium sized to fairly large, visible to the eye;

solitary or in radial pairs of 2-3 (mostly 2); tyloses not

observed; perforation plate simple.

hood fibres: Thin to moderately thick walled, arranged in

somewhat radial rows.

Parenchvma: Distribution mostly indistinct; aopears to be
—i.. in.. i .in .m. *- / J. A.

round the vessels and also in tangential bands.

Days: Visible under high power of microscope, 2-3 seriate,

heterogeneous and low in height.

Summary.

1. Two dicotyledonous fossil woods from the Garo Hills of

Assam are described and recorded.

2. The specimen 7.D.I. 6 has been intensively studied and

its affinities to the living Anisorteras of Dipteroc arpaceae

are shown. Comparison of the fossil with those previously

recorded from India and outside India is made and their possible

affinities are discussed. 7.B.J. 6 appears to be the first

specimen of Dtoterocamox'-dLon to be found in India and it is

named, as p. garoerse.

3. Previous workers recorded occurrence of Dipterocarpoxylon
from Tertiary to Decent age. So the age of p. garoense is in

agreement with their findings. moreover, palaeontological

investigation of the ^eds in which p. garoense has been found,

does not show any disagreement.

4. The specimen D.D.I. 7 did not allow any detailed study
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due to its bad preservation. Its anatomical details, as far as

it bas been possible to observe, are recorded.

Grateful acknowledgements are due to Dr. C.S. ":ox of the

Geological Survey of India for giving the author an opportunity

to study these fossil woods. Thanks are also due to Professor

3. Salmi and Dr. K.M. Gupta of Lucknow University for allowing

the author to examine the slides of Dipterocarpoxylon holdeni,

Gupta.

.. Saneroft,

3. Chalk, L.j
J. Burtt Davy and
Desch, U.S.

4. Chattaway, y.U.

•5. Chiarugi, A.

6. Chowdhury,
P. Ahmad.

7. Crie, L.

8. Den Berger, L.G.

o.

TIT. .references,

A contribution to Geological TTistory of

the Dipterocarpaceae. Geol. Toren.

^orhandl. 55. 1, 59-100. 1933.

Some fossil Dicotyledonous woods from

Kount Slgon, Last Africa. I. Am. Jour. Bot.

22, 164-183. 1935.

Some East African Coniferae and Leguminosae

1932.

Proposed standard for numerical values

used in describing woods. Tropical hoods,

29, 20-88. 1932.

Legni fossili della Somalia Italiana,

Palaeontographic a Italic a, 32, Suppl. T,

106-118, 1933.

A fossil dicotyledonous wood from Assnip.

Ann. Bot. 50, 501-510. 1S36.

Recherches sur la Flore Pliocene de Java.

Samrn. Geol. P.eichs. Jus. Leiden, 5,

1-22. 1888.

Fossiele Houtsoorten uit het Tertiair van

Zuid-Sumatra. Verhand. Geol.-Gijnb. Gen.

ITederland en kol. 7, 143-48. 1923.

Unterscheidungsmerkmale von rezenten una

fossilen Dip tero c arpac e engattungen. Bull.

Jard. Bot. Buitenzorg. (3), 8, 495-498.

1927.



18

10. Desch, H.E.

11. Edwards, 1

12. Evans, P.;
Metre, T: ,o. &
Singh, P.H.

13. Fo xwor thy, . ■

14. Gamble , J.S.

13. "'O-evoer

. Gupta, K.M.

17.

18. Holcten, P,

19. Manjilal, HE
n

20. KrSusel.

:i.

94. Lecomte i •

25. Ho11, J.H. ?

Commercial Timbers of the Malay Peninsula,

T. The Genus Shorea. Malayan For. Hec.

Ho. 12. 1936.

Fossilium catalogue II. Plantae. Pars 17:

Dicot. 1931.

Additional fossil localities in the upper

Tertiary of the Garo Hills, Assam, proc.

19th. Ind. Sci. Cong. 381. 1932.

D ipter o carpaceae of Malay peninsula.

Malayan For. Pec. Ho, 10. 1932.

A Manual of Indian Timbers. 1982.

Die Tertiarflora auf der Tnsel Java. 1854.

Critical Per.iarks on Dipterocarooxylon

M

8

MP

i

burmense, Holden; Irrawadioxylon, Gen. Hov.

Proc. Ind. Aca. Sci. I, 2, 549-555. 1835.

A review of the Genus B Iptero c arpoxy1on of

Holden, with description of a new species

D, holdeni from the Jrrawady System of Burm^l
Proc. Tod. Aca. Sci. 1, 10, 633-638. 1935.

A fossil wood from Puma. Pec. Geol. Surv.

India, 47. 267-272. 1916.

"Mora of Assam. I. 1934.

Fossile Holzer aus dem Tertiar von Suci-

Sumatra. Verh. Geol.-Mijnb. Gen. ?:ederland

en Hoi. 5, 231-2 1922.

Hber einen Fossilen laumstaiiih von Bolang

(Java). ?roc. Sect. Scil, 25:: 9-15. 1922.

Der Stand unserer Menntnisse von der

Tertiarflora Hiederlandisch-Jndiens. Verh.

Geol.-Uijnb. Gen. Hederland en Pol. 8,
ior^

Ueber einige Fossile Holzer aus Java.

Leidsche Geol. Med., 2, 1-6. 1S26.

Les 3ois de 1' Indochine. 1926.

Mikrographie des Holzes der auf Java

vorkomenden Baunarten. 1906-36.



26. Pearson, P.2. J
Brown, P.P.

27. Pfeiffer,
Van Heurn

28. Pinfold, 3

CO
-- «_•' o Record, S

Me 11, C.D

CO o • Record, S

3D. Pendle, B
Clarke, H

O "Onrrp Q T T^ 0 '-"y " ° j -—' •" •

33. Rode, P.P.

34. Schuster, J,

35. Sen, J.

36. Seward, A.C.

37. Solereder, H.

38. Vrederiburg, E

J
19.

Commercial Timbers of India. "1 o_Lc7 *->(-> •

m

Some Fossil Roods from Java not yet

described, proc. Sect. Sci. Amsterdam.

31, 1005. 1928.

Two new fossil localities in the Caro

Hills. Pec. Geol. Surv. Ind. 51, 126-129.

ISIS.

Timbers of Tropical America. 1924.

Timbers of forth America. 1934.

Diagnostic value of measurements in Wood

Anatomy. Tropical Woods, 40, 27-37. 1934.1
Woods of Philippine Dipterocarps.

Philippine Jour. Sci. 22, 291-344. 1923. |
ji

A Silicified Dicotyledonous Wood: Dryoxylon

mohgaoense sp. nov. from the Deccan

Tntertrappean Beds of India. Jour. Ind.

Bot. Soc. 15, 2, 131-138. 1936.

Qeber iTicolien und Nicolien ahnliche Holzerg

K. Svensk. Vet. Akad. Handl. 6. 1910.

Fossil Wood of the Dlpterocarpoxylon type

from the Lalmai range in Comilla, Bengal.

Quart. Jour. Geol. Mining and Metallurgical

Soc. India, 2, 139-141. 1930.

•plant Life through the Ages. 1931.

Systematic Anatomy of Dicotyledons.

English Edition I J II. 1908.

Mote on marine fossils collected by Mr.

I

'infold in the Garo Hills, pec. Geol. SurvJ
Ind. Vol. 51. 3, 303-337. 1821.

-oOo-



20

lxplafation of platls .

(All photomicrographs are from untouched negatives.)

plata i.

T) intero c arpo x^lon garoense. sp. nov.

-Pig. 1. Transverse section showing distribution of vessel,

rays and vertical gum ducts. Note the arrangement of gum ducts

at the right hand corner (Gd). x 10.

Fig. 2. Transverse section showing distribution of small (3v)
and large vessels in comparison with that of gum ducts (Gd). x 40.

Fig. 3. Transverse section Showing parenchyma and trache ids

round the vessels. Tote also the distribution of metatracheal

parenchyma cells, x 75.

Fig. 4. Transverse section showing a pair of gun ducts

surrounded by rows of parenchyma cells, x 35.

Fig. 5. Tangential section showing distribution, width and

height of rays. Note also the size and shape of the cells

forming different types of rays, x 50.

Fig. 6. Tangential section showing tyloses in the

vessels, x 110.

plats ii.

Li'oterocarpoxvlon garoense. sp. nov.

Fig. 7. A vessel element showing inter-vessel pits, x 90.

Fig. S. Radial section showing inter-vessel pits (Ivp)

and fungal hyphae (H). x 4-40.

Fig. 9. P.adial section showing vessel-ray pits (Vrp) .

Note their distribution and size, x 440.

Dryoxylon sp.

Fig. 10. Transverse section showing general structure of

the wood, x 10.

Fig. 11. Tangential section showing size and distribution of

rays. Note the shape of individual cells of rays, x 75.

Fig. 12. Transverse section showing distribution and

arrangement of wood fibres, x 35.
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