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ABSTRACT

Shukla A, Mehrotra RC & Guleria JS 2013. A fossil wood of Gluta L. (Anacardiaceae) from the Early Eocene sediments of 
Gujarat, western India. The Palaeobotanist 62(1): 65–70. 

A fossil wood showing resemblance with the modern genus Gluta L. is described from the Rajpardi Lignite Mine of Bharuch 
District, Gujarat. The age of this mine has been considered as Early Eocene. The modern comparable species of the fossil, Gluta 
travancorica Bedd., is an evergreen element and presently growing in wet evergreen forests of Western Ghats, India. An account 
of the present distribution of its modern analogue, along with previously described fossils from the same locality indicates the 
existence of humid conditions and evergreen forest in and around the fossil locality during the Eocene as compared to arid to 
semi–arid climate in the area today.
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if’pe Hkkjr esa xqtjkr ds izkjafHkd vkfnuwru volknksa ls izkIr XyqVk ,y- ¼,ukdkfMZ,lh½ dh thok’e dk"B

vuqesgk 'kqDyk] vkj-lh- esgjks=k ,oa ts-,l- xqysfj;k

lkjka'k

xqtjkr esa ftyk Hk:p ds jktinhZ Hkwjkdks;yk [kku ls izkIr vk/kqfud oa’k XyqVk ,y- ls ln`’rk n’kkZrh gqbZ ,d thok’e dk"B of.kZr dh xbZ 
gSA bl [kku dh vk;q izkjafHkd vkfnuwru ds :i esa ekuh xbZ gSA thok'e dh vk/kqfud rqyuh; tkfr] XyqqVk Vªkcudksfjdk csM- ,d lnkgfjr rRo 
gS rFkk orZeku esa Hkkjr] if’peh ?kkVksa ds vknzZ lnkgfjr ouksa esa mx jgk gSA mlh micLrh ls izkIr igys of.kZRk thok’eksa lfgr blds ln`'k:i ds 
ekStwnk forj.k dk fooj.k {ks= esa vkt 'kq"d ls v/kZ 'kq"d tyok;q dh rqyuk esa vkfnuwru ds nkSjku thok'e micLrh esa o pgqavksj vknzZ fLFkfr;ka o 
lnkgfjr ou dh fon~;ekurk bafxr djrk gSA 

laDsÿr&'kCn—XyqqVk Vªkcudksfjdk csM-] lnkgfjr ou] jktinhZ Hkwjkdks;yk [kku] iqjktyok;qA

INTRODUCTION

The Rajpardi Lignite Mine is situated about 35 km south-
east of Bharuch on Ankleshwar–Rajpipla Road towards 

south of the Rajpardi Village, Bharuch District, between Lat. 
21°43'–21°40' and Long. 73°13'–73°15' (Fig. 1) and covers 
an area of about 3.5 sq km. The detailed geology of the area 
has been discussed by many workers (Chandra & Chowdhary, 
1969; Kathiara, 1969; Kathiara & Bhatt, 1969; Sudhakar & 
Basu, 1973; Agarwal, 1986; Kumar, 1996) and on the basis of 
palynological assemblage the age of this mine is considered 
as Early Eocene (Koshal & Uniyal, 1986; Bhattacharya, 1987; 

Phadtare & Thakur, 1990; Guleria, 1991; Kar & Bhattacharya, 
1992; Kumar, 1996). The lignite of the mine belongs to the 
Cambay Shale Formation of the Cambay Basin, south Gujarat 
(Agarwal, 1986) (Fig. 2). A meagre work has been done on 
the plant megafossils of this mine (Guleria, 1991, 1994) as 
only two taxa, namely Sonneratia L.f. and Terminalia L. of 
the families Sonneratiaceae and Combretaceae, respectively 
are known. The present work is very significant as it not only 
reports a typical wet evergreen element to reconstruct the 
palaeoclimate at the time of deposition of this huge lignite 
but also is the oldest record of the genus Gluta L. 
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MATERIAL AND METHODS

The present fossil material was collected from lignite 
bands and lenses alternating with carbonaceous clay. The fos-
sil woods were highly carbonized and brown in colour. After 
studying a large number of fossil woods a single specimen 
was found satisfactorily preserved. To study the xylotomical 
characters this fossil was cut into thin sections, viz. transverse, 
tangential and radial longitudinal and its slides were prepared 
by the usual method of cutting, grinding and polishing. The 
thin sections were examined under the high power light 
microscope. The identification of the fossil was made after 
its comparison with a large number of modern woods, both 
from thin sections and published literature. The anatomical 
terms used in describing it are those adopted by Wheeler et 
al. (1986) and International Association of Wood Anatomists 
(1989). The figured slides are housed in the museum of the 
Birbal Sahni Institute of Palaeobotany, Lucknow.

SYSTEMATICS

Family—ANACARDIACEAE

Genus—GLUTOXYLON (Chowdhury) Prakash & 
Tripathi, 1976

Glutoxylon burmense (Holden) Chowdhury, 1952

(Pl. 1.1–6)

Description—Wood diffuse porous. Growth rings 
present. Vessels mostly medium to large, sometimes small, 
t.d. 88–225 µm and r.d. 120–267 µm, solitary to radial mul-
tiples of 2–3, rarely 4 (Pl. 1.2–3), round to oval in shape, 
with flattened walls when in radial multiples, 3–8 per sq mm, 
profusely tylosed (Pl. 1.2); vessel elements 282–678 µm in 
length; perforations simple; intervessel pits alternate. Axial 
parenchyma paratracheal and apotracheal; paratracheal pa-
renchyma scanty, few cells attached with vessels (Pl. 1.2–3), 
apotracheal parenchyma in the form of tangential bands at 
irregular intervals, bands 1–3 cells in thickness (Pl. 1.1–2) 
and 1–4 per mm; cells thin walled, 25–60 µm in length and 
15–20 µm in width. Rays two types, simple and fusiform, 
about 83–484 µm in height and 11–37 µm in width; ray tissue 
heterogeneous; simple rays 1–2 (mostly 1) seriate (Pl. 1.4), 
homocellular (Pl. 1.6), consisting of procumbent cells only, 

Fig. 1—Geological map showing Rajpardi Lignite Mine (marked by star).
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Fig. 2—A generalized stratigraphic table of the Cambay Basin (Agarwal, 1986).

Age Formations
(Sub–surface)

Lithology

Pleistocene Jambusar Sandstone, silt, clays and gravels
Pliocene Broach (300 m)

Jhagadia (200 m)

Sandstone, gritstone, conglomerate, breccias, clays, silt

Miocene Kand (400 m)

Babaguru (300 m)

Conglomerate, fossil, limestone, calcareous sandstone and 
gravelly clay

Conglomerate, sandstone, clays–cherry red and highly 
ferruginous

Oligocene Tarkeshwar (175 m) Grey, yellow and brown friable sandstone with lenses of 
bentonitic clays

Eocene U     Ankleshwar/Dinod (500 m)

L     Cambay Shale (430 m)

Fossiliferous limestone and marl

Dark grey to black carbonaceous and pyritic shales, lignite
Palaeocene Vagadkhol (520 m) Conglomerate, grit, sandstone, variegated clays and siltstone
Cretaceous Deccan Trap Basalt, trachyte, etc.

fusiform rays 3–4 seriate with horizontal gum canal in the 
centre (Pl. 1.5), made up of procumbent cells in the middle 
portion and 1–2 marginal rows of upright cells at the one or 
both the ends. Fibres rectangular to polygonal in shape as 
seen in the cross section, non septate, moderately thin walled, 
570–879 µm in length and 15–23 µm in width.

Figured specimen—Specimen No. BSIP 39994.
Horizon & Locality—Cambay Shale Formation; Rajpardi 

Lignite Mine, Bharuch District, Gujarat.
Age—Early Eocene.
Affinities—The characteristic anatomical features of 

the fossil wood are: diffuse porous wood, simple perforation 
plates, apotracheal parenchyma bands at irregular intervals, 
fusiform rays with gum canal, heterogeneous ray tissue and 
non septate fibres. All these features of the fossil show its 
close resemblance with the modern woods of the family 
Anacardiaceae, in particular with Gluta Linn. (=Melanorrhoea 
Wall.). Earlier Gluta and Melanorrhoea were considered 
as two separate genera but now these are considered as a 
single genus (Hou, 1978). Wood anatomy also supports this 
view as woods of these genera show similar or overlapping 
characters. For further identification the fossil was compared 
with the thin sections of various species of Gluta and found 
close to G. travancorica Bedd. (Wood Slide No. BSIP 643) 
(Pearson & Brown, 1932; Metcalfe & Chalk, 1950; Miles, 
1978; Ilic, 1991).

Chowdhury (1934, 1936) instituted the genus Glutoxylon 
for the fossil woods resembling both Gluta and Melanorrhoea 
and described a fossil wood as Glutoxylon assamicum from 
the Tertiary of Assam. Later on, he merged G. assamicum to 
G. burmense (Holden) Chowdhury, along with many other 

genera and species (Chowdhury, 1952). Prakash and Tripathi 
(1969) emended the diagnosis of Glutoxylon while reporting 
G. burmense from Hailakandi, Assam. They observed that 
the two genera, i.e. Gluta and Melanorrhoea can be placed 
into two groups on the basis of differentiation in their paren-
chyma bands and created a new genus Melanorrhoeoxylon 
Prakash & Tripathi to accommodate fossil woods resembling 
Melanorrhoea (Prakash & Tripathi, 1976). However, Hou 
(1978) merged Melanorrhoea into Gluta in his work on the 
family Anacardiaceae. As the two genera are taxonomically 
and anatomically very similar, Gluta has the priority over 
Melanorrhoea. Therefore, the organ genus Melanorrhoeoxy-
lon Prakash & Tripathi (1976) became synonym to the earlier 
known genus Glutoxylon (Chowdhury) Prakash & Tripathi 
(1969). Consequently, the two known species of Melanor-
rhoeoxylon, M. cacharense Prakash & Tripathi (1976) and M. 
garbetanse Roy & Ghosh (1981) were renamed as Glutoxylon 
cacharense (Prakash & Tripathi) and G. garbetanse (Roy & 
Ghosh) by Guleria (1984). So far six species of Glutoxylon 
namely, G. burmense (Holden) Chowdhury (1952), G. cud-
dalorense Awasthi (1966), G. symphonoides Lemoigne (1978), 
G. kalagarhense Trivedi & Ahuja (1978), G. cacharense (Pra-
kash & Tripathi) Guleria and G. garbetanse (Roy & Ghosh) 
Guleria (1984) are known from various Tertiary exposures of 
India. The present fossil was compared with all these species 
and found very similar to G. burmense (Holden) Chowdhury 
(1952) and hence, it is placed under the same specific epithet. 
This fossil species is widely distributed in India and South-
east Asia during the Neogene (Guleria, 1984, 1992; Awasthi 
& Mehrotra, 1997; Mehrotra et al., 1999; Kar et al., 2004).
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DISCUSSION

Gluta Linn. consists of about 30 species of trees, rarely 
shrubs, often reaching up to a height of 30–55 m (Chowdhury, 
1952). Gluta travancorica, the modern analogue of the fossil, 
is a large tree, mainly distributed in the wet evergreen forests 
of Western Ghats, south India (Ghosh & Purkayastha, 1963). 
In addition to this, two more genera, i.e. Terminalia and 
Sonneratia were described from the same locality (Guleria, 
1991, 1994). Following the concept of NLR (Nearest Living 
Relative), which believes that the climatic requirement of a 
fossil must be the same as of its modern counterpart (Bamford, 
2011; Mehrotra et al., 2011), a tropical environment with ev-
ergreen forests could be interpreted at the time of deposition 
of the sediments. As the area today is arid to semi–arid, the 
climatic condition at the time of deposition was much better 
for the growth of evergreen elements like Gluta. Further, the 
recovered microfossil remains from the area also support 
the above view (Bhattacharya, 1987; Kar & Bhattacharya, 
1992; Kumar, 1996). Moreover, the presence of Sonneratia 
indicates the occurrence of sea in nearby areas (Lakhanpal, 
1970; Guleria, 1991, 1994). This drastic change in the climate 
of Gujarat might be due to the northward movement of the 
Indian Plate and uplifting of the Himalayas.
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PLATE  1
Glutoxylon burmense (Holden) Chowdhury, 1952

1–2. Transverse sections of the fossil showing vessel distribution and 
parenchyma bands (TV= Tylosed Vessels).

3. Enlarged transverse section of the fossil showing shape, size and 
distribution of vessels.

4. Tangential longitudinal section of the fossil showing uniseriate rays 
(marked by arrows).

5. Tangential longitudinal section of the fossil showing multiseriate 
rays with gum canal in the centre (marked by arrows).

6. Radial longitudinal section of the fossil showing weakly heterogene-
ous ray tissue. 
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