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ABSTRACT

A specimen of dicotyledonous wood was recovered from the Deccan Intertrappean deposits at Rambakhedi,
Betul District, Madhya Pradesh. The fossil belongs to the uppermost Cretaceous-lower Tertiary horizon. It
is permineralized and remarkably well preserved. For anatomical examination, the material was treated
with hydrofluoric acid to prepare peel sections in transverse (T.S.), tangential longitudinal (T.L.S.), and
radial longitudinal (R.L.S.) planes. The specimen exhibits both primary tissues and distinctly developed
secondary xylem, comprising vessels, xylem parenchyma, wood fibers, and rays, with evidence of crushed
primary tissues. Growth rings are not observed in the specimen. The wood is diffuse-porous, with vessels
predominantly solitary, though a few occur in groups of two to four. Vessel dimensions range from 95-150
pm in radial diameter and 85-150 pm in tangential diameter. The vessel density varies between 12 and 35
per square millimeter. Perforation plates are simple and obliquely oriented. Intervascular pit pairs are
alternate, bordered, hexagonal in outline, and closely arranged. The xylem parenchyma is paratracheal,
vasicentric type, forming a single-layered sheath around the vessels. Wood rays are uniseriate to multiseriate,
heterogeneous, and composed of both procumbent and erect cells, occurring at a frequency of 15-25 per
square millimeter. Ray height ranges from 10 to 30 cells. Wood fibers are non-septate, non-storied, and
measure 450-560 pm in length and 25-35 um in width. For comparative study, the specimen was analyzed
against the woods of Celastraceae, Guttiferae, Linaceae, Passifloraceae, Olacaceae, Erythroxylaceae, and
Lecythidaceae. It shows closest affinity with Lecythidaceae; however, as it does not correspond to any

known extant or fossil genus, it is designated as Kapgateoxylon betulensis gen. et sp. nov.
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Introduction

The Deccan Intertrappean flora of India holds a dis-
tinctive place in the Palaeovegetation history of the
subcontinent. Embedded in lacustrine and fluviatile
sediments, deposited between the successive lava
flows. The Intertrappean deposits of the study re-
gion are distributed in the southeastern and south-
western areas of Betul District, Madhya Pradesh. As

per District Resource Map (2002) and Quadrangle
Geological Map (QGM, 1998) of the study area, the
flows are placed in Satpura Group. All the investi-
gated Intertrappean beds are located to the north
and west of the Salbardi Fault (in Fig. A). Lithologi-
cally, these beds are composed of chert, cherty lime-
stone with nodular structures, clay, shale, and sandy
shale. Three Intertrappean beds near villages
Jamunjhiri, Kanhobagholi, Divtiya and two
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intertrappean beds near village Rambhakhedi are
present in the northwest of Multai area of Betul dis-
trict, Madhya Pradesh. (Sonkusare et al., 2021). Palm
stem & roots, Rhizopalmoxylon amlai reported from
Rambhakhedi close to village Amababagholi, 3km
to the Northof Jaulkheda Railway station (Kapgate
1982; Kapgate and Sheikh 1985). Two Fossil dicot
stems,Zizyphusama babagholiense, Paraphyllanthoxy
lonjaulkheraense from Amababagholi (Gaikwad and
Patil 1993) and Wood of Anacardeaceae from Betul
(Srivastava and Guleria 2004). Flowers of
Sahanipushpam (?Araceae; locality spelled as
Jaulkheda (Kapgate et al., 2011) and Sahanianthus,
Indovites, Enigmocarpon fruits (Dr. Dasharath
Kapgate, personal communication) and many fossil
woods and roots of dicot and monocot plants col-
lected from this localities. Other Intertrappean lo-
calities in the wvicinity, such as Divtiya,
Kanhobagholi, and Jamunjhiri (Fig. A), have also
yielded fossil woods belonging to both dicotyledon-
ous and monocotyledonous plants. The
Intertrappean beds are well exposed here at the foot
of the hillock and nearby field.

Materials and Method

The specimen studied is a silicified fragment of di-
cotyledonous wood. It is well preserved, appearing
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black in color, and measures approximately 8.5
inches in length and 5 inches in diameter (Fig. B-1).
For anatomical examination, serial sections in trans-
verse, tangential longitudinal, and radial longitudi-
nal planes were prepared using the peel technique
(Darrah, 1936; Joy et al. 1956; Stewart and Taylor,
1965; Holmes and Lopez, 1986).

The silicified, permineralized surface of the speci-
men was etched using dilute hydrofluoric acid
(40%) by carefully applying a few drops onto its
smooth surface. The acid was left for several min-
utes before the specimen was gently rinsed with
running water, after turns to whitish colour and not
to place it directly under the tap to avoid damaging
the etched surface and to remove all residual acid.
After drying, a few drops of N-butyl acetate were
applied to the etched surface to prevent the forma-
tion of air bubbles, followed immediately by flood-
ing with peel solution. The specimen was positioned
horizontally to allow uniform spreading of the solu-
tion and left to dry for several hoursin dust-free en-
vironment. The peel was carefully initiated at one
edge using a scalpel or razor and then gently re-
moved before being pressed under a press machine.
Serial sections were prepared by repeating the same
procedure. The peels were mounted on microscope
slides under a cover slip using Canada Balsam or a
synthetic resin like D.P.X., While mounting, the
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rough side of the peel was moistened with a drop of
xylene to prevent air bubble entrapment.

Description

The wood is diffuse porous and decorticated dicot
type shows primary and secondary structure (Fig. B-
2). Growth rings are absent. Pithconsists of loosely
arranged parenchymatous cells which are oval to
isodiametric in shape. Primary Xylemshows both
protoxylem and metaxylem groups. Protoxylem el-
ements are seen very clear near the pith region (Fig.
B- 2). Secondary Xylem consist vessels, xylem paren-
chyma, Wood rays and Wood fibres (Fig. B-3).
Vessels: Vessels are generally small and scattered,
occurring mostly as solitary elements, with a few
arranged in radial multiples of two to four. Their
frequency ranges from 12 to 35 mm? They are me-
dium to large in size, measuring 95-150 pm in radial
diameter and 85-150 um in tangential diameter (Fig.
B-3 & 4). Vessel elements vary from 180-650 yum in
length and 80-150 pm in breadth. The perforation
plates are predominantly simple and transverse,
with a few obliquely oriented types also observed
(Fig. B-4, 5 & 8). Intervascular pits are alternate, bor-
dered, hexagonal, and contiguous (Fig. B-5 & 8). Pit
pores are round to oval, measuring 8-12 pm in diam-
eter. In vessels occurring in groups of two to three,
pit borders are closely contiguous (Fig. B-5 & 6).
Xylem Parenchyma: The xylem parenchyma is pri-
marily of the paratracheal vasicentric type. Single-
layered parenchyma cells form a complete or partial
sheath around the vessels (Fig. B-9).

Wood Rays: The medullary ray system is heteroge-
neous. Rays are heterocellular, consisting of both
erect (upright) and procumbent parenchymatous
cells (Fig. B-6 & 7). They are mostly uniseriate,
biseriate, or triseriate (Fig. B-3, 4 & 5), though in
some instances rays with more than three series are
also present (Fig. B-3 & 7). Occasionally,
homocellular rays composed solely of erect cells are
also observed. The frequency of wood rays is 15-25
per square millimeter for uniseriate rays and 7-15
per square millimeter for multiseriate rays (Fig. B-2
& 3). In radial longitudinal sections, the ray cells
appear rectangular (Fig. B-6). Rays are found both
isolated and in contact with vessels (Fig. B-4 & 8).
Their mean length in tangential sections ranges from
180-560 pm, with a breadth of 25-82 um, while rays
with more than three series measure 60-130 um in
breadth. The ray height varies from 10-30 cells in
tangential longitudinal sections, and the rays are
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heterogeneous with erect vertical cells at their ends
(Fig. B-5 & 8).

Wood Fibers: Fibers constitute the major bulk of
the wood and are arranged in radial rows. In trans-
verse sections, they appear squarish to polygonal
(Fig. B-4, 5 & 8). The fibers are blunt-ended, non-sto-
ried, moderately thick-walled (3-5 pm thick), and
exclusively aseptate (Fig. B-5 & 8). They are rela-
tively short, with lengths ranging from 450-560 pm
and widths of 25-40 yum (Fig. B-4, 5 & 8). Only a few
fibres are present between the medullary rays. The
pitting of the fiber walls is indistinct.

Primary xylem with Protoxylem and Metaxylem
elements with parenchymatous pith, (x80). 3. T S.
wood showing vessel distribution, (x80). 4. T.S.
wood showing Enlarge portion of T.S. wood
showing Fibers & vessels. 5. T.L.S.of wood show-
ing wood rays and fibers, (x60). 6. R.L.S. of wood
showing wood rays with erect and procumbent
cells, (x100). 7. R.L.S. wood showing heterogenous
medullary rays, (x320). 8. Enlarged view of T.L.S.
wood showing alternate, bordered pitting on ves-
sel, (x360). 9. T.S. wood showing vessels with
single layered paratracheal vesicentric paren-
chyma, (x350).

Discussion and Conclusion

The specimen represents a diffuse-porous dicot
wood with primary xylem surrounding a parenchy-
matous pith. Vessels are of medium size, distributed
predominantly as solitary elements but also occur-
ring in radial multiples of two to five, with occa-
sional oblique arrangements. Vessel elements are
characterized by alternate, bordered, hexagonal, and
closely contiguous pits; perforation plates are exclu-
sively simple, chiefly transverse, with a few ob-
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liquely oriented forms. The xylem parenchyma is
mainly of the paratracheal vasicentric type, forming
a complete or partial sheath around the vessels.
Wood rays are heterogeneous and heterocellular,
consisting of both erect and procumbent parenchy-
matous cells. They are mostly multiseriate, com-
monly two to three cells wide, with occasional
uniseriate and broader forms also present. The rays
vary in height and show heterogeneity with erect
terminal cells. Fibers constitute the principal mass of
the secondary xylem; they are non-septate, non-sto-
ried, blunt-ended, and moderately thick-walled, but
lack distinct pitting. These combined anatomical fea-
tures distinctly separate the specimen from many
other dicot families and provide a clear basis for
comparison with modern taxa.

For identification of the present fossil wood, keys
given by (Record, and Chattaway, 1939; Metcalfe
and Chalk 1950; Shallom 1963) were used. The char-
acters of the specimen mentioned above suggest its
relationship to the woods of the following families
(Metcalfe and Chalk, 1950; Esau, 1970; Prakash,
1974; Fahn, 1989; Kapgate, 2005; Srivastava, 2010)

Celastraceae, Guttiferae, Linaceae, Passifloraceae,
Olacaceae, Erythroxylaceae and Lecythidaceae. The
terminology used in describing the fossil woods is
based on IAWA Committee (1989) given in the ‘List
for Hardwood Identification’. (Bande, et al., 1988;
Bande, and Chandra, 1990; Srivastava, 2010).

The present wood shows resemblance to mem-
bers of the family Celastraceae in possessing diffuse-
porous wood, simple perforation plates, and alter-
nate bordered pitting. However, it differs signifi-
cantly from Celastraceae in several respects. In
Celastraceae, vessels are typically of smaller size, the
parenchyma is variable in both type and abundance-
often sparse or even absent- and the fibers are exclu-
sively septate with simple pits, features not ob-
served in the present specimen.

The present specimen also shows certain resem-
blances with the family Guttiferae, particularly in
the occurrence of vessels in small multiples, simple
perforation plates, paratracheal parenchyma in
members of group A (Clusieae), and alternate inter-
vascular pitting. In group B (Calophylloideae), the
rays are narrow (1-3 cells wide) and heterogeneous.
However, the family differs from the present speci-
men in having rays that are generally 4-9 cells wide
and tall, and fibers that are commonly septate in
group A.

In the family Linaceae, similarities are noted in
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the markedly heterogeneous nature of rays and the
presence of fibers that are medium to moderately
long. Nevertheless, this family is distinguished from
the present wood by vessels that are exclusively soli-
tary, highly variable types of parenchyma among
different genera, and rays that are typically 2-5 cells
wide.

The specimen also bears resemblance to the fam-
ily Passifloraceae, sharing features such as variation
in vessel size (ranging from extremely small to
large), simple perforation plates, alternate intervas-
cular pitting, diffuse parenchyma, and fibers of
moderate to great length. Despite these similarities,
it differs in that vessels in Passifloraceae are often
arranged in radial multiples of four or more, rays
may consist of upright cells, and parenchyma is fre-
quently arranged in uniseriate bands.

The woods of the family Olacaceae are compa-
rable to the present specimen in possessing simple
perforation plates and paratracheal parenchyma.
However, they differ markedly in having small-
sized vessels, perforation plates that are often sca-
lariform, typically apotracheal parenchyma, wood
rays that are 1-4 cells wide and 1.5-4 mm in height,
and fibers with bordered pits, along with scalari-
form intervascular pitting.

Family Erythroxylaceae (Kapgate 2007)shows
close resemblances with present wood in possessing
characters like perforation plates simple, intervascu-
lar pitting alternate, rays mostly 2-3 cell wide, dis-
tinctly heterogenous, fibres are long. But this family
differs in very few characters like vessels are very
small to large, sometimes with pronounced radial
multiples or irregular clusters and parenchyma typi-
cally apotracheal bands and presence of Tyloses.

The present wood shows nearest resemblances to
the woods of family Lecythidaceae (Idem 1960;
Srivastava et al. 2009; Kapgate and Sangrame
2012)in having vessels of medium size, frequency in
between 12 to 40 per sq. mm, The present specimen
also shows affinity with certain members of
Erythroxylaceae, sharing features such as typically
simple perforation plates, alternate intervascular
pitting, relatively small vessel elements with mean
member lengths ranging from 0.4 to 0.8 mm,
paratracheal parenchyma, and medullary rays that
are 2-5 cells wide and less than 1 mm in height. The
rays are predominantly uniseriate, heterogeneous,
and composed of a mixture of upright and procum-
bent cells.

Compared to other families, Erythroxylaceae dif-
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fers only in a few genera, which exhibit apotracheal
parenchyma and fibers with mean lengths exceed-
ing 0.8 mm. The specimen shows closest affinity
with the family Lecythidaceae; however, it does not
correspond to any known extant or fossil genus.
Therefore, it is described as a new genus and spe-
cies, Kapgateoxylon betulensis gen. et sp. nov.

Diagnosis

Kapgateoxylon gen. nov.

Wood diffuse-porous, without growth rings. The
central pith is surrounded by protoxylem and met-
axylem elements. Secondary xylem is composed of
medium-sized vessels, predominantly solitary and
scattered, with occasional radial multiples of 2—4.
Vessels measure 95-150 pm in radial diameter and
85-150 yum in tangential diameter, with a frequency
of 12-35 per square millimeter. Perforation plates are
simple, mostly transverse, with a few obliquely ori-
ented, and intervascular pits are alternate, bordered,
hexagonal, and contiguous. Xylem parenchyma is
abundantly paratracheal, of the vasicentric type.
Wood rays are heterogeneous, composed of both
erect and procumbent parenchymatous cells, mostly
uniseriate to triseriate, 1-4 cells wide, 10-30 cells in
height, and occur at a frequency of 12-35 per square
millimeter. Fibers form the major portion of the
wood, are aseptate, non-storied, blunt-ended, and
measure 450-560 pm in length.

Kapgateoxylon betulensis gen. et sp. nov.

The species exhibits the diagnostic features of the
genus. It is characterized by diffuse-porous wood,
medium-sized vessels occurring solitarily as well as
in radial multiples of 2-4, simple perforation plates
with transverse or oblique orientation, alternate bor-
dered and contiguous pits, abundantly paratracheal
vasicentric parenchyma, and heterogeneous wood
rays composed of mixed erect and procumbent cells,
predominantly uniseriate to triseriate, 1-4 cells wide
and 10-30 cells high. Fibers are non-storied, aseptate,
and measure 450-560 ym in length. This combina-
tion of features distinguishes it from previously de-
scribed fossil and extant genera. The generic name
honors Dr. Dashrath Kapgate, an eminent
palaeobotanist, while the specific epithet refers to
the Betul District, Madhya Pradesh, where the speci-
men was collected.

Holotype : Ang / deposited at Florida Museum
of Natural History, U.S.A.
Horizon  : Deccan Intertrappean bed.
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Locality = : Rambhakhedi, near Jaulkheda of Betul
District, M.P.
Age : Late Cretaceous (Maastrichtian).
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