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ABSTRACT

Tewari R, Joshi A & Agnihotri D 2017. The Glossopteris flora of Manuguru Area, Godavari Graben, Telangana, India. The 
Palaeobotanist 66(1): 17–36.

First comprehensive record of the Glossopteris flora from the Barakar Formation of the Prakasham Khani open cast mines 
II and IV of Manuguru Area, Godavari Graben, comprising detailed systematic analyses of the plant fossils is provided. The 
assemblage is well preserved and represented by pteridophytes and gymnosperms. Pteridophytes comprise Phyllotheca australis 
and equisetalean axes of the order Equisetales, whereas, gymnosperms include Gangamopteris cyclopteroides and seventeen 
species of Glossopteris–Glossopteris angustifolia, G. arberi, G. communis, G. cordatifolia, G. damudica, G. gigas, G. indica, G. 
lanceolatus, G. longicaulis, G. mohudaensis, G. musaefolia, G. oldhamii, G. pseudocommunis, G. rhabdotaenioides, G. stenoneura, 
G. taenioides and G. tenuifolia belonging to the order Glossopteridales and several leaves of Noeggerathiopsis hislopi besides 
Cordaites sp. of Cordaitales. Northern genus Cordaites is recorded for the first time from the area and substantiates earlier records 
from the Lower Gondwana horizons of India. The present study adds to the knowledge of the Glossopteris flora of India, especially 
that of the Godavari Graben from where the plant fossil records are scanty. The floral assemblage compares fairly well with those 
recorded from the Barakar Formation of other Lower Gondwana basins of peninsular India.

Key–words—Glossopteris flora, Early Permian, Barakar Formation, Prakasham Khani OCM, Manuguru area, Godavari 
Graben, Telangana.

Hkkjr  esa rsyaxkuk dh xksnkojh nzksf.kdk ds euqxq: {ks=k dh XykslksIVsfjl  ouLifr&tkr

jtuh frokjh] v:.k tks'kh ,oa nhik vfXugks=kh

lkjka'k

ikni thok'eksa ds foLr`r Øecn~/k fo'ys"k.k lfUufgr euqxq: {ks=k] xksnkojh nzksf.kdk dh çdk'ke [kfu foo`r n~forh; o prqFkZ [kkuksa dh 
cjkdkj 'kSylewg ls çkIr XykslksIVsfjl ouLifr&tkr dk çFke O;kid vfHkys[k çLrqr fd;k x;k gSA leqPp; lqifjjf{kr gS rFkk IVsfjMksQkbVksa 
o vuko`rchft;ksa ls :ikf;r gSA VsfjMks~QkbV Qk;YyksFksdk vkWLVªsfyl vkSj bDohlhVkyht dksfV ds bDohlhVkyhu v{k lfUufgr] tcfd 
vuko`rchth xaxkekWIVsfjl lk;DyksIVsjkWM~l rFkk XykslksIVsjhMsyht dksfV dh XykslksIVsfjl vaxqf"VQksfy;k] th- vcsZjh] th- dE;qful] 
th- dkMsZVhQksfy;k] th- MeqfMdk] th- tkbxl] th- bafMdk] th- ysfUl;ksysVl] th- ykWaxhdkWfyl] th- ekWgqMsfUll] th- E;wft+Qksfy;k] th- 
vksYMge;kbZ] th- L;qMksdE;qful] th- jsCMksVsfu;kWbM~l] th- LVsuksU;qjk] th- VsfuvkWbM~l] th- VsuqbZQksfy;k & XykslksIVsfjl dh lÙkjg tkfr 
rFkk dkMsZVsyht dh dkMsZVht tkfr ds vykok uks,XxsjkfFkvkWfIll fgLyksfi;kbZ dh fofo/k ifÙk;kWa gSaA {ks=k ls igyh ckj mÙkjh dkWMkZbVht 
vfHkfyf[kr fd;k x;k gS rFkk Hkkjr ds v/kks xksaMokuk f{kfrtksa ls feys igys vfHkys[k dks iq[rk djrk gSA ekStwnk v/;;u&fo"k; Hkkjr dh 
XykslksIVsfjl ouLifrtkr ds Kku esa bt+kQ+k djrk gS] [kklrkSj ls xksnkojh nzksf.kdk tgka ikni vfHkys[k vYi gSaA çk;n~ohih; Hkkjr esa vU; 
v/kks xksaMokuk nzksf.k;ksa ds cjkdkj 'kSylewg ls ;g leqPp; iw.kZr% rqyuk djrk gSA

lwpd 'kCnµXykslksIVsfjl ouLifrtkr] çkjafHkd ifeZ;u] cjkdkj 'kSylewg] çdk'e [kfu vks lh ,e] euqxq: {ks=k] xksnkojh nzks.kh] 
rsyaxkukA
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Fig. 1—Map of Godavari Graben showing sub–basins (modified from Jha & Aggarwal, 2012).

INTRODUCTION

STUDIES on Glossopteris flora of India have been carried 
out from different Lower Gondwana basins namely 

Damodar, Wardha, Satpura, Mahanadi, South Rewa and 
Rajmahal (Lakhanpal et al., 1976; Chandra & Tewari, 1991; 
Maheshwari & Bajpai, 1992; Bajpai & Singh, 1994; Singh 
& Maheshwari, 2000; Tewari, 2007, 2008; Srivastava & 
Agnihotri, 2010; Singh et al., 2011, 2012). However, reports 
of megafossils from the Godavari Graben are sporadic. 
Earlier records by King (1881) and Lakshminarayana and 

Murty (1990) include the genera Phyllotheca, Glossopteris, 
Vertebraria and Araucarioxylon but without any description. 
Tewari and Jha (2006), for the first time provided systematic 
descriptions of plant megafossils from bore core 726 of 
Manuguru Area and recorded equisetalean axes and other taxa 
like Gangamopteris sp., Glossopteris indica, G. subtilis, G. 
sastrii, Glossopteris sp., G. tenuinervis and Glossopteris sp. 
from the Barakar Formation and Noeggerathiopsis hislopi, 
Glossopteris communis and G. stenoneura from the Raniganj 
Formation. Later Joshi et al. (2015) recorded Vertebraria 
indica from the Barakar Formation of the Goutham Khani 
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Fig.2—Location map of study area.

open cast mine, Kothagudem Area, Godavari Graben. Except 
for Glossopteris indica, all the other plant taxa, namely, 
Phyllotheca australis, Glossopteris angustifolia, G. arberi, 
G. communis, G. cordatifolia, G. damudica, G. gigas, G. 
lanceolatus, G. longicaulis, G. mohudaensis, G. musaefolia, 
G. oldhamii, G. pseudocommunis, G. rhabdotaenioides, 
G. taenioides, G. tenuifolia, Noeggerathiopsis hislopi and 
Cordaites sp. are new records from the Barakar Formation of 
Godavari Graben and substantiate the existing information on 
Glossopteris flora from this area.

GEOLOGY OF THE AREA

Pranhita–Godavari Basin, a NNW–SSE trending basin 
deposit, covering an area of 17000 sq km (latitudes 16°38' N 
and 19°32' N and longitudes 79°12' E and 81°39' E) rests on 
Precambrian platform and follows the course of Pranhita and 
Godavari rivers over a strike length of 470 km. On the basis 
of the tectonic setting and lithic fill, the Pranhita–Godavari 

Basin is subdivided into Godavari, Kothagudem, Chintalapudi 
and Krishna–Godavari coastal sub–basins (Fig. 1). 350 km 
long south eastern sector lying in the districts of Adilabad, 
Karimnagar, Warangal and Khammam of Telangana State is 
referred to as the Godavari Valley Coalfield. The continuity 
of coal seams is broken and missing at places due to faulting, 
and therefore, different coal bearing areas are generally treated 
as different coal belts. Manuguru–Cherla is one such coal 
belt, located in the south eastern part of the Godavari Valley 
Coalfield. Prakasham Khani open cast mines II and IV are 
included in this belt. The river Godavari divides the area into 
Cherla sector in the north and Manuguru sector in the south. 
The coal belt is located on the west of river Godavari and 
extends over a strike length of about 13 km from its bank 
on the north–east to Bugga in the south west. A complete 
sequence of Lower Gondwana formations is exposed in this 
coal belt. The stratigraphic succession in the Manuguru Area 
is given in Table 1 (after SCCL, 2011).
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PLATE 1
(Scale bar = 1 cm)

1–4.	 Phyllotheca australis Brongniart, 1828.
1.	 BSIP Specimen No. 40857A.
2.	 One of the leaves of Specimen No. 40857A enlarged to show an 

acuminate apex (indicated by an arrow).

3.	 BSIP Specimen No. 40857B.
4.	 Leaves from specimen in 3 enlarged to show striations perpendicular 

to midrib.

MATERIALS AND METHOD

There are ten coal seams in the Prakasham Khani OCM 
namely, I Seam, H1 Seam, H2 Seam, B3 Seam, H3 Seam, 
H4T Seam, Thick Seam, Index Seam, Split Seam 1 and 
Split Seam 2 in descending order. The plant fossils were 
collected from the Thick Seam (Barakar Formation) of the 
Prakasham Khani open cast mines II and IV lying between 
north latitudes 17°56'29" and 17°59'12" and east longitudes 
80°46'13" and 80°49'11" (Figs 2, 3a, 3b), near the Manuguru 
Village, a Mandal headquarter in Khammam District of 
Telangana. The Thick Seam overlies the Index Seam and is 
overlain by the H4T Seam. It is 16.69 m thick in OCM II and 
7.13 m thick in OCM IV. The specimens were photographed 
and systematically analysed for morphotaxonomical study. 
Various morphological characters like shape of leaf, nature 
of apex, base, margin, midrib and venation pattern have been 
considered. Lawrence (1955), Melville (1969) and Chandra 
and Surange (1979) have been followed for exact description. 
The specimens were studied with the help of a hand lens 
and low power binocular microscope Leica DFC 290 under 
incident light for morphotaxonomical characters. On the basis 
of taxonomical differences, the specimens were categorized 
under different species. All the specimens are deposited in 
the repository of the Birbal Sahni Institute of Palaeosciences 
(Statement No. 1423), Lucknow, India.

SYSTEMATICS

Order—EQUISETALES

Genus—PHYLLOTHECA Brongniart, 1828

Type species—Phyllotheca australis Brongniart, 1828

Phyllotheca australis Brongniart, 1828

(Pl. 1.1−4)

Description—Two specimens preserved on the same 
shale sample show axes and well preserved complete and 
incomplete leaves attached in a whorl at nodes. A few leaves 
lie scattered on the shale. The axes of the specimens measure 
2.1−2.8 cm in length and 1−2 mm in width with well preserved 
nodes and internodes; ridges and furrows are seen in one of 
the specimens (40857B). In the other specimen (40857A), 
though the nodes and internodes are distinct, ridges and 
furrows are faint. Internodes are 0.9−1 cm long and nodes are 
0.3 mm wide. Ridges are about 0.4 mm apart and apparently 
continuous across the nodes. About 8−16 leaves radiate out 
from the rim of a cup−like structure formed by the fusion 
of bases of the leaves at nodes. The cup is 1−2 mm wide. 

Geological
Age

Group Formation General Lithology Thickness
(m)

-            -       - Soil cover & alluvium        -

P
E
R
M
I
A
N

Lr.
G
O
N
D
W
A
N
A

Kamthi Coarse to pebbly, 
ferruginous sand stones 
with clays/and few thin coal 
seams/bands.

250 m+

Barakar Medium to coarse grained 
feldspathic sandstones, 
shales/clays and regionally 
persistent coal seams.

300 m+

Talchir Boulder bed, pebble beds, 
green sand stone, greenish 
shales, etc.

130 m+

                                                       ………….Unconformity………..
Pre-
Cambrian

Pakhal Shales, Quartzites,
dolomites, etc.

Table 1—Lithostratigraphic succession of the Manuguru–Cherla Coalbelt (after SCCL–2011).
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PLATE 2
(Scale bar = 1 cm)

1.	 Equisetalean axes. BSIP Specimen No. 40858.
2, 3.	 Gangamopteris cyclopteroides Feistmantel, 1879, BSIP Specimen 

nos. 40859, 40860.
4.	 Glossopteris angustifolia Brongniart, 1828, BSIP Specimen No. 

40867.
5, 6.	 Glossopteris arberi Srivastava, 1956, BSIP Specimen nos. 40863, 

40861.

Fig. 3a & b—Lithologs of Prakasham Khani OCP II and IV.
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Leaves are acicular, linear, needle−like with an acuminate 
apex, measure 1−2 cm in length and 1−2 mm in width, and 
are arranged in a whorl. Each leaf shows a distinct, persistent, 
0.2−0.3 mm wide midvein extending up to the tip (indicated 
by arrow in Pl. 1.2). Numerous striations, placed perpendicular 
to the midvein are present on leaves (Pl. 1.4). Rare cross 
connections are present.

Remarks—The present specimens closely resemble the 
specimens described as Phyllotheca indica (Bunbury, 1861, 
Pl. 3, figs 6−9, Pl. 4, figs 1, 2; Pant & Kidwai, 1968, Pl. 30, 
figs 10–15, text–figs 1 A−C, 2 A−D, 3 A−D; Chandra & 
Rigby, 1981, Pl. 1, fig.1; Srivastava, 1992, Pl. 1, fig. 1) in 
having similar leaf sheath and leaf morphology. However, 
Phyllotheca indica was merged by Maheshwari (1968) with 
Phyllotheca australis on the basis of similarity of diagnostic 
characters. The specimens described here are also similar to 
those described by Maheshwari (1968, Pl. 1, figs. 1−4) in 
general leaf morphology and leaf cups except for the absence 
of axes. Further, the striations of leaves are not recorded 
by Maheshwari. The leaves of the present specimens are 
also comparable with Phyllotheca westensis described by 
Anderson and Anderson (1985, Pl. 41, figs.13, 14) in having 
pointed tips. However, midvein is absent in leaves of P. 
westensis.

Number of specimens—Two.

Equisetalean axes

(Pl. 2.1)

Description—There are eight leafless axes in the 
collection. The length of the axes varies from 5.5 to 17 cm 
and width varies from 0.9 to 1.6 cm. The impressions of the 
axes do not show nodes. However, ridges and furrow can be 
seen on the axes. The ridges are 8−12 in number and are 0.9 
to 1 mm apart from each other.

Number of specimens—Eight.

Order—GLOSSOPTERIDALES

Genus—GANGAMOPTERIS McCoy, 1875

Type species—Gangamopteris angustifolia McCoy, 1875

Gangamopteris cyclopteroides Feistmantel, 1879

(Pl. 2.2, 3)

Description—There are three incomplete specimens 
in the present collection. Leaves are asymmetrical, basal 
portions contracted, measure 12 cm long and 5.5 cm broad at 
widest part, apices and bases are not present, margin entire 
and midrib absent. Median region of leaves occupied by thick 
sub–parallel veins in the basal portion. During upward course 
these veins diverge to form secondary veins. Lateral veins 
emerge at angles of about 5°−12° from the base and arch 
backwards to meet margin. Margin not distinct, therefore, 
it is difficult to measure the exact angle at which the veins 
meet the margin. Veins dichotomize and anastomose to form 
linear, oblong and polygonal meshes in middle part ranging 
from 4−6 mm in length and 0.6−1 mm in breadth. However, 
meshes are linear, narrow and 6−8 mm long and 0.5−0.8 mm 
broad towards margin. The vein density is 12−16 per cm in 
the middle portion of leaves and 16−20 per cm near margin. 
Some gall−like structures can be seen over the leaf surface 
which might be due to insect activity.

Remarks—Gangamopteris cyclopteroides is the most 
common species of the genus Gangamopteris McCoy 1875. 
Present specimens resemble G. cyclopteroides described by 
Feistmantel (1879, Pl. 7, figs 1, 2, Pl. 8, Pl. 9, figs 1, 2, 3, 4, 
6, Pl. 10, fig. 3, Pl. 11, figs 2, 3, 4, Pl. 12, figs 2, 3, Pl. 13, 
figs 1, 5, Pl. 26, fig. 1, Pl. 27, figs 1, 2, 3, 1a, 1b), Tewari and 
Srivastava (2000a, Pl. 1, fig. 5), Maithy et al. (2006, Pl. 1, fig. 
2) and Singh et al. (2006b, Pl. 2, fig. 2) in venation pattern.

Number of specimens—Three.

Genus—GLOSSOPTERIS Brongniart, 1828

Type species—Glossopteris browniana Brongniart, 1828

Glossopteris angustifolia Brongniart, 1828

(Pl. 2.4)

Description—One incomplete leaf impression is present 
in the collection. Leaf is narrow, linear, measures 8.3 cm in 
length and 1.4 cm in width, extreme apex and base are not 
preserved, margin entire. Midrib is distinct, striate and 1.7 
mm wide at the base. Secondary veins arise at angles of 
about 42º−45º from the midrib, after dichotomization and 
anastomoses form narrow, elongate, hexagonal, 2−3.5 cm 
long and 0.5−0.7 cm broad meshes throughout the lamina.

Remarks—The present specimen resembles Glossopteris 
angustifolia described by Chandra and Surange (1979; Pl. 
3, fig. 6, Pl. 13, fig. 5, Pl. 18, figs 7, 11, Pl. 42, fig. 2) and 

PLATE 3
(Scale bar = 1 cm)

1.	 Glossopteris communis Feistmantel, 1876, BSIP Specimen No. 
40862.

2.	 Glossopteris cordatifolia Feistmantel, 1879, BSIP Specimen No. 
40857C.

3.	 Glossopteris damudica Feistmantel, 1890, BSIP Specimen No. 
40864.

4, 5.	 Glossopteris gigas Pant and Singh, 1971, BSIP Specimen nos. 
40865A, 40865B.
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Feistmantel (1881; Pl. 27, figs 6, 8, 9, 11, 12, 13, Pl .34, fig. 3; 
1886; Pl. 5, fig. 5) from the Raniganj Formation of Raniganj 
Coalfield, West Bengal in having narrow, linear shape and 
distinct midrib with narrow, elongate, hexagonal meshes.

Number of specimen—One.

Glossopteris arberi Srivastava, 1956

(Pl. 2.5, 6)

Description—There are three incomplete specimens 
present in the collection. Leaves measure 8.2−12 cm in length 
and 1.3−4.5 cm in width, apices and bases are not preserved. 
The midrib is distinct and striate (with 3−4 striations at the 
base and 2−3 striations towards the apical part), 3 mm wide 
at base and 1 mm wide towards the apical part. The secondary 
veins arise from midrib at acute angles of about 40°−45°, arch 
backwards and run parallel to meet the margin at angles of 
60°−65°.Three to four meshes are formed between the midrib 
and the margin. Meshes are mostly of uniform size throughout 
the lamina, arcuate near the midrib and trapezoid elsewhere, 
elongate and narrow, 3−4 mm long and 0.7−1 mm broad. The 
vein density is 16−18 per cm near midrib and 18−22 per cm 
near the margin.

Remarks—The present specimens resemble Glossopteris 
arberi (Srivastava, 1956, Pl. 9, figs 57, 58; Chandra & 
Surange, 1979, Pl. 7, figs 4−7, Pl. 18, fig. 6) in venation 
pattern.

Number of specimens—Three.

Glossopteris communis Feistmantel, 1876

(Pl. 3.1)

Description—All the specimens are incomplete. Leaves 
preserved as impressions, measure 1.8−7 cm in length and 
2.2−4.5 cm in width at their widest part which is the middle 
portion of the preserved specimens. Apices and bases are not 
preserved, margin is entire. Midrib is broad, distinct, striate 
and 3−4 mm wide. The secondary veins arise at angles of about 
42°−45° from the midrib and after successive dichotomies and 
anastomoses, form short and broad hexagonal, 3−4 mm long 
and 0.3−0.7 mm broad meshes near the midrib, and long and 
narrow meshes 5−7 mm long and 0.2−0.4 mm broad near 
the margin. The secondary veins meet the margin at angles 

of about 65°−70°. The vein density is 16−20 per cm near the 
midrib and 24−26 per cm near the margin.

Remarks—Leaves are identical to G. communis 
(Feistmantel, 1876, Pl. 21, fig. 5; Feistmantel, 1879, Pl. 17, 
figs 1, 2; Feistmantel, 1882, Pl. 21, figs 13, 14; Chandra & 
Surange, 1979, Pl. 1, figs 2, 3) in venation pattern.

Number of specimens—Thirty one.

Glossopteris cordatifolia Feistmantel, 1890

(Pl. 3.2)

Description—There is only one incomplete leaf 
impression in the collection. The leaf is simple and broad, 
6.9 cm long and 3.8 cm broad at its widest part which is the 
middle portion of the specimen. Apical and basal portions not 
preserved, margin not distinct, midrib strong, distinct, elevated 
with striations (3−4) and 2−3 mm broad. Secondary veins arise 
at angles of about 45°−47° from the midrib, curve slightly to 
reach the margin at angles of about 80°−85°. The secondary 
veins dichotomise and anastomose to form broad, elongate, 
deltoid meshes near midrib, and narrower and longer meshes 
near the margin. Cross–connections are frequent. Meshes are 
2−3 mm long and 0.5−1 mm broad near the midrib and 4−5 
mm long and 0.4−0.7 mm broad near the margin. The vein 
density is 14−20 per cm near midrib and 24−30 per cm near 
the margin.

Remarks—Present specimen resembles Glossopteris 
cordatifolia (=feistmantelii, please see Rigby, 2013 for 
nomenclature) described by Rigby (1964, Pl. 1), Feistmantel 
(1882, Pl. 20, fig. 1), Banerjee (1978, Pl. 4, fig. 7), Chandra 
and Surange (1979, Pl. 5, fig. 3, Pl. 38, fig. 2), Singh et al. 
(1982, Pl. 9, fig. 57, text–fig. 11), Prasad et al. (1987, Pl. 4, fig. 
16) and Tewari (2007, Pl. 9, fig. 2) in having distinct midrib 
and similar venation pattern.

Glossopteris damudica Feistmantel, 1879

(Pl. 3.3)

Description—Three incomplete leaf impressions are 
present in the collection. Leaves measure 6.5−11.5 cm in 
length and 3.5−5 cm in width at their widest which is the 
middle part. Leaves elliptical in shape with entire margin, 
apices and bases are not preserved. Midrib distinct, striate 

PLATE 4
(Scale bar = 1 cm)

1, 2.	 Glossopteris indica Schimper, 1869, BSIP Specimen nos. 40868, 
40866 .

3.	 Glossopteris lanceolatus Pant & Singh, 1971, BSIP Specimen No. 
40869.

4, 5.	 Glossopteris longicaulis Feistmantel, 1879, BSIP Specimen nos. 
40870, 40871.

6.	 Glossopteris mohudaensis Chandra and Surange, 1979, BSIP 
Specimen No. 40872.

7.	 Glossopteris musaefolia Bunbury, 1861, BSIP Specimen No. 40873.
8.	 Glossopteris oldhamii Pant & Singh, 1974, BSIP Specimen No. 

40876A.
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(2−3 striations) and 2−3 mm broad. Secondary veins arise at 
angles of 40°−45° from the midrib, arch and meet the margin 
at angles of about 65°−75°. Meshes are hexagonal in shape, 
broad and long near midrib (4−5 mm long and 0.5−1 mm 
broad) and small and narrower near the margin (1.5−2 mm 
long and 0.2−0.6 mm broad). The vein density is 14−16 per 
cm near midrib and 20−22 per cm near the margin.

Remarks—Present specimens resemble Glossopteris 
damudica (Feistmantel, 1881, Pl. 20, fig. 2, Pl. 31, figs 1−3, 
Pl. 32, fig.1; Chandra & Surange, 1979, Pl. 6, fig. 5; Tewari 
et al., 2012, figs 6 C, D) in presence of broad midrib and 
polygonal meshes.

Number of specimens—Three.

Glossopteris gigas Pant & Singh, 1971

(Pl. 3.4, 5)

Description—There are nine leaves in the collection. 
Leaves range from 6−20 cm in length and 4−10.3 cm in 
width at their widest which is generally the middle portion 
of the leaves. Apex and base are not preserved in any of the 
specimens, margin entire. Midrib is broad, persistent, striate, 
measures 3−5 mm wide in lower part and 2−4 mm wide in 
the upper part of the specimens. The secondary veins arise 
at angles of about 45°−50° from the midrib and after a short 
distance, arch and meet the margin at angles of about 75°−85°. 
During their course, the veins dichotomise and anastomose 
to form narrow elongate, hexagonal meshes, which measure 
3−4 mm in length and 0.5−1 mm in width in well preserved 
leaves. The vein density is 14−18 per cm near midrib and 
16−20 per cm towards the margin.

Remarks—The specimens are similar to Glossopteris 
gigas described by Pant and Singh (1971, Pl. 3, figs 10, 14, 
text–fig. 2B), Chandra and Surange (1979, Pl. 12, fig. 1, Pl. 
16, fig. 6, Pl. 25, fig. 1) and Tewari (2007, Pl. 2, fig. 3, Pl. 3, 
fig. 2) in general shape, midrib and venation pattern.

Number of specimens—Nine.

Glossopteris indica Schimper, 1869

(Pl. 4.1, 2)

Description—There are twenty six specimens of this 
species in the collection. Leaves lanceolate in shape with 
entire margin. Apex is acute and preserved in nine specimens. 
Base is absent in all the specimens. Leaves measure 6.8−15.2 
cm in length and 2.5−3.6 cm in width at their widest part 
which is the middle portion. Midrib is distinct, persistent, 
elevated, striate (having 3−4 deep striations) and measures 
1−2 mm in width. The secondary veins arise at angles of about 
40°−45° from the midrib and after successive dichotomies and 
anastomoses form polygonal, short and broad meshes near 
the midrib and narrow–elongate meshes near the margin. The 
secondary veins meet the margin at angles of about 65°−75°. 
Meshes measure 2−3 mm long and 0.3−0.5 mm broad near 
the midrib and 2−3.5 mm long and 0.2−0.4 mm broad near 
the margin. The vein density is 14−20 per cm near midrib and 
18−26 per cm near the margin.

Remarks—Leaves are identical to Glossopteris indica 
(Chandra & Surange, 1979, Pl. 5, fig. 1, Pl. 10, fig. 4, Pl. 
15, fig. 11, Pl. 28, fig. 1, Pl. 29, fig. 1; Tewari & Srivastava, 
2000a, Pl. 1, fig. 4; Tewari, 2008, Pl. 4, fig. 4) in shape, nature 
of midrib and venation pattern.

Number of specimens—Twenty six.

Glossopteris lanceolatus Pant & Singh, 1971

(Pl. 4.3)

Description—Upper half of the leaf is preserved. Leaf 
narrow, oblong in shape, measures 7.9 cm in length and 2.1 
cm in width, apex acute, base absent and margin slightly 
undulating. Midrib striate, 0.7 mm wide and gradually tapers 
towards apex. Secondary veins arise at about 45° from midrib 
and after dichotomization and anastomoses, meet the margin 
at about 85°. Meshes are broad, elongate, 3.5−5 mm long 
and 0.5−0.6 mm broad near the midrib, and short and narrow, 
2−2.5 mm long and 0.3−0.4 mm broad near the margin. Vein 
density is 17−21 per cm near the midrib and 25−32 per cm 
near the margin.

Remarks—Present leaf resembles G. lanceolatus 
described by Chandra and Surange (1979, Pl. 7, fig. 2, Pl. 
19, fig. 2, Pl. 40, fig. 2) in similar shape and venation pattern.

PLATE 5
(Scale bar = 1 cm)

1.	 Glossopteris oldhamii Pant & Singh, 1974, BSIP Specimen No. 
40876B.

2.	 Glossopteris pseudocommunis Pant & Gupta, 1968, BSIP Specimen 
No. 40874.

3.	 Glossopteris rhabdotaenioides Pant & Singh, 1971, BSIP Specimen 
Nos 40875A.

4.	 Glossopteris stenoneura Feistmantel, 1877, BSIP Specimen nos 
.40875B.

5.	 Glossopteris taenioides Feistmantel, 1882, BSIP Specimen No. 
40877.

6–8.	 Glossopteris tenuifolia Pant & Gupta, 1968, BSIP Specimen nos. 
40878A, 40878B, 40878C.
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Glossopteris longicaulis Feistmantel, 1879

(Pl. 4.4, 5)

Description—There are five incomplete leaf impressions 
in the collection, which measure 8−10 cm in length and 
2−3.5 cm in width at their widest, margin entire, midrib 
strong, elevated and 3 mm broad. Leaves are characterized by 
long, narrow petiole, measuring about 1.5−1.8 cm in length. 
Secondary veins arise at angles of about 45°−50° from midrib. 
Meshes are polygonal in shape, short and broad, 2−3 mm 
long and 0.5−1 mm broad near midrib, long and narrow, 3−4 
mm long and 0.5 mm broad near margin. The vein density is 
11−13 per cm near midrib and 14−16 per cm near the margin.

Remarks—The present specimen resembles Glossopteris 
longicaulis (Feistmantel, 1880, Pl. 31, figs 1, 3; Chandra 
& Surange, 1979; Pl. 1, fig. 4, Pl. 15, fig. 13; Tewari & 
Srivastava, 2000b; Pl. 1, fig. 5; Tewari 2008, Pl. 4, fig. 8) in 
presence of petiole, nature of midrib and in venation pattern.

Number of specimens—Five.

Glossopteris mohudaensis Chandra & Surange, 1979

(Pl. 4.6)

Description—There is only one fragmentary leaf in the 
collection, that measures 7.8 cm in length and 3.8 cm in width 
at its widest part. Apex and base not preserved. Margin entire. 
Midrib thick, elevated, distinct, striate (with 2−3 striations). 
The secondary veins arise at angles of about 45°−60° from 
midrib and after dichotomising and anastomoses, form 
hexagonal, narrow, elongate, uniform and 2−3 mm long and 
0.2−0.4 mm broad meshes throughout the lamina. The vein 
density is 18−22 per cm near midrib and 22−26 per cm near 
the margin.

Remarks—The present specimen is identical to 
Glossopteris mohudaensis (Chandra & Surange, 1979, Pl. 
11, fig. 2, Pl. 18, fig. 14, Pl. 46, fig. 2; text–figs 39, B, 51 G) 
in presence of distinct, broad midrib and narrow–elongate 
hexagonal meshes. It also resembles G. mohudaensis 
described by Chandra and Prasad (1981, Pl. 3, fig. 24), 
Chandra and Singh (1992, Pl. 11, fig. 4) and Tewari (2008, 
Pl. 4, fig. 7) in having almost similar shape, midrib and the 
venation pattern.

Number of specimen—One.

Glossopteris musaefolia Bunbury, 1861

(Pl. 4.7)

Description—This species is represented by one leaf 
in the collection. The leaf measures 9 cm in length and 4.2 
cm in width at its widest part which is the upper portion of 
the preserved leaf. Apex and base are not present, margin 
not entirely preserved. Midrib is strong, broad, distinct and 
striate (with 3−5 striations), 4 mm wide in preserved lower 
portion and 2.5 mm wide in the upper portion of the leaf. The 
secondary veins arise at angles of about 47°−50° from midrib, 
arch slightly backwards and then travel almost horizontally 
towards the margin. The veins dichotomise and anastomose 
to form narrow, elongate and hexagonal 3−6 mm long and 
0.7−1 mm broad meshes throughout the lamina. The vein 
density is 16−18 per cm near the midrib and 16−20 per cm 
near the margin.

Remarks—The specimen is similar to Glossopteris 
musaefolia described by Bunbury (1861, Pl. 8, fig. 6), Chandra 
and Surange (1979, Pl. 18, fig. 13), Chandra and Prasad (1981, 
Pl. 2, fig. 14, Pl. 14, fig. 34, text–figs 3.N, O) and Tewari 
(2008, Pl. 3, fig. 3) in presence of a distinct, wide midrib and 
venation pattern.

Glossopteris oldhamii Pant & Singh, 1974

(Pl. 4.8; 5.1)

Description—Four incomplete leaf impressions are 
present in the collection. Leaves range from 8.9−13 cm in 
length and 3.2−5 cm in width, shape obovate, apices and 
bases not preserved, margin entire, midrib striate and 1 mm 
wide. Secondary veins arise at 40°−45° from the midrib, 
arch backwards and run straight upto the margin. During 
their course, secondary veins dichotomize and anastomose to 
form large, broad, 3.5−4.6 mm long and 0.4−0.5 mm broad 
meshes near the midrib and narrow, elongate, 6−7.5 mm long 
and 0.2−0.3 mm broad meshes near the margin. Vein density 
is 25−29 per cm near the midrib and 20−23 per cm near the 
margin.

Remarks—Present specimens are identical to G. oldhamii 
described by Chandra and Surange (1979, Pl. 8, fig. 3, Pl. 19, 
fig. 9, Pl. 37, fig. 1) in similar shape and venation pattern.

Glossopteris pseudocommunis Pant & Gupta, 1968

(Pl. 5.2)

Description—An incomplete specimen is present in the 
collection. Preserved portion measures 11.5 cm in length and 
3.7 cm in width at its widest part. The midrib is distinct, flat, 
striate, pitted, 4 mm wide at the base and 2 mm wide towards 

PLATE 6
(Scale bar = 1 cm)

1.	 Cordaites Unger, BSIP Specimen No. 40880
2, 3.	 Noeggerathiopsis hislopi Feistmantel, 1876, BSIP Specimen Nos 

40881, 40879.
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the apical region. The secondary veins arise from midrib 
at acute angles (2°−7°), dichotomise, anastomose and arch 
backwards to meet margin at angles of about 60°−75°. The 
size of the meshes varies in different parts of the lamina. The 
shape of the meshes is arcuate near the midrib and mostly 
trapezoid elsewhere. The vein density is 14−20 per cm near 
the midrib and 20−33 per cm near the margin.

Remarks—The present specimen resembles Glossopteris 
pseudocommunis described by Maheshwari and Tewari (1992, 
Pl. 2, figs 1, 2, 6, 7, text–figs. 1 D, E) in shape and venation 
pattern.

Glossopteris rhabdotaenioides Pant & Singh, 1971

(Pl. 5.3)

Description—There are two fragmentary leaves in the 
collection measuring 5.2−5.8 cm in length and 3.8−4.2 cm in 
width at their widest part. Apex and base are not preserved. 
Margin not entirely preserved. Midrib is thick (2−3 mm), 
distinct, striate (with 2−3 striations). The secondary veins 
are perpendicular to the midrib and run straight to meet the 
margin. Meshes polygonal, elongate and uniform throughout 
the lamina, measure 3−5 mm in length and 0.2−0.5 mm in 
width. The vein density is 8−12 per cm near midrib and 16−18 
per cm near the margin.

Remarks—The present specimens are identical to 
Glossopteris rhabdotaenioides described by Pant and Singh 
(1971, Pl. 7, figs 41−45, text–fig. 6, H), Chandra and Surange 
(1979, Pl. 9, fig. 5, Pl. 13, fig. 1, Pl. 18, fig. 6, Pl. 20, fig. 3, 
Pl. 33, fig. 1), Tewari and Rajanikanth (2001, Pl. 1, fig.1) and 
Tewari (2008, Pl. 3, fig. 6) in shape and venation pattern.

Number of specimens—Two.

Glossopteris stenoneura Feistmantel, 1882

(Pl. 5.4)

Description—Only one leaf impression is present in 
the collection. Leaf measures 5.3 cm in length and 1.8 cm 
in width, shape spathulate−oblanceolate, apex and base 
absent, margin entire, midrib flat, 1.5 mm wide in the basal 
part and 0.5 mm wide in the apical part, Secondary veins 
arise at 45° from the midrib and meet the margin at 65° 
after dichotomizing and anastomosing. Meshes are narrow, 
elongate, 4–5.5 mm long and 0.3–0.5 mm broad throughout 
the lamina. Vein density is 20–25 per cm.

Remarks—Present leaf is quite similar to Glossopteris 
stenoneura Feistmantel as described by Chandra and Surange 
(1979, Pl. 1, figs 7, 8, Pl. 15, fig. 8, Pl. 17, figs 1, 4), Srivastava 
and Tewari (2001, Pl. 2, fig. 2), Tewari and Srivastava (2000a, 
Pl. 1, fig. 3), Tewari and Srivastava (2000b, Pl. 1, fig. 2) and 
Tewari et al. (2012, figs 6Q, 6R) in shape and venation pattern.

Glossopteris taenioides Feistmantel, 1882

(Pl. 5.5)

Description—There are two incomplete specimens in 
the collection. Preserved portions of the specimens measure 
5.5 to 6 cm in length and 1.1 to 1.4 cm in width in the middle 
part. The leaves are narrow, oblong, ribbon like, with an entire 
margin; apex is acute and base absent. The midrib is distinct, 
broad, striate lengthwise (with 3−4 striations at the base and 
2−3 striations near the apex), 1 mm wide at base and 0.4 mm 
wide near the apex. The secondary veins arise from midrib 
at angles of about 50°−55° and after successive dichotomies, 
meet the margin at an angle of about 90°. Two to three meshes 
are present between the midrib and the margin. The shape 
of meshes is arcuate near the midrib and mostly trapezoid 
elsewhere. Meshes are short and broad, 2−3 mm long and 
0.5−1 mm broad near midrib and narrow, 3−4 mm long and 
0.3−0.5 mm broad near margin. The vein density is 18−20 per 
cm near midrib and 24−26 per cm near the margin.

Remarks—The present specimens resemble Glossopteris 
taenioides described by Feistmantel (1882, Pl. 21, fig. 4) and 
Chandra and Surange (1979, Pl. 4, fig. 6, Pl. 18, fig. 5; Pl. 43, 
fig. 3, text–figs 26 D, d) in narrow, oblong, ribbon–like shape, 
broad and strong midrib and venation pattern.

Number of specimens—Two.

Glossopteris tenuifolia Pant & Gupta, 1968

(Pl. 5.6−8)

Description—Four incomplete specimens are present 
in the collection, preserved portions measure 6 to 11.8 cm in 
length and 0.5−1.9 cm in width at their widest part. Leaves 
apparently linear in shape, apical and basal portions are not 
preserved, margin entire. Midrib broad, strong, elevated 
with striations (3−4 striations). The secondary veins arise at 
angles of about 40°−45°, slightly arch backwards and meet 
the margin at angles of about 70°−75° after dichotomizing and 
anastomosing, meshes narrow, elongate, hexagonal, 3−4 mm 
long and 0.5−1 mm broad near midrib and much narrower, 
4−5 mm long and 0.3−0.5 mm broad near the margin. The 
vein density is 18−20 per cm near the midrib and 22−24 per 
cm near the margin.

Remarks—Present leaves are identical to Glossopteris 
tenuifolia (Pant & Gupta, 1968, Pl. 20, fig. 14, Pl. 21, fig. 15, 
text–fig. 2; Chandra & Surange, 1979, Pl. 6, figs 1, 2, Pl. 15, 
fig. 10, Pl. 17, fig. 10, Pl. 42, figs 1, 6; Tewari & Srivastava, 
2000b, Pl. 1, fig. 5; Tewari, 2007, Pl. 2, figs 4, 5, Pl. 4, fig. 1; 
Tewari, 2008, Pl. 2, figs 5, 9, Pl. 3, fig. 4, Pl. 4, fig. 5; Tewari 
et al., 2012, figs. 7 C, D ) in shape and venation pattern.

Number of specimens—Four.
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Order—CORDAITALES

Genus—CORDAITES Unger, 1850

Type species—Cordaites borassifolius (Sternberg) Unger, 
1850

Cordaites sp.

(Pl. 6.1)

Description—The only specimen present in the 
collection measures 23 cm in length and 4.7 cm in width at the 
widest which is the middle part of the leaf. Apex and extreme 
basal portion not preserved. Leaf is oblanceolate in shape 
with entire margin and shows distinct thick and thin veins. 
Thick veins are elevated, measure 0.5−1.5 mm in width and 

Name of taxa Lower Gondwana basins of India
Damodar Mahanadi Wardha Satpura South 

Rewa
Rajmahal

†Phyllotheca australis *
Equisetalean axes * * * * * *
†Gangamopteris cyclopteroides * * * * *
Gangamopteris sp.  
(in Tewari & Jha 2006)
†Glossopteris angustifolia * * * * * *
†Glossopteris arberi * * * *
†Glossopteris communis * * * * * *
†Glossopteris cordatifolia * *
†Glossopteris damudica * * * * * *
†Glossopteris gigas * * * *
†Glossopteris indica * * * * * *
†Glossopteris lanceolatus *
†Glossopteris longicaulis * * * *
†Glossopteris mohudaensis *
†Glossopteris musaefolia
†Glossopteris oldhamii * *
†Glossopteris pseudocommunis *
†Glossopteris rhabdotaenioides * *
Glossopteris sastrii * *
†Glossopteris stenoneura * * * *
Glossopteris subtilis *
†Glossopteris taenioides * *
†Glossopteris tenuifolia * * *
Glossopteris sp. cf. tenuinervis *
Glossopteris sp.  
(in Tewari & Jha 2006)
Vertebraria indica * * * *
†Cordaites sp. * * * *
†Noeggerathiopsis hislopi * * * * * *

Table 2—Distribution of plant fossil taxa of Godavari Valley Coalfield in the Barakar Formation of other lower Gondwana basins of India.
	    † Present study
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dichotomize 1−2 times further upwards. Distance between 
two thick veins is 5−6 mm. In between the two thick veins 
about 3−4 thin veins are present.

Remarks—The genus Cordaites was instituted by 
Unger (1850). Basically, Cordaites is a northern hemisphere 
genus and is common in the flora of Angara, Eurameria 
and Cathaysia. Cordaites shows close resemblance with 
Gondwanan Noeggerathiopsis in presence of parallel 
dichotomizing veins. Seward (1917), Seward and Sahni 
(1920), Meyen (1969), Rigby et al. (1980) considered 
that both these genera were morphologically similar and 
transferred Noeggerathiopsis to Cordaites. Feistmantel (1879) 
and Zeiller (1902) for the first time, observed the differences 
between the two leaves with the presence of thick and thin 
veins in Cordaites and their absence in Noeggerathiopsis. 
Pant and Verma (1964) studied in detail the morphological 
and cuticular features of Cordaites and Noeggerathiopsis 
and found that leaves of Cordaites are generally larger in 
size with ovate or ribbon–like shape, presence of interstitial 
fibres in between thick veins and stomata arranged in regular 
rows, while, the leaves of Noeggerathiopsis are lanceolate–
spathulate in shape with parallel dichotomizing veins and 
stomata arranged in one to many ill–defined longitudinal 
rows. Chandra and Srivastava (1991) recorded a large number 
of both the types of leaves from the Chirimiri Coalfield, Son 
Basin and instituted a new species, i.e. Cordaites dumanii 
for the leaves with distinct thick and thin veins. Later, 
Srivastava (1992) and Singh et al. (2007) recorded Cordaites 
in association with Noeggerathiopsis. The present specimen 
resembles closely with the genus Cordaites Unger 1850 in 
presence of thin veins in between distinct thick veins. It also 
shows close resemblance with Cordaites sp. described by 
Srivastava (1992; Pl. 4, figs 4−6) from the Barakar Formation, 
Raniganj Coalfield, West Bengal. However, it differs from C. 
dumanii described by Chandra and Srivastava (1991; Pl. 2, figs 
1−3) from the Karharbari Formation of Chirimiri Coalfield, 
Son Basin, Madhaya Pradesh and specimens described by 
Singh et al. (2007; Pl. 3, fig. 4) from the Barakar Formation 
of Ib River Coalfield, Odisha in having more thin veins in 
between the thick veins. Additionally, the specimen described 
herein, differs in its large size.

GENUS—NOEGGERATHIOPSIS Feistmantel, 1876

Type species—Noeggerathiopsis hislopi (Bunbury) 
Feistmantel, 1879

Noeggerathiopsis hislopi (Bunbury) Feistmantel, 1879

(Pl. 6.2, 3)

Description—Five leaves are present in the collection. 
They are spathulate in shape with obtusely rounded apex, 
narrow base and entire margin. The lamina is wider towards 

the upper part. Size of the leaves ranges from 4.3 to 14 cm in 
length and 1.4 to 1.8 cm in width at base and 1.6 to 3.8 cm in 
width near apex. Veins arise from base, run parallel for a very 
short distance of about 0.7 to 1 cm, divert at angles of about 
5°−7° to meet the margin. The veins dichotomize 2−3 times to 
form secondary veins towards the upper part. Anastomoses of 
veins are absent. The vein density near the leaf base is 14−18 
per cm and 14−16 per cm near the apex.

Remarks—The present leaves are identical to 
Noeggerathiopsis hislopi (Feistmantel, 1879, Pl. 19, fig. 5, 
Pl. 19, figs 1−6, Pl. 20, fig. 1; Maithy, 1965, Pl. 1, figs 1−3; 
Srivastava & Tewari, 2002, Pl. 1, figs 1−3) in spathulate shape 
and dichotomizing parallel veins.

Number of specimens—Five.

DISCUSSION

The Glossopteris flora is well known from almost 
all the major Lower Gondwana basins of India. However, 
plant fossil records from the Godavari Graben are so 
far, sporadic (Tewari & Jha, 2006 and references cited, 
therein). Tewari and Jha (2006) recorded fragmentary 
specimens of Glossopteris indica, G. subtilis, G. sastrii, 
Glossopteris sp. cf. G. tenuinervis and Glossopteris sp. 
from the bore core 726 of Manuguru Area belonging to the 
Barakar Formation. The present floral assemblage from 
the Barakar Formation of Manuguru Area, comprises the 
orders Equisetales (pteridophytes) and, Glossopteridales 
and Cordaitales (gymnosperms). Equisetales includes 
Phyllotheca australis and equisetalean axes. Glossopteridales 
dominates the assemblage and is represented by two species of 
Gangamopteris–G. cyclopteroides and Gangamopteris sp. and 
twenty one species of Glossopteris namely, G. angustifolia, G. 
arberi, G. communis, G. cordatifolia, G. damudica, G. gigas, 
G. indica, G. lanceolatus, G. longicaulis, G. mohudaensis, 
G. musaefolia, G. oldhamii, G. pseudocommunis, G. 
rhabdotaenioides, G. sastrii, G. stenoneura, G. subtilis, G. 
taenioides, G. tenuifolia, Glossopteris sp. cf. tenuinervis and 
Glossopteris sp., and Vertebraria indica (both earlier records 
and present study). Cordaitales is represented by Cordaites sp. 
and Noeggerathiopsis hislopi. Except for Glossopteris indica 
which was earlier recorded by Tewari and Jha (2006) along 
with G. subtilis, G, sastrii, Glossopteris sp. cf. G. tenuinervis 
and Glossopteris sp. from the Barakar Formation of Manuguru 
Area, all the taxa described here are new and substantiate 
the existing information on Glossopteris flora from the area. 
The floral assemblage as a whole is broadly comparable with 
those of the Barakar Formation of the Damodar (Srivastava, 
1992; Srivastava & Tewari, 1996; Tewari & Srivastava, 
1996), Mahanadi (Singh & Chandra, 1996; Singh et al., 
2006a, b, 2007; Goswami et al., 2006), Son (Singh et al., 
2011; Saxena et al., 2016), South Rewa (Agnihotri et al., 
2016), Wardha (Tewari et al., 2012), Rajmahal (Maheshwari 
& Prakash, 1965) and Satpura (Srivastava & Agnihotri, 
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2009, 2013) basins of India (Table 2). In the present study, 
the assemblage is mainly dominated by the Glossopteris 
species. Glossopteris musaefolia is reported for the first 
time from the Barakar Formation. The earlier records of the 
species are from the late Permian beds of India. Other species 
like Glossopteris cordatifolia, G. lanceolatus, G. oldhamii, 
G. pseudocommunis, G. rhabdotaenioides, G. sastrii and G. 
subtilis show their rare occurrence in the Barakar Formation. 
The occurrence of these species indicates their appearance 
in the Barakar Formation and their continuation in the late 
Permian Raniganj and Kamthi formations where they are 
present in abundance. The dominance of Glossopteris leaves 
and complete absence of gymnospermous seeds (associated 
or dispersed) suggest that the flora is mainly comparable with 
that of the upper part of the Barakar Formation (Srivastava, 
1997). First record of northern genus Cordaites from the area 
supports the occurrence of mixed flora in Gondwana.
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