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ABSTRACT

Singh KJ, Chandra S & SaxeAa2011. Tatapaniagen. noy, a possible cone &chizoneura gondwanengigistmantel
from the Late Permian in th€®tapani-Ramkola Coalfield, Indidhe Palaeobotanist 60(2): 251-263.

Tatapaniaa new genus of equisetalean fructifications, is represented by oblong-ovate bractless cones recorded from
the Late Permian strata exposed in Banki RivuleTatapani-Ramkola Coalfield, Chhattisgartat®, India.This is the
first record of compact, conical and possibly terminal sphenophyte cones from the Lower Gondwana. The cones may
have been related t8chizoneura gondwanensis these are found in association with sterile equisetalean stems and leaves
of Schizoneura gondwanensis the same beds.

Two new species, viZlatapania indicaand T. obcodata, have been instituted for the genus. Both species closely
resemble cones of modeEguisetum The presence of a compact cone similar to that of an ektansetumas early as
Late Permian of Gondwana is interesting, especially when no member of Palaeozoic sphenophytes possessed such
compact cones. The present find also supports the hypothetical model of Naugolnykh (2004a) wherein he proposed the
evolution of the compact strobilus and peltate sporangiophore in médgisetumfrom the Late Palaeozoic ancestors.
The double or single cones ®&tapaniahave been placed intermediate betw&episetitesarenaceuswith three cones
attached together andeocalamitescarreri having single cone in the Naugolnykhévolution model oEquisetum A
reconstruction ofSchizoneura gondwanengiant havingTatapaniacones attached on the apices of the leaf bearing
branches has been attempted.

Key-words—Sphenophyte, Equisetales, Fructification, Peltate discminal cone, Late Permian.
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INTRODUCTION

also fromTchernoviaceae is known from the uppermost Lower

Permian Pechora Cis-Urals, Russia (Naugolnykh, 2002, 2004b).

he existence of the sphenopsids can be traced from the The first authentic record of equisetalean fructification
Early or Middle Devonian rocks, however they flourishedh the Gondwana has been reportedPbgllotheca australis

luxuriantly during the Carboniferous Period and had maximufrom Upper Late Permian Alistralia (Townrow 1955) Meyen

diversity at this time. The group then gradually declined and

at present its only survivor is the gefieglisetunwith around

fifteen species @yloret al, 2009). Many sphenopsids werg|
massive arborescent species during the Carboniferous Per
particularly in the northern hemisphere. In contrast, in th
southern hemisphere they were herbaceous during Pern
Carboniferous times with comparatively few species.

The sphenopsids form a sizeable portion of th
Glossopteris flora, and belong to the gergpaenophyllum,
Trizygia, Benlightfootia, Raniganjia, Bengalia, Barakaria,

Lelstotheca, Annularia, Schizoneura, Phyllothecd

Lobatannularia, Gondwanophyton, Paracalamifed leaf
forms) andthe leafless equisetalean stems. Howetrex
reports of fertile organs are few in the Lower Gondwana flo

in comparison to the rich and diverse fertile sphenopsids

the northern Carboniferous-Permian Euramericaragdra
floras represented b$phenophyllumParasphenophyllum,

Archaeocalamites, Calamites, Neocalamites, Annularid;

Asterophyllites, LobatannulariaDicalamophyllum
Umbellephyllites Cruciaetheca,Paracalamitinaand
Equisetites

The strobili of different species @phenophyllum
(known from both European and NoAmerican floras) were
initially kept in a morphogenuSphenophyllostachyghich
later on transferred to the genBswmanitegHoskins &
Cross, 1943) with its widely known specisvysonii
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The calamitean cones are generally referred to t
morphogenusCalamostachysepresented by a number of
species.Calamostachys americankom the Upper
Pennsylvanian of NortAmerica (Arnold, 1958) is one of the
largest species of this genus a@dbinneyands the best
known and commonly occurring species, that is common
the coal measures in Europe and also known from t
Pennsylvanian of Nortlmerica (Tylor, 1967).Another
calamitean conePalaeostachyareported from the
Mississippian to Pennsylvanian of Europe is quite similar {
Calamostachys. Palaeostachya vésadescribed from the
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Lower Coal Measures of England (Seward, 1898).
Equisetinostachylsnown from the Permian of the middle
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Fore-Urals, Russia (Naugolnykh, 1998, 2004a) is a very typical

hen id repr iv r reTohernoviaceae family Fi9- 1—Geological map of a portion of tH@tapani-Ramkola Coal-
sphenops d ep oductive structuréfohernovia y field, Sarguja District, Chhattisgarh State showing the collec-

tion locality (after Raja Rao, 1983).

The other very peculiar taxon, i.Baracalamitina striata,
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Fig. 2—Tatapania indicaSingh, Chandra and Saxena gen. et sp. no¥ig. 3—Tatapania indicaSingh, Chandra and Saxena gen. et sp. nov

Two oblong to ovate strobili arranged oppositely and attached
base to base with two stalks. Polygonal or hexagonal discs
(Peltate heads, PH) with circular marks (CM) inside, equisetalean
ribs (ER) on the stalks, and stalk joint (SJ) can be seen. BSIP

showing the line drawing of a compact, oblong to ovate single
strobilus, attached to a stalk. Hexagonal or polygonal discs
(peltate heads, PH) with circular marks (CM) and equisetalean
ribs (ER) can be seen on the strobilar surface. BSIP Specimen

Specimen No. 39278. Scale bar = 4 mm. No. 39279. Scale bar = 4 mm.

(1971) placed this fructification under a new genus dsquisetitessk. arenaceufom the Upper Triassic of Germany
Gondwanostachys australiand established family (Kelber &Van Konijnenbug-Van Cittert, 1998).
Gondwanostachyaceae to accommodat€riticiaethecaa Etheridge (1903) figured a specimen from the Upper Coal
genus of equisetalean sphenophytes from the Early PermMaasures of New Soutiales Australia where four partially
of Argentina (Clineo & Escapa, 2006) has charactepseserved leaves &thizoneurare shown along with a pair
intermediate between those of familieshernoviaceae and of terminal, compact, 20-25 mm long strobili (in Surange, 1966,
Gondwanostachyaceae. fig. 16A, page 33). The preservation of these strobili was so
Equisetitesis a morphogenus that incorporates castpoor that no details of the cone were descril®itlastava
impressions and compressions of the stems which resem{d852, 1954) and Surange (1955) described isolated compact
very closely with the extant genksjuisetumThe genus has strobili from Late Permian of the Raniganj Coalfield, India as
been reported from numerous localities worldwide includingones ofSchizoneura gondwandasLater Surange (1966)
Europe, NortiAmerica, Middle and SouthmericaAntarctica, discarded his own interpretation of these fructifications as
China, India and New Zealand. Majority of the specimens aeguisetalean cones on the basis of their greater similarity with
known from the Triassic but several reports are also from ti&ossopterigructifications.
Carboniferous. The most completely known species in
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Kon'no (1960) described well-preserved equisetalean
fructification asManchurostachysattached tdSchizoneura
manchuriensisrom the Penchihu Coalfield in northeastern
China. Cones attached with another species of the genus
Schizoneurai.e. S. paradoxéhavebeen described from the
Grés aMoltzia Formation, Lowefriassic (Buntsandstein) of
France (Grauvogel-Stamm978) and placed under the genus
Echinostachys.

Rigby (1972) reportedllotocalamites askostiom the
Early Permian of BraziAppert (1977) described a number of
cones under a new taxd@unkoarota polyangiatérom the
Lower Gondwana of the Sakoa Coal Basin, southwest
Malagasy Pantet al (1981) describetiridia indica as the
possible cone oPhyllotheca indicafrom the Karharbari
Formation in the Giridih Coalfield, India. Srivastava (1992)
described another speciesdifidia, i.e.G. barakaensisfrom
the Barakar Formation of Raniganj Coalfield, India. Recently
Banerjee & D" Rozario (1999) have described three putative

equisetalean fructification®Rajmahaliastachys elongata II:]{_.-
Tulsidabaria indicaandSharmastachys pendulatam the 4 mm L
late Early Permian of the Saharjuri Coalfield, India. ER

The present study deals with a new genus of equisetalean
fructifications with two species, viZatapania indicaandT. ~ Fig. 4—Tatapania obcadata Singh, Chandra and Saxena gen. et sp.
obcordatarecorded from the Late Permian strata exposed in " showing the line drawing of a compact, obcordate to reni-

L. . . . . orm strobilus having a truncate apex and cordate to cuneate
Banki Rivulet in thfatapani-Ramkola Coalfield, Chhattisgarh, base. Hexagonal to polygonal discs (peltate heads, PH) having
India.We have compared the specimens with gdaariety circular marks (CM) in the centre can be seen on the surface of
of fertile forms related to the sphenopsids, however these do  the strobilus, and equisetalean ribs (ER) are present on the
not resemble any of the fructifications described so far from ~ Stalk- BSIP Specimen No. 39280. Scale bar = 4 mm.
the Lower GondwanaMNe also observed that both these
species resemble very closely with the cones of modeafiuvium and the outcrops are present along the rivers and
Equisetumon the basis of the presence of similar kind daheir tributariesThe Gondwana sediments in thatapani-
hexagonal discs on the surface of the present specimens Rathkola Coalfield have been classified ifébchir, Barakar
the lack of bracts or sheaths in the coflagpaniahas been Barren Measures, Raniganj, Panchet and Mahadeva
related to the leaf geniBchizoneura gondwanensis the formations (Fig. 5).
present cones are found preserved along with many sterile Palaeobotanical studies in this coalfield regarding
equisetalean stems and leaveSdifizoneura gondwanensismegafossils are limited to two localities (Bateal, 1977;
in the same bedsA reconstruction ofSchizoneura Chandraet al, 2008) while extensive palynological studies
gondwanensiplant havingTatapaniacones growing on the have been carried out (Srivastatal, 1997; Kay2001, 2003;
apices of the leaf bearing branches has been attempted (Bigvastava & Kar2001; Kar & Srivastava, 2003).
7).

MATERIAL AND METHODS
GEOLOGICAL SETTING
The equisetalean cones form a part of megafossil

The Tatapani-Ramkola Coalfield, located betweerrollection made from the Late Permian (Raniganj Formation)
latitudes 23°35' & 23°55' N and longitudes 83°00' & 83°40' E ishale sediments exposed along the bank of Banki Rivulet
the Surguja District of Chattisgarh State in central India, {$atitude 23°48'30" N and longitude 83°29'00" E) near Lawa
considered to be the western extension of DardddeltValley  Village in theTatapani-Ramkola Coalfield, Chhattisgarh, India
Basin. It is indeed a composite basin comprising a northefffig. 1). The fossils are preserved as impressions on fine-
strip of coal-bearing rocks, referred to ashiiapani Coalfield, grained siliceous, compact, lilac coloured shales. The three
and a southern one called the Ramkola Coalfield (Raja Rapecimens described here are completely coated with white
1983). The coalfield is represented usually by a plain area wjtbwdery substance that can be removed easily with a needle.
minor undulations and is flanked on all sides by hillocks dfery small fragments of ganic matter are preserved on two
Precambrian rocks. The sediments are mostly covered diythe specimens.
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Age Group Formation Lithology
Recent Alluvium
Cretaceous ? Basic Intrusives Dolerite dykes
Late Triassic? Upper Mahadeva Thick, cross-beadarse- grained ferruginou
Gondwana sandstones with alternating bands oflesd ¢
(200+ m).
Early Triassic -Do- Panchet Yellowish, figezined micaceous sandstones

alternating with red and green siltstones, shal
and clays (800+ m).

Late Permian Lower Ranigan;j Micaceous fine-gdinpple laminated
Gondwana sandstones, grey and carbonaceous shale
and shaly coal bands (400+ m).
Middle Permian -Do- Barren Ironstone shalesaing box structure,
Measures fine-grained sandstone, shales and

argillaceous sandstones (120-200 m).

Early Permian -Do- Barakar Medium to coarsgifged pebbly arkosic
sandstone, conglomerates, grey and
carbonaceous shales and coal seams (450+

Early Permian -Do- Talchir Diamictite, oligreen needlshales, siltstone,
fine-grained sandstones and varves (150+ m)

Unconformity

Archaean Granites, gneisses, mica schisydljtpb
and quartz veins.

Fig. 5—Generalized stratigraphic sequence inTapani-Ramkola Coalfield (after Raja Rao, 1983; Srivasedva., 1997).

The shale bed is about 20 cm thick and occurs as surface Family—EQUISETACEAE
exposures instead of a well-preserved vertical section. The
bed also contains many species&tiissopterisfor example, Genus—TATAPANIA gen. nov
Glossopteris indica, Getifera, G nautiyalii, Gcommunis, G
tenuifoliaandG searsolensis he other fossils collected from Type Species—Fatapaniaindica gen. et sp. nov

these beds afgchizoneura gondwanensigjuisetalean stems
and a few scale leaves. The entire flora indicates a Late Permian Diagnosis—Oblong-ovate/obcordate compact strobili
age for the beds. The carbon fragments were maceratecha@ving an obtuse to truncate apex and slender stalk at the
Schulzes solution and KOH but no spore/pollen could beuneate base; polygonal or hexagonal discs present on the
recovered from them. The specimens have been photographed
using a Nikon-D2X, 35 mm digital camera and measured
document the morphological details.

Repository—All the described specimens are lodged it
the Repository of Museum of Birbal Sahni Institute o
Palaeobotany ucknow vide &atement No.147 and Museum
Specimen Nos. 39278-39280.

SYSTEMATICS

Phylum—SPHENOPHYTA Fig. 6—Etheridges (1903) specimen ofchizoneura gondwanensis
showing terminal portion of a leaf bearing branch with four
partially preserved leaves and a stalk bearing two strobili (re-

Order—EQUISETALES produced from Surange, 1966; fig. 16, p. 33).
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surface of strobili, centre of each disc having a circular mark,
bract/vegetative leaf sheaths absent in the strobili, nodes and
internodes not seen, one or two strobili borne on terminal
stalks, structures of sporangiophores and sporangia not
known.

Etymology—The new genus is named after Tla¢apani-

g% Ramkola Coalfield, India.
< : Tatapaniaindica sp. nov(PI. 1.1-5; PI. 2.1-3; Figs 2, 3)

Holotype—BSIPSpecimen No. 39278, Lucknoimdia.

Diagnosis—Single or double cones/strobili borne
terminally on stalk; strobili compact, oblong to ovate in shape
having an obtuse apex and cuneate base, measure 13-34 mm in
length and 7-20 mm in width, length/width ratio of strobili
about 2-1.5 : 1; polygonal or hexagonal discs with circular
mark in the centre, present on the surface of strobili.

Occurrence-Banki Rivulet (latitude 23°48'30" N and
longitude 83°29'00" E) section near LaWidlage, Tatapani-
Ramkola Coalfield, India. Late Permian.

Description—This species is based on two impression
specimens. Specimen No. 39279 (PI. 1.2; PI. 2.1-3) is a single
compact strobilus having an obtuse apex and a cuneate base
and measuring 34 mm in length and 20 mm in width at its
widest part. Length/width ratio is 1.5 : 1. Present portion of
stalk measures 14 mm in length and 7 mm in width is attached
to the base of this strobilus. The stalk has eight distinct
equisetalean ribs (ER) on its surface (PIl. 2.1, 2). The strobilus
is not seen attached to its parent equisetalean axis. Small ill-
preserved polygonal or hexagonal discs/heads (PH) with
circular marks (CM) in the centre can be seen at certain places
on the surface of the specimen. These discs are 1.4to 2 mm in
diameter (PI. 1.2; PI. 2.1, 3). Most probably the hexagonal or
polygonal discs represent the peltate heads (PH) of the stalked
sporangiophores on the axis and the circular elevated mark
(CM) in the centre of each disc could be the point of attachment
Fig. 7—_Re°°”5"9‘3“‘t’;m°f itciichgzinzﬁéﬁ‘;?g“éfgsgsz'?Q;t Suhlt‘i"r“n"a N of the sporangiophores with the peltate head. Unfortunately

:c?ogssesrga;i?lesr bragcheg bearing leaves on the nddepania %e Cou,ld not extract a,ny information regarc?mg th_e
cones are shown attached on the apices of the leaf bearifi§orangiophores, sporangia and the spores from this strobilus.
lateral branches (modified after Chandra, 1992). Scale=Béar Specimen No. 39278 (PI. 1.1, 3-5) shows two different
cm. sized strobili arranged oppositeBoth are oblong to ovate in
shape and have obtuse apices and cuneate bases. The lower

ey
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PLATE 1 >

1. Tatapania indicaSingh, Chandra and Saxena gen. et sp. nov showing oblong to ovate, downward facing strobilus in figs 4 &
showing magnified, oblong-ovate upper strobilus in figs 4 & 5. 5 enlarged. Polygonal or hexagonal discs or heads (peltate heads,
The polygonal discs or heads (PH, peltate heads) with circular PH) with circular marks (CM) in the centre can be seen at
marks (CM) in the centre can be seen at certain places. BSIP certain places. The strobilus is attached to a stalk having longi-
Specimen No. 39278. Scale bar = 3 mm. tudinal equisetalean ribs (ER). BSIP Specimen No. 39278. Scale

2. Tatapania indicaSingh, Chandra and Saxena gen. et sp. nov bar = 3 mm.
showing enlargement of a portion of a strobilus in (Pl. 2.1)4, 5.  Tatapania indicaSingh, Chandra and Saxena gen. et sp. nov
depicting polygonal or hexagonal discs (peltate heads, PH) showing two oblong to ovate strobili arranged oppositely and
having circular marks (CM) in the centre. BSIP Specimen No. attached base to base by stalks joining at a common point (SJ,
39279. Scale bar = 1 mm. stalk joint). BSIP Specimen No. 39278. Scale bars = 4 mm

3. Tatapania indicaSingh, Chandra and Saxena gen. et sp. nov each.
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strobilus is 13 mm long and 7 mm wide while the upper onedgans in the sphenopsids are generally loosely arranged
15 mm long and 9 mm wide. Both the strobili in this specimestrobili or cones that consist of a central axis bearing whorls
are attached basally by stalks measuring 9 and 8 mm in lengthbranches known as sporangiophores containing sporangia
joining at a common point (SJ, stalk joint, PI. 1.4, 5). The stalk$ayloret al, 2009).The presence of longitudinal ribs on the
are equally wide, i.e. 3.5 mm. It appears that the two strobdlialks and polygonal-hexagonal discs on the surface of
with their respective stalks were borne on a single commdatapania strobilus confirms its association with the
stalk. Like Specimen No. 39279 these strobili also have 1-1sBhenopsids.
mm wide polygonal or hexagonal discs/heads (PH), preserved The present specimens are compared with a large variety
at some places (Pl. 1.1, 3). There is no evidence of fertile forms related to the sphenopsids, however they do
sporangiophores, sporangia and spores within these strolritit resemble exactly with any of the fructifications described
Bract sheaths or vegetative leaf sheaths, as well as nodegar from the Gondwana. The following account shows how
and internodes have not been seen in any of the three strobBditapaniais different from the known forms.
The genusTatapaniais completely difierent from the
Tatapania obcordata sp. nov (Pl. 2.4, 5; Fig. 4) known phyllothecan cones likBondwanostachygone of
Phyllothecaaustralig as well asGiridia indica andGiridia
Holotype—BSIPSpecimen No. 39280, Lucknoimdia. barakarensis(possible cones oPhyllotheca indicg
Diagnosis—Single compact obcordate—reniformCalamostachyandPalaeostachyéertile cones o€Calamite3
strobilus borne terminally on stalk, apex truncate, base cordated Sakoarota polyangiatdan equisetalean species from
to cuneate in shape; bract or vegetative leaf sheaths, noliedagasy) in being terminal in position, possessing compact
and internodes absent in strobilus, polygonal or hexagorsatobili that lack bracts or vegetative leaf sheaths and the
discs with circular mark in the centre, present on the surfaceinternodes. In all these above mentioned taxa barring
strobilus. Gondwanostachygshe sporangiophores are borne in the
Occurrence—Banki Rivulet (latitude 23°48'30" N and whorls at the nodes subtended by the bract sheaths or the
longitude 83°29'00" E), section near Lavilage, Tatapani- vegetative leaf sheaths and hence they are not compact strobili.
Ramkola Coalfield, India. Late Permian. In case ofGondwanostachythe bractless sporangiophores
Description—Fhis species is based on a single impressiare borne in single whorls of six to eight in the lower part of
fossil. The strobilus is compact, obcordate to reniform in shafertile internodes and are protected by enveloping leaf whorl
with a truncate apex and cordate to cuneate base. The strotieisw
measures 12 mm in length and 19 mm in width. L/W ratio is  Similarly the sphenophyllalean fructificati@@wmanites
0.6 : 1. A small stalk (12 mm long and 7 mm wide) withhas variable number of sporangiophores and sterile bracts
equisetalean ribs (ER) is attached to the base of the strobiliiat are arranged in whorls on the nodes of the axis and
The fructification is not attached to its parent equisetaleahnerefore is completely dérent from the compadatapania
axis. Small ill-preserved polygonal or hexagonal discs/headsnes lacking any sort of sterile bracts, nodes and internodes.
(PH) measuring 1.7-2 mm in breadth are seen at certain places Equisetinostachysp., a nonstrobilar form from Permian

on the surface of the strobilus (PI. 2.5). of Russia is somewhat closeTatapaniain having bractless
peltate sporangiophores, however the arrangement of
REMARKS AND COMPARISON sporangiophores on the axis is quite different from that of

Tatapania.The sporangiophores occur in regular clusters on
The sphenopsids are characterized by the presencethd primary axis and form distinct intercalary fertile zones that
distinct nodes and internodes on both rhizomatous as wellas internodal and these fertile internodes are separated from
on the upright axes. The latter produce whorls of leaves at #s&ch other by whorls of sterile leaves (Figs 10.85 & 10.86, in
nodes and the internodal region of the axes has regulafigyloret al, 2009), therefor&quisetinostachysp. is unlike
spaced longitudinal ribs and the furrows. The reproductive

PLATE 2 e
1, 2. Tatapania indicaSingh, Chandra and Saxena gen. et sp. nov with circular marks (CM) in the centre. BSIP Specimen No.
Specimen showing a compact, oblong to ovate single strobilus 39279. Scale bar = 2 mm.
attached to a stalk having distinct equisetalean ribs (ER) on is 5. Tatapania obcodata Singh, Chandra and Saxena gen. et sp.
surface. Polygonal or hexagonal discs (peltate heads, PH) can nov. Specimen showing a compact, obcordate to reniform stro-
be seen at certain places. BSIP Specimen No. 39279. Scale bars bilus with a truncate apex and cordate to cuneate base. The
= 4 mm each. strobilus is attached to a stalk having equisetalean ribs (ER).
3. Tatapania indicaSingh, Chandra and Saxena gen. et sp. nov Polygonal discs (peltate heads, PH) having circular marks (CM)
showing enlargement of a portion in the middle part of the in the centre can be seen at many places. BSIP Specimen No.

strobilus in fig. 1 depicting polygonal discs (peltate heads, PH) 39280. Scale bars = 4 mm & 3 mm respectively
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Tatapaniathat lacks any kind of sterile leaves and théaving quite narrow stalks attached laterally on the axils or
internodes in its compact cones. the nodes of the leaf bearing axis (Fig. 10.10Zailoret al.,
In Paracalamitina striata also from the Permian of 2009), against the wider stalkslstapaniathat hold the fertile
Russia, a single fertile zone is present in a near-termir@ne on the apices of the leaf bearing axis.
position in almost every leafy lateral branch. This fertile zone  Another equisetalean fructificatioNotocalamites
exists along a single internode and consists of six longitudiregkosusrigby is somewhat closer Tatapaniain possessing
rows of fertile units, each row is composed of 9-19 stalkeaistrobilar form and complete absence of sterile bracts. Unlike
sporangiophores whose heads are subrectangular in shape.compact strobili infatapanig Notocalamiteshas
Generallyone whorl of sterile leaves occurs above the fertilenbranched, sac-like sessile sporangia arranged loosely in
internode (Figs 10.86 & 10.87, Tlayloret al, 2009). Hence, whorls at the nodes (Righ$972, PI. 1, figs 1-4), thus &fs
Paracalamitina striataclosely compares witfiatapaniain ~ from Tatapania
morphological features. Both the fructifications are bractless Tulsidabaria indicaBanerjee & D'Rozario (1999) like
and terminal in positiorRaracalamitinais found attached to Tatapaniais a bractless fructification but borne on either side
the leafy branches with the help of ribbed stalks, howeveaf a node of an equisetalean stem, alternated by whorls of 8-9
Tatapaniais preserved in detached conditidme cones of leaves, thereby diéring from Tatapaniain being a non-
Tatapaniaare oblong-ovate in shape whitaracalamitina compact nodal fructification.
striata has cylindrical ones having a single whorl of sterile  Tatapania indicaand T. obcodata can be compared
leaves attached above the fertile internode. Such sterile leavesy closely with two equisetalean con&harmastachys
are lacking inTatapania The peltate sporangiophores inpendulata Banerjee & D'Rozario (1999) and
Paracalamitinastriata are usually subrectangularhile Rajmahaliastachys elongaBanerjee & D'Rozario (1998h
Tatapaniahas hexagonal or polygonal shaped scars (probalee pretext that both have elongated and stalked strobili
sporangiophores) on its surface. attached to equisetalean stems ligapania.Although the
In Cruciaethecdhe reproductive structures are arrangelracts are absent Bharmastachys pendulathe strobilus
into series of contiguous fertile internodes bounded hiself has 24-25 nodes, each bearing elaborate sporangiophores
unmodified leaf whorls. Each fertile internode consists of threghich completely dissociates it fromatapaniaas the latter
to five whorls of four to six cruciate sporangiophores whichad compact strobili lacking any nodes between the
are covered by a leaf whorl on the above side. Therefosgorangiophores. SimilarliRajmahaliastachy$as an
Cruciaethecais not a compact and terminal cone an@longated strobilus similar to the present cones but unlike
completely diferent fromTatapania. them, it possesses 8-12 whorls of bracts in between the whorls
Equisetiteswith numerous species is very similar toof sporangia, again debarring its association Watfapania.
Tatapaniain many aspects as both the forms have compact
cones that lack bracts and the leaf-sheaths as well as nodes DISCUSSION
and internodes. The coneskHiuisetitesare constructed of
whorls of stalked, peltate sporangiophores with hexagonal The presently described specimen3athpania indica
heads, howevelatapanialacks such visible sporangiophoresand Tatapania obcaodata are found preserved along with
although hexagonal scars/heads are therEqlrisetitegshe many sterile equisetalean stems and the twigsbizoneura
cones are produced on the apex of the fertile branches thahdwanensisn the present collectioAlthough they are
emege laterally from the main stem whilatapaniacones not organically attached to the foliage yet we assign them as
seem to be terminally attached to the leaf bearing finer branchié® strobili/cones a$chizoneura gondwanensia the basis
The strobili inEquisetitesire generally oval and obovate (threef the following indirect evidences.
strobili in E. arenaceusand have non-apiculate apex (not  They are certainly equisetalean fertile structures as their
pointed at the apex) howeydatapaniacones are oblong to stalks have definite equisetalean ribs, ER (PI. 1.3; PI. 2.1, 5).
ovate in shape having obtuse to truncate apex and therefdwne of our Specimens (Nos. 39278 and 39279) closely compare
different fromEquisetites with the cones dbchizoneura australidescribed by Etheridge
Manchurostachygfructification of Schizoneura 1903, pp. 234) in gross morphologarticularly the compact
manchuriensis has alternating clusters of sporangiophoresature of the strobili. The speci&hizoneura australis
surrounded by a completely united large sterile leaf sheatftheridge was later merged wiithizoneura gondwanensis
thereby difering from the nakedratapaniastrobili. by Arber (1905). Etheridge’ specimen ofSchizoneura
Echinostachygcone ofSchizoneura parado}ds closely gondwanensisonsisted of terminal portion of a leaf bearing
comparable withTatapaniaas both the forms have compactranch with four partially preserved leaves and a stalk bearing
cones lacking bracts and the leaf-sheaths and both have whowis strobili, Fig. 6. The bigger strobilus measures 30 mm in
of peltate sporangiophores arranged around a central akhgth and 8 mm in breadth, and the smaller one is 20 mm in
However Echinostachyss a little diferent fromTatapaniain ~ length and 7 mm in breadth. Etheridge mentioned that the
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cones seem to be attached to the stem by a very short staikh no apparent differences seen between the cone stalk and
However this is not at all clear from his photograph. the cone base and it looks inseparable from the main axis.
Our Specimen, No. 39278 (PI. 1.4, 5) also has a pair of The present find also strengthens the hypothetical model
strobili of different sizes borne on separate, but identical stalkd.Naugolnykh (2004a) wherein, he proposed the evolution of
The strobili are arranged oppositely and their respective statke compact strobilus and peltate sporangiophore in modern
join at a common point (SJ, stalk joint). This kind of oppositEquisetumfrom the late Palaeozoic ancestors like
placement of the strobili suggests that these might have béeguisetinostachysParacalamitinastriata, Equisetites
borne perpendicularly on a common stalk that ultimatelgrenaceusand Neocalamitesarreri. The double or single
attached to the main axis of the sterile stem. In the preseones ofTatapaniacan be placed intermediate between
study this common stalk has not been preserved. The sec&ulisetitearenaceusvith three cones attached together and
Specimen (No. 39279) has a single stalked strobilus of simildeocalamitesarreri having single cone in the Naugolnykh’
morphology to Specimen No. 39278. The shape of the thiedolution model ofEquisetum.The terminal cones in
strobilus (Specimen No. 39280) is somewhat different but agdtguisetitesarenaceusand Tatapaniagrew on the lateral
appears to be a compact cone. branches and never on the main stems how@avease of
Although the sporangiophores and the sporangia coudtantEquisetunthey are always attached terminally on the
not be seen preserved in any of the strobili, the hexagonalheain stem. The presence of a compact cone similar to that of a
polygonal discs/heads present at certain places on tmedernEquisetumas early as in the late Palaeozoic of
surfaces of these strobili might represent the peltate hedelsndwana is interesting, especially when none of the members
(PH) of the stalked sporangiophores on the axis as is seemwfPalaeozoic Sphenophyllales or Equisetales (Calamitaceae
the modern cones &quisetumThe compact cones attachedTchernoviaceae, Gondwanostachyaceae and Equisetaceae)
to the Schizoneura gondwanendisaf-bearing branch in possessed such compact cones.
Etheridges collection and somewhat similar compact cones in
the present collection, also preserved along with many CONCLUSIONS
Schizoneuraterile leaves, demonstrate that all these strobili
belong toSchizoneura gondwanensasd had a strong The presently described strobili/cones do not resemble
resemblance to the modern conegqtiisetum any of the fructifications related to the sphenopsids reported
Schizoneura gondwanensippears to be a herbaceouso far from the Lower Gondwana and therefore, assigned a
plant, reaching up to few meters in height as evidenced by thew genuJatapaniawith Tatapania indicaandT. obcodata
specimens reported by Feistmantel (1880, 1881). It has a magnew species. This is the first record of a compact, bractless
stem with alternate branches that ultimately possess oppositel possibly terminal sphenophyte cones from the Lower
leaflets/leaves on finer branches. The ridges and groov&@)ndwana. Both these species resemble very closely with the
placed opposite at the nodes can be seen on each and efegtije cones of moderBquisetunas they have similar kind of
branch of the plant including the main stem and the branchesxagonal discs on their surfaces and also lack bracts or
having leaf sheaths/leaves. The leaves are borne at the natesaths in the coneBhese discs might represent the peltate
of the finer branches. They are separated into two equlkads of the stalked sporangiophores as seen in the cones of
lanceolate or oblong-oval lobes having strong veins, runnitfgguisetum.
almost parallel and converging at the base and the apex The compact cones attached to tBehizoneura
(Chandra, 1992). The wider stalks (average width 5-7 mm) in glbndwanensiseaf-bearing branch in Etheridgetollection
the three strobili offatapaniaand also the presence of ribsand somewhat similar cones in the present collection, also
on their surfaces suggest that they were the continuationpseserved along with man$chizoneurasterile leaves,
the apical most part of the leaf bearing ribbed axes. This leatlmonstrate that all these strobili belongStchizoneura
into conclusion that the compact conesTatapaniawere gondwanensiplant. The presence of definite ribs on their
attached on the apices of the leaf bearing finer branchesstdlks also confirm their association with equisetalean group
Schizoneura gondwanengisig. 7) either singly or in pairs, of plants.The wider stalks iffatapaniastrobili and also the
and not attached laterally on some axils or on the nodes as pgessence of ribs on their surfaces suggest that they are the
been seen iNeocalamitegarreri andEchinostachygcone continuation of the apical part of the leaf bearing ribbed axes.
of Schizoneura parado)avhere the fructifications have very The smooth continuance of the strobilar bases with their stalks
narrow stalks. The smooth continuance and not the abrupfTatapaniafurther confirms their terminal existence as has
constriction of the strobilar bases with their stalkiitapania been found in the modeEyquisetunwhere the apical portion
further confirms their terminal existence as has been foundahthe main stem develops into a terminal cone with no apparent
the extanEquisetuniyellii (in Tayloret al, 2009) where the differences seen between the cone stalk and the cone base
apical portion of the main stem develops into a terminal coa@d it looks inseparable from the main axis. Thus, itis presumed



262 THE PALAEOBOTANIST

that the compact Cones'f;{-tapaniaare attached either singly fertile shoots from Late early Permian sediments of Indian Lower

; ; ; ring finer branch fGondwana. Ggoscience qun?ﬂ: 25-33. ' _
or m. pairs on the apices Of.the leaf bea g fine branc esB%se MN, Banerjee J & Maithy PK977. Some fossil plant remains
Schizoneura gondwanensis

. . from Ramkola-atapani Coalfield, Madhya Pradesh. Palaeobotanist
The double or single cones d&tapaniaare placed 24: 108-117.

intermediate betwedbquisetitesarenaceusvith three cones Chandra S 1992. Changing patterns of the Permian Gondwana

attached together arideocalamitescarreri having single _ Veégetation. Palaeobotanist 40: 73-100.

. , . Chandra S, Singh KJ & Jha N 2008. First report of the fertile plant
cone in the NauQOlnykb (2004a) evolution model of genusUmkomasiafrom Late Permian beds in India and its

Equisetumwherein, he proposed the evolution of the compact biostratigraphic significance. Palacontology 51: 817-826.
strobilus and peltate sporangiophore in modeguisetum Cuneo NR & Escapa 2006.The equisetalean gen@uciaethecanov.
from the late Palaeozoic ancestors IEkeuisetinostachys from the Lower Permian of Patagoni&rgentina. International

. . . . Journal of Plant Sciences 167: 167-177.
Paracalamitina striata, Eqwse“tesarenaceusand Etheridge (J) R 1903.The fructification ofSchizoneura australis.

Neocalamitegarreri in ascending order Eth. fil. Records of the Geological Survey of New Soiiles7: 3-4.
A reconstruction ofSchizoneura gondwanengiant Feistmantel O 1880. The fossil flora of the Gondwana System (Lower

having Tatapaniacones attached on the apices of the leaf Gondwanas). The flora of the Damuda and Panchet divisions (Ist
. . h art). Memoirs of the Geological Survey of India. Palaeontologica
bearing branches has been attempted (Fig. 7). The preser gica series12, 3: 1-77.

observations offatapaniacombined with other evidences Feistmantel O 1881. The fossil flora of the Gondwana System (Lower
including Etheridges (1903) collection dbchizoneurauggest Gondwangs). The flora of the Damuda and P‘ft—lnchet divisions (Part
that the extant gentBguisetunmight have descended from 2). Memoirs of the Geological Survey of India. Palaeontologica
. . Indica Series12, 3: 78-149.
the Gf)ndwanan taxoSghlzongura gondwanensihe Grauvogel-gamm L 1978. La flore du Grés ¥oltzia (Buntsandstein
oppositely placed two bigger sized lanceolate leaf sheathsSsupérieur) des/osges du Nord (France). Morphologie, anatomie,
attached on the nodes 8thizoneura gondwanensisght interprétations phylogénique et paléogéographique. Sciences
havetransformed into very small pointed leaf-sheaths of the Géologiques, Université Louis Pasteur de Strasbourg, Institut de
. . . Géologie Memoir 50:-225.
extant quﬂ'setumdu”ng the course of e.VOIUt'On throughyosiins JH & CroseT 1943. Monograph of the Paleozoic cone genus
geologic time. Furthermore, the production of cones on the Bowmanites(Sphenophyllales)American Midland Naturalist 30:
leaf bearing lateral branches also ceased and ultimately only & 13-163. o , ,
single terminal cone on the main axis evolved as seen in mod&fh R 2001Application of palynology in coal exploratiovk case
. study fromTatapani-Ramkola Coalfield, Madhya Pradesh. Minetech
Equisetum 29:33-41.
Kar R 2003. Palynological recognition of Barren Measures sediments
Acknowledgements—The authors are thankful to Dr N.C.  (Middle Permian) fromTatapani-Ramkola Coalfield, Chhattisgarh,
Mehmotra, Director Birbal Sahni Institute of Palaeobotany _'ndia. Gondwana Geological Magazine 6: 239-244.

L . . Kar R & Srivastava Suresh C 2003. Palynological delimitation of the
Lucknow for permission to publish this papéke coal-bearing Lower Gondwana sediments in the southern part of

acknowledge Dr John.Rigby of Queensland University of  Tatapani-Ramkola Coalfield, Chhattisgarh, India. Journal Geological
Technology Brisbane, Queenslandustralia for critically Society of India61: 557-564. _ o
going through the manuscript and making useful Correctioﬁgelber K-P & Van Konijnenbug-Van Cittert JHA1998. Equisetites

; . . . . arenaceusfrom the Upper Triassic of Germany with evidence for
in the first draft. This work is greatly benefitted from the reproductive strategies. Review of Palaeobotany and Palynology

review and helpful suggestions provided by Dr Hari K. 100:1-26.
Maheshwari and Dr Rajniéwari. Thanks ar also due to Mr Kon'no E 1960. Schizoneura manchuriensi&on'no and its
P.K. Bajpai, Mr Pawan Kumar and Mr Pradeep Mohan, BSIp  fructification (Manchurostachysi. gen.) from theSigantopteris

. . . . nicotianaefolia-bearing formation in Penchihu Coalfield,
Lucknow for help in the preparation of the line drawings | ,itheastern China. Science Repoohoku University (Geology)
and the photographyvrs Yogmaya Tivedi and Mr VP. Singh 4: 163-188.
are thanked, espectivelyfor the computational help in the Meyen SV 1971 Phyllothecalike plants from the upper Palaeozoic

i ; ; ; flora of Angaraland. Palaeontographié83B: 1-33.
plate designing and the collection of samples in the erId'Naugolnykh SV 1998. Kungurian Flora of the Middle Cis-Urals.

(Transactions of GIN RAS 509). GEOS Moscow: 201.
REFERENCES Naugolnykh SV 2002Paracalamitinastriata —a newly reconstructed
equisetophyte from the Permian @fhgaraland. Journal of

Appert O 1977 Die Glossopteris flora der Sakoa in Sadwest-Madagaskar Paleontology 76: 377-385.

Palaeontographica 162: 1-50. Naugolnykh SV 2004a. On some aberrations of extant horsetails
Arber EAN 1905. Catalogue of the fossil plants of the Glossopteris (EquiseturL.) and the origin of family Equisetaceae. Paleontological

flora in the Department of Geologritish Museum (Natural Journal 38: 335-342. ] ) ) )

History), London. Naugolnykh SV 2004b. The prospering relict. (Priroda) 9: 26-35 (in
Arnold CA 1958. Petrified cones of the genDalamostachysrom the Russian). _ o

Carboniferous of lllinois. Contributions from the Museum ofPant DD, Ne}utlyal DD & Misra u9$l._G|r|d|a indica gen. et sp. nov

Paleontology University of Michigan 14149-165. The possible cone dPhyllotheca indicaBunbury Palaeontographica

Banerjee M & D'RozaricA 1999.Sharmastachys, Rajmahaliastachys 176 (B): 174-178.
and Tulsidabaria Banerjee and DRozario, three new equisetalean



SINGH et al —TATAPANIA GEN. NOV FROM LATE PERMIAN, TATAPANI-RAMKOLA COALFIELD, INDIA 263

Raja Rao CS 1983. Coalfields of Indial. Ill; Coal resources of Madhya Srivastava SC & Kar R 2001. Palynological dating of some Permian
Pradesh, Jammu and Kashmulletins of Geological Survey of outcrops from Iriavalley, Tatapani-Ramkola Coalfield, M,Pindia.

India, SeriesA 45: 75-80. In: Proceedings of National Seminar on Red&ivances in Geology
Rigby JF 1972.The Notocalamitaceaeh new family of Upper of Coal and Lignite Basins of India, Calcutta., 1997. Geological
Palaeozoic Equisetaleans. Palaeobotanist 19: 161-163. Survey of India Special Publication 54: 97-102.
SewardAC 1898. Fossil Plants/olume 1. Cambridge University Press, Surange KR 1955. Studies in the Glossopteris Flora of India: 2. Equisetales
Cambridge:1-452. from the Raniganj Coalfield. Palaeobotanist 4: 83-88.
SrivastaveAK 1992. Plant fossil assemblages from the Barakar FormatioBurange KR 1966. Indian Fossil Pteridophytes. Botanical Monograph,
of Raniganj Coalfield, India. Palaeobotanist 39: 81-302. Council of Scientific and Industrial Research New Delhil£09.
Srivastava PN 1952A new record of an equisetalean cone from thefaylor TN 1967. On the structure @@alamostachy$inneyanafrom
Raniganj Coalfield, India. Current Science 2B. the Lower Pennsylvanian of Northmerica. American Journal of

Srivastava PN 1954. Studies in the Glossopteris Flora of India: 1. Some Botany 54:298-305.
new fossil plants from the Lower Gondwanas of the Raniganfaylor TN, Taylor EL & Krings M 2009. PaleobotanyThe biology

Coalfield, India Palaeobotanist 3: 70-78. and evolution of fossil plant®Academic Press 30: 1-1230.
Srivastava Suresh G\nand-Prakash & Kar R 1997. Palynology of Townrow JA1955. On some species &hyllotheca Journal and
Permian-Tiassic sequence in Iria Nal@atapani-Ramkola Coalfield, Proceedings of the Royal Society of New Sowthles89: 39-63.

India. Palaeobotanist 46: 75-80.





