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ABSTRACT

Bemardes-De-Oliveira ME, De Castro-Fernandes MC, Tewali R & Ricardi-Branco F 2007. Platyspennic
seeds from the Early Pennian ofParan~Basin, Brazil. The Palaeobotanist 56( 1-3): 1-19.

This paper results from a taxonomic study of platyspermic seeds from taphofloristic assemblage of
the "Toca do indio Ranch", belonging to the upper pOliion of the Itarare Subgroup, Municipality of
Cerquilho (SP) and a revision of material collected by Millan (1977) from the same area which is deposited
in the National Museum of Rio de Janeiro. The assemblage comprises the Transitional Taphoflora (A-B)
or the Gangamopleris-Rubidgea-Slephanophylliles association from the type-locality of Northeastern
Parana Basin. This taphoflora is Early Permian (Asselian- Early Sakmarian) in age and records the beginning
of the colonization of the Parana Basin by the proto-glossopterid and gangamopterid elements of the
Glossopteris flora. It is, probably, correlated to the Argentinean "Lubeckense A" Floristic Stage or even
a little older. The platyspennic seeds are assigned to the genera Salllaropsis and Cordaicarp/ls. The
assemblage is diversified and includes the taxa Cordaicarpus brasilian/ls n. sp., Samaropsis dolianitii
Millan, S. rigbyi Millan, S. lielensis Millan, S cerq/lilhensis (Millan) comb. nov., S moreirana (White)
Millan, S. goraiensis Surange & Lele, S. rugata sp. nov. and S rohnii sp.nov. The record of S moreiran({
(White) Millan in the present study is the oldest from the Parana Basin and S goraiensis Surange & Lele
is recognized for the first time outside India. The wide variety of detached seeds reflect the diversification
of the gymnospenns in this assemblage, putatively related to the last interglacial event of the Lower
Gondwana glaciation in the Parana Basin. Biostratigraphic con'elati-:>n based on seeds is not possible due
to apparent endemic nature of the assemblage and further work in this field is required.

Key-words-Platyspennic seeds, Parana Basin, Early Pelmian, Lower Gondwana.

~ ~ q-n-;rr ~ ~~~ U~ ~fqc41\Jft ~

tztl.~. ~-~--:m~ql {I, tztl.m. ~ ~ If)'1r~lJ1, m fdcrrft ~ ~. ~-~

mU~

~ ~iltl-q?f ~ ~ (1V:I c\t) ~ ;:pf{~ ~ ~~ ~ ;:mit 'lWT ~ BGiT1m "00 it~
t[q" ~~~ ~ ~ filR9<A<ll\i1~ ~~ -3~ur:A (fm \R\t I$l ~ ~ (1977)~~

• Corresponding Author

© Birbal Salmi Institute or Pala~obolallY, India



2 TI-IE PALAEOBOTANIST

Bllcit Cfl! qft~ntFl ;;ft ~ ft<ir it~ <f;~~~ Vfqf g Cfl!~~~ I ~~ if~
q-u;:n ~ <f; >Ri'1-BtR B~ I:twfl ~chlCl"l(qR'1\ijI(4 (~-oft) <:IT ii0lj)eJRH-~J1T tN;ri!W{i1f$RJI B"T'A
~~ I zrg ~q)JcHfGR'1\ijI<i mW~~ TT ct\ ~ nm 1~'1'j(-n~f{(1 CI"IfGR'1\ijI<i <f; m21'1.'11rn~f{s ~ li~4Hf{s

mm~ q-u;:n ~ <f; ~~R ct\ ~-31Rl Cfl!~ tn ~ I B'l1Cffi zrg~"~ ~" q'Kq \lm~ \l'l21ClT

~ ~ ~ ~ B~ g I ~fqcOj"I0\'1 ~ flqftJqm q co/:S/$WW ci~T q} f.1trtft1 ~ ~ I <:[Q

~~~ ~ nm ~ co/:S/$Cf}JqH ~fA!?JQ'1H ~, flq()f?tiH i'J!?JQf.tR4f{ ~, ~. ~

~, 'ffi. cf$2RIH ~, 'ffi. mf4;C'I&RtA (~) (~<:j)\ij"l\ijIR'1, 'ffi. rftitRT (a:r#ic) ~, 'ffi. ij}(J{QRIH

W'r ~ ~, 'ffi. m~ C(ci 'ffi. ftRt~, rn~ ~ I mP1R J'lu:r:R ~ q-u;:n ~ B mtil ~.

rftitRT (a:r#ic)~ CIiT~~ qRfR ~ nm 'l1ml B~ ~. 7fttRm~ q ~ ct\~~

G!11 ct\ ~ ~ I 9.'~ ~ <f;~ W-liR ~~ ~ J'l"lI~(441"1~1 <f; ~q mur c;~TtR ~, \l~: q-u;:n ~

~ f¥1~~ ct\ \l:jfuq ~~ t:fC"I1 B~q ~ I~ q-{ J1T<nfto ~CI«1f{Cj) ~q T-I'l=I'UIU
" " "-!> ..

ct\ \l1J'lffi:ft~ WQfu <f; CfiRUT B'lfCl 1tf ~ nm ~ ~ if \lWt 'hT't m ct\ ~~~ ~ I

~-~ ~fClc4M)~, q-u;:n ~, ~ ~, f¥1~ I

INTRODUCTION

SINCE the beginning of the paleobotanical
researches, the study of seeds was relegated to a

secondary level of importance. However, they assume
importance considering their potentiality in
phytostratigraphical and possibly in evolutionary studies.
The study of Gondwana platyspermic seeds gained
momentum when Maithy (1965) proposed a scheme
for their identification and classified them in groups. This
scheme was later revised by Millan (1974a, 1994).

In the Parana Basin, besides Millan (1965, 1969,
1974a, b, 1977, 1980,1981,1990,1991,1994,
1995), studies on Gondwana seeds have also been
canied out by Bemardes-de-Oliveira & Pontes (1976),
Bemardes-de-Oliveira (1977), Bemardes-de-Oliveira
et al. (1978), Ricardi-Branco (1997) and Mune
(2005).

The platyspermic seeds of the "Toea do indio
Taphoflora" are included here under the genera
Samaropsis and Cordaicarpus and not under
Cornucarpus as proposed by Millan (1977). The seed
assemblage integrates the Transitional Taphoflora (A­
B) of RosIer (1978), also designated as
Gangam opteris-Rub i dgea -Steph anophyll i tes
association by Bemardes-de-Oliveira et al. (2005).
This taph9flora, which is Early Pemlian in age, registers
the arrival of the early Glossopteris flora (Rubidgea,
Gangamopteris and allied taxa) in the Parana Basin.

It is probably correlated with the "Lubeckense A"
Floristic Stage of Argentina, also known as
Gangamopteris zone lower subunit (Archangelsky &
Cuneo, 1991) because of common features like the
first Glossopteris records, presence ofequisetales and
sphenophyllales. Besides, both the Brazilian and
Argentinean floras mark the extintion ofBotrychiopsis
plantiana.

The seed assemb lage of "Toea do indio
Taphoflora" is rich and diversified. In the present study,
taxonomic revision of the species of the dispersed
platyspermic seeds identified by Millan (1977, 1990,
1991, 1995) from the upper most level of the Itarare
Subgroup, Cerquilho Municipality, Sao Paulo State,
Brazil has been carried out. This is the first systematic
study of dispersed Lower Gondwana seeds from the
area. It comprises a new species of the genus
Cordaicarpus viz. C. brasilianus sp. nov. and eight
species of Samaropsis viz. Samaropsis dolianitii. S.
rigbyi, S. tietensis, S. cerquilhensis comb. nov., S.
moreirana, S. goraiensis and two new species viz. S.
rohnii sp. nov. and S. rugata sp. nov. An updated
classification scheme of seeds is also presented (Fig.
8).

MATERIAL AND METHOD

The material comprises about 115 specimens of
platyspermic seeds which are preserved mainly in
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22500 fossiliferous levels (Millan & Dolianiti, 1977) viz. the
lower level where they are associated with
Gangamopteris, the middle level where they are
preferentially associated with cordaitakan and
gangamopterid leaves and the upper level where they
are associated with the predominant Paracalamites.

The studied material is kept in the scientific
collection ofthe Geosciences Institute ofthe University
of Sao Paulo, under the numbers following the
systematic descriptions. Besides, the material studied
by Millan (1977, 1995) from the same taphoflora
(deposited in the National Museum of the Federal
University ofRio de Janeiro) was also examined.

The material was studied under the
stereomicroscope and drawings were made with the
help ofcamera lucida. The photographic documentation
was made with Canon Camera EOS 300 with macro­
lens and also with C. Zeiss Photo Stereomicroscope
model Stemi SV6 and MC80 of the Paleobotany and
Palynology Laboratory oflGc/USP. The specimens
were compared with those described by earlier
workers, using the classification scheme ofMaithy
(1965) and Millan (1974b, 1994).

LOCALITY

The samples were collected from the Itarare
Subgroup outcrop located on the left margin of a
Sorocaba river affluent brook, in the "Toca do Indio
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Fig. l-Geological map of the Cerquilho region showing
fossiliferous locality (modified from Santos et aI.1996).
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Fig. 2-Litholog of the 'Toea do Indio Ranch" (Rohll &
Lages, 2000).

siltstone collected from outcrops ofthe upper levels of
Itarare Subgroup, in the "Toca do indio Ranch",
Cerquilho Velho District, Municipality ofCerquilho (SP)
(Fig. 1). Majority of the seeds is preserved as
impressions and is found dispersed in different beds of
the outcrop. The seeds occur characteristically in three
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Fig. 3-Schematic diagram of a typical seed (modified after
Leguizamon, 1971) .

Legend:
1. Total length of the seed
2. Maximum width of the seed
3. Length ofNucule + Sclerotesta
4. maximum width ofNucule+Sclerotesta
A. Proximal extremity or base
A'. Distal exu'emity or apex
A-A'. Verticle middle axis
B. Sarcotesta
C. Nucule + Sclerotesta =Nucellus

Ranch", 9 km SW from the Cerquilho town, SP (latitude
23° 13'52" S and longitude 47°25'24" W) (Fig. 1).

The outcrop is 6 meters high and consists oflight
greyish siltstones, carbonaceous mudstone and
carbonaceous shale. They are intercalated with lens and
sigmoid bodies of fine grained light yellowish
sandstones. The fossils are found in several levels of
mudstones and siltstones and even in sandstones but
occur more frequently above the carbonaceous
mudstone (Bemardes-de-Oliveira, 2003; Fig. 2). This
occurrence is associated with coal measures. It was
discovered by Dolianiti and Millan (1973) and studied
laterbyseveral workers (Mil1an, 1977, 1989a, 1991,
1995; Millan & Dolianiti, 1977, 1979, 1980a, b, 1981,
1982; Iarmuzzi & Rohn, 1995; Rohn & Lages, 2000;
Ricardi-Branco & Bemardes-de-Oliveira, 2000).

The Parana Basin is a huge Paleozoic-Mesozoic
intracratonic sedimentary basin, with a surface ofnearly
1,600,000 square km, situated in the central-eastem
portion of South America. It spreads from southem
Brazil through Paraguai, Uruguai to northeastem
Argentina, having connections in its south portion with
the Chaco-Parana Basin. It might have been
interconnected with the South African Karroo Basin in
the geological past. Its Brazilian area is about 1,000,000
squarekm.

Lithostratigraphy ofthe basin is presented by Milani
et al. (1998). They classified it into six supersequences­
Rio Ivai (Ordovician-Silurian), Parana (Devonian),
Gondwana I (Upper Carboniferous-Lower Triassic),
Gondwana II (Middle-Upper Triassic), Gondwana III
(Upper Jurassic-Lower Cretaceous) and Bauru (Upper
Cretaceous). The first three sequences are related to
Palaeozoic big transgressive cycles. During the
deposition of the Gondwana I Supersequence the
Parana Basin assumed the effective isolation in the
continental interior.

Several progradations and retractions of the ice
gave a complex association of facies to the Itarare
Subgroup. They are diamictites and striated pavements
(ice action indicators) at different stratigraphic levels,
intercalated with big sandstone bodies and rhythmites
with dropped clasts and shales deposited under fluvial,
deltaic, costal marine or open sea environments under
direct or indirect action of ice or even in interglacial
phases. The depositional environment ofthe CerquiUl0
coal measures is interpreted as progradation shoreline
and sometimes as fluvial in interglacial scenery ofthe
final phase of sedimentary history of the Itarare
Subgroup (Martini & Rocha-Campos, 1991; Santos
et aI., 1996).

SYSTEMATICS

The Palaeozoic gymnospennous seeds were
grouped under Radiospell11ae and Platyspermae, on
the basis of their radial and bilateral symmetries,
respectively (Brongniart, 1874). The platyspennic
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0_ seeds ofGondwana, according to original scheme of
Maithy (1965), were attributed to the genera
Samaropsis, Cordaicarpus. Cornucarpus and Nu­
mmulospermum, while the radiospennic seeds to the
genus Stereocarpus (Surange, 1974 considered this
genus as scale leaf) and Rotundocarpus.

Maithy (1965) established his classification scheme
using the morphological characters ofseeds. Schematic
diagram of a typical seed with tenninology used in
description is provided in Fig. 3. In the present study,
identification and classification ofGondwana seeds
follow Maithy's (1965) scheme which was updated by
Millan (1994).

Genus-CORDAICARPUS Geinitz, 1862

Type-species-Cordaicarpus cordai Geinitz,
1862

Cordaicarpus brasilianus sp. nov.

(PI. 1.1,2; Fig. 4a-d)

Diagnosis-Small platysperrnic seeds, shape oval
to elliptical, apex acute to acuminate, base rounded to

Fig. 4-(a) Cordaicarpus brasi!ianus sp. nov.- Specimen showing continuous, narrow sarcotesta, micropylar line and
rounded base. SCGIUSP Specimen No. GP/3T 2358a8. (b) C. brasilianus sp. nov. - Specimen showing nan-ow
sarcotesta, micropylar line and chordate base. SCGIUSP Specimen No. GP/3T 2357E. (c) C. brasi!ianus sp. nov. ­
Specimen showing nalTOW sarcotesta, micropylar line and rounded base. SCGIUSP Specimen No. GP/3T 2355E. (d)
C. brasilianus sp. nov. - Specimen showing narrow sarcotesta and rounded base. SCGIUSP Specimen No. GP/3T
2356aA. (e) Samaropsis dolianitii Millan (1977)- Specimen without a sinus, with acute apex and wide truncate
base. SCGIUSP Specimen No. GP/3T 2400. (f)Samaropsismoreirana (White) Millan (1977) -Seed small, almost
rounded, showing wider sarcotesta at the apex, subcircular, acuminate nucellus and a well defined sclerotesta.
SCGIUSP Specimen No.GP/3T 2359A. (g) Sa/l1aropsis goraiensis Surange & Lele (1956) -Specimen showing sinus
and nucellus with acute extremeties. SCGIUSP Specimen No. GP/3T 2364C. (h) Samaropsis rigbyi Millan (1977) ­
Specimen showing a wide sarcotesta, oval nucellus with fine striations converging in the apical area and an embryo
(?) in the basal region. SCGIUSP Specimen No. GP/3T 2360A. (i) Samaropsis cerquilhensis (Millan) comb. nov.­
Specimen showing an ovate nucellus and a wide sarcotesta which tapers towards the apex and is detached in the
basal region. Since the sarcotesta is not preserved in the apical region, apex apparently shows feature similar to two
horns. SCGIUSP Specimen NO.GP/3T 2386. (j) Sa 111aropsis rohnii sp. nov. Specimen showing an elongated and
striated nucellus with a rounded apex, acute base and a sarcotesta with sinus on both extremities. SCGIUSP
Specimen No.GP/3T 2396B. Holotype. (k) Samaropsis rugata sp. nov. Specimen showing an ovate nucellus and a
very wide sarcotesta in the basal area. The sarcotesta is roughly striated. SCGIUSP Specimen No. GP/3T 2364B.
Holotype. (I) S. rugata sp. nov. Specimen showing an ovate nucellus and a very wide, roughly striated sarcotesta
in the basal area. SCGIUSP Specimen No. GP/3T 2383B. (m) Samaropsis tietensis Millan (1977) -Seed platyspemlic,
showing oblong outline, sarcotesta, apical sinus, subparallel sides and an obtuse base. Nucellus lageniform with
long and nalTOW apical region. SCGIUSP Specimen No. DGP-MN 1346 Pb. Holotype.
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chordate; surface smooth to finely striated without
median ridge, indistinct micropylar line; narrow and
uniform sarcotesta, ratio of maximum width of
sarcotesta to maximum width ofnucellus 1:8 to 1: 13.

Derivation o/name-After Brazil, placeoforigin.
Holotype- Scientific Collection ofGeosciences

Institute, University ofSao Paulo. Specimen No. GPI
3T 2353B. (PI. 1.1)

Syntypes-GP/3T - 2354E, 2355E, 2356aA,
2357E, 2358aB and 2398a, b.

Age -Itarare Subgroup (upper portion), Lower
Pennian.

Locality- "Toea do indio Ranch", Cerquilho, SP,
Parana Basin.

Floris tic associat ion-Ga ngamopteris­
Rubidgea-Stephanophyffiles association or
Transitional Taphoflora.

Description-Very small platyspermic seeds,
measuring 3.5 to 4 mm in length and 2.5 to 3 mm in
width, oval to elliptic in shape with acute to acuminate
apex and rounded base; surface without well-marked
median ridge, striated, striations smooth to finely striated,
divergent, narrow sarcotesta more or less uniformly
wide, measuring 0.2 to 0.3 mm in width, sometimes
apparently small sinus present at insertion point of
fimicle.

Comparison- Cordaicarpus brasilianus is
comparable with a group of similar seeds viz. C.
chichariensis Lele, C. prolatus Walkom, C.
mucronatus H0eg & Bose, C. irapuensis Bemardes­
de-Oliveira and C. acuminatus Gutierrez, Ganuza,

Morel & Arrondo. However, C. chichariensis differs
in having circular shape and C. prolatus differs in having
pointed base. C. mucronatus is larger in size with an
acute apex and wider sarcotesta. C. irapuensis is also
bigger in size and has uniformly narrow sarcotesta. C.
acuminatus. too, differs by being larger in size, more
erohniited shape and less rounded base without a conical
projection. Detail comparison is presented in Fig. 5.

Stratigraphic andgeographic distribution-This
form till date is recorded from the upper position ofthe
Itarare Subgroup (Asselian- Sakmarian), "Toea do
indio Ranch", Cerquilho Municipality, SP.

Genus-8AMAROPSIS Goeppert, 1864

Type-species -Samaropsis ulmiformis
Goeppert, 1864

Samaropsis dolianitii Millan, 1977

(PI. 1.3; Fig. 4e)

Description-Platyspennic seeds ofoval shape
in vertical position, small, 3.5-4.5 mm in length and 2.5­
3 mm in width; seed widest in the median region, without
sinus; apex acute, base wide, truncate; apex ofnucellus
rounded to obtuse or acute, base truncate; surface
striated.

1.

2.

3.

4.

5.

PLATEl
(Scalebar= Imm)

Cordaicarpus brasi!ial1us sp.noY. - Morphology of 6.
the seed. SCGIUSP Specimen No. GP/3T 2353B.
Holotype. 7.
C. brasi!ianlls sp.noY. - Details of micropyle.
SCGrusp Specimen No. GP/3T 2356aA. 8.
Sa!naropsis do/ial1itii Millan. SCGIUSP Specimen No.
GP/3T2357C. 9.
Sm'r/aropsis goraiensis Surange & Lele- Morphol-
ogy ofthe seed. SCGrusp Specimen No. GP/3T 2363aA. 10.
S. goraiensis Surange & Lele - Morphology of the
seed. SCGlUSP Specimen No. 2369B.

,
7

S. goraiensis Surange & Lele - Details of apex and
micropyle. SCGrusp Specimen No.GP/3T 23698.
S. goraiensis Surange & Lele - Details of the base.
SCGrusp Specimen No.GP/3T 2363aA.
Sa!naropsis rigbyi Millan - Morphology of the seed.
SCGrusp Specimen No. GP/3T 2360A
S. rigbyi Millan - Morphology of the seed. SCGlUSP
Specimen No. 2384.
Samaropsis moreirana (White) Millan - Morphol­
ogy of the seed. SCGrusp Specimen No. GP/3T 2359A.
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Comparison-The specimens described here
morphologically resemble the specimens described by
Millan (1977).

Remarks-This species is not so frequent in the
material ofthe IGclUSP Scientific Collection as in the
matelial studied by Millan 1977 ofthe National Museum
Collection.

Stratigraphic andgeographic distribution-This
form is restricted to the upper Itarare Subgroup
(Asselian- Sakmarian), "Toca do Indio Ranch",
Cerquilho Municipality, SP'

Samaropsis moreirana (White) Millan, 1967

(PI. 1.10; Fig. 4f)

Description-Small platyspermic seeds, almost
rounded, slightly apiculate with wide chalaza, finely
striated, nucellus oval-rounded, measuring 5 mm in
length and 4.7 mm in width; sclerotesta well defined,
0.37 mm in width in apical region and 0.13 mm in width
at base; sarcotesta narrow, 0.63 mm wide in proximal
area, 1.13 mm wide (maximum width) in apical area,
apex slightly emarginate; nucellus subcircular, acmninate,
measuring 2.75 mm in length and 2.63 mm in maximum
width, ratio ofmaximum width ofsarcotesta to maximum
width ofnucellus 1: 2.35.

Comparison-The two specimens studied here
agree in shape and size with the descriptions made by

White (1908, pI. 10.10) ofspecimens from the Barro
Branco Coal, in Lauro Muller, SC (upper part of
Sideropolis Member, Rio Bonito Formation,
Artinskian).

Remarks-White (1908) circumscribed these
seeds as Cardiocarpon moreiranum. Dolianiti (1952)
made an informal new combination Samaropsis
moreiranum White and later Millan (1967) formally
made a new combination as Samaropsis moreirana
(White) Millan 1967. Considering the ratio ofmaximum
width ofsarcotesta and maximum width ofthe nucellus
which is 1:2.35, this form actually belongs to the genus
Samaropsis.

Stratigraphical and geological distribution­
The species extends in stratigraphical distribution from
the upper portion of the Itarare Subgroup ("Toca do
Indio Ranch") Cerqui lho Municipality (SP) to the upper
portion of the Rio Bonito Formation (Sideropolis
Member, Lauro Miller, SC).

Samaropsis goraiensis Surange & Lele, 1956

(PI. 1.4-7, Fig. 4g)

Description-Seeds platyspermic, elliptical in
shape, small, 8.0 x 6.0 mm; sarcotesta with sinus on
both extremities, 1.5 mm wide, slightly wider toward
chordate base; nucellus acute on both extremities,
micropyle marked at apex; surface finely striated; one
specimen (GP/3T 2361 E) along with three others found

PLATE 2
(Scale bar = 1nun unless otherwise stated)

\.
/

1.

2.

3.

4.

5.

Samaropsis rohnii sp. noy. - Morphology of the 6.
seed. SCGIUSP Specimen No.GP/3T2396B. Holotype.
S. rohnii sp. noy. - Details of the base. Scale bar =

IOmm
Samaropsis cerqui/hensis (Millan) noy. comb. - Mor- 7.
phology of the seed. SCGIUSP Specimen No. GP/3T
2390a. 8.
S. cerquilhensis ( Millan) comb.noY.- Morphology
oflhe seed. SCGIUSP Specimen No. 2390b. 9.
S. cerquilhensis (Millan) comb. noy. - Oyal nucellus
with acute apex and rounded base. SCGIUSP Speci­
menNo. GP/3T2386.

S. cerquilhensis (Millan) comb. noy. - Details of the
apical portion of the sarcotesta. Distinct sinus in the
apical area apparently forming two small horns.
SCGIUSP Specimen No. GP/3T 2386.
Samaropsis ruga fa sp. noy. - Details of the acute
apex. SCGIUSP Specimen No. GP/3T 2364B. Holotype.
S. ruga fa sp. noy. - Morphology of the seed.
SCGIUSP Specimen No. GP/3T 2383B.
S. rugata sp. noy. -Morphology ofthe seed. SCGIUSP
Specimen No. GP/3T 2364B. Holotype.
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Fig. 5-Table showing comparison of Corda/carpus
bras//ianus sp. nov. with other related species.

Samaropsis rigbyi Millan, 1977

Description-Seeds platyspermic, oval in shape
in vertical position, 10- J4 mm in length and 8.0 to 14
mm in width, widest at median region with apical and
basal sinuses; sarcotesta forms two wide wings
measuring 2.75 mm in width in apical and middle
regions and 3.75 mm in basal region; nucellus oval in
shape with acute apex, 9 mm in length and 6.5 mm in
width, ratio ofmaximwn width ofsarcotesta to maximum
width ofnucellus 1: 1.8; surface ofnucel1us striated,
striations converge in apical area; sometimes, in basal
region, an oval embryo like structure with rounded apex
projecting toward chalaza and sinus in basal region
present, micropylar line visible from apex to base.

Comparison-Samaropsis rigbyi Millan 1977 is
very similar to S. goraiensis Surange & Lele (1956)
but differs in having wider sarcotesta, circular shape
and oval nucellus bearing an embryo like structure.

(PI. 1.8,9; Fig. 4h)

in a fructification like structure apparently attached to
leaf similar to Rubidgea and though ill preserved
resembles Denkania.

Comparison-The specimens are quite similar to
S. goraiensis Surange & Lele (1956, pI. 1.3,4, 14;
text-fig. 3) in all morphographic diagnostic characters
viz. size, shape (pear-shaped) with pointed ends and
nature of sarcotesta (about 1.5 mm wide), which
narrows towards the apex with a fine micropyle and
gradually widens towards the chordate base. Detail
comparison with other species is presented in Fig. 6.

Stratigraphical and geographical
distribution-Talchir Formation, Goraia Coalfield,
Madhya Pradesh and Karharbari Fonllation, Giridih
Coalfield, Bihar, India (Lower Permian); and upper
portion of the Itarare Subgroup, Parana Basin
(Asselian-Sakmarian), "Toca do indio Ranch",
Cerquilho Municipality, SF.
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I3ERNARDES-DE-OLIVEIRA ET AL--PLI\TYSPERMIC SEEDS FROM PARANA BASIN, BRAZIL II

Stratigraphical and geographical
distribution-Restricted to the upper portion of the
Itarare Subgroup, Parana Basin (Lower Permian),
"Toca do Indio Ranch", Cerquilho Municipality (SP).

Samaropsis cerquilhensis (Millan) comb. nov.

(PI. 2.3-6; Fig. 4i)

Basionym -1977 Cornucarpus cerquilhensis
Millan; Anais Acad. brasil. Gene. 49 (4): 583-587,
pI. 1.1-7; pI. 2.1; pI. 3.1.

Description-Seeds oval in shape, 17-24 mm in
length and 10-15 mm in maximum width, widest in
median-basal region; sarcotesta widest in basal region,
fonns lobate, wings with small well developed sinus in
basal area, tapers towards median portion and follows
same width up to apex, 5.4 mm wide in basal region,1.4
nun wide in median region, apex emarginate, margins
distinct in apical area, ratio of maximum width of
sarcotesta to maximum width ofnucellus 1:2; nucellus
oval with acute apex and rounded base, protruded as
small cone in the basal sinus towards the funicle,
micropyle present in apical portion ofnucellus.

Remarks-Observing specimens of "Toca do
indio Ranch" taphoflora in which the sarcotesta was
not preserved, Millan (1977) considered this fonn as
Cornucarpus. According to him, the apex was
bifurcated into two structures similar to horns. However,
re-examination ofthese specimens and study ofother
well preserved specimens (GP/3T 2386, PI. 2.5, 6,
Fig. 4i), help in detecting sarcotesta, which is apparently
detached from the basal portion. The sarcotesta is a
little reinforced in the apical sinus area giving appearance
of two small horns, when detached. Hence, a new
combination is proposed here. Some smaller specimens
(GP/3T 2390a, b, PI. 2.3,4) have the same kind of
sarcotesta and nucellus of same shape. This type of
seed probably lost its sarcotesta while attaining a larger
size e.g. Samaropsis leslii Seward 1917 of Lower
Pennian of South Africa and Samaropsis milferi
(Feistrnantel) Seward 1917 ofKarharbari Fonnation
(Lower Pennian) oflndia.

Stratigraphical and geographical distri­
bution-Till date this fonn is restricted to the upper

portion ofthe Itarare Subgroup (Lower Pennian), "Toca
do Indio Ranch", Cerquilho Municipality (SP).

Samaropsis rohnii sp. nov.

(PI. 2.1,2; Fig. 4j)

Diagnosis- Platyspermic seeds, elliptical­
elongate, apex rounded, retuse, base wide chordate,
measure 12.5 mm in length and 8 nun in maximum
width; sarcotesta unifonnly wide in lateral and distal
regions ofseed, widening in proximal region where 2.8
mm wide, ratio of maximum width ofsarcotesta and
maximum width ofnucellus 1: 1.8; nucellus obovate with
rounded apex and acuminate base which ends in acute
cone, measures 8.75 nun in maximum length and 5 mrn
in maximum width, basal cone protrudes intersecting
sarcotesta.

Derivation ofname- After Rosemarie Rohn, an
eminent Brazi lian researcher ofParana Basin.

Holotype- Scientific Collection ofGeosciences
Institute, University ofSao Paulo, Specimen No. GPI
3T 2396B (PI. 2.1,2, Fig. 4j).

Age- Lower Pennian (Asselian-Sakmarian).
Locality- "Toca do indio Ranch", Cerquilho

Municipality (SP).
Stratotype- Itarare Subgroup (upper portion),

Lower Pennian, Parana Basin.
Floristic association- Gangamopteris­

Rubidgea-Stephanophyffites association or
Transitional Taphoflora.

Description- Elliptical, erohniite platyspennic
seed, apex rounded, slightly retuse, base wide,
chordate; sarcotesta more or less uniformly wide in distal
and lateral regions ofseed, slightly wider in proximal
region, in apical region wings of sarcotesta closed
fomling a little emarginate sinus, in basal region
sarcotesta wings fonn an open sinus; micropyle not
marked; nucellus obovate, with rounded apex and
acuminate base, tapering in foml of acute cone
intercepting sarcotesta, sarcotesta and nucellus finely
striated.

Comparison- This fonn is represented by only
one specimen. It is distinguished from other similar forms
(Maithy, 1965, Millan, 1994 and other specimens
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studied here) in various morphological characters. From
Samaropsis cuerdae (Gutierrez et al. 1992) it differs
by its elliptical-elongate shape, emarginate base, retuse
apex, width of sarcotesta, which is more or less
uniformly wide from the apex to the median portion
and wider in the basal region. It also differs by the
elliptical to obovate nucellus which has an acuminate
apex and is without amedian crest. However, both the
taxa are similar in having acuminate base ending in an
acute cone that intercepts the sarcotesta. From S.
goraiensis (Surange & Lele, 1956) it is distinct by larger
size, obovate shape, acute base, absence of a distinct
micropyle and nature and width ofsarcotesta. Both the
seeds, however, have a similar base which is more or
less chordate. From S. nuneezii Garcia, this form is
distinct by its rounded acuminate, retuse apex, nucellus
with an acuminate projection at the base and a well
developed sarcotesta. From S. kurtzii (Leguizam6n
1971) it distinguishes by the elliptical-elongate shape
but is similar in having expanded sarcotesta in the
proximal sector. From S. rigbyi (Millan, 1977), it
distinguishes by more elongate shape of the nucellus
with rounded apex and acute conical base and by wider
sarcotesta on the extremities than on the laterals. S.
moravica (Helmhacher) Walkom 1928 is distinct from
this new species by its smaller size, huge wing-like
borders and nucellus with both edges acute.. This
specimen is distinct from S. ovalis (Walkom, 1935) by
its more elongate vertical shape, more elongate and
bigger nucellus with acute base, and by the absence of
shallow emarginate apex.

Stratigraphical and geographical
Distribution-Till date, Samaropsis rohnii sp. nov. is
restricted to the upper portion ofthe Itarare Subgroup
(Lower Permian) "Toea do indio Ranch", Cerquilho
Municipality (SP).

Samaropsis rugata sp. nov.

(PI. 2.7-9; Fig. 4 k,l)

Diagnosis-Seeds platyspermic, rounded
triangular to oval in shape, with sinus on both extremities,
apex acute, emarginate, base wide chordate, sarcotesta

narrow in distal area, widening towards base; nucellus
triangular, rounded to oval in shape with acute apex,
rounded, truncate base and putatively preserved
chalaza; sarcotesta roughly striated.

Derivation of name-The specific epithet is
derived from the characteristic rough wrinkled surface
ofthe sarcotesta.

Holotype- Scientific Collection ofGeosciences
Institute, University ofSao Paulo, Specimen No. GPI
3T 2364B (PI. 2. 7,9; Fig. 4 k,I).

Syntypes-Specimens GP/3T 2379A, 2383B and
2397Aofthe Scientific collection ofthe IGcIUSP.

Age-Lower Pem1ian (Asselian-Sakmarian).
Locality- "Toea do indio Ranch", Cerquilho

Municipality (SP).
Stratotype-Itarare Subgroup (upper portion),

Lower Permian, Parana Basin.
Floristic association- Gangamopteris­

Rubidgea-Stephanophyllites association or
Transitional Taphoflora.

Description- Seeds platyspennic, rounded to
oval, triangular in shape with sinus on both extremities

and measure 3.8 to 11 mm in length and 9.8 to 10.5
mm in width. Apex acute, emarginate and base wide
chordate. Sarcotesta 0.9 to 1.25 mm wide in the apical
region and 3.75 to 5 mm wide in the basal region.

Nucellus rounded, triangular to oval, with flat to rounded
base. Maximum length ofthe nucellus 7.5 to 7.75 mm

and maximum width 4.75 to 5.75 mm. Basal cone or
chalaza present, 1.5 mm long. The ratio ofmaximum

width ofthe sarcotesta to maximun1 width ofthe nucellus
1-1.5 : 1-1.27. Sarcotesta roughly striated.

Comparison- This fonn is very similar to
Samaropsis rigbyi (Millan, 1977) and S. goraiensis
(Surange & Lele, 1956) but it can be distinguished from
both by its more triangular shape and wide and strongly
corrugated sarcotesta in the basal area. Comparison
with other species is presented in fig. 6.

Stratigraphical and geographical distribution­
Till date, Samaropsis rugata sp. nov. is restricted to

the upper portion of the Itarare Subgroup (Lower
Permian), "Toea do indio Ranch"Taphoflora, Cerquilho

Municipality (SP).
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CATEGORY A-RADIOSPERMIC SEEDS

GROUP A.I- WITHOUT A MEDIAN RIDGE
Type A.I.I - Without striations
ROlullriocarplIs ova/lis Mailhy, 1965
ROlllllriocarplIs slrialLlS Maithy, 1965

CATEGORIA B- PLATYSPERMIC SEEDS

GROUP B.I-WITH OR WITHOUT A NARROW DIFFERENTI-

ATEDTESTA
Type B.I.I-With a median ridge
SubType B.I.I.I-Without other morphological characters
Cordaicarpus barbosallus Millan, 1977
Corrlaicarpus korharbarellsis Mailhy, 1965
SubType B.1.1.2-Apcx bifurcate with horn like processes
Bllriadiospenllulli sewardii Pant, Nautiyal & Tiwari, 1985
Mahes/llvariella bicornll/n Pant & Nauliyal.1963
Type B.1.2-Without a median ridge
SubType B.1.2.I-Apex obtusel acute
Cordaicarpus emnJginalus Walkom. 1935
Cordaicarpus ovallls Walkom, 1935
Cordaicarpus rocllO-camposii Bernardes-de-Oliveira. 1976 (Ill

Bernardes-de-Oliveira & Pontes, 1976)
CorriaicarplIs zeillerii Mailhy, 1965
Karharbariospenlllllll sllrangei Srivastava & Chandra 1982
Slephallostoma Clystnllillum Pant & Nallliyal,1960
Plll/ycardia bellgalellsis Pant & Nautiyal,1960
Palispemllllll ovalis Pant, Nalltiyal & Tiwari, 1985
Birsinghpllria illdico Pant, Nautiyal & Tiwari, 1985
Palaeocarpus birsillghpurellsis Pant. Nauliyal & Tiwari. 1985
Shivacarpus johillensis Panl, Nallliyal & Tiwari, 19l15
SubType B.I.2.2-Apex acuminate
Corr/aicarpus aClI/llina/lIs Gutierrez et al. 1992
Corr/aicarpus chic/lOriellsis Lele, 1962
Corr/aicarplIs irapuensis Bernardes-de-Oliveira, 1976 (Ill Bernardes·

de-Oliveira & Pontes, 1976)
Corrlaicarpus mucronallls Hoeg & Bose, 1960
CorriaicarplIs proill/IIS Walkom, 1935
Corrlaicarplls brasiliamls sp. nov.
Collospermllm ovalis Panl, Nauliyal & Tiwari, 1985
Re/or/isloma crystrlililla Pant, Nautiyal & Tiwari, 1985
Bulbospenllllm sllmllgei Pant, Nauliyal & Tiwari, 1985
SubType B.1.2.3-Apex with a sinus
Corrlaicarpus cesarii Gutierrez et al. 1992
Corrlaicarpus jall1l11illellsis Gutierrez et al. 1992
Corr/aicarplls oliveimlllls (White) Millan, 1965
SubType B.1.2.4-Apcx bifurcatNI with horn-like processes
Cornucarpus palagolliclls (Ferruglio) Correa da Silva & Arrondo, 1977
Cornucalplls slriarliS Walkom 1935
Feruglioc/arlus paragollicus (Ferruglio) Archangelsky & Cuneo, 1987

(sementes associadas)
Maheshwariella spillicornu/n Maheshwari & Tewari 1986
Maheshwariella [urcara(Surange & Lele) Maheshwari & Tewari 1986
SubType B.1.2,S-Apex not known
Talchirospermll/ll illrlicum Srivastava & Chandra 1982
SubType B.1.2.6-Without other morphological characters
Walkomiellospermllm inrlicum Pant & Srivastava,1963
Spermaliles inrliClls Srivastava, 1954

GROUP B. II -WITH A WIDE AND DIFFERENTIATED TESTA
Type B.II.I -With a median ridge
SubType B.II.Lt-With a sinus on one extremity
Eucerospermum opimum Ferruglio, 1946
Eucerospermum palagollium Ferruglio, 1946

Salliaropsis illlerllledia Hoeg & Bose, 1960
Sall10mpsis leslii Seward, 1917
Sall1aropsis lIIellriesii Rigby, 1972
Salliaropsis III/Derii (Feistimentel) Seward, 1917
Salliaropsis sallcri-marci Bernardes-de-Oliveira, 1976 (Ill Bernardes-

de-Oliveira & Pontes, 1976)
SubType B.II.1.2 -With a sinus on both extremities
Sallwmpsis dawsollii (Shirley) Walkom, 1922
Salliaropsis mil/allialla Bernardes-de-Oliveira, 1976 (/11 Bernardes-

de-Oliveira & PonIes, 1976)
Salliaropsis asymelrica Archangelsky, A.,1999
Olojeis/a lIIillerii (Feistill1enlel) Pant. Nautiyal & Tiwari, 1985
Palagosperllla Itlbeckellse Archangelsky, A .. 1995
SubType B.II.1.3-Without a sinus
Sall/ampsis illdica (Zeiller) Seward, 1917
Sall/aropsis ZIllllbesiclis Hoeg & Bose, 1960
ComtlSperlllUIli pellllartls Banerjee 1969
Type B.II.2-Without a median ridge
SubType B.11.2.t-Ovall Elliptical in shape in a vertical

position
Sub-SubType B.11.2.l ,l-Sa"cotesta without a sinns
Salliaropsis dolianilii Millan, 1977
Sall/aropsis irnpevellsis Millan, 1995
Sub-SubType B.11.2.1.2-Sarcotesta with a sinus on one

extremity
Ntlmllllllosperll/tllI/ bowellellse Walkoll1, 1921
SOllioropsis argenlina Feruglio. 1951
Sall/aropsis bailliJellsis Millan, 1967
Salliaropsis barcelosa (White) Seward, 1917
Salliaropsis bOllwkojjii Hoeg & Bose, 1960
Salliaropsis ("ricil/II/ellsis Millan, 1967
Salliampsis elheridgei Walkolll, 1922
Salliaropsis ganjrellsis Saksena, 1956
Sall/aropsis longii, Schopf, 1962
Somaropsis II/oreimlla (White) Millan. 1965
Salliaropsis I"Illligalljellsis Seward & Salmi, 1920
Sall/aropsis srivaslavae Lele, 1962
SOlllaropsis stll"llllgei Lelc, 1962
Sub-SubType B.11.2.1.3-Sarcotesta with a sinus on both

extremities
Salliampsis clIerriae Gutierrez el al. 1992
Samaropsis goraiensis Surange & Lele, 1956
Samaropsis kur/zii Leguizamon, 1971
Salliaropsis lIloravica (Helmhaeher) Walkom, 1928
SOll/aropsis n/lliezii Garcia, 1990
Samaropsis ovalis Walkom, 1935
Srllllaropsis rigbyi Millan. 1977
SOlllaropsis cerqtliliJellsis ( Millan) cOllib. 1I0V.

Salliaropsis rohllii sp. 1l0V.

SOll/aropsis rllgala sp. nov.
SubType B.11.2.2-Vertically oblong shape
Sub-SubType B.11.2.2.I-Sarcotesta with a sinus on one

extremity
Sall/aropsis lie/ensis Millan, 1995
SubType B.11.2.3-0\'all elliptic shape in horizontal position
Snb-SubType B.II.23.I-Sarcotesta without a sinus
Sall/aropsis jeislllwlI/elii Maithy. 1965
Salllaropsis /holl/asii SCllOpf, 1962
Prelygospertlillm mlliganjellse Pan I & Nautiyal,1960
Sub-SubType B.II.2.3.2-Sarcotesta with a sinus
Ala/ocarptls illdiclls Lele, 1969
Ala/ocnrptls johillellsis Lele, 1969
Salliaropsis menisca Lele, 1962
SOlllampsis pincollibei Walkom, 1928
Salliaropsis seixasii (White) Seward, 1917

Fig. 8-Key for identification ofPetmian Gondwana seeds
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viz. S. rohnii sp. nov. and S. rugala sp. nov. are
erected.

Cordaicarpus chichariensis Lele (species similar
to C. brasilianus) and many other species of
Cordaicarpus are typical ofthe formations ofthe lower
subunit of Ganganlopleris Zone inArgentina. Many
species of Samaropsis appear in the Argentinean
Interval Zone but most ofthem are common only in the
lower subunit of Gangamopleris zone (Archangelsky
& Ctmeo, 1991). This zone is somewhat comparable
with the Cerquilho flora (top ofltarare Subgroup).
However, a close comparison based only on seed
species is not possible between the two floras. The
variety of seeds in the assemblage points toward the
diversity ofgynmosperms in this taphoflora, which is
probably related to the last interglacial event (with
temperate climate) of the great Lower Gondwana
Glaciation in the Parana. Since most of the taxa are
not, so far, reported elsewhere, biostratigraphic
correlations are not possible. Besides, lack of finer
morphographical features of the seeds also prevent
precise comparisons. By and large, the assemblage is
comparable with the Early Permian flora ofIndia (Fig.
7). An endeavour for further comprehensive work in
this direction is required for biostratigraphic studies. TIle
presence ofS. goraiensis Surange & Lele registered
here confinns an Early Pelmian age attributed to this
taphoflora. Based on the generated data from the
present study the scheme ofc1assi fication ofseeds has
been modified (Fig. 8).

The lithostratigraphic position ofthis occurrence is
subject ofdifferent interpretations (Fulfaro et aI., 1991;
Santos el al., 1996). The reason is that the position of
the last glacial deposits is not well established since the
outcrops in the Cerquilho area are rare and weathered.
But it is not far from the boundary between the Glacial
Itarare Subgroup and the Post-glacial Guata Subgroup
(Tubarao Group) and its position in the last interglacial
phase of Itarare Subgroup seems to be the most
probable considering its putative correlation with the
Tiete area (SP), on the border of the Capivari River.

Acknowledgements-The {Iuthors are thankjid to the rej'erees
.for their use[ul suggestions. One a/the authors (M. C Castro-

Fernandes) wishes to thank the Guarulhos University by its
subsides as undergraduate scholarship course that was vel}!
helpful to her during the studies. Research was elaborated
under the auspices oj'the Thematic Project FAPESP 97/

03639-8 "Survey oj'the paleofloristic composition and
succession oj'the Upper CarbOniferous - Lower Permian
(Tubarao Group) in the State oj'Silo Paulo, Brazil"
Contrihution to the UnG Project "Paleontology o/the
Paleozoic of the POI'ana Basin", inserted in the UnG
"Research Group on Brazilian Paleozoic Paleontology"
Raini Tewari is thankjitl to Dr NC Mehrotra. Director, Birbal
Sahni Institute oj' Palaeobotany. jar providing necesswy
J1Iusel/lJ1/acilities in connection with the study o/Indian seed
/(}xa jar accurate comparisons.

REFERENCES

Archangelsky Ana 1995. Patagosperma lubeckense, nueva
semilla de gimnospenna del Pennico Inferior de Ia Provincia
de Chubut. Implicaciones paleobiol6gicas. Ameghiniana
(Revista de la Asociacion de Paleontologia Argentina).
BuenosAires32: 351-357.

Archangelsky Ana 1999. Semi lias del Paleozoico Superior de
Argentina: su utilizacion biostratigrafica. Ameghiniana
(Revista de la Asociacion de Paleontologia Argentina),
BuenosAires 36: 465-476.

Archangelsky S & Clll1eo R 1987. Ferugliocladaceae, a new
conifer family from the Permian of Gondwana. Review of
Palaeobotany and Palynology 51: 3-30.

Archangelsky S & Cuneo R 1991. The Neopaleozoic Floristic
succession from Northwestern Argentina. A new
perspective. Contribution to the PIGC (lUGS/UNESCO)
Project 237 Floras ofGondwanic Continents: 469-481.

Banerjee M 1969. Senothecl! J11uJ'ulidihensis a new
glossopteridean fructification from India associated with
Glossopteris /(leniopteroides FeISt. J Sen Memorial Volume.
Botanical Society Bengal Calcutta 359-368.

Bernardes-de-Oliveira ME 1977. Tafotlora eogondvanica da
camada [rapua, Forma<;ao Rio Bonito (Grupo Tubarao), SC
Vols. I & II. Doctoral Thesis, Instituto de Geociencias /
USP): 1- 302

Bernardes-de-Oliveira ME. 2003. Relatorio Final FAPESP97/
03639-8- Levantamento da composiyao e sucessao
paleotlorlsticas do Neocarbonifero - Eoperl1liano (Grupo
Tubarao) no Estado de Sao Paulo (unpublished).

Bernardes-de-Oliveira ME & Pontes CES 1976. Algumas
observayoes sobre cordaitofitas da Formayao Rio Bonito,
Grupo Tubarao. Bacia do Parana. Brasil. Actas do I Congreso
geologico chileno. Santiago, Tomo 3: L25-L81.

Bemardes-de-Oliveira ME, Rohn R. Ricardi-Branco F. Zampirolli
AP, Mune SE, Amaral PG, Longhim ME, Castro-Fernandes
MC & Lages LC 2005. Late Carboniferous to Early Pelmian
glacial related paleotlora succession from northeastern



BERNARDES·DE·OLlVEIRA ET AL-PLATYSPERMIC SEEDS FROM PARANA BASIN. BRAZIL 17

Parana Basin, Brazil. Symposium Gondwana 12 November
06-11/2005 Mendoza, Argentina p. 69.

Bernardes-de-Oliveira ME, Santos PR, Saad AR & Rocha­
Campos AC 1978. Ocorrencia de plantas fosseis do
Subgrupo Itarare, em Saito, SP. Boletim IG, Instituto de
Geociencias. USP, Sao Paulo 9: 105-109.

Brongniart A 1874. Etudes sur les graines fossiles trouvees a
I'etat silicifie. Annales des sciences naturelles Botanique
Paris 20: 234-265.

Correa da Silva ZC & A1Tondo OG 1977. Tafoflora Permiana de
Mariana Pimental, Munici pio de Guaiba RS.Pesquisas do
Institutode Geociencias,UFRGS Porto Alegre 7: 19-34.

Dolianiti E 1952. La flore fossile du Gondwana au Bresil d'apres
sa position stratigraphique. In: Teichert C (Editor)­
Symposium sur les series de Gondwana. Congres
Geologique International Alger 190: 285-30 I.

Dolianiti E & Millan JH 1973. Novo afloramentode vegetais
gondwfmicos no Estado de Sao Paulo. Anais Academia
Brasileira de Ciencias 45: 653-654.

Feruglio E 1946. La flora Liasica del valle del Rio Genoa
(Patagonia) Semina incertae sedis.Revista Society of
Geologia Argentina I: 209-218.

Feruglio E 1951. Sualcune piante del Gondwana Inferiore della
Patagonia. First Geologia University Torino I: 1-34.

Fulfaro VJ, PerinottoAJ & Barcelos JH 1991. Forma<;:ao Tiete:
o posglacial no Estado de Sao Paulo. 111: Simposio de
Geologia do Sudeste. Sao Paulo, Atas. Sao Paulo, SBG 2,
Valdecir AJanasi (Editor): 397-404.

Garcia GB 1990 Cordaitales y semillas platispermicas de la
Formacion el Imperial (Palaeozoic Superior, Cuenca San
Rafael, Argentina. Ameghiniana 27: 239-249.

Geinitz HB 1862. Dyas oderdie Zechstein Formation und das
Rothliegende H.2.Die pfanzen -del' Dyas und
Geologishes: 131-342 p. Wilhelm Engelmann.Leipzig.

Goeppert HR 1864. Die Fossile Flora del' Permischen Fonnation.
Palaeontographica B 12: 1-224.

Gutierrez PR, Ganuza DG, Morel E & Arrondo OG 1992. Los
generos Cordaicarpus Geinitz, Cornucarpus Arber y
Samaropsis Goeppert (semillas platispermicas) en el
Neopaleozoico argentino. Ameghiniana 29: 49-68.

H0eg OA & Bose MN 1960. The Glossopteris Flora of the
Belgian Congo with a note on some Fossil from the Zambezi
Basin (Mozambique). Amlals Museum Royal Congo Beige,
serie in 8° Sciences GeolQgiques 32: 1-106.

Iannuzzi R. & Rohn R 1995. Discussao sobre a presen<;:a do
genero Glossopteris na tafoflora Cerquilho (Grupo Tubarao,
Bacia do Parana, Estado de Sao Paulo) e seu possivel
significado biocronoestratigrafico. In: Kellner AWA &
Viana, CF (Editors)-XIV Congresso Brasileiro de
Paleontologia XIV Alas. Uberaba. Sociedade Brasileira
Paleontologia: 62-63.

Leguizamon RR 1971. Palaeophytologia Kurtziana III. 6
Revision de las semilias platispermicas de Bajo de los Veliz
(San Luis), ilustradas en eI "Atlas de plantas fosiles de la

Republica Argentina" (F. Kurtz, 1921). Ameghiniana 8: 259­
264.

Lele KM 1962. Studies in the Indian middle Gondwana Flora ­
3. Platyspermic seeds and megaspore impressions from the
South Rewa Gondwana basin. Palaeobotanist II ~ 13-18.

Lele KM 1969. Studies in the Glossopteris flora of India-39.
Alatocarpus Gen. Nov.: A new platyspermic seed from the
Singrauli Coalfield. Palaeobotanist 17: 52-58.

Maheshwari HK & Tewari R 1986. Maheshwariel/a
spinicorlluta, a new gymnospermous seed from the
Karhabari Formation Palaeobotanist 35: 69-72.

Maithy PK 1965. Studies in the Glossopteris Flora ofIndia­
18. Gyrnnospermic seeds and seed-bearing organs from the
Karharbari beds ofthe Giridih coalfield, Bihar. Palaeobotanist
13:45-56.

Martini P & Rocha-Campos AC 1991. Interglacial and early
post-glacial Lower Gondwana coal sequences in the Parana
Basin, Brazil. In. Ulbrich H & Rocha-Campos AC (Editors)­
International Gondwana Seven Symposium Sao Paulo, 1988.
Proceedings... Sao Paulo IGclUSP/FAPESP 7: 317-336.

Milani JC, Facci.ni UF, Scherer CM, Araujo LM & Cupertino JA
1998. Sequences and Stratigraphic hierarchy of the Parana
basin (Ordovician to Cretaceous), Southern Brazil, Boletim
IG, Instituto de Geociencias/USP, Serie Cientifica 29: 125­
173.

Millan JH 1965. Considera<;:oes sobre as sementes do
Carbonifero do Brasil. Departamento Nacional da Produ<;:ao
Mineral, Divisao de Geologia e Mineralogia. Notas
Preliminares e Estudos 123: 1-18.

Millan JH 1967 0 Genero Samaropsis na flora do Gondwana
do Brasil. Boletim do Museu Nacional do Rio de Janeiro,
N.S.,GeoL 32: 1-12.

Millan JH 1969. The Gyrmlospermic and Platyspermic seeds of
the Glossopteris Flora from Brazil and correlated foreign
regions. In: Amos AJ (Editor}-IUGS Symposium, Gondwana
Stratigraphy, Buenos Aires 2: 107-122.

Millan JH 1974a. As sementes platispermicas do Gondwana
face ao Esquema Maithy. Anais Academia brasileira de
Ciencias 46: 539-548.

Millan JH 1974b. Sementes platispermicas da bacia do Parana
e demais regioes gondvfll1icas. Tese de Livre-Docencia,
Departamento de Paleontologia do Museu Nacional, UFRJ.
Rio de Janeiro: 1- 80.

Millan JH 1977. Sernentes platispermicas do Eogondwana de
Cerquilho, Sao Paulo (Bacia do Parana). Anais Academia
brasileira de Ciencias 49: 581-595.

Millan JH 1980. Sobre uma possivel utiliza<;:ao estratigraflca de
sementes gondvanicas. Anais Academia brasileira de
Ciencias 52: 353-358.

Millan JH 1981. Distribution ofplatyspermic gondwanic seeds.
Paleobotanist 28-29: 63-74.

Millan JH 1989a. Sobre as Sphenopsida da tafoflorula do
Eogondwana do Municipio de Itapeva, carvao do Subgrupo



18 THE PALAEOBOTANIST

Itarare do Estado de Sao Paulo. Anais Academia brasileira
Ciencias 61 :479.

Millan JH 1989b. Sobre a presen<;a de fonnas foliares mais
primitivas de glossopterideas (Genero Gangamopleris) no
Municipio de Cerquilho, carvao do Eogondwana do Estado
de Sao Paulo. Anais da Academia brasileira de Ciencias 61:
201-213.

Millan JH 1990. Novas ocorrencias de sementes platispermicas
em tafoOoras associadas a camadas carbonosas do Grupo
Tubarao, Eogondwana da bacia do Parana, no Estado de
Sao Paulo. Paleobotiinica Latinoamericana (Circular
Informativa da ALPP) 9: 31.

Millan JH 1991. Novas ocorrencias de sementes platispennicas
nos municipios de Itapeva, SP, e Cerquilho, SP, em tafotloras
do Grupo Tubarao, Eogondwana da bacia do Parana. Anais
Academia brasileira de Ciencias 63: 96.

Millan JH 1994. 0 esquema de identifica<;ao e c1assifica<;ao
das sementes gondviinicas: reatualiza<;ao e analise critica.
Anais daAcademia brasileira de Ciencias 66: 475-489.

Millan JH 1995. Novas ocon'encias de sementes platispennicas
em tafotloras associadas a camadas carbonosas do Grupo
Tubarao, Eogondwana da Bacia do Parana, no Estado de
Sao Paulo. Anais da Academia brasileira de Ciencias 67:
117-128.

Millan J H & Dolianiti E 1977. Esfen6fitas do Eogondwana de
Cerquilho, Sao Paulo (bacia do Parana). I - Genero
Paracalamiles. Anais da Academia brasileira de Ciencias
49: 469-477.

Millan JH & Dolianiti E 1979. Esfen6fitas do Eogondwana de
Cerquilho, Sao Paulo (bacia do Parana). 3 - Genero
Phyllolheca. Boletin de la Asociaci6n Latinoamericana de
Pa1eobotanica y Palinologia 6: 1-4.

Millan JH & Dolianiti E 1980a. Esfen6fitas do Eogondwana de
Cerquilho, Sao Paulo (bacia do Parana), Brasil. 2-Genero
Slephanophylliles. II CongresoArgentino de Paleontologia
y Bioestratigrafia y I Congreso Latinoamericano de
Paleontologia Aetas, Asoc. Paleontol. Argentina, Buenos
Aires, Torno 4: 113-127.

Millan JH & Dolianiti E 1980b. Sobre um novo "fertiliger" no
Eogondwana de Cerquilho, Sao Paulo (bacia do Parana),
Brasi!. II Congreso Argentino de Paleontologia y
Bioestratigrafia y I Congreso Latinoamericano de
Paleontologia Aetas, Asoc. Paleontol. Argentina, Buenos
Aires, Torno 4: 128-134.

Millan JH & Dolianiti E 1981. Cordaitales do Eogondwana de
Cerquilho, Sao Paulo (bacia do Parana). Anais da Academia
brasileira de Ciencias 53: 807-815.

Millan JH & Do1ianiti E 1982. Sobre a presen<;a de Rubidgea
no Eogondwana de Cerquilho, Subgrupo Itarare de Sao
Paulo. Bpletim IG-USP 13: 56-65.

Mune SE 2005. TafoOora interglacial neocarbonifera do Sitio
Volpe, municipio de Monte Mor (SP), Subgrupo Itarare,
Nordeste da Bacia do Parana: revisao e complementa<;ao.

Master Degree Disseltation, Institute of Geosciences ­
University ofSao Paulo, 2005. 137 p.

Pant DD & Nautiyal DD 1960. Some seeds and sporangia of
Glossopteris flora from Raniganj Coalfield, India.
Palaeontographica 107: 41-64.

Pant DD & Nautiyal DD 1963. On Maheshwariella bicornuta
gen. et sp. nov., a compressed seed from Lower Gondwanas
of Karharbari Coalfield, India. Journal of Indian Botanical
Society42A: 150-158.

Pant DD & Srivastava GK 1963. On Walkomiellospermum
indicum gen. et sp. nov., seed like boides and alete
megaspores from Talchir Coalfield, India. Proceedings of
the National Institute of Sciences ofIndia 29(6): 574-584.

Pant DD, Nautiyal DD & Tewari SP 1985. On some Indian
Lower Gondwana compressions of seeds.
Palaeontographica 196B: 31-78.

Ricardi-Branco F 1997. TafoOora gondviinica do Membro
Triunfo, Forma<;ao Rio Bonito (Eopermiano), no Municipio
de Figueira, PRo Doctoral Thesis, Instituto de Geociencias
- USP - Sao Paulo SP: 1-182.

Ricardi-Branco F & Bernardes-de-Oliveira ME 2000.
Gangamopteris roesleri sp. nov. da tafoOora eopermiana
de Cerquilho (SP), Grupo Tubarao, Bacia do Parana, Brasil.
Revista Universidade Guarulhos - Geociencias. Guarulhos
5:44-48.

Rigby JF 1972. The Upper Palaeozoic Oora at Lauro Muller,
Santa Catarina, Southern Brasil.Anais da Academia
Brasileira de Ciencies 44 (suplemento): 281-293.

Rohn R & Lages L 2000. Lower Permian sphenopsids from
Cerquilho, Northeastern Parana Basin, Brazil. Revue
Paleobiologie 19: 359-379.

Rosier 0 1978. The Brazilian eogondwanic Ooral successions.
Boletim IG-Instituto de Geocienciasl USP, Sao Paulo 9: 85­
9!.

Saksena SD 1956. On two new species ofSamarops is from the
South Rewa Gondwana Basin, Central India. Palaeobotanist
4: 73-76.

Santos PR, Rocha-Campos AC & Canuto JR 1996. Pattell1s of
Late Palaeozoic deglaciation in the Parana Basin, Brazil.
Review of Palaeogeography, Palaeoclimatology,
Palaeoecology 125: 165-184.

Schopf JM 1962. A preliminary repolt on plant remains and
coal of the sedimentary section in the Central Range of the
Horlick Mountains, Antartica. Ohio, Ohio State University
Research Foundation 1961. RepOit Number 2: 1-61.

SewardAC 1917. Fossil Plants vol. 3. Cambridge: Cambridge
University Press, Reprint, New York: Macmillan (Hafner
Press), 1969: 337p.

Seward AC & Sahni B 1920. Indian Gondwana plants: A
revision. Memoirs of geological Survey of India,
Palaeontologia indica n. series 7: 1-41.

Srivastava AK & Chandra A 1982. Two new types of seeds
from the Lower Gondwana beds ofSouth Rewa Gondwana
Basin M.P. Biovigyanam 8: 79-84.



BERNARDES-DE-OLIVEIRA ET AL-PLATYSPERMIC SEEDS FROM PARANA BASIN, BRAZIL 19

Srivastava PN 1954. On some Lower Gondwana megaspores
and seeds from Mangardha coal, West Bokaro, Bihar.
Palaeobotanist 3: 113-115.

Surange KR & Lele KM 1956. Studies in the Glossopteris Flora
ofIndia. 6 Plant Fossil from Talchir Beds of South Rewah
Gondwana Basin. Palaeobotanist 5: 82-89.

Surange KR 1974. Other Lower Gondwana gymnospermous
plants. In Surange KR, Lakhanpal RN & Bharadwaj DC
(Editors )-Aspects and Appraisal of Indian Palaeobotany,
Birbal Sahni Institute of Palaeobotany, Lucknow: 170-178.

Walkom AB 1921. Nu mmulospermum bowense gen. et
sp.nov.Quarterly Journal ofGeological Society 77: 289-295.

WalkomAB 1922. Palaeozoic flora of Queensland. PI. 1. The

flora of the Upper and Lower Bowen Series. Queensland
Geological Survey Publication No. 270: 1-45.

WalkomAB 1928. Notes on some additions to the Glossopteris
Flora in New South Wales. Proceedings of the Linnaean
Society ofNew South Wales 53: 555-564.

WalkomAB 1935. Some fossil seeds from the Upper Palaeozoic
Flora of the Warrie Basin. Proceedings of the Linnean
Society ofNew South Wales 60: 459-464.

White D 1908. Relatorio sobre a flora fossil das camadas
carboniferas do Brasil. In: White, I (Editor) Relatorio Final
da Comissao de Estudo das Minas de Carvao de Pedra do
Brasil. Departamento Nacional da Produ~ao Mineral,
Brasilia: 338-617. (Reimpressao em 1988). .




