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RESUMO

A Formacgao Cross Valley-Wiman apresenta uma surpreendente diversidade de
fosseis vegetais para o Paleoceno da llha Seymour, Antartica, incluindo diversos
espécimes de folhas de Samambaias. Estudos anteriores agruparam estes
espécimes nas espécies Cladophlebis aemulans, Cladophlebis seymourensis e
Sphenopteris angustiloba, porém com base em novos materiais coletados, os
aspectos taxondmicos foram reavaliados. O presente trabalho traz uma reavaliagcédo
taxonbmica, de diversidade e sobre a preservacao dos fésseis de pteriddfitas
coletadas na Formacdo Cross Valley-Wiman, pelo projeto FLORANTAR, na
OPERANTAR 38 (PROANTAR/CNPq). Foi realizado um trabalho de triagem e
preparacao de 148 espécimes que foram submetidos a analises morfoldgicas. Para
isso, foram observados caracteres das partes vegetativas como: comprimento,
largura, base e apice de pinas e pinulas; presencga de raque; arranjo e formato das
pinulas; margem; venacao; além do grau de desarticulagao; tipo de fossilizagao e
associacao fitofossilifera. O material apresenta-se em uma concentracao politipica e
com alto nivel de fragmentacédo. Porém, os espécimes apresentam um bom grau
preservacao, sendo a maior parte preservados em compressées carbonosas e uma
pequena parcela preservada em carbonato de calcio. Foram definidos 6 morfotipos
diferentes: os morfotipos 1, 2 e 3 apresentam padrao morfolégico do tipo
Sphenopteris, mostrando semelhanga com a espécie Sphenopteris angustiloba. Os
morfotipos 4 e 5 apresentaram um padrdo de semelhanca com o tipo raro para a
venacgao de Cladophlebis, além disso, ndo se assemelham ao padrao de venacgao da
espécie C. seymourensis. Ja o morfotipo 6 apresenta padrdao de semelhanga com os
géneros Parsorophyllum e Elantodites, padrbes inéditos para a Formagao Cross
Valley-Wiman até o momento. A problematica desses taxons € que sao géneros e
espécies comumente utilizados para fosseis mesozoicos, ndo sendo correta a sua
utilizacdo para as espécies do Cenozoico. Assim, se faz necessaria uma nova
designagao taxondémica para morfogéneros existentes no Paleoceno da llha

Seymour, Antartica, agrupando-os dentro da ordem Osmundales.

Palavras-chave: Antartica; Sphenopteris; Cladophlebis; Paleoceno; Osmundales.



ABSTRACT

The Cross Valley-Wiman Formation presents a surprising diversity of plant fossils
from the Paleocene of Seymour Island, Antarctica, including several specimens of
Pteridophytes. Previous studies grouped these specimens into the species:
Cladophlebis aemulans, Cladophlebis seymourensis and Sphenopteris angustiloba,
however, based on new materials collected, taxonomic aspects were reevaluated.
The present work carried out a taxonomic, diversity and preservation assessment of
pteridophyte fossils collected in the Cross Valley-Wiman Formation, by the
FLORANTAR project, at OPERANTAR 38 (PROANTAR/CNPq). Screening and
preparation work was carried out on 148 specimens submitted to morphological
analysis. For this, characters of the vegetative parts were observed, such as: length,
width, base and apex of pinnae and pinnules; presence of rachis; arrangement and
shape of pinnules; margin; venation; in addition to the degree of disarticulation; type
of fossilization and phytofossiliferous association. The material is present in a
polytypic concentration and with a high level of fragmentation. However, the
specimens present a good degree of preservation, with the majority being preserved
in coalified compressions and a small portion preserved in calcium carbonate. 6
different morphotypes were defined: morphotypes 1, 2 and 3 present a morphological
pattern of the Sphenopteris type, showing similarity with the species Sphenopteris
angustiloba. Morphotypes 4 and 5 showed a similarity pattern with the rare type for
the venation of Cladophlebis, in addition, they do not resemble the venation pattern
of the species C. seymourensis. Morphotype 6 presents a pattern of similarity with
the genera Parsorophyllum and Elantodites, such patterns referring to these genera
have not been described for the Cross Valley-Wiman Formation to date. The problem
with these taxa is that they are genera and species commonly used for Mesozoic
fossils, and their use is not correct for Cenozoic species. Therefore, a new taxonomic
designation is necessary for morphogenera existing in the Paleocene of Seymour

Island, Antarctica, grouping them within the order Osmundales.

Keywords: Antarctica; Sphenopteris; Cladophlebis; Paleocene; Osmundales.
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1 INTRODUGAO

Buscar a compreensao do passado da Terra e de todos os habitantes que um
dia ja pisaram nela, € algo intrinseco ao ser humano. Esse entendimento pode vir
através da observagdo dos restos e vestigios dos seres ao longo do tempo
geoldgico. A Paleontologia (origem grega: palaios = antigo; ontos = ser; logos =
estudo), tem como principal objetivo o estudo desses organismos e proporciona o
entendimento das grandes mudangas que ocorreram no planeta ao longo do tempo,
como a movimentacdo dos continentes, as grandes extingbes e as drasticas
mudangas climaticas e ambientais (Carvalho, 2011).

Tracar essa linha do tempo auxilia na percep¢ao de como a vida, das mais
diversas formas, evoluiu com o passar de milhdes de anos, desde organismos
simples até a complexidade e diversidade atual (Raven et al., 2014). Por meio de
analises morfologicas, anatdmicas e tafonémicas dos fosseis, é possivel observar
padrées paleoambientais, paleoclimaticos, paleoecoldgicos e bioestratigraficos, que
perpassam a historia de vida no planeta Terra. No caso das plantas, a Paleobotanica
investigara esse conjunto de caracteristicas para compreender o surgimento e
evolugdo desses seres, que estdo presentes no planeta desde o
Ordoviciano-Siluriano até os dias atuais (Taylor et al., 2009; Willis & Mcelwain, 2014).

No caso das plantas, mesmo com a natureza fragmentaria dos fosseis e as
diferengcas no potencial de preservagdo dos tecidos e estruturas vegetais, os
grandes grupos de plantas terrestres (bridfitas e plantas vasculares) estao
diversamente presentes e amplamente dispersos geografica e bioestratigraficamente
no registro fossilifero a nivel mundial (lannuzzi & Vieira, 2005; Carvalho, 2011). Até
mesmo ambientes hoje indspitos, como a Antartica, possuem um grande registro
fitofossilifero marcado em sua historia. Isso ocorre porque muito antes das
mudangas paleobiogeograficas que ocorreram no Cenozoico, separando-a da
América do Sul e a transformando em um gélido continente, a Antartica era um
ambiente de clima mais quente, com exuberante biodiversidade e muito propicio a
vida de varias plantas que formavam grandes florestas (Cantrill & Poole, 2012)
(Figura 1).

Um dos grupos vegetais que apresentam um significativo registro nas grandes
florestas do contexto fossil da Antartica sdo as Samambaias, nome dado ao grande

grupo das plantas vasculares sem semente e com megafilos, que também sé&o
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conhecidas genericamente como Pteriddfitas  (Carvalho, 2011). Desde suas
primeiras aparigcdes no Devoniano, essas plantas vasculares sempre foram muito
presentes no mundo por apresentarem adaptacdes evolutivas que permitiram a
conquista de novos habitats e a irradiagao pelo planeta (Spicer, 1990; Taylor et al.,
2009; Raven et al., 2014). Uma parte desse cenario pode ser observada no registro
fossilifero presente na Peninsula Antartica, onde a flora féssil possui uma
abundancia significativa em diversos momentos do tempo geoldgico (Francis et al.,
2008).

Figura 1 — Paleoreconstrucdo de uma floresta antartica na llha Alexander, com presenca coniferas,

Bennettitales, Cycadales, Ginkgoales e muitas samambaias, durante o Cretaceo.

Fonte: Pintura de Robert Nicholls do Paleocreations.com, exposta no British Antarctic Survey e
retirada de Francis et al. (2008).

Durante o Paleoceno, um local a leste da Peninsula Antartica mostra sua
relevancia na grande diversidade da fitoflora, a Formagédo Cross Valley-Wiman da
llha Seymour. Entre 1901 a 1903, foi descoberto o primeiro depdsito paleobotanico
da ilha, durante a Expedicdo Swedish South Polar, que foi liderada por Otto
Nordenskjold (Dusén, 1908). Entre o material fitofossilifero coletado, existiam muitos
espécimes de folhas de angiospermas, gimnospermas e pteriddfitas.

No que se refere as pteriddfitas, esse grupo foi estudado primeiramente por

Dusén (1908), que descreve uma grande diversidade de samambaias fésseis para a
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regido, porém apenas 8 espécies sao formalmente descritas e as outras sao
designadas a espécies informais ou a morfogéneros. Em um segundo momento,
esses fosseis foram avaliados por Cantrill et al. (2011), que revisaram os espécimes
estudados por Dusén (1908); além de espécimes depositados em diversas colegdes,
mas nunca estudados; e novos coletados na mesma localidade. Eles agruparam as
espécies descritas por Dusén em 3 novas espécies: Cladophlebis aemulans,

Cladophlebis seymourensis e Sphenopteris angustiloba. (Tabela 1).

Tabela 1: Lista de samambaias descritas por Dusén (1908) e reatribuidas por Cantrill et al. (2011).

Flora de Cross Valley, llha Seymour, Peninsula Antartica.

Dusén (1908) Cantrill et al. (2011)

Polypodium aemulans
(formalmente descrito)

Taeniopteris blechnoides
(formalmente descrito)
Cladophlebis aemulans
Taeniopteris crispissima
(formalmente descrito)

Alsophila antarctica
(formalmente descrito)

Polypodium nathorstii
(formalmente descrito)

Dryopteris antarctica
(formalmente descrito)
Cladophlebis seymourensis
Dryopteris seymourensis
(formalmente descrito)

Pecopteris
(18 espécies ) (somente ilustradas)

Lomatia angustiloba *
(formalmente descrito)

Lomatia brevipinna *
(formalmente descrito)

Asplenium antarcticum

(formalmente descrito) Sphenopteris angustiloba

Asplenium sp.
(formalmente descrito)

Sphaenopteris sp.
(10 espécies ) (somente ilustradas)

Fonte: Modificado de Cantrill et al. (2011). Nota: *Classificada por Dusén (1908) como
angiosperma.

Desde a descoberta do conteudo fossilifero nesta formacéao, outras pesquisas

foram feitas na mesma regido ao longo dos anos, dentre essas, estudos sobre
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lenhos e folhas de angiospermas e gimnospermas e sobre palinomorfos: Cranwell
(1959) analisou a microflora da Formagao Cross Valley-Wiman; Askin (1988, 1990)
estudou os palinomorfos das Formagdes Lopez de Bertodano, Sobral, Cross
Valley-Wiman e La Meseta; Cantrill et al. (2011), além das frondes de samambaias,
analisou também folhas de gimnospermas da Formacédo Cross Valley-Wiman;
Tosolini et al. (2013, 2021) examinou da Formacao Cross Valley-Wiman as folhas de
angiospermas; Pujana et al. (2014, 2015) apurou os lenhos da Formagao Cross
Valley-Wiman e La Meseta; Mirabelli et al. (2018) estudou os lenhos da Formacgéo
Sobral. Porém sobre as frondes de samambaias encontradas em numero
significativo na regido sao feitos apenas apontamentos, mas nao trabalhos mais
aplicados, que de fato tratam sobre a taxonomia do grupo.

Tendo em vista todo esse contexto e a falta de informacgdes e estudos mais
detalhados, este trabalho realiza um estudo aprofundado com o enfoque taxonémico
e sistematico das samambaias fosseis coletadas na Formagéo Cross Valley-Wiman,

da llha Seymour, Peninsula Antartica.

1.1 DIVERSIDADE MORFOLOGICA

Existe uma grande problematica dentro do estudo taxonémico de frondes de
samambaias: a terminologia utilizada. Nao existe um padrdo geral amplamente
difundido e seguido pelos pesquisadores de pteridéfitas, como o “Manual of Leaf
Architecture”, desenvolvido por Ellis e colaboradores (2009) para padronizar os
termos para descrigao da morfologia das folhas de angiospermas.

Para a taxonomia de samambaias, ocorre o uso de alguns termos mais
gerais, porém a falta de um manual para padronizar as terminologias dificulta a
descricdo dos morfotipos, tendo em vista que ha casos em que uma mesma
estrutura pode ter nomes diferentes ou nomes muito especificos, mas pouco
utilizados (i.e., pinatissectado, pinatipartidos), o que pode gerar dificuldades de
compreensao entre os pesquisadores. Visando melhorar o entendimento das
informagdes descritas neste trabalho, foram adotadas as terminologias designadas
por Tryon (1960), que posteriormente foram complementadas por Vasco et al.
(2013). As mais utilizados para realizacdo do presente trabalho sao listadas no

Quadro 1 e representados na Figura 2:
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Quadro 1 - Algumas terminologias utilizadas para a taxonomia de samambaias

Termo Inglés Significado
Totalidade da estrutura foliar

Fronde Frond de uma samambaia (l&mina +
peciolo)

Lamina Lamina/blade Limbo foliar

Peciolo/estipe

Petiole/stipe

Haste que une a lamina ao
caule

Pina

Pinna

Primeira divisdo da fronde
(divisao primaria)

Pinula

Pinnule

Segunda divisdo da fronde
(divisdo secundaria)

Segmentos terciarios,
quaternarios, ...

Tertiary, quaternary, ...

segment

Proximas divisbes apos as
pinulas

Lobo

Lobe

Porcdo de uma lamina, pina.
Pinula, etc., que a base seja
totalmente unida ao tecido
vegetal. Tracar uma linha entre
os pontos adjacentes define a
base do um lobo

Nervura central

Midrib

Eixo central

Raque

Rachis/rhachis

Eixo primario da lamina

Raque da pina

Pinna-rachis, rachilla,
rhachilia

Eixo primario da pina

Raque da pinula

Pinnule-rachis

Eixo primario da pinula

Haste que une a pina. pinula,

Pecidlulo Petiolule etc., a outro segmento
Veia média Middle vein Venagao central
Acroscopico Acroscopic Voltado para o apice
Basiscopico Basiscopic Voltado para a base

Fonte: Adaptado de Tryon (1960)
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Figura 2 — Esquema de uma samambaia e sua terminologia morfolégica.

A

D
Q ' . .. (P . Ragque

. —- Segmento tercidrio
Lamina ..” J {-1 C/v
/ e .‘ . .‘t . ‘ Ultimos segmentos
O

)
/f/Raque da plﬂa
/ o\C “

Lado acrosccslco
)_adc basiscopico

Pina

Fonte: Modificado de Tryon (1960).
Legenda: A - diagrama de fronde com algumas terminologias. B - diagrama de alguns possiveis
formatos de pinulas: 1 - pinula lobada; 2 - pinula adnada, 3 - pinula sectada com segmentos terciarios
alternados; 4 - pinula sectada com segmentos terciarios opostos.
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1.2 CONTEXTO GEOLOGICO

Localizada na regido do Mar de Weddell na plataforma continental, a leste da
porcao final da Peninsula Antartica, a Bacia Larsen foi formada a partir de processos
tectdbnicos de rifteamento que resultaram na fragmentacdo do Gondwana e
formaram uma regido de deposigcdo de rochas sedimentares meso-cenozdicas
(Macdonald et al.,1988; Hathway, 2000).

A maior parte das rochas expostas da Bacia Larsen encontra-se na sub-bacia
norte, a Bacia James Ross, que contém megassequéncias sedimentares do periodo
Jurassico até o Eoceno, divididas em 3 grandes grupos: Gustav, de idade Aptiano
até o Coniaciano/Santoniano; Marambio, do Santoniano até Paleoceno; e llha
Seymour, do Paleoceno até o Eoceno (Elliot, 1988; Valle et al.,1992; Hathway, 2000;
Marenssi et al., 2012; Montes et al., 2019; Tosolini et al., 2021).

A porcdo mais recente da Bacia James Ross pertence a llha Seymour
(localizada no Mar de Weddell), a qual possui duas megasequéncias, Grupo
Marambio e Grupo Seymour Island, com rochas entre o final do Cretaceo e Eoceno,
um intervalo de tempo de grandes transformacbes paleoambientais e
paleoclimaticas, como flutuagdes do nivel do mar, esfriamentos e aquecimentos
globais, e a regeneragao da biota apds a grande extingdo do Cretaceo - Paledgeno

(K-Pg) (Schulte, 2010; Cantrill & Poole, 2012; Montes et al., 2019) (Figura 3).

Figura 3 — Representagéo da Peninsula Antartica e da Ilha Seymour.
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Fonte: Modificado de Montes et al. (2019). Legenda: (a) Localizagao da Ilha Seymour, Bacia James
Ross e Bacia Larsen (destacadas em vermelho) na Peninsula Antartica. (b) Ilha Seymour na Bacia
James Ross, destacados na legenda os grupos de megassequéncias sedimentares.
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Estes acontecimentos podem ser visualizados em cada uma das quatro
formagdes litologicas presentes na ilha: Lopez de Bertodano; Sobral; Cross
Valley-Wiman e La Meseta. Pertencem ao Grupo Marambio as formagdes Lopez de
Bertodano (Maastrichtiano — Paleoceno) e a Sobral (Paleoceno); e ao Grupo llha
Seymour as formagdes Cross Valley-Wiman (Paleoceno) e a La Meseta (Paleoceno
— Eoceno) (Marenssi et al., 2002, 2012) (Figura 4). A Formagao Lépez de Bertodano
pode ser compreendida como um ambiente de plataforma; a Formagao Sobral
também como um ambiente de plataforma, com pelo menos dois ciclos de
transgressao-regresséao; ja a Formagao La Meseta ¢é interpretada como um ambiente
deltaico, estuarino e marinho raso (Marenssi et al., 2002, 2012; Mirabelli et al.,
2018).

Figura 4 — Representagao da coluna cronoestratigrafica da Bacia James Ross na Ilha Seymour.

o
P =
8 Fm. La Meseta
w
2 ,
) Fm. Cross Valley-Wiman
® 2
& 3
(=]
2 Fm. Sobral
a
___________________________ K-Pg e
o <
g £ Fm. Lopez Bertodano
] 2
G s

Fonte: Modificado de Montes et al.(2019).

A Formagédo Cross Valley-Wiman, sendo entendida como um ambiente
costeiro (estuario, deltaico e marinho raso), tem aproximadamente 1,5 km de
comprimento e 195 m de espessura, apresenta uma geometria lenticular, com
depdsitos vulcanoclasticos em vale, do tipo inciso (Sadler 1988 ; Wrenn & Hart,
1988; Marenssi et al., 2012; Pujana et al., 2015).

Wrenn e Hart (1988) definiram a litologia da formagao, variando de argilitos a
conglomerados. Marenssi et al. (2012) e Montes et al. (2019) ja destacam a
existéncia de 11 unidades litoestratigraficas e 2 descontinuidades internas que
proporcionam a subdivisdo da formagdo em alomembros: O Alomembro Diaz,
composto por arenitos de granulagao fina a grossa , com estratificagdo cruzada, alta

concentracdo de material vulcanico acinzentado a esverdeado e presenca de



18

fitofosseis (madeira carbonizada); seguindo em diregdo ao topo o Alomembro
Aranado, geralmente composto por arenitos macigos a laminados paralelos, de
granulagdo meédia a grossa e argilitos, alta concentracdo de sedimentos
vulcanoclasticos; e no topo o Alomembro Bahia Pinguino, formado por arenitos
claros, de granulagéo fina, com laminacéo paralela a ondulada cruzada, intercaladas
com argilitos com cimento calcario, onde ocorre a presenga de fosseis (peixes,
dentes de tubarao, equindides, fragmentos de madeira e folhas).

A idade da Formagao Cross Valley-Wiman é dificil de determinar, seus limites
superior e inferior sdo desconformidades, além de poucos fosseis determinantes de
idade (Reguero et al., 2013). Assume-se Selandiano a Tanetiano (~ 61,6-56,0 Ma),
com a idade inferida para a formacdo a partir da datacdo por palinomorfos das

formagdes Sobral (inferior) e La Meseta (superior) (Tosolini et al.,2021, 2023).
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2 OBJETIVOS

2.1

OBJETIVO GERAL

Apresentar e descrever novos morfotipos de folhas fésseis de Samambaias

provenientes da Formac&do Cross Valley-Wiman, Paleoceno Superior da llha

Seymour, Antartica.

2.2

OBJETIVOS ESPECIFICOS
Discutir a taxonomia historicamente utilizada para as folhas fosseis de
Samambaias do Paleoceno Superior da llha Seymour, Antartica (Formagéo Cross
Valley-Wiman) dadas inconsisténcias temporais para a nomenclatura;
Avaliar morfologicamente novos espécimes de folhas de Samambaias,
agrupando-as em morfotipos;
Estabelecer afinidades botanicas dos morfotipos, baseadas na literatura
disponivel;
Avaliar a diversidade de morfotipos encontrada;
Definir o tipo de preservacdo nas amostras analisadas para assim, inferir

condigdes tafonbmicas;
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3 REFERENCIAL TEORICO

O conjunto de macrofésseis vegetais analisados no presente estudo foi
comparado com a literatura disponivel para a localidade, a fim de se obter uma visao
geral da paleobotanica da Formagao Cross Valley-Wiman, da llha Seymour.

Em 1908, Dusén foi o primeiro a descrever parte do material fitofossilifero
coletado na Expedicdo Swedish South Polar. Foram registrados e descritos 87
taxons, os quais 50 taxons foram somente ilustrados e 37 taxons foram ilustrados e
descritos (Dusen, 1908). Na diversidade de samambaias encontradas, Dusén
descreve formalmente apenas 8 espécies (Polypodium aemulans, Polypodium
nathorstii, Asplenium antarcticum, Taenioptiers blechnoides, Taeniopteris crispissima,
Alsophilia antarctica, Dryopteris seymourensis, Dryopteris antarctica) e as demais
foram atribuidas a espécies informais de géneros ja existentes ou a morfogéneros
(i.e. Pecopteris e Sphaenopteris) (Cantrill et al., 2011).

Case (1988) analisa a paleoflora coletada na Illha Seymour e destaca a flora
do Paleoceno da regido, que era predominada por samambaias, além de espécimes
de Nothofagus, Podocarpus e um taxon de folhas grandes que nao foi identificado.
Para as samambaias encontradas, Case descreve trés morfotipos com relagao a
pina: longos e delgados; curtos e robustos; e compostos pinados.

Cantrill et al. (2011) e Tosolini et al. (2013, 2021) analisaram materiais
coletados na Formagao Cross Valley, descrevendo pteridofitas, gimnospermas e
angiospermas, e também revisaram o material descrito por Dusén (1908),
justificando a necessidade pelo fato de que as informagdes do material descrito
anteriormente sao baseadas em fragmentos Unicos, algumas vezes mal
preservados, conferindo a géneros existentes e espécies informais e que nunca
ocorreu a reexaminacao de todo o material descrito desde o primeiro estudo.

Assim, Tosolini et al. (2013, 2021) revisam as angiospermas determinadas
para a formacgao, resultando em 15 espécies: Lauriphyllum nordenskjoeldii; Drimys
antarctica; Leguminosites sp.; llliciphyllum sp.; Atherospermataceae sp.; Proteaceae
sp. 1; Proteaceae sp. 2; Myricaceae sp.; Nothofagus densinervosa; Nothofagus
dicksoni; Nothofagus subferruginea; Nothofagus sp. 1; Caldcluvia mirabilis;
Ficophyllum palustres; e Dicotylophyllum latritrilobatum. Ja para as gimnospermas,
Cantrill et al. (2011) confirmaram a espécie Araucaria imponens, que ja havia sido
descrita por Dusén (1908), e designaram Phyllites (Phyllites sp. 4 e Phyllites sp. 5)



21

como a nova especie Elatocladus seymourensi. Em relagéo as pteridofitas descritas
por Dusén (1908), Cantrill et al. (2011) promovem uma revisdo baseada em
variagdes morfoldgicas e reatribuem as 8 espécies de Dusén (1908) em 2 géneros e
3 espécies: o género Cladophlebis, com as espécies Cladophlebis aemulans e
Cladophlebis seymourensis; e o género Sphenopteris, com a espécie Sphenopteris
angustiloba.

A palinologia também ja foi analisada com o intuito de se obter uma melhor
apuracdo dos componentes vegetais do ambiente e, mais uma vez, destacar os
registros de pteriddfitas locais. Deste modo, a partir do Cretaceo Superior os
palinomorfos sdo bem relatados na Ilha Seymour. Cranwell (1959), estudando
amostras, provenientes da mesma expedigdo que coletou o material de Dusén
(1908), apresenta gréos de polen de gimnospermas (principalmente Podocarpus e
Araucaria) e angiospermas (principalmente grupos polinicos de Nothofagus);
esporos de pteridofitas do tipo das Cyatheaceae (esporos fracamente triletes e
verrucosos) e das Schizaeaceae (pequeno esporo raro com estrias reminiscentes),
sendo bem preservados e registrados moderadamente; esporos de fungos e
fragmentos de algas, cuticulas e madeiras. Askin (1990) detalha a rica assembleia
de palinomorfos existente na ilha desde o Campaniano Superior até o Paleoceno,
que evidencia uma floresta tropical com uma espécie de conifera dominante,
Phyllocladidites mawsonii além de outros grdos de pdlen de gimnospermas e
angiospermas (como Nothofagus), esporos criptbgamos sendo os mais abundantes
Stereisporites spp. (Sphagnum) e Laevigatosporites spp. (Filicales), e também a
presenca de cistos de dinoflagelados marinhos. Ainda aponta o grande potencial
bioestratigrafico dos pdlens e esporos para a regido Antartica-Subantartica, por

possuir limites estratigraficos restritos.
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4 MATERIAIS E METODOS
41 MATERIAIS

Os 148 espécimes analisados correspondem a frondes fragmentadas de
pteriddfitas, com pinas e pinulas parcialmente preservadas e sao provenientes de
uma regido conhecida como Bahia Pinguino, na Ilha Seymour, Peninsula Antartica.
Os espécimes ocorrem na Formagao Cross Valley-Wiman, da sub-bacia James
Ross, da Bacia Larsen.

O material foi coletado durante o verao antartico 2019/2020, pela equipe de
pesquisadores do projeto FLORANTAR (PROANTAR/CNPq), na OPERANTAR 38.
Estdo depositados no Museu Nacional, no Rio de Janeiro — RJ, com os numeros de
tombo de 778-957 (Figura 5).

Figura 5 — Ilha Seymour e perfil estratigrafico.
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Fonte: A autora (2023). Legenda: (A) Local de coleta dos fitofésseis na Ilha Seymour, Peninsula
Antartica. (B) Segao estratigrafica com destaque para os dois niveis do local de coleta do material.
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42 METODOS
4.2.1. Triagem, catalogacao e preparagao

Primeiramente foi realizada a triagem e catalogacdo de todo o material
coletado. Alguns espécimes passaram por processos de preparagcdo mecanica, a fim
de remover fragmentos de rochas para melhorar a visualizagdo dos caracteres a
serem analisados. Os instrumentos utilizados para essa tarefa foram materiais
especificos e adaptados, como agulhas e instrumental odontolégico, com o objetivo
de preservar ao maximo o fitoféssil que estava sendo trabalhado. Posteriormente, foi

realizado o registro fotografico, com camera digital Nikon D3100.

4.2.2. Observagoes em estereomicroscopio

As observagodes foram realizadas em estereomicroscopios, dos modelos Zeiss
Discovery V12 e Nikon SMZ800N. A captura, edigdo de imagens e mensuragao das
feicdes morfologicas foram feitas através do software Zen 3.4 blue ediction.

A realizagdo destes procedimentos ocorreu no Laboratério de Paleontologia
(PALEOLAB) e no Laboratério de Paleobotanica e Evolucao Vegetal (LAPEV),
ambos do Departamento de Geologia, do Centro de Tecnologia e Geociéncias
(CTG), da Universidade Federal de Pernambuco (UFPE).

4.2.3. Construgao dos morfotipos e sistematica

Os caracteres morfolégicos foram determinados seguindo a terminologia
proposta por Tryon (1960), e complementada por Vasco et al. (2013) para o
agrupamento em morfotipos e, quando possivel, a identificacdo taxondmica dos
grupos. Os principais caracteres analisados foram: presenca de esporos; largura e
comprimento de pinas e pinulas; arranjo e formato das pinulas; margem; venagao.

A sistematica utilizada neste presente trabalho seguiu a padronizagao

proposta em Anderson & Anderson (2008).

4.2.4. Analise de preservagao

Para avaliar a preservacao, foram observados os espécimes e a rocha onde
foram preservados. Assim, alguns caracteres foram selecionados para analise, como
a presenca de base e apice das pinas e pinulas, da raque, o grau de desarticulagao;

o tipo de preservagao; e fragmentos de outros fitofésseis nas rochas.
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5 ARTIGO - Fern foliage diversity in the Paleocene Cross Valley —

Wiman Formation, Seymour Island, Antarctica

ABSTRACT

The Cross Valley-Wiman Formation presents a surprising diversity of plant fossils
from the Paleocene of Seymour Island, Antarctica, including several specimens of
Pteridophytes. Previous studies grouped these specimens into the species:
Cladophlebis aemulans, Cladophlebis seymourensis and Sphenopteris angustiloba,
however, based on new materials collected, taxonomic aspects were reevaluated.
The present work carried out a taxonomic, diversity and preservation assessment of
pteridophyte fossils collected in the Cross Valley-Wiman Formation, by the
FLORANTAR project, at OPERANTAR 38 (PROANTAR/CNPq). Screening and
preparation work was carried out on 148 specimens submitted to morphological
analysis. For this, characters of the vegetative parts were observed, such as: length,
width, base and apex of pinnae and pinnules; presence of rachis; arrangement and
shape of pinnules; margin; venation; in addition to the degree of disarticulation; type
of fossilization and phytofossiliferous association. The material is present in a
polytypic concentration and with a high level of fragmentation. However, the
specimens present a good degree of preservation, with the majority being preserved
in coalified compressions and a small portion preserved in calcium carbonate. 6
different morphotypes were defined: morphotypes 1, 2 and 3 present a morphological
pattern of the Sphenopteris type, showing similarity with the species Sphenopteris
angustiloba. Morphotypes 4 and 5 showed a similarity pattern with the rare type for
the venation of Cladophlebis, in addition, they do not resemble the venation pattern
of the species C. seymourensis. Morphotype 6 presents a pattern of similarity with

the genera Parsorophyllum and Elantodites, such patterns referring to these genera
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have not been described for the Cross Valley-Wiman Formation to date. The problem
with these taxa is that they are genera and species commonly used for Mesozoic
fossils, and their use is not correct for Cenozoic species. Therefore, a new taxonomic
designation is necessary for morphogenera existing in the Paleocene of Seymour

Island, Antarctica, grouping them within the order Osmundales.

KEYWORDS: Antarctica; Sphenopteris; Cladophlebis; Paleocene; Osmundales.

INTRODUCTION

Ferns have been a constant presence on Earth since the diversification of terrestrial
plants. Emerging during the Devonian period and gaining prominence in the "Age of
Ferns" during the Upper Carboniferous, they have continually demonstrated
evolutionary adaptations that enabled them to explore new habitats and radiate
across the planet to this day (Taylor et al. 2009; Raven et al. 2014).

Fossil records of pteridophytes are found worldwide, even in nowadays locals with
inhospitable environments like Antarctica. This is because long before the
paleogeographic changes that occurred in the Cenozoic and transformed it into a
cold continent separating it from South America, Antarctica was an environment with
a warmer weather and more favorable to the existence of various plants (Cantrill &
Poole 2012). A part of this scenario can be observed in the fossil record present in
the Antarctic Peninsula, where the fossil flora has a significant abundance through
geological time (Francis et al. 2008).

The Paleocene Cross Valley Formation on Seymour Island, situated to the east of the
Antarctic Peninsula, stands out for its significant fossil plant diversity. Between 1901

and 1903, the first paleobotanic discovery of the island was made during the Swedish
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South Polar Expedition, which was led by Otto Nordenskjold, the collected
phytofossiliferous material was first described Dusén (1908), recording 87 taxa, of
which 50 of them were only illustrated and 37 were illustrated and described. In
relation to diversity of ferns, only 8 species were formally described, the remaining
specimens were assigned to informal species of existing genera or morphogenera
(Cantrill et al. 2011).

Within the rich diversity of discovered ferns, Dusén (1908) formally described the
species: Polypodium aemulans, Polypodium nathorstii, Asplenium antarcticum,
Taenioptiers blechnoides, Taeniopteris crispissima, Alsophilia antarctica, Dryopteris
seymourensis and Dryopteris antarctica. Additionally, he attributed informal status to
others, placing them under existing genera or morphogenera, such as Pecopteris
and Sphaenopteris.

Case (1988) studied the paleoflora of Seymour Island and highlights the Paleocene
flora of the region, which was dominated by ferns, in addition to the specimens of
Nothofagus, Podocarpus and a taxon with large leaves which identification was not
possible. He described three fern morphotypes based on its pinnae: long and
slender; short and stout; and pinnate compound.

Cantrill et al. (2011) and Tosolini et al. (2013, 2021) studied the Paleocene paleoflora
of Seymour Island, reviewing the original material described by Dusén and additional
new materials collected from Cross Valley-Wiman Formation, describing
pteridophytes, gymnosperms and angiosperms. Cantrill ef al. (2011) confirmed the
presence of the conifer species Araucaria imponens, already described by Dusén,
and redesignate the material described as Phyllites (Phyllites sp. 4 and Phyllites sp.
5) in the species Elatocladus seymourensis. Pteridophytes described by Dusén

(1908) also went through revision and were assigned to 2 genera and 3 species:
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Cladophlebis, with the species C. aemulans and C. seymourensis; and the genus
Sphenopteris, with the species S. angustiloba.

The reassesment of the material described by Dusén (1908) also established 15
angiosperm species: Lauriphyllum nordenskjoeldii; Drimys antarctica; Leguminosites
sp.; lliciphyllum sp.; Atherospermataceae sp.; Proteaceae sp. 1; Proteaceae sp. 2;
Myricaceae sp.; Nothofagus densinervosa; Nothofagus dicksoni; Nothofagus
subferruginea; Nothofagus sp. 1; Caldcluvia mirabilis; Ficophyllum palustres; and
Dicotylophyllum latritrilobatum (Tosolini et al. 2013, 2021).

Palynomorphs have also been widely reported on Seymour Island since the Upper
Cretaceous. Cranwell (1959) reports that his samples, collected from the same
expedition that collected Dusen’s material, contain pollen grains from gymnosperms
(mainly Podocarpus and Araucaria) and angiosperms (mainly pollen grains of
Nothofagus); well preserved spores of pteridophytes of the Cyatheaceae type
(weakly trilete and verrucous spores) and of Schizaeaceae type (rare small spore
with striations reminiscent); as well as fungal spores, algae, cuticules and woods.
Askin (1990) detailed the rich palynomorph assemblage existing on the island since
the Upper Campanian to the Paleocene, which evidences a tropical forest with
dominant conifer species Phyllocladidites mawsonii, in addition to gymnosperms and
angiosperms (such as Nothofagus) pollen grains, cryptogamous spores with the most
abundant Stereisporites spp. (Sphagnum) and Laevigatosporites spp. (Filicales), and
the presence of cysts of marine dinoflagellates. It also points out for the great
biostratigraphic potential of the pollen and spores for the Antarctic-Subantarctic

region, as it has restricted stratigraphic limits.
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GEOLOGICAL SETTING

The Larsen Basin is situated within the Weddell Sea region, east of the Antarctic
Peninsula. It originated from tectonic rifting processes, during the Gondwana
fragmentation, which also gave rise to deposition of meso-cenozoic sediments
(Macdonald et al. 1988; Hathway 2000).

The majority of the outcropping rocks in the Larsen Basin are in the northern
sub-basin known as the James Ross Basin. This area contains sedimentary
megasequences spanning from the Jurassic to the Eocene, categorized into three
significant groups: Gustav (Aptian age to Coniacian/Santonian), Marambio
(Santonian to Paleocene), and Seymour Island (Paleocene to Eocene) (Elliot 1988;
Valle et al. 1992; Hathway 2000; Marenssi et al. 2012; Montes et al. 2019). On
Seymour Island, the Marambio Group is represented by the Lopez de Bertodano and
Sobral formations, while the Seymour Island Group is characterized by the Cross
Valley-Wiman (Paleocene) and La Meseta (Paleocene — Eocene) formations
(Marenssi et al. 2002; Marenssi et al. 2012).

The Cross Valley-Wiman Formation is approximately 1.5 km long and 195 m wide,
with a lenticular geometry and interpreted as a coastal environment (estuary, deltaic
and shallow marine), with volcaniclastic deposits in an incised valley type (Sadler
1988; Wrenn & Hart 1988; Marenssi et al. 2012; Pujana et al. 2015).

Wrenn and Hart (1988) defined the lithology of the formation as ranging from
mudstones to conglomerates. Montes et al. (2019) and Marenssi et al. (2012) already
highlight the existence of 11 lithostratigraphic units and 2 internal discontinuities that
provide the subdivision of the formation into allomembers: The Diaz Allomember,
composed by coarse- to fine-grained sandstones, cross-bedded, with a high

concentration of volcanic material and the presence of phytofossils (charcoalified
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wood); the Arafiado Allomember, generally composed of massive to
parallel-laminated, coarse- to medium-grained sandstones and medium-grained
mudstones, and with a high concentration of volcaniclastic sediments; and the Bahia
Pinglino Allomember, formed by interbedded fine-grained, parallel-laminated to
ripple cross-laminated light sandstones, also presenting gray to dark calcareous
mudstones, where the presence of fossils occurs (fish, shark teeth, echinoids,
fragments of wood and leaves).

The age for the Cross Valley-Wiman Formation is difficult to determine, its upper and
lower boundaries are disconformities, in addition, few age-determining fossils were
found (Reguero et al. 2013). Is infered a Selandian to Thanetian age (~61.6-56.0
Ma), based on palynomorphs from Sobral (lower unit) and La Meseta (upper unit)

formations (Tosolini et al. 2021, 2023).

MATERIAL AND METHODS

The studied material corresponds to 148 ferns fossil leaves, predominantly
fragmented, with pinnae and pinnules partially preserved, coming from the Cross
Valley-Wiman Formation, Bahia Pinguino Allomember, from Seymour Island,
Antarctica. The specimens were collected by the research team of the FLORANTAR
project (PROANTAR/CNPq), during the Antarctic summer 2019/2020, at
OPERANTAR 38, in two different fossiliferous levels of the studied section.

The specimens were sorted and cataloged, with some of them being submitted to
mechanical preparation, in order to remove rock fragments to improve visualization of
the characters to be analyzed. The observations were made with a Zeiss Discovery
V12 and Nikon SMZ800N stereomicroscopes, and the capture, editing of images and

measurement of the morphological features were carried out using Zen 3.4 blue



30

edition software. Macrophotographs were obtained with a Nikon D3100 digital
camera.

For morphotype identification, it was necessary to determine the characters of the
morphspecimens, and for this purpose the terminology suggested by Tryon (1960)
was used, which proposes a standardization of descriptive terms for fern fronds. The
characters were: (1) presence of sporangia; (2) pinna length; (3) pinna width; (4)
pinnule length; (5) pinnule width; (6) arrangement of pinnules; (7) shape of pinnules;
(8) margin; (9) venation. These characters were analyzed in all individuals, which
resulted in the formation of groups with similar characteristics, thus forming
morphotypes and their descriptions.

For taphonomic analyses, the general morphological aspect of the specimens as well
as the matrix where it was preserved were considered. Therefore, the following
characters were observed: (10) pinna base; (11) pinna apex; (12) pinnule base; (13)
pinnule apex; (14) presence of rachis; (15) fragments of other phytofossils; (16)

degree of disarticulation; (17) type of preservation.

RESULTS

SAMPLING AND DATA QUALITY

Two stratigraphic levels in the Bahia Pinguino Section (Figure 1) were considered for
this work, both have a significative quantity of fern phytofossils, occurring
loosely-packed in cross-section of dark gray fine sandstones, fern fossils have a
darkened appearance and are surrounded by several other fossilized plant
fragments. The 148 specimens collected were analyzed and cataloged, with 115

specimens distributed at the Adelia level and 33 at the Papua level.
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Figure 1. Location of Bahia Pinguino, on Seymour Island and stratigraphic profile with

fossil collection points. A) Localization of Seymour Island; B) Bahia Pinguino picture,
highlighting the stratigraphic interval studied in this work and an arrow indicating the
Papua (blue) and Adelia (red) levels, Cockburn Island in the back; C) stratigraphic
profile of Bahia Pinguino, with emphasis on the two stratigraphic levels from where

the material was collected.

Specimens from both stratigraphic levels were grouped in morphotypes. These
differences are very clear when observing the shape of the pinnules, tertiary
segments, shape of the margins and venations. Thus, following the determined
morphological characters, after analyzing the variations in each of the specimens, 6

groups were defined: Morphotype 1 is the group that presents the largest quantity,
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with 62 specimens; morphotype 2 has 45 specimens; morphotype 3 with 9
specimens; morphotype 4 presents 9 specimens; morphotype 5 contains 19

specimens; and morphotype 6, with 4 specimens (Figure 2).
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Figure 2. Distribution of morphotypes in the stratigraphic levels of the Cross

Valley-Wiman Formation, Seymour Island.

PRESERVATIONAL REMARKS

Following the taphonomic terminology described by Holz & Simdes (2002), the
material belongs to a polytypic fossiliferous concentration, containing remains of fern
leaves, angiosperms and woody fragments. Considering the fragmentary nature of
phytofossils, most of the specimens studied here present a high degree of
disarticulation, being composed of various fragments of pinnules. Only a few
fragments of incomplete pinnae were verified and no complete fronds were recorded.
This level of fragmentation can be explained by the association that the fossils
present, being of the parautochthonous type, when little transport of the material

occurs before the fossilization process (Carvalho, 2010).



33

Even with a certain level of transport and fragmentation, the specimens present a
good degree of preservation, in a portion of the phytofossils, the leaf base and/or
apex is lost, but the majority of the leaf blade is preserved, as well as the
visualization of veins, generally the primary one and, when possible, the secondary
veins or bifurcations are visualized. Rachis can also be observed, in some cases, but
without more detailed characters preserved.

It was also possible to identify that the majority of specimens were preserved as
coalifed compressions with no cuticles preserved (Figure 3). Only few specimens in
Papua level showed variation in the type of fossilization, having a whitish surface,
showing an external three-dimensional cast. This type of fossilization is authigenic
preservation or cementation, where internal structures are lost, but rapid external
cementation occurs with iron minerals or carbonates (here being calcium carbonate)

preserving external characters (Stewart & Rothwell, 1993).

PRESERVATION OF o

SPECIMENS By stratioraphic level
Adelia 20%

97.6

Coalifield

compressions

Papua 80%

2,4%
Calcium
carbonate

Figure 3. Distribution of specimens by preservation modes and highlights

preservation in calcium carbonate by stratigraphic level.
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SYSTEMATIC PALEOBOTANY
Division Pteridophyta
Class Polypodiopsida
Order Osmundales Meyen 1987
Family INCERTAE SEDIS
Morphotype 1 (Figure 4A, 4B, 4C)
Material examined: PB 657, 685, 688, 781, 782, 784, 787, 792, 793, 794, 795, 796,
799, 800, 805, 806, 811 (A —2), 813 (A, B), 1000, 825, 829,833 (C,F-2.1,2.2;H, F
- 3.1, 3.2), 835, 838, 842 (1, 2), 846, 855 (A — 1), 859, 862 (2), 865, 868, 870, 874,
878, 880 (A, B), 884 (A,B), 886 (E), 891, 894,906 (A,B-1.1,1.2;C,D-2.1, 2.2; C,
E - 3.1, 3.2), 908, 914, 918 (A, B), 919 (1,2), 920, 921, 922, 936, 937, 968 (2, 3), 939,
940 (1, 2), 941, 942, 945.
Repository: Museu Nacional, Rio de Janeiro, Brazil
Geographic occurrence: Seymour Island, Antarctica
Stratigraphic occurrence: Bahia Pinguino Allomember, Cross Valley — Wiman
Formation, Larsen Basin
Age: Selandian - Thanetian
Description: Frond - sterile, tripinnate. Pinnae - approximately 95.68 mm long and
29.89 mm wide, usually without apex and base preserved. Pinnules - approximately
16.97 mm long and 5.21 mm wide, alternate, lanceolate shape. Margin - repand to
entire. Venation - preserved, being bifurcated in the first 3 to 4 sets of lobes and just
after that are single veins of mediun size. Rarely, a trifurcation may occur in one of
the first sets of lobes.
Comparisons and comments: In morphotype 1, it is possible to compare some of

its characters with those designated for Sphenopteris angustiloba, such as the
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similarity in the approximate size of the pinnae, arrangement of the pinnules and the
single middle vein venation, presenting a dichotomy. It was also observed that, like
the S. angustiloba material, the specimens of this morphotype are those with the best
preservation and the highest quantity, at both stratigraphic levels, in relation to all the
material that was collected. Some characters of morphotype 1 present a highlight
relevant to its definition that are not present in the definition of S. angustiloba. A
standardization of venation is clearly observed, with a slight expansion of the ovate
shape of the terminal venations and the dichotomy of the middle veins in the first
three to four pairs of lobes, after which they become single middle veins. The
margins present a very consistent variation, being slightly wavy basally and in the
terminal region they have an entire shape. A character that morphotype 1 diverges

from S. angustiloba is the non-occurrence of secondary veins.

Morphotype 2 (Figure 4D, 4E)

Material examined: PB 577, 779, 780, 783, 786, 802, 807, 809, 810, 814, 817, 826,
827, 830, 831, 833 (A - 1), 834, 839, 841, 843 (2), 847 (1, 2), 849, 853 (C), 862 (1),
867, 869, 876, 877, 881, 882 (A, B), 887 (1), 889, 895, 896, 901, 904, 905 (A, B),
909, 923 (1), 924, 925, 926, 944, 946.

Repository: Museu Nacional, Rio de Janeiro, Brazil

Geographic occurrence: Seymour Island, Antarctica

Stratigraphic occurrence: Bahia Pinguino Allomember, Cross Valley — Wiman
Formation, Larsen Basin

Age: Selandian - Thanetian

Description: Frond - sterile, at least once pinnated. Pinnules - approximately 16.85

mm long by 9.05 mm wide, alternate, ovate to lanceolate shape. Margin - entire.
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Venation - middle vein preserved, secondary veins can be seen in some cases,
starting from the middle vein towards the margin forming an acute angle.
Comparisons and comments: This morphotype presents secondary venation with
an acute angle towards the margin, different from the type of venation observed in
morphotype 1. Cantrill ef al. (2011) report that there may be the presence of a single
middle vein and secondary veins in Sphenopteris angustiloba even though the
majority of the venation is of the middle vein type with dichotomy. The rhachis can
usually be seen, but without preserved characters. Thus, morphotype 2 resembles
the terminal portion of the S. angustiloba pinna, as Cantrill et al. (2011) indicated in

their work.

Morphotype 3 (Figure 5A, 5B)

Material examined: PB 788, 789, 803, 822(1), 873, 888, 928 (A, B), 934, 938 (1).
Repository: Museu Nacional, Rio de Janeiro, Brazil

Geographic occurrence: Seymour Island, Antarctica

Stratigraphic occurrence: Bahia Pinguino Allomember, Cross Valley — Wiman
Formation, Larsen Basin

Age: Selandian - Thanetian

Description: Frond - sterile, at least once pinnated. Pinnules - approximately
38.12mm long by 13.81mm wide, alternate, ovate to lanceolate shape. Margin -
serrated. Venation - preserved, it is possible to visualize the midrib. Secondary veins,
when present, form an acute angle from the point of insertion into the middle vein
towards the margin.

Comparisons and comments: The margins are markedly serrated with an acute

angle. The rhachis in this morphotype is generally quite evident, but without
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preserved characters. Morphotype 3 also shows similarities with the apical portion of
the S. angustiloba pinna, having the same acute secondary venation presented in
morphotype 2, which Cantrill et al. (2011) point out that this can occur, as well as a
pattern of pinnules reduction towards the apex. The point that may be discordant with
the previous morphotypes described is the fact that the type of margin presented
here is serrated, but Cantrill et al. (2011) do not highlight types of margins the S.

angustiloba species could present.

Morphotype 4 (Figure 5C, 5D)

Material examined: PB 804, 828, 852, 858, 872 (A, B), 899 (A, B), 915, 932, 933.
Repository: Museu Nacional, Rio de Janeiro, Brazil

Geographic occurrence: Seymour Island, Antarctica

Stratigraphic occurrence: Bahia Pinguino Allomember, Cross Valley — Wiman
Formation, Larsen Basin

Age: Selandian - Thanetian

Description: Frond - sterile, at least once pinnated. Pinnules - approximately 22.60
mm long and 13.18 mm wide, alternate, ovate to lanceolate in shape. Margin -
undulate. Venation - preserved, with at least the midrib visible. Secondary veins
when present, starting from the middle vein towards the margin.

Comparisons and comments: Morphotype 4 presents some characters that
approximate the morphology of the terminal pinnae of Cladophlebis seymourensis.
Cantrill et al. (2011) highlights that the final portion of the pinnae may have a lobed
margin, as well as the type of margin present in this morphotype that differentiates it
in relation to the others presented in this work. This margin appears more prominent

towards the apex of the pinnule. The major divergence of this morphotype from the
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species C. seymourensis is in the type of venation seen. Here the venation is of the
single middle vein type with the possibility of secondary venation, but in none of the
specimens from this group was the presence of a dichotomy of secondary venation

observed, as described by Cantrill et al. (2011) for the species.

Figure 4. Morphotypes 1 and 2 (PB918, A, B, C; PB853, D, E). A-C), specimen
belonging to morphotype 1; A) macroscopic photo of pinna fragment, without

preserved apex and base; B-C) detail of the venation in the pinnules, where it is
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possible to observe the dichotomy pattern in the first lobes (rare trichotomies may
occur) and the circular expansion at the end of each vein; D-E) specimen belonging
to morphotype 2, D) macroscopic photo of the terminal portion of a pinna; E)

emphasis on venation, with medium and secondary veins. Scale =1 cmin A; 1 mm

inB, C, E; and 5 mm in D.

Figure 5. Morphotypes 3 and 4 (PB928, A, B; PB932, C, D). A-B) specimen
belonging to morphotype 3; A) macroscopic photo of the apical portion of a pinna; B)
emphasis on venation, with medium and secondary veins and serrated margin; C-D)

specimen belonging to morphotype 4; C) macroscopic photo of the partially
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preserved pinnule; D) detail of the slightly undulate margin and venation, with

medium and secondary veins. Scale =1 cmin A; 0.5 mmin B, D; and 5 mm in C.

Morphotype 5 (Figure 6A, 6B)

Material examined: PB 778, 785, 798, 811 (A - 1), 818, 821, 850, 851, 855 (A, B - 2),
861, 879 (A, B), 903, 910 (2), 911, 913, 927, 929, 930, 931.

Repository: Museu Nacional, Rio de Janeiro, Brazil

Geographic occurrence: Seymour Island, Antarctica

Stratigraphic occurrence: Bahia Pinguino Allomember, Cross Valley — Wiman
Formation, Larsen Basin

Age: Selandian - Thanetian

Description: Frond - sterile, at least once pinnated. Pinnules - approximately 30.20
mm long by 20.05 mm wide, alternate, ovate to lanceolate in shape. Margin - entire to
serrated. Venation - preserved, with at least the midrib visible. In some specimens,
secondary veins can be visualized.

Comparisons and comments: Morphotype 5 also presents similarities with
Cladophlebis seymourensis, such as the alternation and shape of the pinnules, the
variation of the margin between entire and serrated and the projection of the
baseoscopic margin below the rachis. However, as with morphotype 4, there is also
divergence in the type of venation in relation to this species. The presence of
dichotomy of secondary venation, which is pointed out by Cantrill et al. (2011) for C.
seymourensis, does not occur in any of the specimens that belong to morphotype 5.
In comparison to the other morphotypes, this is the one with the largest specimens in

relation to width and length.
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Morphotype 6 (Figure 6C, 6D)

Material examined: PB 811 (B - 3), 819, 943, 947.

Repository: Museu Nacional, Rio de Janeiro, Brazil

Geographic occurrence: Seymour Island, Antarctica

Stratigraphic occurrence: Bahia Pinguino Allomember, Cross Valley — Wiman
Formation, Larsen Basin

Age: Selandian - Thanetian

Description: Frond - sterile, at least once pinnated. Pinnules - approximately 22.64
mm long by 6.70 mm wide, alternate, lanceolate to oval shape. Margin - entire.
Venation - preserved, with a single vein dichotomized three or more times.
Comparisons and comments: Morphotype 6 is one that does not show similarity to
any of the three species described by Cantrill et al. (2011). With a slightly lanceolate
oval shape, venation that forks three or more times and projects towards the
basecopic side, this morphotype presents characteristics that resemble the pattern of
ferns from two Triassic genera, Parsorophyllum (Anisian-Carnian) and Elantodites

(Carnian) (Anderson & Anderson 2008).



42

Figure 6. Morphotypes 5 and 6 (PB930, A, B; PB943, C, D). A-B) specimen

belonging to morphotype 5; A) macroscopic photo of the basal portion of a pinnule;
B) highlighting the serrated margin; C-D), specimen belonging to morphotype 6; C)
macroscopic photo of the apical portion of a pinna; D) details of venation, with veins

that dichotomize 3 or more times. Scale=1cminAeC;and 0.5 mminBeD

DISCUSSION

In 1908, Dusén presented for the first time a taxonomic study of the paleoflora of
Seymour Island. Describing 37 taxa for ferns, he only presents the formal description
for just 8 taxa, these being: Dryopteris seymourensis, Dryopteris antarctica,
Polypodium aemulans, Polypodium nathorstii, Taeniopteris blechnoides, Taeniopteris

crispissima, Alsophilia antarctica, Asplenium antarcticum. The description made has



43

characters exemplified in a very simple way and sometimes presents uncertainties.
The other 29 taxa were assigned to morphogenera or informal species of extant
genera.

In the subsequent century, Cantrill et al. (2011) observed that the species designated
by Dusén were determined from very fragmented material, sometimes from single
specimens or that the morphological variation existing in a single frond was not
considered. For this reason, they reviewed these species based on the original
collection studied by Dusén, deposited at the Swedish Museum of Natural History.
However, they reported that the collection is incomplete, which resulted in difficulties
in evaluating the morphological variation of the morphotypes described in 1908.
Therefore, they analyzed other collections: one deposited at the Geological
Collections of the British Antarctic Survey; another collected by Imogen Poole in
1998-1999; and the last coming from fieldwork carried out in the first quarter of 2001.
After the analysis carried out, the previously described species were reassigned into
just 3 new species: Cladophlebis aemulans, Cladophlebis seymourensis, and
Sphenopteris angustiloba.

Sphenopteris (Brongn.) Sternberg, 1825 is a genus of the order Osmundales, which
has sterile fronds; tripinnatifid to tripinnate; with pinnules that present a varied
contraction at the base and variation from entire to shallowly lobed or deeply lobed
margins; and venation with a single prominent middle vein and alternating secondary
veins, being single or bifurcated (Anderson & Anderson 2008). Morphotypes 1, 2 and
3 present a foliage pattern of the Sphenopteris type, with morphotype 1 presenting
the basal characters of the pinnules and the type of venation and morphotypes 2 and

3 the apical characters in the terminal pinnules.
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When comparing the morphotypes highlighted previously with the species
Sphenopteris angustiloba, it is possible to observe that there is agreement between
the characters highlighted for the species. However, when considering the age of the
Cross Valley-Wiman Formation, there is a problem with the gender used.
Sphenopteris is a predominant genus of the Late Paleozoic (Devonian-Permian),
being very common in the Carboniferous, and has rare representatives until the
Mesozoic (Taylor et al. 2009). Therefore, this genus is generally not used for
Cenozoic age groups, making it necessary to reclassify it into a genus belonging to
this Era.

Cladophlebis (Dunker 1846) Brongn., 1849 is a genus of the order 7?Osmundales,
which refers to sterile, bipinnate fronds of different sizes; with pinnules sectioned and
attached to rhachis; margins entire to slightly lobed or serrated, with the possibility of
the base having a basecopic or acroscopic lobed margin; and well-marked single
middle vein venation, generally persistent towards the apical region, and secondary
venation being single (rare) or with the presence of bifurcation (1, 2 and rarely 3)
(Anderson & Anderson 2008).

Morphotypes 4 and 5 present a venation pattern that differs from the standard type of
Cladophlebis, as they do not necessarily present secondary veins and, when visible,
they do not present any bifurcation, a pattern that is rare for the genus. In addition to
these characteristics, Cladophlebis is a morphogenus that is described as restricted
to the Mesozoic (common in the Jurassic), having as equivalent the genus Pecopteris
in the Paleozoic and the genus Dryopteris in the present day (Zimmermann 1969;
Anderson & Anderson 2008; Bodor & Barbaka 2008). Thus, this genus could not be

used for the age of formation from which the specimens studied here were collected
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and the definition given for the species Cladophlebis seymourensis differs in one of
the important points for determining a fern species, which is venation.

Of all the specimens that were analyzed in this work, those belonging to morphotype
6 do not show similarity with the morphology of any of the species described by
Cantrill et al. (2011). Its morphology is close to the description of foliage from the
genera Parsorophyllum and Elantodites. These two genera can be described as
bipinnate to tripinnate fronds, with acroscopic wing-shaped basal pinnules and the
others oval and with venation of the single medium vein type and secondary ones
presenting a three-fold dichotomy, where the difference is due to the fact that fronds
only sterile fronds are assigned to Parsorophyllum and fertile fronds are assigned to
Elantodites (Anderson & Anderson 2008). The problem with these two genera is that,
like Sphenopteris and Cladophlebis, they are not used for Cenozoic species, making

it necessary to determine a Cenozoic genus that presents an equivalence.

CONCLUSIONS

Considering the morphological variation that can exist in a single fern, it is
possible that morphotypes 1, 2 and 3 correspond to the same species and, according
to all the characteristics analyzed, they point to a correlation with the genus
Sphenopteris. However, an impasse exists in determining this genus in relation to the
Era to which the individual belongs, as Sphenopteris is a genus generally determined
for ferns of Paleozoic and Mesozoic ages, and is not a genus commonly used for the
Cenozoic (Anderson & Anderson 2008). Therefore, it is necessary to relocate this

species to a genus of Cenozoic age.
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Even with some similar characters, morphotypes 4 and 5 cannot correspond to
the species Cladophlebis seymourensis. The type of venation is a determining
character for the taxonomy of ferns, and this type differs between the two
morphotypes analyzed and the species in question. Furthermore, Cladophlebis
(Brongniart 1849) is a morphogen designated for fossil ferns from the Mesozoic,
which have venation of the simple vein type, or double bifurcation, or may even have
dichotomously arched veins (Bodor & Barbacka 2008). Therefore, morphotypes 4
and 5 need to be placed in a genus present in the Cenozoic and that corresponds to
the characters they present.

Morphotype 6 presents similarities with Elantodites stuartii, however, this
species is designated for sterile fronds that can prove a connection to a fertile frond.
When there is no proof of such a connection, the specimens are assigned to the
genus Parsorophyllum (Anderson & Anderson 2008). However, the same problem as
before occurs again, as this genus is restricted to a short period at the beginning of
the Mesozoic (Middle-Upper Triassic), thus presenting the need to determine a

Cenozoic genus.
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6 CONSIDERAGOES FINAIS

Ao concluir todas as analises, foi observado que a Formacado Cross
Valley-Wiman contém fitofésseis que apresentam bom estado de preservagao
fossilifera. Foram analisados e identificados 148 espécimes, com predominancia de
preservacao como compressodes carbonificadas.

Apos as analises morfolégicas foram identificados 6 morfotipos que foram
comparados com as espécies ja descritas para a Formagao Cross Valley-Wiman
(Cladophlebis aemulans, C. seymourensis e Sphenopteris angustiloba), Apenas 3
morfotipos descritos no presente trabalho apresentaram similaridades, quando
considerada a variacdo morfolégica existente em uma uUnica samambaia, com a
espécie S. angustiloba. Os morfotipos 4 e 5 podem apresentar correlagcdo com o
género Cladophlebis, mas ndo com a espécie C. seymourensis, uma vez que a
venagao dos dois morfotipos descritos aqui ndo correspondem com a venagao
descrita para essa espécie. O morfotipo 6 apresenta caracteristicas que ainda nao
foram registradas para a Formacao Cross Valley-Wiman até agora, podendo ser
correlacionado morfologicamente com folhagens do tipo Parsorophyllum ou
Elantodites, mas com nenhuma espécie registrada para essa unidade. Ja o padréao
da espécie C. aemulans nao foi reconhecida em nenhum dos individuos observados
neste trabalho.

A maior problematica encontrada durante o estudo foi com relagdo a
taxonomia das samambaias ja descritas para a Formagdo Cross Valley-Wiman.
Sphenopteris e Cladophlebis, géneros das espécies descritas para a formagéao, sao
comumente determinados para o Mesozoico, sendo raramente utilizados para o
Cenozdico. Ja os géneros Parsorophyllum e Elantodites, que foram correlacionados
com a morfologia descrita para o morfotipo 6, sdo descritos somente no Triassico.
Em vista desse fato, se faz necessaria a redesignagdo dos géneros para
equivalentes ou novos, que correspondam corretamente a utilizagao no Cenozdico,

optou-se neste trabalho utilizar taxons artificiais como morfotipos.
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