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Resumo

As pesquisas apresentadas nesta dissertacdo integram o projeto CNPg — PROANTAR
550352/02-3 “Mudancas paleoclimaticas na Antartica durante o Cenozdico: o registro
geoldgico terrestre”, que estuda os depositos cenozoicos da ilha Rei George em busca
elucidacao do histérico ambiental e climatico desta regido antéartica.

A evolucdo dos padrdes de circulagdo marinha e atmosférica no Hemisfério Sul ocorreu
em resposta ao isolamento geografico e térmico da Antartica, resultado de sua separacdo da
Austrélia, no limite Eoceno/Oligoceno, e da América do Sul, no final do Oligoceno. Sob este
aspecto, o estudo de organismos fosseis registrados nos depoésitos cenozdicos da Antartica
contribui para o entendimento das evolucBes biolégicas e ambientais ocorridas
concomitantemente as mudancas paleogeogréaficas, oceanograficas e climaticas na regido ao
longo do Cenozbico.

Frente a dificuldade de acesso, demanda logistica e extensa cobertura de gelo, apenas
uma pequena porcdo do registro geoldgico da Antartica esta acessivel para pesquisa.
Afloramentos da ilha Rei George registram as mudangas climéaticas e ambientais ocorridas do
Oligoceno ao Mioceno, incluindo evidéncias do primeiro evento de glaciacdo perene no oeste
do continente (Oligoceno). A despeito da abundancia de fosseis nos estratos cenozdicos da
ilha, sdo poucos os trabalhos taxondmicos com descricdo sistematica detalhada de bivalves
fosseis.

O primeiro modulo do presente estudo apresenta a descri¢do taxondmica de invertebrados
de depositos cenozdicos aflorantes em duas localidades da ilha Rei George, Antértica
ocidental. Da Formacdo Cape Melville (Mioceno), peninsula Melville, foram descritos sete
taxons de bivalves, incluindo seis espécies novas. Da Formacdo Polonez Cove (Oligoceno),
Pico Vauréal, uma regido previamente inexplorada paleontologicamente, foram descritos sete
taxons de invertebrados (bivalves, braquidpodes, tubos de serpulideos, briozoarios e
fragmentos de equinodermes), incluindo duas espécies novas.

O segundo mddulo corresponde a reunido dos géneros de bivalves registrados em
depdsitos cenozdicos da Antartica. A analise do registro apontou para o conhecimento bastante
incipiente sobre a diversidade de bivalves antarticos ao longo do Cenozdico. Além disso, a
comparacdo entre géneros de bivalves cenozdicos registrados na Antartica e Nova Zelandia
revelou que a maior parte dos géneros compartilhados esta registrada em dep6sitos eocénicos,
0 gue suporta o isolamento geografico da Antartica e a reducdo do intercambio faunistico entre
a Antartica e regides periféricas ap6s o Oligoceno.

A andlise do registro sugeriu um evento de dispersdo intenso durante o Eoceno, e
pequenos pulsos de dispersdo apo6s o Oligoceno. O padrdo de distribuicdo dos taxons concorda
parcialmente com as reconstituicdes de paleocorrentes disponiveis na literatura. A dispersao
durante o Eoceno teria ocorrido da Antartica para a Nova Zelandia na direcdo do Atlantico para
o Pacifico. Este evento de dispersdo concorda com a hipotese de existéncia de conexdes
marinhas de plataforma rasa entre o oeste e o leste da Antartica (“Passagem de Shackleton”) e
da provincia Weddeliana do final do Cretdceo ao Eoceno. Os eventos de dispersdo pos-
oligocénicos teriam ocorrido durante e ap6s o estabelecimento da Corrente Circum-Antartica,



ndo mais pela “Passagem de Shackleton”, mas margeando a Antartica pelas bordas ocidental
atlantica e oriental em direcdo a Nova Zelandia.

A andlise do registro dos bivalves cenozdicos da Antartica também concorda com a
hipdtese de glaciacdo perene a partir do inicio do Oligoceno na regido leste do continente, e na
metade do Oligoceno na regido oeste, com temperaturas mais amenas que as observadas
atualmente.



Abstract

The research presented in this dissertation comprised part of the CNPgq — PROANTAR
Project 550352/02-3 “Mudancas paleocliméticas na Antartica durante o Cenozéico: o registro
geoldgico terrestre”, which studies Cenozoic deposits from King George Island in order to
elucidate the environmental and climatic Cenozoic histories of this Antarctic region.

Cenozoic evolution of marine and atmospheric circulation in the Southern Hemisphere
occurred in response to the geographic and thermal isolation of Antarctica, which resulted from
the separation of Antarctica from Australia, around Eocene/Oligocene boundary, and from
South America, during the late Oligocene. Thus, study of fossil organisms from Antarctic
Cenozoic deposits contributes to the understanding of biological and environmental evolutions
that accompanied paleogeographic, oceanographic and climatic changes during the Cenozoic.

As a result of the difficult access, logistic demand and extensive ice cover, only a small
part of the Cenozoic Antarctic record is available for study. King George lIsland records
climatic and environmental changes from the Oligocene to the Miocene, including evidence of
the first full-scale glaciation (Oligocene) of West Antarctica. Despite the abundance of fossils
in Cenozoic deposits of the island, taxonomic studies with detailed systematic descriptions of
bivalves are very rare.

The first section of this work consists of taxonomic descriptions of invertebrates from
Cenozoic deposits cropping out in two localities of King George Island, West Antarctica.
Seven taxa of bivalves, including six new species were described from the Cape Melville
Formation (Miocene), at Melville Peninsula. Seven taxa of invertebrates (bivalves,
brachiopods, serpulid tubes, bryozoans, and echinoderm fragments) were described from the
Polonez Cove Formation (Oligocene), at Vauréal Peak, a site previously unexplored
paleontologically.

The second section presents the results of a survey of the Cenozoic fossil record of
Antarctic bivalves. The analysis of the fossil record confirmed that the current knowledge
about the Cenozoic diversity of the group is very scarce. Moreover, comparison of Cenozoic
bivalve genera from Antarctica and New Zealand showed that the greatest number of shared
taxa is recorded in Eocene deposits. This finding supports the geographic isolation of Antarctic
and the drop in faunal interchange between Antarctica and periphery after the Oligocene.

Analysis of the fossil record suggested an intensive dispersal event during the Eocene,
and restricted pulses of dispersal from the Oligocene onwards. The distribution pattern of taxa
provides partial support for available reconstructions of marine currents. Eocene dispersal
would have occurred from Antarctica to New Zealand in Atlantic-Pacific direction. This
dispersal event is consistent with the hypothesis of shallow marine connections between West
and East Antarctica (“Shackleton Seaway”), as well of the existence of the Weddellian
Province from the Late Cretaceous to the Eocene. Dispersal events following the Oligocene
would have occurred during and after the establishment of the Circum-Antarctic Current, along
the West-Atlantic and East margins of Antarctica towards New Zealand, and no longer through
“Shackleton Seaway”.



These analyses also support the hypothesis of full-scale glaciation in West Antarctica
from the early Oligocene onwards, and in East Antarctica since the mid-Oligocene, with
warmer temperatures than today.



Apresentacao

O projeto desenvolvido ao longo deste triénio constou de dois modulos: paleontologia
sistemética e estudo de padrdes paleobiogeograficos. Sua execucdo foi materializada nesta
dissertacdo em seis capitulos, além dos anexos referentes aos dois artigos preparados durante
seu desenvolvimento.

O Capitulo 1 introduz ao leitor aspectos gerais relacionados ao conhecimento atual sobre
os invertebrados cenozoéicos da Antartica, bem como sua importancia para o entendimento da
evolucdo ambiental do continente. Este capitulo justifica a necessidade do presente estudo bem
como os objetivos desta dissertacéo.

O Capitulo 2 aborda de forma generalizada a evolucdo geoldgica da Antartica desde o
final do Cretéaceo até o isolamento térmico do continente no Cenozdico. Ao final deste capitulo,
estdo destacados aspectos geologicos da ilha Rei George relacionados ao historico glacial desta
regido da peninsula Antartica.

O Capitulo 3 contempla de forma sintetizada a geologia das areas de estudo. As
descricdes geoldgicas bem como as secOes levantadas das formacdes Cape Melville e Polonez
Cove constam nos anexos 4 e 5.

O Capitulo 4 refere-se ao primeiro mddulo do projeto, e traz resumidamente a taxonomia
dos invertebrados fosseis coletados nas formacgdes Cape Melville e Polonez Cove aflorantes na
ilha Rei George. Os artigos referentes a esta se¢do constam dos anexos 4 e 5.

O Capitulo 5, segundo modulo, abrange aspectos da diversidade de bivalves antérticos
registrados para o Cenozoico, além do estudo comparativo dos géneros de bivalves cenozoicos
de ocorréncia comum entre a Antartica e a Nova Zelandia. Neste capitulo, também séo
discutidas as possiveis rotas de dispersdo que deram origem aos bivalves cenozdicos da
Antértica.

Estdo reunidas no Capitulo 6 as conclusbes relativas as descrigdes taxondémicas e
aspectos paleobiogeogréaficos da fauna de invertebrados estudada.

Vale ressaltar ao leitor que o primeiro anexo deste volume traz 0 mapa azimutal da
Antértica e regibes periféricas, contendo todas as areas referidas ao longo do texto e dos
anexos.

Os anexos 4 e 5 trazem de forma detalhada as informaces sintetizadas nos capitulos 3 e
4 sobre as descri¢fes geoldgicas, andlise facioldgica das secGes levantadas, bem como a
taxonomia dos invertebrados tratados nesta dissertacao.

O Anexo 4 corresponde ao artigo intitulado “Early Miocene bivalves from the Cape
Melville Formation, King George Island, West Antarctica”, publicado na revista Alcheringa, e
que descreve os bivalves coletados da Formacgédo Cape Melville, ilha Rei George.



O Anexo 5 refere-se ao artigo “Invertebrates from the Low Head Member (Polonez Cove
Formation, Oligocene) at Vauréal Peak, King George Island, West Antarctica”, aceito para
publicacdo na revista Antartic Science, e que trata da taxonomia dos invertebrados da
Formac&o Polonez Cove na area do pico Vauréal, ilha Rei George, bem como dos aspectos
paleoecoldgicos e paleobiogeograficos dos bivalves e braquiopodes descritos.
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Quaglio 2007 1 Aspectos gerais

CAPiTULO 1 — Aspectos gerais

1.1. Introducéo

As regides austrais do Hemisfério Sul sofreram alteracdes ambientais profundas ao
longo do Cenozoico, em resposta a dois eventos tectbnicos que resultaram no isolamento
geografico da Antartica: a separacdo entre a Antartica e a Australia, no limite
Eoceno/Oligoceno, e a separacao entre a Antartica e a América do Sul, no Oligoceno final
(Barker & Burel 1977, Kennett 1977, Toggweiler & Bjornsson 1999, Nong et al. 2000, Exon
et al. 2001, Barker 2001). A reorganizacdo das correntes oceanicas e atmosféricas resultantes
da nova configuracdo geografica, bem como a formacgdo dos mantos de gelo na Antartica,
contribuiram para os novos padrfes ambientais e climaticos da regido, culminando no
isolamento térmico do continente (Barker & Thomas 2004). As mudancas resultantes do
isolamento geogréfico e térmico da Antartica afetaram profundamente a evolucéo biotica ao
longo do Cenozdico para os padrGes modernos de biodiversidade e de distribuicdo
biogeografica observados nas regides antartica e subantartica (Bartek et al. 1992, Crame
1999, Exon et al. 2001).

Os varios aspectos relacionados ao historico ambiental cenozdico da Antéartica, tais
como clima, biota, geologia, dindmica de circulagdo oceéanica e atmosférica, tém sido objeto
de controvérsia ao longo de anos em estudos realizados no continente. Isto, em parte, deve-se
a dificuldade de acesso e demanda logistica de exploracdo ao extenso territorio (cerca de 14
milhdes de km?) e, portanto, da natureza fragmentaria das pesquisas cientificas até hoje
realizadas. Além disso, cerca de 98% do continente estd coberto por gelo (Birkenmajer 2001),
de tal sorte que apenas uma pequena por¢do do registro geoldgico esta acessivel para pesquisa

€ em poucas ocorréncias no continente.
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Dentre estas, esta a peninsula Antartica, situada a oeste do continente (Fig. 1A). Coberta
por volume menor de gelo relativamente ao restante do continente, esta regido inclui diversas
localidades com rochas aflorantes que registram parte da histéria glacial da regido. Ao
extremo oeste da peninsula, na ilha Rei George (Fig. 1B), encontram-se alguns dos registros
cenozoicos mais completos das mudancas climaticas e ambientais ocorridas do Oligoceno ao

Mioceno (Birkenmajer 1996).
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Figura 1:1lha Rei George. A, localizagdo a oeste da peninsula Antartica, Antartica ocidental. B, mapa
dailha; setasindicam as localidades abordadas neste estudo.

Os trabalhos sobre estratigrafia, idade, paleogeografia e paleontologia dos estratos
glaciais da ilha Rei George iniciaram-se ainda em meados da deécada de 80, com grande
contribuicdo de Birkenmajer (e.g. Birkenmajer 1982a, b, 1984, 2001, 2003). Desde entdo, a
descricdo de varios taxons fosseis coletados em afloramentos da ilha Rei George tem
contribuido para o conhecimento da diversidade cenozdica de varios grupos taxondémicos da
regido (Gazdzicki 2003), incluindo nanoplanctons (Dudziak 1984), palinomorfos (Troedson &
Riding 2002), foraminiferos (Birkenmajer & Luczkowska 1987), corais (Roniewicz &
Morycowa 1987), briozoarios (Hara 1994), braquiopodes (Biernat et al. 1985, Wiedman et al.
1988, Bitner & Crame 2002), bivalves (Gazdzicki & Pugaczewska 1984, Pugaczewska 1984,
Zinsmeister 1984, Zinsmeister & Macellari 1988, Studencka 1991), gastropodes (Karczewski

1987, Zinsmeister & Camacho 1980), cefaldpodes (Birkenmajer et al. 1987b), equinodermos
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(Jesioneck-Szymanska 1987), crustaceos (Foster et al. 1987, Feldman & Crame 1998,
Feldmann & Gazdzicki 1997, 1998) e plantas (Birkenmajer & Zastawniak 1986).

A despeito da abundancia de fosseis nos estratos cenozoicos da ilha (Birkenmajer
1982a, b, 1984, Birkenmajer et al. 1987a, Troedson & Riding 2002, Quaglio et al. 2003,
2004), as publicacBes concernentes a fauna de bivalves limitam-se a escassos registros, e
poucos séo os trabalhos taxondémicos com descrigdo sistematica detalhada dos fosseis.

Dentre os trabalhos taxondmicos, apenas trés descreveram bivalves fosseis coletados na
ilha Rei George. Gazdzicki & Pugaczewska (1984) identificaram 28 espécies coletadas em
uma coquina de pectinideos (“pecten conglomerate™) da Formacdo Polonez Cove (Oligoceno)
na area de Low Head. Pugaczewska (1984) descreveu trés espécies do Oligoceno de Magda
Nunatak, baia Rei George. Studencka (1991) identificou trés espécies e descreveu nova
espécie da Formacdo Destruction Bay, em Wrona Buttress.

Para outras regides da Peninsula Antértica, o registro fossil de bivalves esta descrito de
forma mais completa. Zinsmeister (1984) identificou 11 espécies e erigiu 22 novas espécies
de bivalves coletados em rochas da Formagdo La Meseta (Eoceno final), ilha Seymour. Ainda
na ilha Seymour, Zinsmeister & Macellari (1988) identificaram 18 espécies e propuseram 15
novas espécies para as formacGes Lopez de Bertodano e Sobral (Paleoceno). Posteriormente,
Jonkers (2003) reestudou quatro géneros de pectinideos cenozdicos, incluindo diversas
localidades no sul da América do Sul, Antértica e ilhas préximas a Convergéncia Antartica,
Nova Zelandia e Tasmania. Este autor reestudou um total de 22 espécies, incluindo dois
géneros novos e quatro espécies novas. Stilwell & Zinsmeister (1987) identificaram oito
espécies de bivalves da Formacgdo Snow Hill Island, seis da Formacdo La Meseta e trés
espécies da Formacdo Cockburn Island, todas aflorantes na ilha Cockburn. As regides acima
referidas constam no mapa do Anexo 1 e as espécies descritas pelos autores supracitados com

seus respectivos dados de proveniéncia estdo listados no Anexo 2.
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E importante salientar que os bivalves correspondem a um dos grupos de
macroinvertebrados mais diversificados e globalmente distribuidos ao longo do Fanerozéico,
com histdria evolutiva relacionada a habitats bastante diversos. Além disso, durante o estagio
pelagico de larva, os bivalves sdo capazes de se dispersar por longas distancias por correntes
oceanicas (Scheltema 1977), colonizando novos ambientes, como por exemplo, aqueles
originados ap6s eventos de abertura de passagens oceanicas.

Frente a isso, 0 estudo desse importante componente da fauna de invertebrados justifica-
se por colaborar para o entendimento de varios aspectos relacionados as mudancas
paleogeograficas, ambientais e climéticas ocorridas na regido antértica durante o Cenozdico.
Como reconhecido anteriormente por Zinsmeister (1982) e Crame (1992), a sistematica
taxondmica obtida por meio da descricdo morfoldgica dos bivalves coletados nos estratos
cenozoicos da ilha permite o conhecimento da diversidade bioldgica e a interpretacdo da
paleoecologia desta fauna, revelando as mudancas nas condi¢bes paleoambientais e
paleocliméticas ocorridas durante o inicio do Cenozdico. Além disso, a comparacdo desta
diversidade com malacofaunas coetérias de regides periféricas a Antartica é fundamental para
o delineamento das rotas migratérias e da evolucdo paleobiogeogréfica das linhagens que
deram origem aos bivalves antarticos em resposta as mudancas ambientais ocorridas apos o
isolamento geogréfico e térmico do continente.

Organizagdes internacionais que tratam da pesquisa cientifica na Antartica e regies
perifericas, como o SCAR (Scientific Commitee for Antarctic Research), tém incentivado
estudos sobre a dindmica climatica e de biodiversidade antartica tendo em vista o
entendimento do histérico paleoambiental e das rotas de dispersdo que deram origem a fauna
moderna das regides antartica e subantartica (LSSSG 2004). Inserido nesse contexto, 0
presente trabalho representa uma vertente dos estudos investigativos em busca da elucidacdo

das dindmicas geoldgica, paleoclimatica e paleoambiental dos estratos cenozoéicos da ilha Rei
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George, Antartica, ao integrar o projeto CNPq — PROANTAR 550352/02-3 “Mudancas
paleocliméticas na Antértica durante o Cenozdico: o registro geoldgico terrestre”, coordenado

pelo Prof. Paulo Roberto dos Santos do Instituto de Geociéncias - USP.

1.2. Objetivos

Considerando o conhecimento incipiente da diversidade dos bivalves cenozbicos da
Antértica Ocidental, bem como a importancia dos invertebrados cenozobicos da ilha Rei
George no contexto das mudancgas paleoambientais resultantes do isolamento térmico do
continente, esta dissertacdo tem como objetivos:

1 — A descricdo taxonomica dos invertebrados do Membro Low Head da Formagéo
Polonez Cove, na area do pico Vauréal, ilha Rei George;

2 — A descricdo taxondmica dos bivalves da Formacdo Cape Melville, peninsula
Melville, ilha Rei George;

3 — O delineamento do padrdo paleobiogeografico e rotas de dispersdo que deram

origem as diversas faunas de bivalves cenozoicos da ilha Rei George.
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CapPiTULO 2 — Evolucao geoldgica da Antéartica durante o Cenozdico

2.1. Considerac0es iniciais

Como comentado no Capitulo 1, as aberturas das passagens da Tasmania e de Drake,
durante o final do Paledgeno, resultaram em alteragdes ambientais profundas no continente
que influenciaram a configuracdo bidtica das regides austrais do Hemisfério Sul (Bartek et al.
1992, Exon et al. 2001, Barker & Thomas 2004). Por este motivo, estudos sobre taxonomia e
paleobiogeografia de quaisquer grupos fosseis presentes nas regides Antartica e subantartica,
em qualquer intervalo de tempo do Cenozoéico, devem considerar a dindmica tectonica e
paleoceanografica do Oceano Austral como arcabou¢o para a evolugdo da sua configuracao
biotica. Desta forma, este capitulo apresenta as principais discussdes a respeito do isolamento
geografico e térmico da Antartica, e servird de base para as andlises taxonémica e
paleobiogeografica desenvolvidas, respectivamente, nos capitulos 4 e 5 da presente

dissertacéo.

2.2. Resumo da paleogeografia da Antartica no final do Mesozdico

Durante boa parte do Mesozdico, o continente Gondwana formava uma massa terrestre
continua ao longo da margem sul do Oceano Pacifico (Hay et al. 1999). Zinsmeister (1987)
dividiu geograficamente o setor sul do Gondwana em duas regides, a leste e oeste das
Montanhas Transantarticas. O setor leste refere-se a regido compreendida entre Australia-
Nova Guiné, Nova Zelandia e leste da Antartica. O setor oeste compreende a regido de Marie

Byrd Land, peninsula Antartica e o sul da América do Sul (Fig. 2, Anexo 1).
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Figura 2: Palcogeografia do Pacifico Sul durante o final do Cretaceo (90 - 70Ma; compilado de
Zinsmeister 1982 ¢ Lawver & Gahagan 2003).

Durante a maior parte do Cretaceo, 0 setor leste consistia em um craton extenso. A partir
do final deste periodo, grande parte dos mares rasos se aprofundou, restando apenas as bacias
australianas Carnarvon e Otway (Zinsmeister 1987; Anexo 1), enquanto que, na regido da
Nova Zelandia, diversas areas emersas resultantes de eventos de dobramento e soerguimento
mantinham-se separadas do craton (Bradshaw 1991, Larter et al. 2002; Fig. 2).

Ja o setor oeste consistia de um arco magmatico (sul da América do Sul e peninsula
Antartica) localizado em uma zona de subduccao ao longo da margem pacifica ocidental e de
diversos blocos crustais (da base da peninsula a regido de Marie Byrd Land, Anexo 1)
conectando o arco ao craton (Storey 1991, Jokat et al. 1997; Fig. 2). Durante o Cretaceo, o sul
da América do Sul correspondia a uma margem continental ativa que sofreu diversos eventos
de soerguimento e erosdo como resultado do fechamento da bacia marginal originada durante
0 Jurassico médio (Jokat et al. 1997), o que permitiu o desenvolvimento de mares rasos entre
o Pacifico Sul e o Atlantico Sul (Zinsmeister 1987). Da mesma forma, a peninsula Antartica,
no fim do Cretaceo e inicio do Cenozoico, consistia de um cinturdo montonhoso em estado

ativo de soerguimento e erosdo, com pequenas passagens que ligavam os oceanos Pacifico e
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Atlantico (Zinsmeister 1987). A regido leste da Antartica teria sofrido, até o final do Cretaceo,
varios episodios magmaticos e orogénicos, resultando em diversas areas emersas separadas
por passagens marinhas marginais as montanhas Ellsworth e Whitmore, Ilha Thurston, Marie
Byrd Land (Anexo 1) e margem sul da peninsula Antartica (Lawver et al. 1991). A regido do
platd Campbell localizava-se préxima a regido de Marie Byrd Land, Antartica (Bradshaw
1991, Larter et al. 2002; Anexo 1, Fig. 2). O setor oeste, portanto, estava ocupado por um
conjunto imbricado de pequenas ilhas montanhosas, cercadas por mares rasos, o que facilitava
o0 intercdmbio bidtico de organismos plantdnicos por mares rasos entre a por¢do ocidental da

Antartica e sul da América do Sul.

2.3. O isolamento antértico

Muito embora a Antértica ja estivesse suscetivel a clima polar desde que alcangou o
po6lo Sul, hd aproximadamente 120 Ma, no inicio do Cretdceo (DiVenere et al. 1994), o
esfriamento intenso do continente dependeu diretamente do seu isolamento geografico
(Bartek et al. 1992, Barker & Thomas 2004), que ocorreu milhdes de anos mais tarde, durante
o final do Paledgeno. O isolamento geografico da Antértica esta ligado a dois eventos
tectonicos: as aberturas das passagens da Tasmania e de Drake, ocorridas, respectivamente, no
limite Eoceno/Oligoceno e no inicio do Oligoceno (Barker & Burrell 1977, Kennett 1977,
Toggweiler & Bjornsson 1999, Nong et al. 2000, Exon et al. 2001, Barker 2001).

O isolamento térmico, resultante direto desse isolamento geografico, esta representado
pelos atuais mantos de gelo que cobrem virtualmente toda a Antartica (aqui denominados
glaciacdo perene ou em larga escala), e que foram condicionados, além dos eventos tectdnicos
responsaveis pelo isolamento geografico, também por eventos de retroalimentagcdo, como
dindmica de correntes marinhas e de circulacdo atmosférica, efeitos do albedo, e queda na

concentracdo de gas carbonico (CO,) (Bartek et al. 1992, Zachos et al. 2001, DeConto &
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Pollard 2003a, b, Barker & Thomas 2004). Estudos sobre o isolamento térmico da Antartica
consideram cada um desses fatores como tendo sido de maior ou menor importancia. Porém,
0S cenarios propostos costumam considera-los todos como determinantes para o esfriamento
do continente.

Segundo Haq et al. (1987), uma das maiores quedas do nivel do mar registradas para o
Cenozoico teria ocorrido durante o inicio do Oligoceno, o que corrobora a glaciacdo antartica
em larga escala nessa época. Além disso, outros dados globais do Oligoceno inicial, como o
declinio da paleotemperatura sugerido pela razdo magnésio/calcio (Lear et al. 2000), da
concentracdo de CO, atmosférico, e da profundidade da zona de compensagdo de carbonato
(Pearson & Palmer 2000, Triparti et al. 2005), além da incursdo negativa da curva isotpica
de oxigénio (Zachos et al. 19945, 2001), sdo interpretados como resultantes do inicio do
esfriamento do continente.

Estudos desenvolvidos a partir de dados provenientes do continente antartico confirmam
as interpretacdes dos dados globais. A glaciacdo perene teria se desenvolvido na regido leste
da Antértica durante a transicdo Eoceno/Oligoceno (33,8 Ma, Dingle & Lavelle 1998b) ou
Oligoceno inicial (Wise 2000, Coxall et al. 2005, Tripati et al. 2005), desencadeada pela
circulacdo de correntes frias nesta regido apds a abertura da passagem da Tasmania (Exon et
al. 2001). Esta interpretacdo é corroborada por dados sismicos da regido do Mar de Ross
(Anexo 1), que sugerem mudanca de clima temperado/temperado glacial para polar glacial
nesta regido do leste da Antértica durante o inicio do Oligoceno (Alley et al. 1989).

Os mantos de gelo teriam alcangcado o oeste ainda no inicio do Oligoceno, de acordo
com dados isotdpicos (Dingle & Lavelle 1998b) e sedimentoldgicos (Santos et al. 1990,
Birkenmajer 1996, Troedson & Smellie 2002) registrados nos dep6sitos cenozoicos da ilha
Rei George. A glaciagdo do oeste teria ocorrido em consequéncia a glaciacdo do leste,

provavelmente relacionada a abertura da passagem de Drake (Toggweiler & Bjornsson 1999,
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Nong et al. 2000), e ao estabelecimento da Corrente Circum-Antartica (Livermore et al. 2004,

Pfuhl & Mc Cave 2005).

2.3.1. A abertura da passagem da Tasmania

O primeiro fator responsavel pelo esfriamento antartico foi a abertura da passagem da
Tasmania, ocorrida como consequéncia da separacao entre a Antértica e a Australia, durante o
final do Paledgeno (Exon et al. 2001, Lawver & Gahagan 2003). Este evento desencadeou a
circulacdo de correntes marinhas frias em torno da margem oriental pacifica da Antértica, em
detrimento de correntes superficiais mais quentes provenientes da margem nordeste da
Australia. De acordo com os resultados de Exon et al. (2001), até o final do Eoceno, o Istmo
Tasmaniano (“Tasmanian Land Bridge”) bloqueava completamente a extremidade Oriental do
Golfo Australo-Antartico, impedindo assim a circulagio de correntes frias em torno da
margem antartica nas regides de Adelie Land e Victoria Land (Anexo 1), enquanto a Corrente
Australiana do Leste era responsavel pela manutencdo de um clima ameno nas regides
préximas a margem ocidental da Antértica (Fig. 3A).

Ainda segundo o cenario proposto por Exon et al. (2001), um evento de rifteamento
entre o final do Jurassico e o Eoceno médio na area compreendida entre a margem norte da
Austrélia e a regido da Antartica, proxima a Adelie Land e Victoria Land, deu inicio ao
deslocamento da Austréalia para noroeste. Este evento causou a abertura do Golfo Australo-
Antartico para o Oceano Pacifico durante o final do Eoceno e, conseqiientemente, o inicio de
uma transgressdo marinha na regido (Fig. 3B, GAA). Do inicio do Paleoceno até o limite
Eoceno/Oligoceno, o Istmo Tasmaniano foi deslocado para nordeste, e sua porg¢ao sul sofreu
subsidéncia. Como conseqiiéncia, a abertura da passagem da Tasménia no limite

Eoceno/Oligoceno - datada de 33,7 Ma por Exon et al. (2001) - permitiu a circulagéo, ainda
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Figura 3: Dinamica de circulagdo de aguas superficiais na regido Australo-Antartica do Eoceno médio
ao Oligoceno final. A, o Istmo Tasmaniano ligava a Australia a Antartica, impedindo a circulagdo de
correntes frias em torno da margem oriental antartica. B, o inicio da subsidéncia do Istmo Tasmaniano ¢ da
abertura do Golfo Australo-Antartico para o Oceano Pacifico promoveu a circulagdo restrita de correntes
frias em torno da margem oriental antartica. C, a abertura da passagem da Tasmania permitiu a circulagio
da Corrente Circum-Antarticanestaregido (reconstituicio traduzidade Exoneral.2001).
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que restrita, de correntes marinhas frias em torno da margem ocidental pacifica da Antartica
(Fig. 3B, IT). Esta reorganizagdo no padrdo de circulagdo marinha resultou em novas vias
possiveis de dispersdo de organismos plantdnicos, como discutido no Capitulo 5.

No final do Oligoceno, a passagem da Tasmania j& possuia centenas de quilémetros de
extensdo, 0 que permitiu a circulacdo superficial e profunda da Corrente Circum-Antartica
(Fig. 3C, CCA). Ainda de acordo com Exon et al. (2001), este evento tectdonico marcou a
transicdo climatica global da condicdo de efeito estufa (“greenhouse™) para efeito refrigerador

(“icehouse™), este Ultimo presente até os dias atuais.

2.3.2. A abertura da passagem de Drake

Alguns estudos propuseram que o isolamento térmico do continente como consequéncia
da glaciagdo perene no oeste da Antartica teria ocorrido somente a partir da passagem de
correntes profundas na regido ap6s o Oligoceno, ou seja, apds a abertura da passagem de
Drake e o estabelecimento da Corrente Circum-Antartica (Barker & Burrell 1977, Kennett
1977, Toggweiler & Bjornsson 1999, Nong et al. 2000, Barker 2001). De acordo com
Toggweiler & Bjornsson (1999), a circulagcdo de correntes frias em torno da Antértica
diminuiu ou mesmo bloqueou o transporte de calor por correntes marinhas e atmosféricas para
a regido apds o final do Oligoceno, o que, por sua vez, contribuiu para a circulacdo de
correntes frias. Este fendmeno de retroalimentacdo seria o responsavel pela manutencdo dos
mantos de gelo e, portanto, pelo isolamento térmico do continente (Toggweiler & Bjornsson
1999, Nong et al. 2000).

Contudo, vale ainda mencionar que o evento de isolamento térmico da Antartica ndo é
um assunto totalmente desprovido de controvérsias. H& evidéncias que sugerem o
estabelecimento da Corrente Circum-Antartica ainda no final do Oligoceno (e.g. 24 Ma,

Livermore et al. 2004, Pfuhl & Mc Cave 2005). Por outro lado, a presenca de cristas no

27



Quaglio 2007 2 Evolugéo geoldgica da Antértica durante o Cenozdico

assoalho oceénico e fragmentos de crosta continental, remanescentes da evolucdo da zona de
fratura Shackleton (“Shackleton Fracture Zone”) no Mar de Scotia (Anexo 1), teriam
blogueado a passagem das correntes até o inicio do Mioceno (20-22 Ma, Barker & Burrell
1977, Lear et al. 2000, Eagles & Livermore 2002). Esta nova abertura de passagem oceéanica
no Hemisfério Sul, com o estabelecimento da Corrente Circum-Antartica representou novo
mecanismo de dispersao para organismos planténicos. De fato, como discutido no Capitulo 5,
Beu et al. (1997), consideraram que a abertura da passagem de Drake representou o primeiro
evento de dispersdo de moluscos da Nova Zelandia para o sul da América do Sul, via Corrente

Circum-Antartica.

2.3.3. Declinio do gés carbo6nico atmosférico

Vérios autores tém sugerido que o principal evento climatico responsavel pelo
esfriamento do continente foi o declinio do CO, atmosférico durante o Paledgeno (Pagani et
al. 1999, Pearson & Palmer 2000, DeConto & Pollard 2003a, b), enquanto que a circulagdo de
correntes marinhas frias em torno da Antéartica (Corrente Circum-Antéartica), promovida apos
as aberturas das passagens da Tasmania e de Drake, teria um papel secundario na glacia¢do do
continente (Barker & Thomas 2004). Realmente, e de acordo com Pearson & Palmer 2000,
verifica-se que o declinio na concentracdo de CO, atmosférico provocou queda na
temperatura ao longo de intervalos de tempo em escala geoldgica. Por este motivo, o declinio
do CO, atmosférico, observado ao longo do Paledgeno, teria sido responsavel pela mudanca
climética de efeito estufa para refrigerador durante o inicio do Nedgeno.

De acordo com Tripati et al. (2005), eventos curtos de glaciacdo local teriam ocorrido
em todo o continente desde o final do Eoceno, embora a glaciacdo perene tenha ocorrido ap6s
0 inicio do Oligoceno. Os picos observados na curva isotopica de oxigénio (Zachos et al.

1994, 2001, Tripati et al. 2005), interpretados como flutuagdes dos mantos de gelo, poderiam
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ser reflexo da reorganizacdo do ciclo de carbono, com aumentos e declinios abruptos na
concentracdo de CO, durante o final do Eoceno (Pearson & Palmer 2000, DeConto & Pollard
20033, b). No entanto, Zachos et al. (2001) argumentaram que o declinio na concentracdo de
CO, provocaria queda de umidade, o que dificultaria a precipitacdo de neve e, portanto, a

glaciacdo perene e em larga escala na Antartica.

2.3.4. Fatores de retroalimentacao

De acordo com o registro isotopico de oxigénio (Miller et al. 1987, Lear et al. 2000,
Zachos et al. 2001), os mantos de gelo da Antartica teriam se desenvolvido de forma
intermitente e experimentado flutuag6es entre o Paledgeno e a maior parte do Nedgeno (Webb
et al. 1984, Tripati et al. 2005). Bartek et al. (1992) sugeriram que essas flutuagdes estéo
relacionadas a fatores de retroalimentacdo, como albedo e colapso de mantos de gelo
marinhos.

Bartek et al. (1992) afirmaram que, durante periodos de expansdo de gelo, o albedo
pode aumentar o resfriamento, por intensificar a acdo do sistema atmosférico de alta pressao
polar (“Polar High”) que, por sua vez, desloca o sistema de baixa pressédo (“Subpolar Low”)
para fora do continente, retardando o transporte de ar Umido para o continente e, por
conseqiiéncia, a expansdo do gelo. De acordo com os autores (Bartek et al. 1992), esse
fendmeno € observado durante intervalos nos quais condi¢Bes climaticas produzem sistemas
de baixa pressdo atmosférica e ventos em dire¢do ao continente sobre superficies de aguas
relativamente quentes. Condigdes climaticas como essas ocorreram no Eoceno medio, como
sugerido por dados isotépicos de oxigénio (Miller et al. 1987, Zachos et al. 1994).

O deslocamento de massas de ar tmido como consequéncia da reorganizacdo do padrao
de circulagdo atmosférica apds aberturas de grandes passagens oceanicas é um fendbmeno que

também pode participar na retroalimentacdo de eventos glaciais. Ainda segundo Bartek et al.
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(1992), no caso da regido antartica, a abertura de passagens, como as da Tasmania e de Drake,
reduziria a continentalidade na regido adjacente, permitindo o transporte de massas de ar
umido provenientes do oceano em direcdo ao continente frio, e a subsequente precipitacdo de
neve e o desencadeamento de glaciagéo.

Outro fator de retroalimentacdo apontado por Bartek et al. (1992) esta relacionado ao
avanco e recuo de geleiras. Os mantos de gelo marinhos possuem o ponto de equilibrio abaixo
do nivel do mar, e mudancas na posicao relativa deste ponto podem causar a desintegracdo do
gelo e sua retracdo. Esse fendmeno provoca o enfraquecimento da agdo do albedo,
posicionando novamente o sistema de baixa pressdo sobre o continente, e restaurando o
sistema na fase de glaciagéo.

Zachos et al. (2001) sugeriram que, durante intervalos nos quais as regifes polares estéo
parcialmente cobertas por gelo, como durante o Oligoceno, 0s mantos sao altamente sensiveis
a mudancas na obliquidade da Terra. Assim, 0s picos de glaciacdo e deglaciacdo observados
na curva isotopica de oxigénio estariam relacionados com ciclos orbitais, sendo que eventos
de glaciacdo seriam favorecidos durante intervalos nos quais a incidéncia solar € menor. A
hipotese dos ciclos orbitais explicaria por que a glaciacdo em larga escala teria sido
desencadeada no inicio do Oligoceno, e ndo desde o final o Eoceno. No entanto, este modelo
ndo é completamente aplicavel para dados obtidos em depositos anteriores ao Plio-Pleistoceno

(Tripati et al. 2005).

Independentemente da causa principal que favoreceu o esfriamento antéartico, o
isolamento geografico e térmico da Antértica afetou a configuragdo bidtica para os padrdes
pos-miocénicos. Enquanto a evolucdo paleogeografica resultou num novo regime de
circulacdo marinha que delineou a distribuicdo paleobiogeografica dos organismos,

especialmente os planténicos, o esfriamento antartico afetou a diversidade por modificar as
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condigBes ambientais da regido. E nesse contexto que as demais se¢des desta dissertacio estio

balizados.

2.3.5. O registro glacial da ilha Rei George

Localizacédo

A ilha Rei George localiza-se a oeste do continente antértico, no arquipélago Shetland
do Sul (62° S, 58° O), e possui 95km de extensdo por 25km de largura, totalizando 2200km?
de area (Birkenmajer 2001) (Anexo 1), dos quais 60% sdo permanentemente cobertos de gelo

(Troedson e Riding 2002).

O registro geoldgico

Os primeiros trabalhos geol6gicos e paleontoldgicos na ilha Rei George foram
realizados na segunda metade da década de 70 pelas expedicdes antarticas polonesas (Polish
Antarctic Expeditions) (Birkenmajer 2001). A partir do principio da década de 80, foram
publicados diversos estudos sobre estratigrafia, idade, paleogeografia e paleontologia dos
estratos glaciais da IRG, com grande contribuicdo de Birkenmajer (e.g. Birkenmajer 1982a, b,
1984, 1994, 1995, 1996, 2001, 2003, Birkenmajer et al. 1987b, Porebski & Gradzinski 1987,
Santos et al. 1990, Tredson & Riding 2002, Troedson & Smelie 2002).

A ilha Rei George possui o registro geoldgico mais completo do Cenozoico da Antértica
(Birkenmajer 1996), além de possuir areas com afloramentos desta era relativamente extensas
se comparadas ao restante do continente.

Segundo Birkenmajer (1991, 1996), os depdsitos da ilha Rei George representam quatro
eventos de glaciacdo ao longo de 30 Ma, do Eoceno (50 Ma) ao inicio do Mioceno (20 Ma),
denominadas Krakow, Polonez, Legru e Melville. No entanto, Santos et al. (1990), Troedson

& Smellie (2002) e Barker & Camerlenghi (2002) reconheceram apenas as glaciacoes
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Polonez e Melville como glaciacdes em larga escala, sendo a glaciacdo Legru considerada

como um provavel evento de glaciacdo local (Fig. 4).

Glaciacao Krakow

A glaciacdo Krakow seria representada por diamictitos fossiliferos aflorando em Magda
Nunatak, preservando bivalves, escafopodes e cocolitos, sobrepostos por brechas e fluxos de
lava (Birkenmajer 1991, 1996).

Lavas basalticas de porcGes superiores da unidade foram datadas de 49,5 Ma pelo
método de K-Ar (Eoceno inicial), enquanto estudos com nanoplancton em sedimentos
marinhos sugeriram Eoceno inicial a final (Birkenmajer 1991, 1996, Birkenmajer et al. 1986).
No entanto, datacées pelo método da razdo Sr¥/Sr®® em conchas de braquiépodes e bivalves
coletados nos depositos de tilitos de Magda Nunatak forneceram idade de 29,8Ma (Oligoceno
inicial a médio, Dingle & Lavelle 1998b), o que torna tais depdsitos correlatos a rochas mais
tardias (da glaciagéo Polonez), invalidando a glaciagdo Krakow como evento isolado. De fato,
Troedson & Smellie (2002) reconheceram os depdsitos aflorantes em Magda Nunatak como

pertencentes ao Membro Krakowiak Glacier da Formagéo Polonez Cove (Fig. 4A).

Glaciacéo Polonez

A glaciacdo Polonez € considerada a maior glaciacdo cenozdica da ilha (Birkenmajer
1991, 1996, 2001) e o primeiro evento de glaciacdo no oeste da Antartica (Dingle & Lavelle
1998a,b). Estd representada pelos depositos de diamictitos, conglomerados e arenitos
fossiliferos da Formagdo Polonez Cove, que se estendem desde a peninsula de Low Head até
a peninsula de Lions Rump, em Three Sisters Point, penhasco Goodwin e pico Vauréal

(Birkenmajer 2001, Troedson & Smellie 2002; Anexo 1, Fig. 4B).

32



2 Evolugéo geoldgica da Antértica durante o Cenozdico

Quaglio 2007

"yead [eainep oedeulo ‘dA Aeg jelsys oedewlo ‘gs ‘preH suilely ogdeuwlod ‘HIN lIIH siseuleH oedeuliod ‘HH ‘@0pry psmoyiung

oedew.o4 ‘YA Aeg uononnsag oedewlo ‘gqg uiod fog oedewlod ‘dg (2o0z Iubusiawe) B Jaxieg o Zo0oz Buiply % uospaoll ‘L00Z Jelewusyiig we opeaseq) abiosc)
18y BY|| BP S0210Z0U82 sooluabioe|b soysodep ap oedinguisip ‘g "abi0a5) I8y Y|l BP SB2I0ZOUSD SBOlRIbiRISe0)| Sepepiun 'y "eblosc) 19y ey|l ep [eioe|b ohsiBal O ¥ einbidg

"(2002) yBuslswe)
® 1oieg o (g00z) bBulpry @ uospaoil
‘(Loog) 1efewusayig opunbas sagieioe|sy ‘gl

(G861 /B30 Jelewuayiig) opdeuw o) e We0d
anb soojisapue sanbip ap Iy-y Jod cedeiep ‘gL
(98661 dllone g 8jbuiq) sanienq

op SBYOUOD W8 I§,/iS,, Jod oedejep ‘yi
‘(8861 16 }o Jolewuayig) oedewio}

ep oseq Bu sejn} op Iy-y lod oedelep ‘gl
(age61 elleneT g ojbulq) sepodoinbelq

8p seyouoo we Ig,/is,, Jod oedelep ‘gL
(98661 @llenen

% 9|buig) sseinng BuoIpp Wa sapodoinbelq
8p SBYOUOO Ws IS, IS, Jod oedeep ‘Li
(9861 1B )8

Jefewusyllg) pesH suie|y oedewiod ep odoy
op seolIsspue seae| ap Iy-y lod oedejep ‘gL
(6861 [e 0 19lewusyiig) peaH suep

wo seonIsepue seAe| ap - lod oedeyep ‘g

‘(LooZ 1elewusyig)
abply Dsmoyiung op sajuaiuarold
seoljjsepue seAe| op Iy-y Jod oedejep ‘g

(9861 DoIZPZRD) 3 JBlEWUBNIG) IO

Aog @ 8A00) ZaUo|0d 8p SEORIoEp & SBIljIsapue
SeAe| op Iy-M Jod eppgo ewiuiw apepl ‘2
(98661 lleAeT B 3(BUIQ) HEjeunN

epbey ws sieseq soyl|} op sepodoinbelg &
SBA[BAI] Op SBUDUOD WS IS, /IS, Jod oedelep ‘g
(2661 Je )8

9BuIg) dwny suol 8 8A0D Zauo|od 'peaH Mo
wae pesH MoT olqusiy op sopelawolbuos ap
SOA[BAI] 9P SBUOUOD WS IS, /IS, Jod oedelep ‘g
"(ag661 dlloneT g 8|buIQg) @A0D Zauojod W
IaqWIB| 1810R (D) YeIMOMRIM 0IqLUIB|N Op SOY|I} 3P
SOAIBAIQ 9P SBUOUOD WS IS, /1S, Jod oedejep ‘f
(1861 Jeje alljpws) diuny suor

op seolisepue seAe| ap Iy-y Jod oedejep ‘g
(6861 fe jo 19leWIUBNMIIg) IO 18N]

op seolsspue seae| op Iy-y Jod oedeep ‘Z
(9861 DidIzpzes) g Jelewusyig) 8A0D zauojod
op seoneseq seAe| ep Jy-y Jod oedelep ‘L

_ [ _ _ @
T —— I il [0]
Fauelod OFBeI2ED . e or 0 MANANNNANNY =] o
) | )
AW CEIEIDE|D _H_ rO vl — = %
2 °
|egunep 0dg W -
rufiaT ejeq M o
peaH Mo %
anoD zauojod =
Jujod SISIS a wiod W_._ W
aal
MM % > yainzep ® | O
gnsuUad ° wy
@ @
% €.29 -1 =
M Q| =
[¢] Q, m
°. =2 (=]
. 5 3
02y — 3 o
ae?® i g [713| &
N mses @ 65 g o 5 @
hd 1 1 ) nm
mvhvm — NAANANANN %
N.\ ANANANNNNNY o
1310819 =
8'0€ —| NEIMOYEIY |  aA0D 219
g o | =
8'67 — aw zauojod 5 | @
vo. wy o)
mmmm —1 [ peaH moT 9
o dA 9 qi ol 3
i PA NN 5|0
s _ dA~-d8 D
o ,9'€2<— I"AAAANANAS—
AN |'S 1=
adepw4 |35 3| O
) o | 9
[ ®
= |3
(]
S305VIOV1D 2lAIRIN opejuelWY
ol (ew) s3aval e|nsujuad (W) $3AVAI | o5 preg e nIBa eleg | W S3aval |eainep oodld ¥o0d3  |odopad v

33



Quaglio 2007 2 Evolugéo geoldgica da Antértica durante o Cenozdico

Os fosseis encontrados nos arenitos da Formacdo Polonez Cove incluem cocdlitos,
diatomaceas, foraminiferos, poliquetos, briozoarios, braquidpodes, escafépodes, bivalves,
gastropodes, ostracodes e equinodermos (Gazdzicki & Pugaczewska 1984, Pugaczewska
1984, Gazdzicki & Studencka 1997, Troedson & Smellie 2002, Jonkers 2003, Anexo 4).

DatacOes nos depositos da Formacdo Polonez Cove indicaram idade entre 74-34 Ma
(final do Cretaceo a Eoceno/Oligoceno) pelo método K-Ar (Birkenmajer et al. 1986), e 29,4
Ma (inicio do Oligoceno, Rupeliano) pelo método da razdo Sr¥/Sr®® em conchas de bivalves
(Dingle et al. 1997) (Fig. 4A).

O Membro Krakowiak Glacier dessa formacdo € caracterizado por facies de
conglomerados e diamictitos, contendo clastos facetados e estriados, cuja litologia sugere
origem aldctone, a partir das Montanhas Transantérticas e Ellsworth (Birkenmajer 1996,
2001, Santos et al. 1990, Troedson & Smellie 2002). Tais caracteristicas representam
evidéncia da presenca pretérita de mantos de gelo, que teriam transportado fragmentos liticos
da regido central para a extremidade ocidental da Antartica (Santos et al. 1990, Birkenmajer
1996, 2001, Troedson & Smellie 2002). Este fendmeno corrobora a existéncia de glaciacao
perene nesta regido durante o inicio da deposi¢do da Formacdo Polonez Cove (Birkenmajer
1996, 2001, Troedson & Smellie 2002). Além disso, conchas de braquiépodes coletadas do
Membro Low Head da Formagdo Polonez Cove registraram paleotemperaturas de 3° - 3,8°C
(Quaglio & Santos 2006). Portanto, os dados sedimentoldgicos e isotopicos corroboraram a
hip6tese de que a glaciacdo Polonez representa o primeiro evento cenozdico de glaciacdo em
larga escala no oeste da Antartica, embora com temperaturas mais amenas que as modernas

(Tripati et al. 2005).

Glaciacéo Legru
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A glaciacdo Legru teria ocorrido entre as glaciacdes Polonez e Melville (Birkenmajer
1980a, 1983) e estaria representada por tilitos, andesitos e fluxos de detritos do tipo lahar da
Formacdo Vauréal Peak (Fig. 4A), presentes nas proximidades da baia do Almirantado
(Birkenmajer 1982a, 2001; Anexo 1). Birkenmajer et al. (1986), com base na datacdo das
rochas da Formacdo Vauréal Peak pelo método do K-Ar, atribuiram a glaciacdo Legru idade
de Oligoceno inicial (30-26 Ma), corroborada pelo método da razdo Sr¥/Sr®® por Dingle et al.
(1997) (Fig. 4A).

No entanto, Barker & Camerlenghi (2002), com base em discussdes pessoais com J.
Smellie, consideram este evento como a glaciagdo mais jovem da ilha, embora de idade
indefinida. Por outro lado, P.R. Santos (comunicagéo verbal) ponderou que a glaciacdo Legru
é caracterizada como um evento local de altitude, tipico de montanhas, e, portanto, deve ser
excluido do evento regional de glaciacdo em larga escala — a glaciacdo Polonez - ocorrido no

oeste da Antartica.

Glaciacéo Melville

O intervalo glacial mais jovem, a glaciacdo Melville, esta representado pelos depdsitos
glaciomarinhos fossiliferos da Formacdo Cape Melville, aflorantes em toda a extensdo da
peninsula Melville (Birkenmajer 1982b, Troedson & Riding 2002; Anexo 1, Fig. 4).

Os fosseis estdo representados por foraminiferos, diatoméceas, corais solitarios,
poliquetos, moluscos (bivalves, gastropodes e escafdépodes), braquidpodes, equinodermos,
artropodes e cordados marinhos, além de belemnites e nanoplanctons calcérios reciclados do
Cretaceo (e.g. Birkenmajer 1982a, 1984, 1996, Birkenmajer et al. 1987a, b, Foster et al. 1987,
Barrocas & Campos 1990, Hara 1994, Troedson & Riding 2002, Bitner & Crame 2002,

Gazdzicki 2003, Anexo 4).
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A datacao por K-Ar dos diques andesiticos e basalticos sugere idade de 20-23 Ma (inicio
do Mioceno) (Birkenmajer 1985, 1988, Birkenmajer et al. 1988), idade corroborada pelos
estudos palinolégicos (Troedson & Riding 2002) e de foraminiferos (Birkenmajer &
Luczkowska 1987) provenientes da Formacdo Cape Melville. J& estudos recentes com base

em microfésseis sugerem idade de Oligoceno final a Mioceno inicial (Duleba et al. 2004)

(Fig. 4).

As glaciagdes da ilha Rei George e os mantos de gelo do oeste

Zachos et al. (1994, 2001), com base no registro isotopico de oxigénio, consideraram
que os mantos de gelo teriam se desenvolvido no leste da Antartica no inicio do Oligoceno, e
alcancado o oeste durante o0 Mioceno médio. Barker & Camerlenghi (2002) afirmaram que,
neste Ultimo intervalo de tempo, os mantos de gelo cobriam virtualmente todo o continente,
estendendo-se, inclusive, na sua porcdo ocidental. Dingle & Lavelle (1998b) consideraram
que o primeiro evento de glaciacdo perene no oeste da Antértica ocorreu no inicio do
Oligoceno (29,8 Ma) e, posteriomente, um segundo pico de glaciacdo teria ocorrido no inicio
do Mioceno (22,6 Ma). E possivel, porém, que a glaciacido miocénica apontada por Zachos et
al. (1994, 2001) corresponda ao segundo evento de Dingle & Lavelle (1998b).

Considerando os eventos globais de incursdo negativa da curva isotopica de oxigénio
(Zachos et al. 1994, 2001) e as idades atribuidas as formacdes Polonez Cove (Birkenmajer et
al. 1986, Dingle et al. 1997) e Cape Melville (Birkenmajer et al. 1988, Troedson & Riding
2002, Birkenmajer & Luczkowska 1987), o primeiro e segundo eventos que configuraram a
glaciacdo em larga escala no oeste do continente correspondem, respectivamente, as
glaciacdes Polonez, quando foram depositados os sedimentos da Formagédo Polonez Cove, e

Melville, quando foi depositada a Formagéo Cape Melville.
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2.3.6. O isolamento térmico e os bivalves cenozdicos da Antartica ocidental

A Figura 5 sintetiza os principais pontos de discussdo apresentados neste capitulo. A
polémica acerca do isolamento térmico da Antartica diz respeito, principalmente, se as
aberturas das passagens da Tasmaénia e de Drake foram os principais fatores ou se tiveram
papel secundério no esfriamento. Neste Gltimo caso, o declinio da concentracdo de gas
carbdnico representaria o fator crucial no desenvolvimento dos mantos de gelo. Também é
controverso se o esfriamento no oeste da Antartica representa causa ou conseqliéncia da
circulagdo da Corrente Circum-Antartica.

E consensual que a glaciacio do oeste, mantida pela circulagdo da Corrente Circum-
Antértica, esta registrada nos depdsitos das formacGes Polonez Cove e Melville da ilha Rei
George sob as glaciagdes Polonez e Melville. Outro aspecto consensual ja ressaltado
anteriormente considera que o isolamento térmico da Antartica desencadeou mudancas
profundas na eustasia, evolugdo bidtica, ambiental e climética durante o Cenozdico, e que
serve de premissa para esta dissertacao.

Ainda de acordo com a discussao resumida na Figura 5, o intervalo de tempo crucial em
que a dindmica do isolamento térmico do continente se desenvolveu esta compreendido entre
o limite Eoceno/Oligoceno e Mioceno médio. Por este motivo, depdsitos cenozoicos de idades
atribuidas a esse intervalo de tempo representam dados-chave para estudos relacionados a
evolucdo glacial da Antartica.

Frente a isso, é provavel que os invertebrados das formacBes Polonez Cove (Oligoceno
inicial) e Cape Melville (Mioceno inicial), descritos no Capitulo 4, tenham testemunhado o
estabelecimento da Corrente Circum-Antértica do final do Paledgeno ao inicio do Nedgeno.
Isto significa que tais fosseis possivelmente apresentam padrdo de distribuicdo

paleobiogeogréfica condicionado pela evolugdo paleogeografica e paleoambiental aqui
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discutida, e podem representar faunas transicionais entre condic¢des de clima frio-temperado a

polar.
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CapPiTuLO 3 — Geologia das areas de estudo

3.1. Operacdo Antartica XXI: trabalhos de campo e geologia da Formacao Cape
Melville

A Operacdo XXI realizou o levantamento de perfis geoldgicos da Formacdo Cape
Melville pela equipe do projeto CNPq — PROANTAR 550352/02-3 durante o verdo de 2003
em seis localidades ao longo da peninsula Melville, ilha Rei George (Fig. 6A-C). Dos seis
perfis levantados, quatro apresentaram niveis fossiliferos, denominados: Lava Crag (Fig. B,
D, E), Hard Ground (Fig. B, F, G), Chaminé (Fig. B, H, ) e Pingineira (Fig. 6B, J-M). Os
bivalves descritos no presente estudo foram coletados dessas quatro se¢des (Fig. 6E, G, I, M).

Os depositos da Formacdo Cape Melville, aflorantes em toda a extensdo da peninsula
Melville (Fig. 6A-C), correspondem a uma sucessdo marinha relativamente espessa (150m)
que inclui diamictitos basais seguidos de argilitos siltosos a arenosos e arenitos de
granulometria fina a média, com a presenca de camadas subsidiarias delgadas de carbonato e
tufos vulcénicos, depositados em plataforma média a externa durante a fase de deglaciagéo da
Glaciacdo Melville no inicio do Mioceno (Birkenmajer 1982b, 1984, Troedson & Riding
2002, Anexo 4).

As litofacies estudadas nas quatro secOes levantadas registram deposi¢cdo por processos
diversos, incluindo depdsitos de argila por decantacdo, correntes de turbidez, queda de
detritos de icebergs, além de fluxos de argila esporadicos em ambiente plataformal marinho.
As quatro secdes estratigréficas levantadas durante a Operacdo Antartica XXI, bem como a
interpretacdo facioldgica dos depositos, estdo descritas detalhadamente no anexo 4.

Os fosseis ocorrem associados as facies de arenito e siltito em quatro das seis se¢des

levantadas, e estdo contemplados no Capitulo 4 e detalhadamente descritos no Anexo 4.
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Figura 6: Trabalhos de campo da Operagdo Antartica XXI. A, Localiza¢gdo da peninsula Melville na Ilha Rei George, Antartica. B,
localizagdo dos sitios fossiliferos estudados da Formagido Cape Melville na peninsula Melville. C, extremidade oriental da peninsula Melville.
D-E. se¢do Lava Crag: D, afloramento; E. detalhe do bivalve Neilo rongelii “in situ”. F-G, se¢do Hard Ground; F, nivel fossilifero; G, detalhe
dos exemplares “insitu” dos bivalves Ennucula frigida. H-1, segdo Chaminé: H, afloramento: I, detalhe do bivalve Panopea cf. P. (Panopea)
regularis “in situ”. J-M, se¢do Pingiiineira; J. afloramento (seta indica nivel fossilifero); L, detalhe do nivel fossilifero; M, detalhe dos
exemplares “insitu” dos bivalves Ennucula musculosa. (fotos: L.E. Anelli).
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Aspectos relacionados a tafonomia, analise morfofuncional e paleoecologia das
assembléias fosseis presentes nas quatro se¢des levantadas sdo tema de outra dissertacdo de
mestrado (Casati, em preparacdo), também ligada ao projeto CNPg — PROANTAR
550352/02-3. De acordo com os resultados preliminares, diferencas observadas no contetdo
taxondmico e ecoldgico destas secBes, bem como no seu modo de preservacao, revelaram
historias deposicionais e ambientes distintos entre as assembléias fossiliferas.

As assembléias das se¢es Hard Ground (Fig. 6B, F, G) e Pingtineira (Fig. 6B, J-M)
sdo caracterizadas por bioclastos exibindo alto indice de articulacdo, auséncia de sinais de
fragmentacdo e bioerosdo, distribuicdo normal das classes de tamanho dos bivalves e,
exclusivamente na secdo Hard Ground, presenca de pirita em alguns bivalves nuculideos e
corais (Casati, em preparacdo). Estas fei¢des sao tipicas de depdsito de sufocamento, onde 0s
bioclastos sdo mortos in situ, e a presenca de pirita é interpretada por Casati et al. (no prelo)
como resultante da decomposicdo dos organismos soterrados, em ambiente andxico. No
entanto, o arranjo caotico dos bioclastos na matriz observado em ambas as se¢es é indicativo
de remobilizacdo destas faunas. O transporte destes bioclastos foi, segundo Casati et al.
(20054, b), de curta duragdo, uma vez que ndo existem sinais de retrabalhamento e o evento
gerador destas assembléias foi associado a fluxo gravitacional de massa.

Ja& nas secdes Lava Crag (Fig. 6B, D, E) e Chaminé (Fig. 6B, H, 1), as assembléias sdo
caracterizadas por alto indice de bioclastos desarticulados, embora assinaturas como
bioerosdo e fragmentacdo também estejam ausentes (Casati et al. 2005a, b). A orientagdo é
predominantemente concordante em relacdo ao plano de acamamento com a convexidade dos
bivalves voltada para baixo, ou seja, fora da posi¢do de maior estabilidade hidrodindmica, o
que é indicativa de deposicao por correntes de turbidez. Além disso, a presenca de exemplares
de bivalves do género Panopea em posicdo de vida em meio aos demais bivalves

desarticulados sugere que estes ultimos foram transportados por evento de energia mais alta
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do que aquele que gerou as assembléias de Pingiineira e Hard Ground, e reunidos aos demais
tdxons em posicdo de vida, os quais, por sua vez, foram sufocados in situ (Casati em

preparacao).

3.2. Operacao Antéartica XXIlI: trabalhos de campo e geologia da Formacéao
Polonez Cove

A Operacdo XXII realizou trabalhos de campo pela equipe do projeto CNPq —
PROANTAR 550352/02-3 durante o verdo de 2004 na regido do pico Vauréal, proximo a baia
do Almirantado, ilha Rei George (Fig. 7A), com o levantamento de secéo estratigrafica dos
depositos oligocénicos da Formagao Polonez Cove (Fig. 7B).

Outros afloramentos da Formacédo Polonez Cove ocorrem na faixa costeira ocidental da
Ilha Rei George, entre Lions Rump e Low Head (Birkenmajer 1982a), em Three Sisters Point,
Godwin Cliffs (Porebski & Gradzinski 1987, Birkenmajer 1994, 1995) e Magda Nunatak
(Troedson & Smellie 2002) (Fig. 7C). A secéo-tipo da formacao, levantada na regido de Low
Head em Polonez Cove, inclui os membros Krakowiak Glacier, Bayview, Low Head,
Siklawa, Oberek Cliff (Porebski & Gradzinski 1987, Birkenmajer 1994, 1995, Troedson &
Smellie 2002) e Chlamys Ledge (Troedson & Smellie 2002) (Fig. 7D).

Os trabalhos taxonémicos disponiveis na literatura descreveram apenas o0s invertebrados
do Membro Low Head (Gazdzicki & Pugaczewska 1984, Pugaczewska 1984, Gazdzicki &
Studencka 1997, Jonkers 2003). No entanto, Troedson & Smellie (2002) mencionaram a
presenca de fosseis nos membros Bayview (corais, braquidépodes e bivalves), Low Head
(bivalves, briozoérios, escafépodes, ostracodes, gastropodes, forminiferos, poliquetos e
crindides), Siklawa (bivalves e caules de plantas), Oberek CIliff (icnofdsseis e bivalves), e

Chlamys Ledge (bivalves, braquiépodes e gastropodes).

43



Quaglio 2007 3 Geologia das areas de estudo

Como detalhado no Capitulo 2, o Membro Krakowiak Glacier é caracterizado pela
presenca de diamictitos e registra eventos de avanco e retracdo de mantos de gelo de origem
marinha em plataforma continental rasa (Troedson & Riding, 2002). Os demais membros
consistem de rochas com fragmentos basalticos e lavas, representando ambientes de
plataforma continental rasa dominados por atividade vulcanica (Porebski & Gradzinski 1987,
Birkenmajer 1994, 1995, Troedson & Smellie 2002).

A base da secdo estratigréafica levantada na area do Pico Vauréal (Fig. 7E) é composta
por conglomerados e diamictitos, atribuida ao Membro Krakowiak, contendo fragmentos
liticos aléctones (Fig. 7B). O Membro Low Head corresponde a intercalagbes de facies de
conglomerados macigos matriz- e clasto-suportados e arenitos contendo clastos esparsos e
compondo camadas de gradacdo normal (Fig. 7B). A secdo estratigrafica levantada durante a
Operacao Antartica XXII, bem como a interpretacdo facioldgica dos depoésitos, estdo descritas
detalhadamente no Anexo 5. Os fdsseis foram coletados da facies de arenito do membro Low
Head (Fig. 7F-H), correlacionada a camada LH-3 de Birkenmajer (1994, 1995) e L2 de
Troedson & Smellie (2002). Aspectos tafondmicos dos fosseis coletados, bem como a
descri¢do taxonémica dos mesmos estdo contemplados no Capitulo 4 e detalhados no Anexo

5.

44



Quaglio 2007 3 Geologia das areas de estudo

| 62°s

Membro Low Head

C T

[] Cobertura de gelo

[ Cepésitos quaternarios

[ Formagado Boy Point

[l Formagio Polonez Cove
Formagéo Mazurek Point/
Hennequin

|

Membro
Krakowiak
Glacier

A 5 AFAMAGG S C M

unidade

D Fm. Boy Point - Conglomerado macico, clasto-
—vvxﬁgmr ‘I:t_} suportado com gradagaonorma

0 05 1Km IChlamys Ledge

Cmm - Conglomerado macigo, matriz-

5 [ v e Cn. ; suportado, com gradagaonorma
Mb b D - Diamictito. com arcabougo arenoso e
Oberek Cliff

.| Am - Arenito macigo, de granuia(,‘ao grossa,
- .- | com ganulos e seixos esparsos

Mb

Siklawa - Contato erosivo

Mb. & Brequidpodes
Low Head

ﬁfﬁg Bivalves
Mb. 4

Bayview ‘g Tubos de serpulidecs

Fm. Polonez Cove
C F :
o

Mb. Krakowiak A ] )
Glacier qﬁ Briozoarios
—— Ao o,
Fm. Mazurek E;:I,:‘j,\ Fragmentos de equinodermos
Point/Hennequin £

Figura 7: Formagdo Polonez Cove. A, localizagdo do afloramento da Formagio Polonez Cove no Pico
Vauréal, ilha Rei George. B. se¢do da Formagdo Polonez Cove levantada no Pico Vauréal durante a
Operagio Antartica XXII, com indicagdo dos niveis fossiliferos. C, ocorréncias da Formagdo Polonez
Cove na ilha Rei George, entre o Cabo Vauréal ¢ a Baia Rei George (modificado de Troedson & Smellie
2002 e Birkenmajer 2001). D, unidades litoestratigraficas da Formagdo Polonez Cove na area-tipo (de
acordo com Troedson & Smellie 2002). E, afloramento estudado no Pico Vauréal. F, detalhe dos niveis

fossiliferos estudados. G, detalhe dos tubos de serpulideos “in situ™. H, detalhe do bivalve Adamussium
sp.nov. “insitu”.
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CApPiTULO 4 — Paleontologia

A peninsula Antartica, devido a sua localizacdo (Anexo 1), possui registro glacial
intimamente ligado ao historico do isolamento térmico do continente, sobretudo ao
desenvolvimento dos mantos de gelo do oeste. Como visto no Capitulo 2, a evolugdo
paleogeografica delineou as rotas migratorias da regido, assim como o esfriamento do
continente provavelmente alterou a configuracao bidtica da antartica e subantartica.

Além disso, algumas regides da peninsula possuem registro paleontoldgico de bivalves
em depositos cenozodicos de idades anteriores (como a ilha Seymour) e posteriores (como as
ilhas Rei George e Cockburn) ao esfriamento antartico, o que pode contribuir para o

conhecimento sobre as alteragcdes ambientais ocorridas ao longo do Cenozoico.

4.1. Estudos prévios sobre bivalves
4.1.1. O registro paleontoldgico da ilha Rei George

Os depositos fossiliferos cenozdicos da ilha Rei George onde foram registrados bivalves
estdo representados nas formacdes Polonez Cove (em Lions Rump, pico Vauréal e em Magda
Nunatak), Destruction Bay (em Wrona Buttress), e Cape Melville (na peninsula Melville). As
espécies conhecidas com seus respectivos dados de proveniéncia, idade e referéncia
bibliografica estdo listados no Anexo 2.

Os primeiros estudos taxondmicos de bivalves coletados da Formacdo Polonez Cove
foram realizados por Gazdzicki & Pugaczewska (1984) e Pugaczewska (1984). Além de 28
espécies de bivalves, Gazdzicki & Pugaczewska (1984) descreveram cocolitos, diatomaceas,
foraminiferos, serpulideos, briozodrios, braquidpodes, gastrépodes, ostracodes, crindides,

ofiurdides e equindides. A assembléia ¢ proveniente da coquina de pectinideos (“pecten
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conglomerate”) do Membro Low Head, na regido de Lions Rump, area-tipo da Formagdo
Polonez Cove.

Embora extensa, por tratar de assembléia bastante diversa, a sistematica taxonomica de
Gazdzicki & Pugaczewska (1984) foi baseada majoritariamente em exemplares fragmentados,
e comparados, em parte, com espécies descritas para depositos da América do Norte. Menos
de 60% dos taxons foram comparados com espécies descritas para depdsitos cenozodicos do
sul da América do Sul. O estudo de Gazdzicki & Pugaczewska (1984) deve ser reconhecido
pelo pioneirismo, muito embora trabalhos posteriores sinonimizaram e reidentificaram varias
das espécies nele descritas (Jonkers 2003, Anexo 2).

Pugaczewska (1984) descreveu trés espécies de bivalves das familias Veneridae e
Hiatellidae e uma de escafopode, também do Membro Low Head da Formagdo Polonez Cove
na regido de Magda Nunatak. Muito embora Pugaczewska (1984) tenha descrito os
exemplares mais detalhadamente que Gazdzicki & Pugaczewska (1984), as comparagdes
foram realizadas apenas com espécies descritas para a Patagonia.

Studencka (1991) descreveu de forma mais detalhada duas espécies de bivalves da
Familia Hiatellidae da Formacdo Destruction Bay, Peninsula Melville, incluindo estudo
morfométrico de varios exemplares, embora também os tenha comparado apenas com
espécies descritas de depositos cenozdicos da Patagdnia.

Da Formagdao Cape Melville, foram descritos varios grupos taxonOmicos, como
braquiopodes (Biernat et al. 1985, Bitner & Crame 2002), crustaceos (Foster et al. 1987,
Feldman & Crame 1998, Feldmann & Gazdzicki 1997, 1998), equinodides (Jesioneck-
Szymanska 1987), cefalopodes (Birkenmajer et al. 1987b), gastropodes (Karczewski 1987),
corais (Roniewicz & Morycowa 1987) e plantas (Birkenmajer & Zastawniak 1986). No

entanto, a despeito de sua abundancia relativa nesta formagdo (Birkenmajer 1982b, 1984,
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Birkeenmajer et al. 1987b, Troedson & Riding 2002), nenhum trabalho taxondémico havia

descrito bivalves desses depositos até o presente estudo (Anexo 4).

4.1.2. O registro paleontoldgico de outras regides da peninsula Antartica

O registro de bivalves Cenozoicos para outras regides da peninsula Antartica ¢ mais
diverso. A ilha Seymour, localizada mais ao sul em relacdo a Ilha Rei George (Anexo 1), é,
sem duvida, a localidade atualmente conhecida mais rica em fosseis paledgenos em toda a
Antartica. Os depositos das formagdes Lopez de Bertodano (Cretaceo final), Sobral
(Paleoceno) e La Meseta (Eoceno) registram fosseis de diversos grupos (Feldmann &
Zinsmeister 1984, Blake & Aronson 1998, Fostowicz-Frelik & Gazdzicki 2001, Szczechura
2001, Stahl & Chatterjee 2002, Feldmann et al. 2003, Schweitzer et al. 2005, Jadwiszczak
2000), incluindo icnofoésseis (Uchman & Gazdzicki 2006).

Com relagdo aos bivalves, Zinsmeister (1984) identificou 11 espécies e erigiu 22 novas
espécies da Formacao La Meseta (Anexo 2). Zinsmeister & Macellari (1988) descreveram 18
espécies e propuseram 15 novas espécies das formagdes Lopez de Bertodano (Cretaceo final)
e Sobral (Paleoceno) (Anexo 2).

Posteriormente, Jonkers (2003) reestudou os quatro géneros de pectinideos provenientes
de depositos cenozodicos do Oceano Sul, abrangendo diversas localidades no sul da América
do Sul, Antartica e ilhas proximas a zona da Convergéncia Antartica, Nova Zelandia e
Tasmania (Anexo 1). O estudo compreendeu o total de 22 espécies, incluindo dois géneros
novos e quatro espécies novas e sinonimiza¢do de pectinideos anteriormente descritos por
Gazdzicki & Pugaczewska (1984) e Stilwell et al. (2002) (Anexo 2).

A ilha Cockburn, proxima da ilha Seymour, possui registro fossilifero nas formagdes
Snow Hill Island (Cretaceo final) e Cockburn Island (Plioceno final), além de registro restrito

da Formacdo La Meseta. Da Formacao Snow Hill Island, Stilwell & Zinsmeister (1987)
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descreveram oito espécies de bivalves (Anexo 2). Da Formacao La Meseta Stilwell &
Zinsmeister (1987) descreveram seis espécies de bivalves (Anexo 2).

A Formagdo Cockburn Island, aflorante na ilha Cockburn, é caracterizada pela presenga
de coquinas de pectinidios (“Pecten conglomerate™), semelhantes as encontradas na regido de
Low Head, ilha Rei George (Birkenmajer 2001). As coquinas da Formagao Cockburn Island
foram utilizadas anteriormente por Adie (1962) e Fleming & Thomson (1979) na correlagao
com a Formacdo Polonez Cove, considerada até recentemente de idade pliocénica
(Birkenmajer 1980a, b, ¢, 1982a, 1983, 1985, Gazdzicki & Pugaczewska 1984). No entanto,
datagdes por K/Ar (Birkenmajer & Gazdzicki 1986, Birkenmajer et al. 1986) e Sr*’/Sr*
(Dingle et al. 1987, Dingle & Lavelle 1998) apontaram idade de Oligoceno inicial para a
Formagdo Polonez Cove. Muito embora ambas as coquinas sejam compostas essencialmente
por pectinideos, enquanto os pectinideos das coquinas da Formagao Polonez Cove da ilha Rei
George sdo representados por Austrochlamys gazdzickii Jonkers e Adamussium alanbeui
Jonkers, as coquinas da Formagdo Cockburn Island da ilha Cockburn sdo compostas por
Austrochlamys anderssoni (Henning) e Adamussium colbecki cockburnensis Jonkers (Jonkers
2003) (Anexo 2). Além dos pectinideos, a Formac¢do Cockburn Island registra o laternulideo

Laternula elliptica (King & Broderip) (Stilwell & Zinsmeister 1987) (Anexo 2).

4.2. Material estudado

Os exemplares de invertebrados fosseis foram coletados durante as operagdes antarticas
XXI e XXII, dos afloramentos das formag¢des Polonez Cove e Cape Melville na ilha Rei
George, Antartica ocidental.

Da Formacao Polonez Cove, foram coletados exemplares de bivalves, braquidpodes,
tubos de serpulideos, briozodarios e fragmentos de equinodermes. Os bivalves correspondem a

moldes internos e externos; os braquidpodes, embora possuam o material de concha
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preservado, possuem, em sua maioria, a regido anterior fragmentada; ja os tubos de
serpulideos, briozoarios ¢ equinodermes correspondem a pequenos fragmentos. O material
paleontolégico coletado da Formagdo Cape Melville é constituido apenas por bivalves. Os
exemplares possuem a concha preservada em sua integridade, muitos ainda contendo a
camada nacarada.

Todos os exemplares fosseis foram depositados na colecdo cientifica do Laboratorio de
Paleontologia Sistematica do Departamento de Geologia Sedimentar e Ambiental, Instituto de
Geociéncias, Universidade de Sao Paulo, sob os prefixos GP/1E ou GP/IT.

A Paleontologia Sistematica envolveu etapas de selecdo, limpeza, preparagdo para
captura de imagens e descricdo taxonOmica. Apenas os exemplares que potencialmente
possuiam preservadas feigdes adequadas a andlise taxonomica foram selecionados para os

métodos de preparacao.

4.2.1. Preparacédo dos exemplares fésseis
Os métodos de preparagdao evolveram limpeza mecanica para observacido das feigcdes

taxonémicas bem como preparacdo para a captura de imagens.

a) Limpeza mecéanica

Os exemplares provenientes da Formagao Cape Melville foram coletados ja isolados da
matriz e, portanto, foram submetidos somente a tltima etapa de preparagdo mecanica, apenas
para remocgdo de fragmentos de matriz.

Jé& os bivalves coletados da Formagao Polonez Cove nao sofreram limpeza mecanica por
se tratarem de moldes. Os braquidpodes dessa formagdo, por sua vez, encontravam-se
inseridos na matriz e foram removidos com o auxilio de martelo e cinzel. Os serpulideos,

briozodrios e equinodermes permaneceram na matriz devido a fragilidade dos materiais;
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apenas eventuais fragmentos de matriz foram removidos da superficie na ultima etapa de
limpeza.

Aproximadamente todos os exemplares fosseis foram submetidos a ultima etapa de
preparacdo mecanica que incluiu remocdo cuidadosa dos fragmentos de matriz aderidos ao
exemplares sob lupa Leica MZ95 e iluminador Leica CLS 100X com o auxilio de
micropercursiva Powerline 72 e instrumental odontologico e de relojoaria pertencentes ao
Laboratério de Paleontologia de Invertebrados do IGc/USP. Ainda sob lupa, e apds esta
ultima etapa de limpeza, foi realizada nova triagem, a fim de selecionar os exemplares que
possuiam preservadas feicoes adequadas a andlise taxonomica. Todos os exemplares
selecionados foram cuidadosamente lavados sob 4gua com auxilio de escova para remocao de

eventuais restos de sedimento e secos a temperatura ambiente.

b) Preparacao para captura de imagens

Os exemplares selecionados para as descrigoes taxondmicas foram submetidos a
diversos métodos de preparagdo, de acordo com as caracteristicas dos materiais. Dentre os
exemplares de briozodrios, tubos de serpulideos e equinodermos, parte foi diretamente
submetida a métodos Opticos de captura de imagem para observacdo da forma e alguns

espécimes receberam preparacao para captura eletronica de imagem.

Impregnacdo por magnésio metalico

Os bivalves e braquidpodes, preservados tridimensionalmente e em escala centimétrica,
possuem diversas feigdes externas e internas importantes para a analise taxondmica. Tais
feicdes, como ornamentagdo externa, denticdo e cicatrizes musculares, estdo preservadas em
relevo negativo nas conchas, e podem ser evidenciadas a partir do método da impregnagao por

fuligem de magnésio metalico. Os exemplares receberam camada delgada de tinta Nankin
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com auxilio de pincel. Apds secagem completa, foram cobertos por camada delgada de

fuligem de magnésio metalico.

Secdo seriada

Dois exemplares de braquidopodes foram submetidos ao método de se¢do seriada. Em
cada exemplar foram marcadas linhas perpendiculares ao eixo antero-posterior da concha.
Cada concha foi desgastada a partir da regido anterior em placa de vidro com carbeto de
silicio pulverizado (SiC), seguindo o plano ortogonal ao eixo antero-posterior demarcado
pelas linhas. Durante o desgaste, foram capturadas imagens das se¢des para o reconhecimento
das estruturas internas, tais como crura, processo crural e banda transversal. Este método ¢
importante, principalmente nos casos em que as valvas estdo preservadas articuladas fechadas,
para a analise de caracteres diagndsticos cruciais na descri¢do taxondmica de braquiopodes,

encontrados apenas na porg¢do interna das conchas.

Laminacao
Apenas um exemplar de equinodermo, uma espicula inserida na matriz, foi submetido a

laminagdo na Sec¢ao de Laminagdo do IGc/USP para observacao da segdo transversal.

Microscopia Eletronica de Varredura

Os exemplares que possuiam feicdes em escala nanométrica, como microestrutura
externa da concha de alguns bivalves, microestrutura da concha de braquidpodes, estrutura
dos zodides dos briozoarios, ornamentacao externa dos tubos de serpulideos, e feicdes das
placas ambulacrais dos equinodermos, foram submetidos a Microscopia Eletronica de
Varredura (MEV). Para a preparagdo, fragmentos dos exemplares foram removidos e

montados em Stubs com fita de carbono ou cola, e recobertos por camada de ouro.
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4.2.2. Captura de imagens

Foram utilizados métodos 6tico e eletronico de captura de imagens. As fotomacrografias
dos exemplares cobertos por magnésio foram obtidas por camera digital Donpisha 3CCD. As
fotomicrografias dos exemplares limpos, da lamina de equinodermo e das secdes seriadas
foram obtidas por camera digital Donpisha 3CCD acoplada em lupa Zeiss Stemi SV11 do
Laboratério de Petrografia Sedimentar do IGe/USP. Os exemplares cobertos por ouro foram
analisados em MEV LEO 440 | do Laboratério de Microscopia Eletronica de Varredura do

IGc/USP.

4.3. Sistematica taxonémica

As descrigdes taxonomicas dos fosseis das formagdes Cape Melville e Polonez Cove
(Membro Low Head) foram executadas na forma de dois artigos cientificos anexos ao final
deste volume (Anexos 4 e 5). Por conveniéncia, as descricdes taxondmicas contidas nos
anexos nao serdo repetidas neste capitulo; apenas informagdes gerais serdo apresentadas a

seguir.

4.3.1. Bivalves da Formacdo Cape Melville (Mioceno)
Resumo do artigo EARLY MIOCENE BIVALVES FROM THE CAPE MELVILLE FORMATION,

KING GEORGE ISLAND, WEST ANTARCTICA publicado no periddico Alcheringa (Anexo 4).

Sete espécies de bivalves marinhos, incluindo seis tdxons novos, foram descritos para a
Formacgao Cape Melville (inicio do Mioceno), aflorante em vérias localidades da peninsula
Melville, ilha Rei George, Antartica ocidental. A assembléia de bivalves inclui tdxons
representativos das familias Nuculidae (espécies Ennucula frigida sp. nov. ¢ E. musculosa sp.

nov.), Malletidae [Neilo (Neilo) rongelii sp. nov.], Sareptidae (Yoldia peninsularis sp. nov.),
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Limopsidae  (Limopsis psimolis sp. nov.), Hiatellidae [Panopea (Panopea) sp. cf. P.
regularis] e Periplomatidae (Periploma acuta sp. nov.).

Os exemplares sao provenientes de quatro se¢des sedimentares levantadas na porgao
superior da unidade. Fei¢cdes morfoldgicas detalhadas das espécies de nuculdides e arcoides
estdo excepcionalmente bem preservadas, o que permitiu, pela primeira vez, a reconstitui¢ao
de inser¢des musculares bem como padrdes de denticdo de tdxons neogénicos da Antartica. A
distribuigdo geologica dos exemplares corrobora a idade de Mioceno inical atribuida a
Formagao Cape Melville.

Os bivalves da Formacao Cape Melville representam a fauna mais bem estudada de
bivalves proveniente de depositos antarticos do Mioceno, época de mudangas geologicas,
paleogeograficas e paleoclimaticas complexas no continente. A nova fauna introduz
informagdes taxonOmicas originais, concernentes ao contexto paleogeografico da abertura de

rotas marinhas migratorias e a distribuicdo da biota cenozodica na regido antartica.

4.3.2. Invertebrados da Formacéo Polonez Cove, Membro Low Head (Oligoceno)
Resumo do artigo INVERTEBRATES FROM THE LOw HEAD MEMBER (POLONEZ COVE
FORMATION, OLIGOCENE) AT VAUREAL PEAK, KING GEORGE ISLAND, WEST ANTARCTICA

aceito para publicag@o no periddico Antarctic Science (Anexo 5).

Oito taxons de invertebrados marinhos, incluindo duas espécies novas de bivalves, sao
descritas do Membro Low Head, Formagao Polonez Cove (inicio do Oligoceno), que aflora na
regido do pico Vauréal, ilha Rei George, Antartica ocidental. A assembléia fossil inclui
representantes dos grupos Brachiopoda (géneros Neothyris sp. e Liothyrella sp.), Bivalvia

(Adamussium auristriatum sp. nov., ?Adamussium cf. A. alabeui Jonkers, e Limatula
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(Antarctolima) ferraziana sp. nov.), Bryozoa, Polychaeta (tubos de serpulideos), e
Echinodermata.

Os exemplares ocorrem em depdsitos de fluxo de detritos do Membro Low Head, que
por sua vez constitui parte de um ambiente de fan-delta em ambiente marinho raso de alta a
média energia. Liothyrella sp., Adamussium auristriatum sp. nov. e Limatula ferraziana sp.
nov. correspondem aos registros mais antigos desses géneros na Ilha Rei George e,
possivelmente, aos representantes ancestrais de grupos atualmente viventes na Antartica.

A despeito do nimero e diversidade restritos, os bivalves e braquidopodes descritos neste
estudo possuem registro fossil que sugere padrao de dispersdo geral ajustado ao regime de
circulacdo de correntes marinhas estabelecido ao redor da Antartica durante o Cenozoico em
dois passos. O primeiro apdés a abertura do Mar da Tasmania durante o limite
Eoceno/Oligoceno ao longo da margem oriental pacifica da Antartica, e o segundo apds a
abertura da passagem de Drake no final do Paledgeno ao longo da margem ocidental atlantica

e oriental da Antartica.
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CapiTuLO 5 — Afinidades paleobiogeograficas

5.1. Diversidade dos bivalves cenozdicos da Antartica

Sao conhecidas 39 espécies de bivalves fosseis provenientes de depositos cenozbicos da
ilha Rei George, sendo 29 géneros distribuidos em 20 familias, das quais 16 espécies foram
identificadas com davida e 10 apenas até o nivel de género. Quando se consideram também
outras regiBes antarticas, 0 nimero de espécies aumenta para 126, distribuido em 71 géneros e
33 familias (Anexos 2 e 3).

O quadro 1 resume as informacdes dos anexos 2 e 3 e apresenta 0s numeros de familias,
géneros e espécies de bivalves registrados para o Cenozoico da Antartica. Grande parte do
registro de todo o Cenozoico ocorre nos depdsitos eocénicos da Formacdo La Meseta (ilha
Seymour, Anexo 1) e blocos erraticos coletados em McMurdo Sound (Anexo 1). O Oligoceno
é 0 segundo intervalo com maior registro de bivalves fosseis, provenientes, principalmente da
Formacé&o Polonez Cove (ilha Rei George, Anexol).

Quadro 1: Nameros de familias, géneros e espécies de bivalves antarticos por unidade geoldgica (Un)

e total (T) registrados para cada intervalo do Cenozoico (dados resumidos dos anexos 2 e 3).

Epoca Unidade Localidade Familias Géneros Espécies
Un T Un T Un T
Recente - - - 27 - 46 - 118
Holoceno Fm. Taylor Mar de Ross 1 1 1 1 1 1
Pleistoceno Bacia Victoria Land Victoria Land 1 1 1 1 1 1
Fm. Cockburn Island Ilha Cockburn 2 3 3
Plioceno Fm. Sorsdal Victoria Land 1 2 1 3 1 4
Fm. Cape Melville Ilha Rei George 7 7 8
Fm. Hobbs Glacier Ilha James Ross 1 1 1
Mioceno Fm. Drygalski Ilha Heard 1 7 1 8 1 11
Bacia Victoria Land Victoria Land 1 1 1
Bacia Victoria Land Victoria Land 1 1 1
Fm. Polonez Cove Ilha Rei George 16 24 29
Oligoceno Fm. Destruction Bay Ilha Rei George 2 16 2 24 4 33
Fm. La Meseta Ilha Seymour 20 26 34
Eoceno blocos erréaticos McMurdo Sound 19 26 30 47 31 58
Paleoceno Fm. Sobral Ilha Seymour 10 10 12 12 13 13
Cretaceo Fm. Snow Hill Island Ilha Cockburn 8 8 8
Fm. Lépez de Bertodano Ilha Seymour 22 22 26 27 28 34
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Esses dados de registro foram plotados no grafico da Figura 8 para avaliacdo da
dindmica de diversidade em nimero de familias e géneros de bivalves antarticos a partir do

final do Periodo Cretaceo.

Diversidade de bivalves na Antartica

Era
Periodo
Epoca

no. de familias no. de géneros

Holoceno

Pleistoceno

Plioceno

Neégeno

Mioceno

Cenozdico

Oligoceno

Eoceno

Pale6égeno

Paleoceno

Cretaceo final

Figura 8: Diversidade em numero de familias ¢ géneros de bivalves registrados paraa Antarticaao longo
do Cenozoico (dados resumidos dos anexos 2 ¢ 3).

Para comparacdo, foi gerado outro gréfico de diversidade a partir dos dados reunidos por
Beu & Maxwell (1990) contendo os géneros e familias registrados para o Cenozéico da Nova
Zeléandia (Fig. 9). O registro paleontolégico da Nova Zeléndia € o mais bem estudado dentre
as regides do Oceano Sul e, portanto, € bastante adequado para ser comparado com o registro
antartico.

De acordo com a Figura 9, a diversidade em numero de familias permaneceu
relativamente constante na Nova Zelandia a partir do Eoceno, enquanto o numero de géneros
aumentou do final do Eoceno ao final do Mioceno, experimentando pequena queda no

Holoceno.
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Diversidade de bivalves na Nova Zelandia

Era
Periodo
Epoca

no. de familias no. de géneros

Holoceno

Pleistoceno

Plioceno

Neégeno

Mioceno

Cenozdico

Oligoceno

Eoceno

Paledgeno

Paleoceno

i
f
i
f
m
i
f
i

Cretaceo final

Figura 9: Diversidade em nimero de familias ¢ géneros de bivalves registrados para a Nova Zelandia ao
longo do Cenozoico (dadosde Beu & Maxwell 1990). 1, inicial; m, médio; f, final.

Segundo Beu & Maxwell (1990), o pequeno numero de taxons registrados do final do
Cretaceo ao Paleoceno seria consequiéncia do regime sedimentar que ndo teria favorecido a
preservacao durante esse intervalo de tempo. Ainda de acordo com o0s autores, a transgressao
marinha iniciada entre o final do Cretaceo e o Pale6geno foi maxima no final do Pale6geno e
inicio do Nedgeno, o que resultou em maior registro do final do Oligoceno ao Mioceno. Além
disso, a reorganizacdo dos padrdes de correntes ocednicas no sudoeste do Pacifico, como
consequiéncia da separacdo entre a Austrdlia e a Antartica, possivelmente favoreceu a
dispersdo de grande ndmero de moluscos para a Nova Zelandia, incluindo géneros com
afinidades por aguas mais quentes, e promoveu a configuracdo da diversidade dessa regido
para os padrdes modernos.

Ainda como conseqiiéncia da separacdo entre a Australia e a Antartica, Beu & Maxwell
(1990) sugeriram que a formacdo de pequenas bacias teria facilitado a especiacdo,
particularmente em grupos de moluscos com habilidade de dispersédo limitada. A maioria dos
bivalves de aguas rasas das familias Glycymerididae, Limopsidae, Limidae, Pectinidae,

Carditidae, Mactridae e Veneridae teriam sofrido diversificacdo intensa durante o final do
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Oligoceno, o que explicaria o maior nimero de géneros registrados para o inicio do Nedgeno
(Fig. 9). Outra fase importante seria experimentada pela fauna de bivalves da regido da Nova
Zelandia apds o Mioceno médio como consequiéncia da intensificacdo da Corrente Circum-
Antértica apds a abertura da passagem de Drake. De acordo com Beu (1985) e Beu et al.
(1997), a nova configuracdo no padrdo de circulacdo oceénica durante o Nedgeno teria
permitido o primeiro evento de dispersdo circum-Antartico de larvas de moluscos da América
do Sul para a Nova Zeléandia.

Considerando que a diversidade de bivalves durante o Cenozoico da Nova Zelandia foi
influenciada pelas alteragdes ambientais ap6s as aberturas da passagem da Tasmania e de
Drake, é provavel que a diversidade do grupo registrado em depositos cenozdicos da
Antértica também tenha sofrido alteracGes pelos mesmos agentes.

De acordo com o Quadro 1, as épocas de maior registro de diversidade em familias e
géneros de bivalves na Antértica ocorreram no final do Cretadceo, Eoceno e Recente, e,
secundariamente, durante o Oligoceno. Curiosamente, 0s numeros registrados para 0 Eoceno
e 0 Recente sdo semelhantes. Considerando a idéia amplamente aceita de que o registro
paleontolégico é inerentemente incompleto, tais dados parecem sugerir que o registro do
Recente est4 subestimado. De fato, Clarke et al. (2004) estimaram que apenas 25% da fauna
de organismos bentdnicos recentes da Antartica sdo conhecidos. Além disso, cerca de metade
do registro para o Eoceno da Antartica é representado por blocos erraticos de McMurdo
Sound. E provavel, portanto, que tais dados sejam responsaveis pela semelhanca entre o
registro para o Eoceno e o Recente. Os fdsseis registrados nos blocos erraticos sdo reciclados
e, provavelmente, de idade incerta (embora atribuida ao Eoceno por Stilwell 2000). Por este
motivo, apenas os bivalves da Formacdo La Meseta representam o registro para o Eoceno na

Figura 8.
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Dessa forma, os picos de diversidade observados na Figura 8 estdo associados ao
registro das formacdes Lopez de Bertodano (Cretaceo final), La Meseta (Eoceno) e Polonez
Cove (Oligoceno), além do registro de bivalves atualmente viventes na Antartica.

A dindmica da diversidade sintetizada no grafico da Figura 8 pode refletir trés fatores
principais. O primeiro esti relacionado & escassez de afloramentos na Antértica. Como
ressaltado no Capitulo 1, a dificuldade de acesso e a existéncia de poucas areas com rochas
aflorantes na Antértica sdo, sem ddvida, a primeira causa de amostragem baixa em relacdo ao
grande territdrio. O registro antértico listado no Quadro 1 e ilustrado na Figura 8 demonstra
que os intervalos nos quais géneros e familias de bivalves sdo registrados em maior nimero
sdo representados por dep6sitos localizados em regiGes que foram mais exploradas. A maior
parte dos intervalos de maior registro de bivalves esta representada por dep6sitos localizados
na ilha Seymour (Anexo 1), com as formacfes Lopez de Bertodano (Cretaceo) e La Meseta
(Eoceno).

O segundo estaria relacionado ao estresse ambiental deflagrado pelas alteragdes
ambientais em escala regional apds o esfriamento antértico. Neste caso, uma queda no registro
desde o Oligoceno poderia ser reflexo das novas condigdes ambientais na regido Antartica.
Por outro lado, Beu et al. (1997) afirmaram que, durante periodos de esfriamento brusco,
como no inicio do Oligoceno, o aumento da diversidade seria favorecido, sobretudo
resultando em eventos de especiagédo. O registro revela, entretanto, queda muito acentuada do
Mioceno ao Pleistoceno e grande aumento no registro do Holoceno, devido ao grande registro
de bivalves modernos. Esta variacdo brusca entre um intervalo e outro sugere que a
diversidade de bivalves cenozoicos da Antartica esta extremamente subestimada, o que aponta
para 0 baixo conhecimento desse grupo ao longo do Cenozdico. Além disso, a diversidade
representada na Figura 8 ndo parece apresentar tendéncia geral de variacdo associada as

principais mudangas ambientais ocorridas nesse intervalo. Dessa forma, muito embora as
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novas condi¢Ges ambientais neogénicas provavelmente tenham influenciado a biodiversidade
nas regides do Oceano Austral, o registro atualmente conhecido dos bivalves antarticos néo
reflete tal influéncia.

O terceiro fator pode estar relacionado ao controle estratigrafico dos depositos, que pode
aumentar o registro em periodos nos quais as condi¢des deposicionais (sedimentolégicas e
estratigraficas) provavelmente favoreceram a preservacdo. De acordo com Holland (1995), o
registro fossilifero é controlado estratigraficamente. Picos de primeiro aparecimento
coincidem com trato de sistema transgressivo e suas superficies delimitantes (superficie
transgressiva na base e de méaxima inundacdo no topo), enquanto queda no registro é
observada no trato de sistema de mar alto, e auséncia de registro estd ligada ao trato de
sistema de mar baixo. Uma vez que os trabalhos de descricdo dos depositos cenozoicos da
Antértica ndo utilizam a sistematica da estratigrafia de seqiiéncias como método de descrigdo
e interpretacdo geoldgica, a aplicacdo do modelo de Holland (1995) representa apenas uma
tentativa especulativa na discussdo da variacdo do registro paleontoldgico da Antartica.

Dentre os intervalos de tempo de maior registro fossilifero de bivalves, as secdes
estratigraficas das formacOes depositadas durante o Cretaceo final, o Eoceno e o Oligoceno
parecem sugerir maior tendéncia de preservacdo de acordo com associa¢Bes facioldgicas
distintas.

Nos depdsitos da Formagéo Lopez de Bertodano aflorantes na ilha Seymour (Anexo 1),
os fosseis ocorrem em maior abundancia nas porgdes superiores da unidade (Zinsmeister &
Macellari 1988). Nessas por¢des, 0s depositos apresentam tendéncia progradacional, como
observado na coluna estratigrafica apresentada por Macellari (1988), e nas descricdes
geoldgicas discutidas por Crame et al. (1991). Dessa forma, tais depdsitos podem representar
tratos de sistemas transgressivos, sugerindo maior tendéncia a preservacdo dos fosseis, de

acordo com o modelo de Holland (1995). Esta interpretagdo explicaria o numero

61



Quaglio 2007 5 Afinidades paleobiogeograficas

relativamente grande de bivalves registrados nos depositos cretacicos da Formacédo Lopez de
Bertodano (Fig. 8).

Aproximadamente a metade do nimero de familias e géneros de bivalves registrado para
0 Eoceno é proveniente da Formacdo La Meseta (Fig. 8). Os depoésitos da Formacdo La
Meseta sdo interpretados por Porebski (1995) como originados a partir do preenchimento de
vales incisos por sistemas deposicionais estuarinos influenciados por maré. Segundo o autor,
0 padrdo arquitetural dessa sucess@o indica preenchimento a partir de sucessivos eventos
transgressivos relacionados a ciclos retrogradacionais associados a subidas do nivel do mar
originadas por causas tectdnicas ou tectono-eustaticas. Os fdsseis de bivalves ocorrem em
lentes areniticas lateralmente descontinuas ao longo de toda a secéo estratigrafica, sendo mais
abundantes e mais bem preservados nas unidades superiores da formacédo (Telm 4, 5 e 6 de
Stiwell & Zinsmeister 1992). Esses dep06sitos sdo apresentados nas se¢des estratigraficas de
Elliot & Trautman (1982) com tendéncia agradacional a retrogradacional, a qual representa
arquitetura tipica de sistemas de tratos transgressivos. Além disso, essas camadas fossiliferas
sdo interpretadas como depdsitos de barra de maré por Stiwell & Zinsmeister (1992) e facies
de lags transgressivos por Porebski (1995). Aplicando-se 0 modelo de Holland (1995), tais
depdsitos caracteristicamente favoreceriam a preservacdo e, portanto, podem estar
relacionados ao grande nimero de taxons de bivalves antarticos registrados para o Eoceno
(Fig. 8).

No entanto, sistemas deposicionais influenciados por eventos glaciais podem apresentar
ciclos de menor ordem de subida e decida do nivel do mar, o que implicaria em variaces
localizadas no nimero de taxons preservados em determinado nivel estratigrafico (Eyles &
Eyles 1992). Deste modo, a aplicacdo do modelo de Holland (1995) é viavel somente quando
ha controle facioldgico e ciclo-estratigrafico de alta resolucdo, ou seja, nos casos em que €

possivel delimitar superficies e tendéncias arquiteturais de menor ordem.
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5.2. Padrao paleobiogeografico

Como detalhado no Capitulo 2, a abertura da passagem da Tasmania durante o
Oligoceno promoveu a separacao entre a Antartica e a Australia (Exon et al. 2001) e, no final
dessa época, a abertura da passagem de Drake resultou na separagdo entre a Antartica e a
América do Sul (Barker & Thomas 2004). A formagdo dos mantos de gelo na Antéartica e o
estabelecimento da Corrente Circum-Antartica resultaram no isolamento térmico observado
atualmente no continente. Portanto, muito embora o registro dos bivalves antérticos
atualmente conhecido aparentemente néo reflita as alteracbes ambientais ocorridas ao longo
do Cenozdico, é provavel que as mudancas resultantes da nova configuracdo tectdnica,
oceanogréfica e ambiental tenham influenciado a evolucdo dos padrdes paleobiogeogréficos
do grupo. Além disso, as épocas em que ha maior registro de bivalves cenozoicos da Antartica
— Eoceno, Oligoceno e Recente - sdo importantes a0 marcarem 0s principais intervalos
relacionados as mudancas ambientais da regido. O Eoceno registra 0s organismos antes do
esfriamento antartico, enquanto o os organismos do Oligoceno testemunharam a glaciacdo
perene do continente. J& o registro dos organismos modernos é importante se considerarmos
que o conhecimento sobre as condi¢cbes ambientais atuais € maior do que qualquer intervalo
de tempo geoldgico. Por este motivo, os dados de registro de bivalves antarticos para o
Eoceno, Oligoceno e Recente podem ser considerados como elementos-chave nas

interpretacdes de dinamica paleobiogeogréfica ao longo do Cenozéico.

5.2.1. Estudos prévios

De acordo com Kauffman (1973), a existéncia da Provincia Austral, que perdurou desde
o Cretaceo medio ao Cretaceo final, é sugerida pela similaridade das faunas de bivalves
registrados em depoésitos da India oriental, Australia, Antartica, Nova Zelandia e sul da

América do Sul. Segundo Zinsmeister (1979a), ap0s a separacéo da India, a Provincia Austral
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teria sido fragmentada em diversas provincias durante o final do Cretadceo. A maior delas, a
Provincia Weddelliana (Fig. 10), correspondia a extensa faixa de dguas rasas compreendida
entre a margem oriental da Australia, Nova Zelandia, mar de Ross, Marie Byrd Land, ilha
Thurston, montanhas Whitmore e Ellsworth, peninsula Antértica e sul da América do Sul
(Anexo 1). Ainda de acordo com o autor (Zinsmeister 1979a), a provincia era limitada a norte
pelo Oceano Pacifico, a sul pelas montanhas Transantarticas, e a leste e oeste pelo gradiente
de temperatura temperado-frio (Fig. 10).

A Provincia Weddelliana teria existido do final do Cretdceo a metade do Eoceno
(Zinsmeister 1979a, b, Stilwell 2002), com persisténcia de conexdo marinha entre a Australia
e a Antartica até a metade do Oligoceno (Exon et al. 2001). Apds a separacdo entre a
Austrdlia e a Antértica, a reorganizacdo tectbnica na regido teria desencadeado nova
fragmentacéo e, conseqlientemente, alterado o padréo de circulacdo oceénica e atmosférica, as
quais também teriam influéncia nas condi¢cdes ambientais. As novas condic¢des resultariam em
nova configuracdo biotica ao longo do restante do Cenozoéico, além de provocarem aumento
no grau de endemismo em cada uma das regides (Zinsmeister 1979a, Stilwell 2002).

A organizagdo das correntes oceénicas que levaram a formagdo da Corrente Circum-
Antértica durante do Oligoceno (Exon et al. 2001, Barker & Thomas 2004) teria favorecido a
ocorréncia de eventos de dispersdo entre a Antartica e periferia (Crame 1999). No entanto,
uma vez que a Corrente Circum-Antartica se formou, por volta do final do Oligoceno
(Pfuhl & McCave 2005), o intercdAmbio de faunas teria caido abruptamente a niveis
muito baixos, contribuindo para o endemismo da regido (Barnes et al. 2006). De fato,
Linse et al. (2006) reconheceram trés provincias biogeograficas modernas considerando
géneros e espécies de moluscos: Provincia Antértica Continental, incluindo todo o continente

antartico exceto a peninsula; Provincia do Mar de Scotia, incluindo a peninsula Antértica; e
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[ Areas emersas .

[] Mares rasos . -

---- Plataforma P
Provincia Weddeliana [~——ps0—__

Figura 10: Reconstitui¢io da Provincia Weddelliana durante o final do Cretaceo (compilado de
Zinsmeister 1979a, 1982 ¢ Lawver & Gahagan 2003).

Provincia Subantértica, correspondendo as ilhas proximas a Convergéncia Antartica (Anexo
1). Os dados de Linse et al. (2006) corroboram a idéia de que a Corrente Circum-Antartica
representa atualmente uma barreira para o intercdmbio de faunas entre a regido abrangida pela
Convergéncia Antértica e regides periféricas.

Embora Barnes et al. (2006) tenham afirmado que a Antartica teria se configurado em
nova provincia biogeografica somente apds o estabelecimento da Corrente Circum-Antartica,
Stilwell (2000, 2002) propbs que a Antartica teria se configurado em nova provincia ainda na
metade do Eoceno. Segundo os argumentos do autor (Stilwell 2000, 2002), uma regido com
pelo menos 10% de endemismo ao nivel de género é caracterizada como provincia
biogeografica, e, dentre os moluscos registrados na Formacdo La Meseta (ilha Seymour,
Anexo 1), de idade eocénica, 11% dos géneros sdo endémicos.

Considerando que a Antartica se configurou em nova provincia biogeografica no
Eoceno (Stilwell 2000) ou mesmo apds o Oligoceno final (Barnes et al. 2006), é provavel que
0 numero de tdxons compartilhados entre a Antartica e outras regides do Oceano Austral

diminuiu ao longo do Cenozdico. Ou seja, o0 regime de correntes oceanicas configurado
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durante 0 Nedgeno até os padrdes modernos de circulacdo resultou em uma barreira para o
intercambio de faunas entre a Antértica e regibes periféricas.

Outro aspecto importante é a evidéncia de intercAmbio de organismos plantonicos entre

as porcdes ocidental atlantica e pacifica da Antértica (Stilwell & Zinsmeister 2000).
Anteriormente a formacdo dos mantos de gelo na Antéartica, correntes circulavam em
passagens marinhas rasas que provavelmente existiram do Paledgeno a metade do Nedgeno
na regido préxima ao limite leste-oeste da Antartica (Fig. 11). Estudos baseados em
microfdsseis sugeriram que essas correntes teriam existido do final do Cretaceo ao Paleoceno
(Huber 1992), enquanto evidéncias de macrofosseis estenderam a existéncia das correntes até
0 Eoceno médio (“Shackleton Seaway” de Zinsmeister 1979b, Stilwell 1996, 2000; Fig. 10A).
Outro estudo com microfésseis indicou que essas correntes rasas teriam existido do inicio do
Oligoceno ao Mioceno médio, na direcdo Atlantico-Pacifico (Lazarus & Caulet 1993; Fig.
11C-D).
Considerando que os mantos de gelo do oeste da Antartica desenvolveram-se durante o inicio
ou meio do Mioceno (De Santis et al. 1999, Bart 2003), é provavel que tais correntes
existissem somente antes da formacao dos mantos de gelo do oeste e receberam influéncia da
Corrente Circum-Antértica ainda no comeco do Oligoceno. Esses dados confirmam as
reconstituicGes paleogeogréaficas de Lawver & Gahagan (2003), que sugeriram a existéncia
das passagens marinhas do inicio do Eoceno ao inicio do Oligoceno, mas na direcdo oposta,
Pacifico-Atlantico (Fig. 11B-C).

Os dados de Stilwell & Zinsmeister (2000), Zinsmeister (1979b) e Stilwell (1996, 2000)
parecem indicar, no entanto, que o intercambio ocorreu de forma bidirecional entre a regido
da peninsula Antértica (ilha Seymour, Anexo 1) e a regido de McMurdo Sound (Anexo 1). O
intervalo de existéncia e o sentido de circulagdo das correntes da “Passagem de Shackleton”

sdo cruciais para 0 entendimento de alguns padrdes paleobiogeograficos da regido.
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Passagem de Shackleton Eoceno médio a final
“Shackleton Seaway”
Y

Qceano Atlantico

Oceano Pacifico

Oligoceno inicial

Mioceno inicial

Lazarus & Caulet (1993)

~—» Lawver & Gahagan (2003)

—* Sobreposicdo de Lazarus & Caulet (1993)
e Lawver & Gahagan (2003)

Figura 11: Correntes marinhas cenozoicas no Oceano Sul. A, “Passagem de Shackleton”, segundo
Zinsmeister (1979b). B-D, Reconstituigdes paleoceanograficas de Lazarus & Caulet (1993) ¢ Lawver &
Gahagan (2003). As setas pontilhadas indicam atuacio de correntes fracas. Segundo Zinsmeister (1979b),
o intercambio de faunas através da “Passagem de Shackleton™ teria ocorrido do final do Cretaceo ao
Eoceno médio. De acordo com Lazarus & Caulet (1993), a passagem de mar raso entre o oeste € o leste da
Antartica teria existido do inicio do Oligoceno ao inicio do Mioceno, na dire¢do Atlantico-Pacifico. Os
dados de Lawver & Gahagan (2003) indicam que a passagem teria existido do Eoceno médio até
possivelmente o inicio do Oligoceno, nadirecdo Pacifico-Atlantico.
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Anteriormente ao estabelecimento da Corrente Circum-Antartica e a expansao dos mantos de
gelo no continente, a Unica rota migratdria provavel entre a regido da peninsula Antértica e a
regido do mar de Ross (Anexo 1), ou mesmo a Nova Zelandia, seria via “Passagem de
Shackleton”, no sentido Atlantico-Pacifico. Por outro lado, a nica rota possivel de dispersdo
entre a regido do mar de Ross ou da Nova Zelandia, e a peninsula Antartica seria via

“Passagem de Shackleton”, mas no sentido Pacifico-Atlantico.

5.2.2. Afinidades e origem dos bivalves antarticos

Meétodo de estudo

De acordo com Scheltema (1977), a ocorréncia de organismos benténicos e sedentérios
em regides relativamente distantes é atribuida ao transporte passivo por correntes marinhas
desses organismos durante a fase larval. No caso do registro paleontoldgico, a ocorréncia de
um mesmo género em regides distantes em intervalos de tempo distintos pode indicar eventos
pretéritos de dispersdo larval e sugerir o padrdo paleobiogeografico e a origem geografica
provavel desse taxon.

Considerando o historico paleogeografico da Antértica resumido no Capitulo 2, é
razodvel que a evolucdo paleobiogeogréfica dos bivalves antarticos ao longo do Cenozobico
esteja relacionada com o registro do grupo para esse intervalo nas diversas regides do Oceano
Austral, como Australia, Tasmania, Nova Zelandia e sul da América do Sul. Para o estudo dos
padrdes paleobiogeograficos dos bivalves antarticos, seria adequado, portanto, comparar 0
registro da Antartica com o registro das demais regides do Oceano Austral. No entanto, frente
ao registro antartico limitado, optou-se por compara-lo ao registro mais completo da regido,
com o objetivo principal de que fosse evitada perda de informagdo durante a analise
comparativa. Outro objetivo seria que este primeiro estudo balizasse comparagdes posteriores

com regides cujo registro fossil € mais restrito. Dessa forma, a comparagdo entre o registro da
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Antartica com o da Nova Zelandia é bastante conveniente, uma vez que o registro de bivalves
para 0 Cenozbico da Nova Zelandia € o mais completo do Oceano Austral e teve sua
taxonomia reestudada recentemente (Beu & Maxwell 1990). Outro aspecto importante em se
utilizar o registro da Nova Zelandia é a possibilidade de comparagdo com interpretacdes de
estudos anteriores. Nesse caso, 0 método empregado no presente estudo foi adotado da analise
realizada por Beu et al. (1997). Nessa analise, foram comparados os géneros de moluscos

registrados para o Cenozdico em comum entre a Nova Zelandia e o sul da América do Sul.

Nesta analise paleobiogeogréfica, alguns aspectos a respeito da comparagdo entre 0s

géneros de bivalves da Antéartica e da Nova Zelandia devem ser ressaltados:

1- apenas os géneros cenozdicos em comum entre as duas regides serdo considerados;

2- a dispersdo teria ocorrido durante a fase de larva através de transporte passivo por
correntes oceénicas via “Passagem de Shackleton”, ou via Corrente Circum-
Antértica no sentido horério;

3- aorigem atribuida aos géneros analisados é considerada apenas entre as duas regites
ao longo do Cenozdbico, ou seja, a origem aqui atribuida ndo necessariamente
representa a origem paleobiogeogréafica daquela linhagem, e ndo necessariamente
sera a mesma se consideradas(os) também outras regides e/ou intervalos de tempo,
jaque:

4- 0 registro mais antigo ndo necessariamente reflete a primeira ocorréncia real (Beu et

al. 1997);

Analise paleobiogeografica
Dos 123 géneros de bivalves registrados para o final do Cretdceo e Cenozdico da

Antértica, 28 (23%) sdo registrados também para a Nova Zelandia, dos quais a maior parte
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(24 géneros, 86%) possui registro mais antigo nessas regides até o Eoceno e apenas quatro
(14%) sdo registrados pela primeira vez nessas regides apos o Oligoceno (Fig. 12). A queda
no numero de géneros em comum entre a Antartica e a Nova Zelandia depois do Oligoceno
suporta o cenario do isolamento geogréfico e térmico da Antértica, ocorrido apos as aberturas
das passagens da Tasmania e de Drake, com a conseqliente extingdo da Provincia
Weddelliana e o surgimento da Provincia Antartica no final do Paledgeno (Zinsmeister

1979a).

a) Géneros cosmopolitas

Os géneros cosmopolitas sdo amplamente distribuidos no mundo, com registro
cenozbico em ambos os hemisférios (Beu et al. 1997). Dos 28 taxons em comum entre as
duas regides, 17 correspondem a géneros cosmopolitas (61%). No entanto, quatro (14%,
Panopea, Acesta, Pinna e Ledina) possuem primeiro registro tanto na Nova Zelandia como na
Antértica (Fig. 12). Por este motivo, tais tdxons ndo oferecem informacdo sobre possiveis
rotas de dispersdo durante o Cenozoico, pelo menos ao nivel de género e considerando

somente essas duas regides.

b) Géneros gondwanicos

Os elementos paleoaustrais (Fleming 1963) ou géneros gondwanicos (Beu et al. 1997)
correspondem aos taxons originados no inicio do Cenozbico, ou mesmo no final do
Mesozobico, e que ocuparam a costa pacifica do Gondwana. Tais taxons sdo considerados
elementos de baixa capacidade de dispersdo, e cujo registro féssil representa evidéncia
pretérita de conexdo terrestre ou marinha de extensdo limitada (Fleming 1963, Zinsmeister

1982, Stilwell 2003).
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Dentre os géneros em comum entre a Nova Zelandia e a Antartica, 11 taxons (39%)
estdo nessa categoria (Fig. 12). O género Lahillia é registrado tanto na Nova Zelandia como
na Antartica no final do Cretaceo e, portanto, ndo oferece informacao sobre possiveis rotas de
dispersdo durante o Cenozoico. Neilo tem registro no Paleoceno da Patagdnia (Stilwell 2003),
do Eoceno ao Plioceno na Terra do Fogo (Malumian et al. 1978, Villarroel & Stuardo 1998) e
no final do Oligoceno na Argentina (Erdmann & Morra 1985). Ennucula ocorre do final do
Mioceno ao Pleistoceno do Chile (Villarroel & Stuardo 1998). Portanto, a origem de Neilo e
Ennucula durante o Eoceno na ilha Seymour e o Mioceno da ilha Rei George estaria
relacionada ao intercdmbio faunistico entre o sul da América do Sul e a peninsula Antartica,
regides contiguas durante essa época, 0 que confirma ambos 0s tdxons como géneros
gondwanicos.

Limopsis ocorre do Eoceno médio a final na Argentina (Zinsmeister 1981). Cuccullaea
ocorre no Mioceno da Terra do Fogo, enquanto o registro de Marwickia é restrito ao inicio do
Cenozoico (Beu et al. 1997). Chlamys ocorre no Mioceno médio da Argentina (Del Rio
1992). Na Antartica, os registros mais antigos de Cuccullaea, Limopsis e Chlamys séo do
final do Cretaceo (Stilwell & Zinsmeister 1987, Zinsmeister & Macellari 1988, Stilwell
2002). Isto pode sugerir que tais géneros possuem historia prévia durante o Mesoz6ico em
outras regides do Gondwana, ou mesmo que ndo ha registro suficiente para a interpretacdo da
origem desses taxons.

Limatula poderia ser considerada como um género gondwanico uma vez que sua origem
remonta 0 Mesozdéico (Fleming 1978). No entanto, o registro da Nova Zelandia inclui os
subgéneros Limatula, Stabilima e Limatuletta, com diversas espécies e subespécies (Fleming
1978, Beu & Maxwell 1990). O grupo de L. (Limatula) subovata teria surgido, segundo
Fleming (1978), no Eoceno e originado as espécies recentes da Australdsia com afinidade por

climas mais frios. Ainda de acordo com o0 autor, 0s representantes desse grupo apresentam
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costelas alcancando as submargens e conchas com formato de brasdo. O subgénero
caracteristico da Antértica, Antarctolima, representado pelo féssil oligocénico da Formacéo
Polonez Cove (Anexo 5) e espécies viventes, também possui costelas alcancando as
submargens e conchas com formato similar (piriforme). E provavel, portanto, que os
representantes presentes na Antartica e no sul da América do Sul tenham surgido no Eoceno
de um dos grupos que ocorrem no registro da Nova Zelandia, o que sugere que a linhagem de

Limatula aqui considerada ndo se trata de um elemento gondwanico.

c¢) Géneros dispersores

Os géneros dispersores cenoz6icos correspondem aos tdxons com registro mais antigo
no Eoceno e cuja distribuicdo geografica e estratigrafica sugere dispersdo (Beu et al. 1997).
Fazem parte desse grupo os elementos neoaustrais que, diferentemente dos demais dispersores
cenozoicos, exibem padrao de distribui¢do antitropical, ou seja, ndo ocorrem na faixa entre 0s
tropicos (Fleming 1963).

Dentre 0s géneros em comum entre a Nova Zelandia e a Antartica, 60% (17 géneros)
representam essa categoria (Fig. 12). Considerando todo o registro de géneros de bivalves
para o Cenozdico da Antartica (123 géneros), essa porcentagem diminui para 14%. Deve ser
ressaltado, entretanto, que esta porcentagem poderia variar se fosse acrescentado na analise o
registro paleontolégico de outras regiGes do Oceano Austral.

Dentre os dispersores cenozoicos (17 géneros), a maioria (14 géneros, 82%) possui
registro féssil que sugere dispersdo da Antartica para a Nova Zelandia (Fig. 12). Destes 14
géneros, quase a metade, 43% (Ostrea, Yoldiella, Hiatella, Oxyperas, Saccella e
Eucrassatella), teria dispersado da Antartica para a Nova Zelandia ainda durante o Eoceno
(Fig. 13 e 14A). O padrdo de distribuicdo desses tdxons suporta a hipétese da existéncia de

conexBes marinhas de plataforma rasa entre o0 oeste e o leste da Antértica (“Passagem de
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Shackleton” de Zinsmeister 1979b, Stilwell 1996; Fig. 11A) e da provincia Weddeliana
(Zinsmeister 1979a, b, Stilwell 2002) do final do Cretaceo ao Eoceno. No entanto, o registro
concorda parcialmente com as reconstituicdes de correntes marinhas propostas por Lazarus &
Caulet (1993) ou Lawver & Gahagan (2003) (Fig. 11). A disperséo teria ocorrido durante o
Eoceno, segundo a reconstituicdo proposta por Lawver & Gahagan (2003), mas no sentido
Atlantico-Pacifico, como sugerido por Lazarus & Caulet (1993) (Fig. 14A).

A outra metade dos dispersores cenozdicos, 47% (Cyclocardia, Linucula, Cardita,
Crassostrea, Aulacomya, Pecten, Mytilus e Austrochlamys), sugere dispersdo da Antartica
para a Nova Zelandia ap6s o Oligoceno inicial (Fig. 12, 13 e 14B-E). A dispersdo desses
tdxons ocorreu provavelmente durante e apds o estabelecimento da Corrente Circum-
Antértica (~24 Ma, Pfhul & McCave 2005). Uma vez que os mantos de gelo do leste da
Antértica se desenvolveram no Oligoceno inicial (Wise 2000, Coxall et al. 2005, Tripati et al.
2005) e no oeste durante a metade do Oligoceno ou do Mioceno (Barker & Camerlenghi
2002, Zachos et al. 2001), a dispersdo teria ocorrido provavelmente margeando a Antartica
pelas bordas ocidental atlantica e oriental em direcdo a Nova Zelandia (Fig. 14B-E). Limatula,
Gari e Propeamussium também dispersaram ap6s o Oligoceno inicial, mas pela margem

ocidental pacifica, da Nova Zelandia em direcdo a peninsula Antartica (Fig. 14B e E).

Comparacao

Beu et al. (1997) realizaram estudo semelhante ao compararem o registro cenozoico de
moluscos em comum (33 taxons) entre a Nova Zelandia e sul da América do Sul. A anélise
evidenciou o grande nimero de tdxons cujo registro aponta para dispersdo da Nova Zelandia
para a América do Sul entre o final do Oligoceno e inicio do Mioceno. Esse numero
corresponde a 22 dispersores potenciais, que diminui para 14 tdxons, considerando-se apenas

os dispersores cenozoicos. De acordo com os autores, 0s taxons teriam dispersado ap6s o
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NUmero de géneros dispersores
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Figura 13: Numero de géneros em comum entre a Antartica ¢ a Nova Zelandia cujo registro sugere
disperséo.

estabelecimento da Corrente Circum-Antartica, pela margem ocidental pacifica da Antartica.
Outros oito taxons teriam dispersado da América do Sul para a Nova Zelandia, também no
intervalo entre o final do Oligoceno e inicio do Mioceno. Neste caso, a dispersdo teria
ocorrido apds a abertura da passagem de Drake, mas margeando as bordas ocidental atlantica
e oriental pacifica da Antértica em direcdo & Nova Zelandia.

Por outro lado, nove taxons teriam dispersado da América do Sul para a Nova Zelandia
do Plioceno ao Pleistoceno, também pela margem ocidental atlantica e a margem oriental
pacifica da Antartica. Este novo evento de dispersdo, ainda de acordo com Beu et al. (1997),
teria sido favorecido apds eventos de glaciacdo durante o final do Cenozoico, os quais teriam
intensificado a circulagdo da Corrente Circum-Antartica.

O estudo de Beu et al. (1997) revelou que o registro féssil aponta para a dispersdo da
maior parte dos géneros da Nova Zelandia para a América do Sul do final do Oligoceno ao

inicio do Mioceno (como Limatula e Gari da Figura 14B desta analise). O presente estudo, no
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Eoceno Oligoceno

- Dispersores: Ostrea, Yoldiella, Hiatella, Oxyperas, - Dispersores: Cyclocardia, Linucula (da Ant para a
Saccella, Eucrassatela NZ), Limatula, Gari (da NZ para a Ant)
- América do Sul, Antartica e Australia unidas. - abertura das passagens da Tasmania e de Drake
- “Passagem de Shackleton”: Unica via plausivel de - provavel glaciacdo em larga escala: “Passagem
dispersdo da Antartica para a Nova Zelandia. de Shackleton” inexistente

Mioceno Plioceno

- Dispersores:

Cardita, Crassostrea - Dispersor:

Aulacomya

- estabelecimento da CCA.

Pleistoceno - Holoceno

da Antartica para a Nova Zelandia
- da Nova Zeléndia para a Antartica

- Dispersores (Pleistoceno):
Pecten, Mytilus, Austrochlamys

- Dispersor (Holoceno): Propeamussium

Figura 14: Padrio paleobiogeografico de dispersdo dos géneros de bivalves cenozoicos registrados em
comum para a Nova Zelandia ¢ Antartica. A. Eoceno: primeiro pulso de dispersio da Antartica para a
Nova Zelandia via “Passagem de Shackleton™. B, Oligoceno; C, Mioceno: D, Plioceno: E. Pleistoceno-
Holoceno: pequenos eventos de dispersdo da Nova Zelandia para a Antartica (seta azul) ¢ da Antartica
paraaNova Zelandia (seta laranja) via Corrente Circum-Antartica.
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entanto, aponta para dispersdo da maioria dos géneros da Antartica para Nova Zelandia
durante o Eoceno (Fig. 14A).

Embora aparentemente discordantes, ambos 0s estudos convergem para um ponto
importante em relacdo a estudos sobre dispersdo, ou seja, a distancia percorrida. Beu et al.
(1997) consideraram a dispersdo da Nova Zelandia para o sul da América do Sul mais
provavel, pois, neste caso, a distancia seria menor do que do sul da Ameérica do Sul para a
Nova Zelandia. Além disso, a dispersdo seria possivel apds o estabelecimento das correntes
frias em torno da margem ocidental pacifica da Antartica.

Da mesma forma, no presente estudo, a dispersdo seria mais provavel via “Passagem de
Shackleton”, a menor distancia a ser percorrida entre peninsula Antartica e Nova Zelandia.
Além disso, o registro sugere que a maioria dos taxons teria dispersado durante o Eoceno,
quando os mantos de gelo ainda ndo avancavam sobre a Antértica e correntes marinhas rasas
circulavam entre o limite leste-oeste do continente.

Além disso, o presente estudo concorda com as interpretacdes de Barnes et al. (2006),
nas quais o intercdmbio de faunas entre a Antértica e regides periféricas teria caido a niveis
muito baixos apo6s o estabelecimento da Corrente Circum-Antértica. De fato, esta anélise
paleobiogegrafica aponta para ocorréncia de pulsos menores de dispersdo apds o Oligoceno
(Fig. 14B-E).

Portanto, embora Beu et al. (1997) e a presente analise ndo abordem completamente a
histéria paleobiogeogréfica cenozoica dos moluscos do Oceano Austral, cada um revela parte
desse histdrico, além de concordar com as interpretacbes sobre a evolucdo tectdnica e

oceanografica dessa regido.
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5.3. Significado paleoclimético dos bivalves cenozdicos da Antértica

Como hipdtese desta dissertacdo, as mudancas ambientais ocorridas na regido do
Oceano Austral durante o Cenozdico, resultantes da separacdo entre a Antértica e a Australia
e entre a Antértica e a América do Sul, afetaram tanto a configuragdo bidtica, como o padrao
de distribuicdo paleobiogeogréafica da regido. Em resposta a essas alteragdes, € esperado que
taxons de bivalves caracteristicos de aguas frias, mas ndo polares, mantiveram-se nas regides
de clima mais ameno, ou mesmo dispersaram da Antartica para regides periféricas durante o
isolamento térmico do continente. E esperado também que essa resposta se desse primeiro no
leste da Antartica e, posteriormente, no oeste, segundo o sentido de expansdo dos mantos de
gelo. Muito embora este ndo seja o0 objetivo principal desta dissertacdo, alguns exemplos das
regides oriental e ocidental da Antartica contemplados a seguir parecem corroborar este

cenario.

5.3.1. Leste da Antartica
Estudos realizados pelo “Cape Roberts Project” da regido do mar de Ross (Anexo 1)
revelaram a presenca de bivalves modiolideos em unidades do testemunho CRP-1 de idade
atribuida ao Oligoceno inicial (Taviani et al. 2000, Taviani & Beu 2001). Atualmente, esse
grupo de bivalves da Familia Mytilidae ocorre em éareas com clima frio, mas séo
desconhecidos de localidades com clima polar. Portanto, o registro paleontol6gico aponta para
condicBes climaticas mais amenas que as modernas, o que confirma interpretacdes a partir de
dados isotdpicos (Tripati et al. 2005). De fato, Taviani & Beu (2003) sugeriram que as
condicBes climéaticas e ambientais na regido do mar de Ross durante esse intervalo foram
subpolares, semelhantes a Patagbnia ou mesmo Alaska.
Da mesma forma, estudos realizados pelo “Cape Roberts Project” na mesma regido

registraram a presenca dos géneros de pectinideos Austrochlamys e Adamussium em
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sedimentos dos testemunhos CRP-1 e CRP2/2A datados do inicio do Mioceno (Taviani et al.
2000, Taviani & Beu 2003). Atualmente, Adamussium, além de Chlamys, é o Unico
representante da Familia Pectinidae ocorrendo na Antértica, enquanto espécies modernas de
Austrochlamys sdo encontradas apenas na Patagbnia (Jonkers 2003). Tais registros também

parecem sugerir um clima miocénico mais ameno que o atual (Taviani & Beu 2003).

5.3.1. Oeste da Antartica

Alguns géneros de bivalves com afinidades por d&guas menos frias que as da Antartica
pos-esfriamento possuem registro paleobiogeografico que parece sugerir migracdo de areas
glaciadas para regides de clima mais ameno. O género Neilo, atualmente endémico da Nova
Zelandia, possui representantes fosseis registrados em depdsitos de idades atribuidas ao
Paleoceno, Eoceno, Oligoceno e Plioceno no sul da América do Sul (Malumian et al. 1978,
Erdmann & Morra 1985, Villarroel & Stuardo 1998, Stilwell 2003). Na Antértica, 0s
depdsitos mais jovens a registrar esse género correspondem a Formacdo Cape Melville, do
inicio do Mioceno (Anexo 4). Assim, o registro desse género parece indicar que a ocupacdo
dos seus representantes da América do Sul em direcdo a peninsula Antartica foi interrompida
apos a glaciacdo do oeste da Antértica, restando apenas a linhagem que originou as espécies
modernas da Nova Zelandia, de afinidades por 4guas mais quentes que as antarticas.

Outro exemplo interessante diz respeito aos bivalves pectinideos, registrados do
Paleoceno ao Recente da Antartica, e que estdo atualmente representados na Antértica por
apenas dois géneros: Adamussium, endémico desse continente e ocorrendo abundantemente
em toda a area da zona de Convergéncia Antartica (Jonkers 2003), e Chlamys, de carater
cosmopolita (SOMBASE). Embora a base de dados organizada por H.J. Griffiths
(SOMBASE) inclua apenas um registro da espécie Chlamys multicolor no mar de Weddell,

diversos autores (Dell 1964, 1990, Jonkers 2003, Stilwell 2003, Berkman et al. 2003)
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consideraram Adamussium como o unico pectinideo antartico moderno. Berkman et al. (2003)
atribuem a extin¢do dos pectinideos a mudanca de ambiente preferencialmente ocupado pelos
representantes dessa familia. Segundo os autores, fosseis de Adamussium foram encontrados
em depositos interpretados como tipicos de ambientes costa afora (“offshore”), enquanto os
demais pectinideos fdsseis foram coletados de depositos atribuidos a ambientes costeiros de
alta energia. Durante o Holoceno, o aprofundamento da plataforma antéartica e a expansao do
gelo teriam promovido o surgimento de ambientes de baixa energia nas regides de costa, 0
que virtualmente resultaria na simulacdo de ambientes mais profundos nessas regides
costeiras. Além disso, os representantes modernos de Adamussium também habitam regies
costeiras, mas em ambientes protegidos, por baias, ou mesmo pela cobertura de gelo marinho.
Assim, a mudanga no ambiente costeiro teria favorecido a sobrevivéncia de linhagens
ancestrais de Adamussium, enquanto os demais pectinideos teriam sido extintos frente a
auséncia de ambiente preferencial.

Além disso, trabalhos recentes demonstraram que a espécie moderna Adamussium
colbecki é, ao nivel celular, fisiologicamente dependente de temperaturas mais baixas em
relacdo a outros pectinideos (Heilmeyer & Brey 2003, Heilmeyer et al. 2005). No entanto, a
hipotese de adaptacdo metabdlica ao frio (“metabolic cold adaptation”, Peck 2002) ainda ndo

esta confirmada (Heilmeyer 2003).
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CAPITULO 6 — Conclusdes

6.1. Taxonomia

- As descrigbes taxondmicas dos invertebrados das formagdes Polonez Cove
(Oligoceno) e Cape Melville (Mioceno) contribuem para o conhecimento ainda incipiente da
biodiversidade de invertebrados Antarticos do Cenozdico, além de introduzir novos dados a
respeito da evolucdo bidtica durante os eventos de glaciacdo no oeste da Antartica (anexos 4 e
5).

6.1. Paleobiogeografia

- A diversidade de bivalves antarticos ao longo do Cenozobico atualmente conhecida ndo

reflete as alteragdes ambientais ocorridas na regido durante esse intervalo.

- O maior numero de bivalves registrado em alguns intervalos pode ser explicado pelas

condicGes deposicionais que possivelmente favoreceram a preservacdo dos fosseis.

- Entre os géneros de bivalves em comum para o registro cenozoico da Antartica e Nova
Zelandia, a maioria possui registro até o Eoceno, o que suporta o isolamento geogréafico da
Antértica ap6s o Oligoceno e a diminui¢do de intercdmbio faunistico entre a Antartica e
regides periféricas.

-Apenas 14% dos géneros em comum para o0 registro cenozéico da Antartica e Nova
Zelandia representam taxons dispersores cenozdicos, 0 que novamente suporta o isolamento
geogréfico da Antartica ap6s o Oligoceno e a diminuicdo de intercambio faunistico entre a

Antartica e regides periféricas.

- Quase metade dos géneros considerados dispersores cenozdicos teriam dispersado da
Antértica para a Nova Zelandia durante o Eoceno, o que concorda com a hip6tese de
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existéncia de conexfes marinhas de plataforma rasa entre o oeste e o leste da Antartica

(“Passagem de Shackleton™) e da provincia Weddeliana do final do Cretaceo ao Eoceno.

- O padréo de distribuicdo desses tdxons concorda parcialmente com as reconstitui¢cées
de paleocorrentes propostas por Lazarus & Caulet (1993) ou Lawver & Gahagan (2003). A
dispersdo teria ocorrido durante o Eoceno, como proposto por Lawver & Gahagan (2003),

mas no sentido Atlantico-Pacifico, como sugerido por Lazarus & Caulet (1993).

- A outra metade dos dispersores cenozoicos sugere dispersdo da Antartica para a Nova
Zelandia do Oligoceno ao Holoceno. A dispersdo desses taxons teria ocorrido durante e apds
o0 estabelecimento da Corrente Circum-Antartica, ndo mais pela “Passagem de Shackleton”,
mas margeando a Antartica pelas bordas ocidental atlantica e oriental em direcdo & Nova
Zelandia.

- O registro de bivalves cenozdicos da Antartica suporta a hipotese de glaciacdo perene a
partir do inicio do Oligoceno na regido leste do continente, e na metade do Oligoceno na

regido oeste, com temperaturas mais amenas que as observadas atualmente no continente.

- Os bivalves e braquiépodes da Formacdo Polonez Cove (Oligoceno) aflorante no pico
Vauréal possuem registro fdssil que sugere dispersdo em dois passos: ap0s a abertura da
passagem da Tasmania, ao longo da margem oriental antartica, e apds a abertura da passagem
de Drake, ao longo da margem ocidental antartica, o que concorda com as reconstitui¢des

paleogeogréficas e paleoceanogréaficas para o Cenozdico da Antartica (Anexo 5).
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Anexo 1: Mapas com as localidades citadas no texto e anexos. A, Projecao azimutal equidistante do Pdélo Sul, com as areas abrangidas pela
Convergéncia Antartica e adjacéncias (compilado de Zinsmeister 1982 e projecao cedida por J. P. Rodrigue, Universidade de Hofstra, Hempstead, Nova
lorque). B, Extremidade da peninsula Antartica. C,ilha Rei George (modificado de Birkenmajer 2001). D, regiao entre o cabo Vauréal e a baia Rei George,

ilha Rei George (modificado de Troedson & Riding 2002). E, peninsula Melville, ilha Rei George (modificado de Birkenmajer 2001).
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Anexo 2: Espécies de bivalves fosseis cretacicos e cenozoicos provenientes da Antartica.

Familia Espécie Idade Unidade Ocorréncia Referéncia
Pronucula sp. Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Leionucula nova Eoceno Fm. La Meseta Ilha Seymour, ilha Cockburn Zinsmeister 1984, Stilwell &
Zinsmeister 1987
Leionucula nova Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Leionucula sp. Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Nuculidae Leionucula palmeri Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Leionucula suboblonga Cretaceo Superior ~ Fm. Lopez de Bertodano e Fm.  Ilha Seymour Zinsmeister & Macellari 1988
- Paleoceno Sobral
Leionucula hunickeni Paleoceno Fm. Sobral Ilha Seymour Zinsmeister & Macellari 1988
Acila? sp. Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Ennucula frigida Mioceno Fm. Cape Melville Ilha Rei George (peninsula Anexo 4
Melville)
Ennucula musculosa Mioceno Fm. Cape Melville Ilha Rei George (peninsula Anexo 4
Melville
Linucula? mcmurdoensis Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Nuculana cf. oxyrhyncha Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Nuculana sp. Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Nuculana sp. Paleoceno inicial Fm. Sobral Ilha Seymour Stilwell 2003
Nuculanidae Ledina sp. Paleoceno inicial Fm. Sobral Ilha Seymour Stilwell 2003
Jupiteria sp. Paleoceno inicial Fm. Sobral Ilha Seymour Stilwell 2003
Saccella eoantarctica Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Australoportlandia antarctica Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Neilonellidae Pseudotindaria? levyi Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Sareptidae Yoldiella sp. Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Yoldiidae Yoldia peninsularis Mioceno Fm. Cape Melville Ilha Rei George (peninsula Anexo 4
Melville)
Malletia sp. Cretaceo Superior ~ Fm. Snow Hill Island Ilha Cockburn Stilwell & Zinsmeister 1987, 2000
Australoneilo rossi Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Malletiidae Australoneilo gracilis Paleoceno Fm. Sobral 1lha Seymour Zinsmeister & Macellari 1988
Australoneilo casei Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Neilo beui Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Neilo rongelii Mioceno Fm. Cape Melville Ilha Rei George (peninsula Anexo 4
Melville)
Solemya peteri Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Solemyidae Solemya rossiana Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Solemya surolongata Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Cuccullaea donaldi Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Cuccullaea raea Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984




Cuccullaea sp. cf. C. raea Eoceno Fm. La Meseta Ilha Cockburn Stilwell 2002
Cuccullaea elliot Paleoceno Fm. Sobral Ilha Seymour Zinsmeister & Macellari 1988
Cucullaeidae Cuccullaea antarctica Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Cuccullaea sp. cf. C. donaldi Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Nordenskjoldia nordenskjoldi Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Austrocucullaea oliveroi Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Arcidae Arca? sp. Eoceno Fm. La Meseta Ilha Cockburn Stilwell & Zinsmeister 1987
Mytilus cf. magellanicus Oligoceno inicial Fm. Polonez Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Aulacomya anderssoni Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Aulacomya sp. cf. A. Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Mytilidae anderssoni
Brachidontes sandalius Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Modiolus thomsoni Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Modiolus turneri Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Modiolus cf. M. pontotocensis  Cretéceo Superior  Fm. Lépez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Limopsis antarctica Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Limopsidae Limopsis (Limopsista?) Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
antarctominuta
Limopsis psimolis Mioceno Fm. Cape Melville Ilha Rei George (peninsula Anexo 4
Melville)
Bakevelliidae Phelopteria feldmanni Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Pulvinitidae Pulvinites antarctica Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Pinna sobrali Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Pinnidae Pinna freneixae Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Pinna sp. cf. P. anderssoni Cretaceo Superior ~ Fm. Snow Hill Island Ilha Cockburn Stilwell & Zinsmeister 1987
Acesta (Antarcticesta) laticosta  Eoceno Fm. La Meseta Ilha Cockburn Stilwell & Zinsmeister 1987
Acesta shackletoni Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Limidae Acesta webbi Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Limatula ferraziana Oligoceno inicial Fm. Polonez Cove Ilha Rei George (pico Vauréal)  Anexo 3
Limatula sp. Pleistoceno Bacia Victoria Land Victoria Land Taviani et al. 1998
(Testemunho CRP-1)
Seymourtula antarctica Cretaceo Superior ~ Fm. Lopez de Bertodano, Fm. Ilha Seymour, llha Cockburn Zinsmeister & Macellari 1988,
Snow Hill Island Stilwell & Zinsmeister 1987
Pycnodonte (Phygraea) cf. Cretaceo Superior ~ Fm. Lopez de Bertodano, Fm. Ilha Seymour, 1lha Cockburn Zinsmeister & Macellari 1988,
Gyphaeidae vesiculosa Snow Hill Island Stilwell & Zinsmeister 1987
Pycnodonte (Phygraea) Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
seymourensis
Ostrea antarctica Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Ostrea seymourensis Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Ostreidae Ostrea sp. Eoceno Fm. La Meseta Ilha Cockburn Stilwell & Zinsmeister 1987
Ostrea sp. Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Crassostrea antarctogigantea Eoceno Blocos erraticos McMurdo Sound Stilwell 2000




Pecten cf. centralis

Oligoceno inicial

Fm. Polonez Cove

Ilha Rei George (Lions Rump)

Gazdzicki & Pugaczewska 1984

Eburneopecten sp.

Eoceno

Blocos erraticos

McMurdo Sound

Stilwell 2000

Cyclopecten cf. guppyi

Oligoceno inicial

Fm. Polonez Cove

Ilha Rei George (Lions Rump)

Gazdzicki & Pugaczewska 1984

Chlamys sp. Eoceno Fm. La Meseta Ilha Seymour, Ilha Cockburn Zinsmeister 1984, Stilwell &
Zinsmeister 1987
Chlamys sp. Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Chlamys (Chlamys) cf. Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
proximus
. Chlamys (Anatipopecten) cf. Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Pectinidae anatipes
Chlamys (Swiftopecten) sp. Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Chlamys sp. Cretaceo Superior ~ Fm. Lépez de Bertodano Ilha Seymour Stilwell 2002
Austrochlamys marisrossensis Mioceno inicial Bacia Victoria Land Victoria Land Jonkers 2003
(Testemunho CRP-1)
Austrochlamys gazdzickii Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984,
Gazdzicki & Studencka 1997,
Jonkers 2003
Austrochlamys anderssoni Mioceno final — Fm. Hobbs Glacier, Fm. Ilha James Ross, Ilha Cockburn  Jonkers 2003, Stilwell &
Plioceno final Cockburn Island Zinsmeister 1987
Austrochlamys heardensis Mioceno final Fm. Drygalski Ilha Heard Jonkers 2003
Austrochlamys tuftensis Plioceno inicial Fm. Sorsdal Vestfold Hills, Victoria Land Jonkers 2003
Adamussium colbecki Plioceno final, Fm. Cockburn Island, Fm. IIha Cockburn, Minna Bluff Jonkers 1998, 2003, Stilwell &
Holoceno Taylor (mar de Ross) Zinsmeister 1987
Adamussium alanbeui Oligoceno — Bacia Victoria Land Victoria Land, Ilha Rei George  Jonkers 2003
Mioceno inicial (Testemunho CRP-2/2A), Fm. (Lions Rump, peninsula
Polonez Cove, Fm. Cape Melville)
Melville
Adamussium auristriatum Oligoceno inicial Fm. Polonez Cove Ilha Rei George (pico Vauréal)  Anexo 3
Entolium seymourensis Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Entoliidae Entolium sadleri Cretaceo Superior ~ Fm. Lopez de Bertodano e Fm.  llha Seymour Zinsmeister & Macellari 1988
- Paleoceno Sobral
Entolium sp. Cretaceo Superior ~ Fm. Snow Hill Island Ilha Cockburn Stilwell & Zinsmeister 1987
Trigoniidae Eselaevitrigonia regina Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Linotrigonia pygoscelium Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Cyamiidae Perrierina sp. Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Psammobiidae Gari (Psammobia) patagonica  Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Trapeziidae Trapezium sp. Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Corbulidae Corbula (Varicorbula) cf. Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
hatcheri
Surobula nucleus Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Myidae Mya (Arenomya) nucleoides Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Mya (Arenomya) sowerbyi Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984




Hiatella tenuis Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984

Hiatella harringtoni Eoceno Blocos erraticos McMurdo Sound Stilwell 2000

Panopea cf. P. phillipii Eoceno Blocos erraticos McMurdo Sound Stilwell 2000

Panopea philippii Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984

Panopea cf. undatoides Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984

Hiatellidae Panopea (Panopea) cf. Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
regularis
Panopea (Panopea) cf. Mioceno Fm. Cape Melville Ilha Rei George (peninsula Anexo 4
regularis Melville)
Panopea (Panopea) nucleoides  Oligoceno inicial Fm. Polonez Cove llha Rei George (Magda Pugaczewska 1984
Nunatak)
Panopea clausa Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Panopea (Panopea) andreae Oligoceno final Fm. Destruction Bay Ilha Rei George (Wrona Studencka 1991
Buttress)
Panopea (Panopea) aff. Oligoceno final Fm. Destruction Bay Ilha Rei George (Wrona Studencka 1991
worthingtoni Buttress)
Panopea sp. Cretaceo Superior ~ Fm. Snow Hill Island Ilha Cockburn Stilwell & Zinsmeister 1987
Saxolucina sharmani Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Saxolucina sharmani Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Saxolucina sp. Paleoceno inicial Fm. Sobral Ilha Seymour Stilwell 2003
Lucinidae Miltha? sp. Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Lucina scotti Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Lucina sp. Cretaceo Superior ~ Fm. Snow Hill Island Ilha Cockburn Stilwell & Zinsmeister 1987
Cardita subrectangulata Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Cyclocardia sp. Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Carditidae Nemocardium (?Pratulum) Eoceno Blocos erraticos McMurdo Sound Stilwell 2000

minutum

?Arcturellina sp.

Oligoceno inicial

Fm

. Polonez Cove

Ilha Rei George (Lions Rump)

Gazdzicki & Pugaczewska 1984

Pleuromeris cf. volckmanni

Oligoceno inicial

Fm

. Polonez Cove

Ilha Rei George (Lions Rump)

Gazdzicki & Pugaczewska 1984

Crassatellidae

Eucrassatella (Eucrassatella)
sp.

Oligoceno inicial

Fm

. Polonez Cove

Ilha Rei George (Lions Rump)

Gazdzicki & Pugaczewska 1984

Eucrassatella (Spissatella) sp.

Oligoceno inicial

Fm

. Polonez Cove

Ilha Rei George (Lions Rump)

Gazdzicki & Pugaczewska 1984

Eucrassatella wilckensi Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Crassatella sp. Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Sportellidae ?Anisodonta truncilla Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Lahillia wilckensi Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Lahillidae Lahillia larseni Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Lahillia huberi Paleoceno Fm. Sobral Ilha Seymour Zinsmeister & Macellari 1988
Lahillia sp. Cretaceo Superior ~ Fm. Snow Hill Island Ilha Cockburn Stilwell & Zinsmeister 1987
Astartidae Dozyia drygalskiana Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Thyasira townsendi Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Thyasiridae Thyasira (Conchocele) Eoceno Blocos erraticos McMurdo Sound Stilwell 2000




australosulcata

Thyasira sp. Paleoceno inicial Fm. Sobral Ilha Seymour Stilwell 2003
Mactra cf. M. irizari Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Mactridae Mactra irigari Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Oxyperas (Pseudoxyperas) Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
ortmanni
Gaimardiidae Gaimardia flemingi Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
?Costokidderia sp. Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Venus (Ventricoloidea) newtoni  Oligoceno inicial Fm. Polonez Cove llha Rei George (Lions Rump, Gazdzicki & Pugaczewska 1984,
Magda Nunatak) Pugaczewska 1984
Timoclea sp. Oligoceno inicial Fm. Polonez Cove Ilha Rei George (Lions Rump)  Gazdzicki & Pugaczewska 1984
Meretrix cf. iheringi Oligoceno inicial Fm. Polonez Cove llha Rei George (Magda Pugaczewska 1984
Nunatak)
Eurhomalea florentinoi Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
) Eurhomalea carlosi Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Veneridae Eurhomalea inflata Eoceno Fm. La Meseta 1lha Seymour Zinsmeister 1984
Eurhomalea cf. antarctica Oligoceno final Fm. Destruction Bay Ilha Rei George (Wrona Studencka 1991
Buttress)
Eurhomalea cf. newtoni Oligoceno final Fm. Destruction Bay Ilha Rei George (Wrona Studencka 1991
Buttress)
“Eurhomalea” claudiae Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Cyclorismina? cf. C. marwicki Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
?Eumarcia (Atamarcia) Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
robusta
?Gomphina iheringi Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Cyclorismina marwicki Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Cockburnia lunulifera Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Marwickia woodburnei Paleoceno Fm. Sobral Ilha Seymour Zinsmeister & Macellari 1988
Cyclorisma chaneyi Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Pholadomyidae Goniomya hyriiformis Cretaceo Superior  Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Thraciidae Thracia askinae Cretaceo Superior ~ Fm. Lopez de Bertodano Ilha Seymour Zinsmeister & Macellari 1988
Laternulidae Laternula elliptica Plioceno Fm. Cockburn Island Ilha Cockburn Stilwell & Zinsmeister 1987
Periploma topei Eoceno Fm. La Meseta Ilha Seymour Zinsmeister 1984
Periplomatidae Periploma acuta Mioceno Fm. Cape Melville Ilha Rei George (peninsula Anexo 4
Melville)
Periploma cf. P. topei Eoceno Blocos erraticos McMurdo Sound Stilwell 2000
Periploma sp. Paleoceno inicial Fm. Sobral Ilha Seymour Stilwell 2003




Anexo 3: Espécies de bivalves recentes registrados na area da Convergéncia Antartica (dados da SOMBASE).

Familia Espécie Ocorréncia
Nuculidae Ennucula georgiana Ilhas South Sandwich
Nucula austrobenthalis Mar de Bellingshausen, Mar de Ross
Nucula falklandica Ilhas South Orkney, Ilhas South Shetland
Nucula kerguelenesis Ilhas Kerguelen
Pronucula benguelana Ilhas South Sandwich
Nuculanidae Nuculana inaequisculpta Ilhas South Orkney, Ilhas South Shetland, Cabo Norvegia, Baia Terra Nova
Nuculana ultima Ilhas South Sandwich
Malletia concentrica Ilhas South Sandwich
Malletia gigantea Ilhas Kerguelen
Malletia inequalis Baia Amundsen
Malletiidae Malletia pallida Ilhas South Sandwich
Malletia pellucida Cabo Norvegia
Tindaria antarctica Ilhas South Sandwich
Yoldia eightsi Ilhas South Orkney, Ilhas South Sandwich, 1lhas South Shetland, Peninsula Antartica, Cabo Norvegia, Ilhas Kerguelen, Mar
de Ross
Yoldia isonota Ilhas Kerguelen
Yoldia woodwardi Peninsula Antéartica
Yoldiella antarctica Ilhas South Orkney, Ilhas South Sandwich, llhas South Shetland, Peninsula Antartica, Baia Amundsen, Baia Commonwealth,
Mar de Ross
Yoldiella ecaudata IIhas South Shetland, Peninsula Antartica, Mar de Bellingshousen, Mar de Ross
Sareptidae Yoldiella oblonga Mar de Weddell, Cabo Norvegia, Baia Vincennes, Mar de Ross
Yoldiella profundorum Ilhas South Shetland, Cabo Norvegia, Mar de Bellingshousen
Yoldiella sabrina Mar de Weddell, Cabo Norvegia, Baia Vincennes, Baia Commonwealth, Mar de Ross
Yoldiella valettei Ilhas South Orkney, Ilhas South Shetland, Peninsula Antartica, Mar de Weddell, Cabo Norvegia
Siliculidae Propeleda longicaudata Circum-Antartica

Silicula rouchi

Ilhas South Orkney, Ilhas South Sandwich, Peninsula Antartica, Mar de Weddell, Cabo Norvegia, Baia Stefansson, Baia
Prydz, Baia Commonwealth, Mar de Ross

Aulacomya ater

Ilhas Kerguelen




Muytilidae

Dacrydium albidum

Ilhas South Shetland, Peninsula Antartica, Mar de Weddell, Baia Prydz, Mar de Ross

Dacrydium modioliforme

Baia Prydz

Arcidae Bathyarca sinuata Mar de Bellingshousen, Mar de Ross
Bathyarca strebeli Mar de Weddel
Limopsidae Limopsis enderbyensis Mar de Weddel, Baia Lutzow Holm, Baia Amundsen
Limopsis hirtella Peninsula Antértica, Cabo Norvegia
Limopsis knudseni Peninsula Antéartica
Limopsis lilliei Ilhas South Sandwich, Ilhas South Orkney, Mar de Weddel, Baia Lutzow Holm, Baia Amundsen, Baia Commonwealth, Mar
de Ross
Limopsis longipilosa Peninsula Antartica, Cabo Norvegia
Limopsis marionensis Circum-Antartica
Limopsis scabra Cabo Norvegia, Baia Lutzow Holm, Baia Amundsen, Mar de Ross
Limopsis scotiana Ilhas South Sandwich, Ilhas South Shetland
Limopsis tenella Ilhas South Sandwich, Peninsula Antértica, Cabo Norvegia
Philobryidae Adacnarca limopsoides Ilhas South Shetland, Peninsula Antartica, Mar de Weddell, Baia Amundsen, Mar de Ross

Adacnarca nitens

Circum-Antartica

Lissarca miliaris

Ilhas South Orkney, Ilhas South Sandwich, llhas South Shetland, Peninsula Antartica

Lissarca notorcadensis

Circum-Antartica

Lissarca rubrofusca

Ilhas South Orkney, Ilhas South Sandwich, Ilhas Kerguelen

Philobrya atlantica

Ilhas South Sandwich

Philobrya barbarta

Mar de Weddell

Philobrya capillata

Ilhas South Sandwich, Peninsula Antartica, Cabo Norvegia

Philobrya cf. P. kerguelensis

Ilhas South Sandwich, Ilhas Kerguelen

Philobrya meridionalis

Cabo Norvegia, llhas Kerguelen

Philobrya obesa

Cabo Norvegia, Baia Amundsen

Philobrya olstadi

Ilhas South Shetland

Philobrya quadrata

Ilhas South Orkney, Ilhas South Sandwich, Cabo Norvegia

Philobrya sublaevis

Circum-Antartica

Philobrya wandelensis

Ilhas South Orkney, Ilhas South Sandwich, Peninsula Antartica, Mar de Weddell, Baia Lutzow Holm, Baia Amundsen, Baia
Prydz, Baia Commonwealth, Mar de Ross




Limidae Limatula (Antarctolima) Ilha Deception, Cabo Norvegia
eceptionensis

Limatula (Antarctolima) Circum-Antartica
hodgsoni

Limatula (Antarctolima) ovalis Mar de Weddel, Baia Stefansson, Baia Amundsen, Baia Vincennes, Baia Commonwealth

Limatula (Antarctolima) Ilhas South Sandwich, llhas South Orkney, llhas South Shetland, Peninsula Antartica, Ilhas Kerguelen, Baia Commonwealth
pygmaea
Limatula (Antarctolima) Mar de Weddel, Baia Lutzow Holm, Baia Amundsen, Mar de Ross
simillima
Propeamussiidae Cyclopecten cf.C. Pteriola Ilhas South Orkney, Cabo Norvegia
Cyclopecten gaussianus Mar de Weddell, Baia Lutzow Holm
Cyclopecten hexagonalis Baia Amundsen, Mar de Ross
Cyclopecten thielei Baia Commonwealth

Propeamussium meridionale Mar de Ross

Pectinidae Adamussium colbecki Circum-Antartica
Chlamys multicolor Mar de Weddell
Hiatellidae Hiatella cf. H. arctica Ilhas Kerguelen
Hiatella solida Ilhas South Sandwich, Ilhas South Orkney, Ilhas Kerguelen
Condylocardiidae Carditella mawsoni Cabo Norvegia, Baia Stefansson
Genaxinus bongraini Peninsula Antértica, Mar de Weddell, Cabo Norvegia
Genaxinus debilis Ilhas South Orkney, Ilhas South Sandwich, Peninsula Antartica, Mar de Weddell, Baia Lutzow Holm, Baia Vincennes, Baia
Commonwealth, Mar de Ross
Thyasiridae Thyasira dearborni Peninsula Antértica, Mar de Weddell, Cabo Norvegia
Thyasira falklandica Ilhas South Sandwich, Ilhas South Orkney, llhas South Geérgia, Peninsula Antartica
Thyasira ferruginosa Ilhas South Sandwich
Erycinidae Lasaea consanguinea Ilhas South Sandwich, Cabo Norvegia, Ilhas Kerguelen
Kellia nimrodiana Cabo Norvegia, Baia Stefansson, Baia Commonwealth
Kellia simulans Ilhas South Shetland, Cabo Norvegia, Mar de Ross

Kellia suborbicularis Peninsula Antéartica




Kelliidae

Pseudokellya cardiformis

Ilhas South Sandwich, Ilhas South Orkney, llhas South Shetland, Cabo Norvegia, Ilhas Kerguelen, Baia Vincennes, Baia

Commonwealth, Mar de Ross

Pseudokellya georgiana

Ilhas South Sandwich

Pseudokellya gradata

Ilhas South Orkney, Peninsula Antartica, Mar de Weddell, Cabo Norvegia, Mar de Ross

Pseudokellya inexpectata

Ilhas South Sandwich, Peninsula Antartica

Montacutidae

Montacuta nimrodiana

Ilhas South Shetland, Mar de Ross

Mysella antarctica

Peninsula Antartica, Baia Amundsen, Baia Vincennes, Mar de Ross

Mysella charcoti

Ilhas South Orkney, Ilhas South Shetland, Cabo Norvegia, Baia Commonwealth, Mar de Ross

Mysella gibbosa

Cabo Norvegia, Baia Amundsen, Mar de Ross

Mysella miniuscula

Ilhas South Orkney, Ilhas South Sandwich, Mar de Weddell, Baia Commonwealth

Mysella ovalis

Baia Lutzow Holm, Baia Amundsen, llhas Kerguelen

Cyamiocardium crassilabrum

Ilhas South Shetland

Cyamiocardium denticulatum

Ilhas South Sandwich, Peninsula Antartica, Baia Amundsen, Baia Stefansson, Ilhas Kerguelen, Mar de Ross

Cyamiocardium rotundatum

Baia Vincennes, Baia Commonwealth

Cyamiidae Cyamiomactra laminifera Ilhas South Sandwich, Ilhas South Orkney, llhas South Shetland, Cabo Norvegia, Mar de Ross
Cyamiomactra robusta Cabo Norvegia, Mar de Ross
Cyamium cf. C. willi Ilhas South Sandwich
Ptychocardia rudis Baia Commonwealth
Ptychocardia vanhoeffeni Cabo Norvegia, Baia Commonwealth
Gaimardiidae Gaimardia kerguelensis Ilhas Kerguelen
Gaimardia trapesina Ilhas South Sandwich, Ilhas Kerguelen
Kidderia bicolor Ilhas South Sandwich, Ilhas Kerguelen
Kidderia minuta Ilhas Kerguelen
Kidderia subquadrum Peninsula Antértica
Carditidae Cyclocardia astartoides Circum-Antartica

Cyclocardia intermedia

Baia Prydz

Condylocardiidae

Carditella mawsoni

Cabo Norvegia, Baia Stefansson

Astartidae

Astarte antarctica

Cabo Norvegia, Baia Amundsen, Mar de Ross




Astarte longirostris

Ilhas Gedrgia do Sul, Cabo Norvegia, llhas Kerguelen

Tellinidae Macoma georgiana Ilhas South Gedrgia, Ilhas South Sandwich
Lyonsiidae Lyonsia arcaeformis Circum-Antartica
Thraciidae Thracia meridionalis Circum-Antartica

Laternulidae

Laternula elliptica

Ilhas South Sandwich, Ilhas South Orkney, llhas South Shetland, Peninsula Antartica, Cabo Norvegia, Baia Lutzow Holm,
Ilhas Kerguelen, Baia Vincennes, Baia Commonwealth, Mar de Ross

Poromyidae

Poromya adelaidis

Ilhas South Sandwich, Peninsula Antartica, Cabo Norvegia, Baia Amundsen, Baia Commonwealth, Mar de Ross

Poromya cf. P. antarctica

Mar de Weddell, Baia Commonwealth

Cuspidariidae

Cuspidaria concentrica

Baia Amundsen, Mar de Ross

Cuspidaria fragilissima

Mar de Bellingshausen

Cuspidaria infelix

Ilhas South Sandwich, Ilhas South Orkney, Peninsula Antartica, Mar de Weddel, Mar de Ross

Cuspidaria multicostata

Cabo Norvegia

Cuspidaria tenella

Ilhas South Sandwich, llhas South Orkney, Peninsula Antértica, Mar de Weddel, Cabo Norvegia, Baia Amundsen, Baia
Prydz, Mar de Ross

Subcuspidaria kerguelensis

Ilhas South Sandwich, Ilhas South Orkney, Peninsula Antartica, Cabo Norvegia, Ilhas Kerguelen, Mar de Ross

Subcuspidaria minima

Cabo Norvegia
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Seven species of marine bivalves, including six new taxa, are described from the Cape
early Miocene Melville Formation which crops out on the Melville Peninsula, King
George Island, West Antarctica. The bivalve assemblage includes representatives of the
families Nuculidae, Ennucula frigida sp. nov., E. musculosa sp. nov.; Malletidae, Neilo
(Neilo) rongelii sp. nov.; Sareptidae, Yoldia peninsularis sp. nov.; Limopsidae, Limopsis
psimolis sp. nov.; Hiatellidae, Panopea (Panopea) sp. cf. P. regularis; and Pholadomyoida
(Periploma acuta sp. nov.). Species studied come from four sedimentary sections measured
in the upper part of the unit. Detailed morphologic features of nuculoid and arcoid
species are exceptionally well preserved and allow for the first time reconstruction of
muscle insertions as well as dentition patterns of Cenozoic taxa. Known geological
distribution of the species is in agreement with the early Miocene age assigned to the
Cape Melville Formation. The bivalve fauna from Cape Melville Formation is the best
known from Antarctic Miocene rocks, a time of complex geologic, paleogeographic and
paleoclimatic changes in the continent. The new fauna introduces new taxonomic and
palaeogeographic data that bear on the question of opening of sea gateways and distribution
of Cenozoic biota around Antarctica.
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THE DIVERSE Cenozoic marine biota of the
Cape Melville Formation, King George Island,
West Antarctica (Fig. 1) has been subject of
numerous papers dealing with the brachiopods
(Biernat et al. 1985, Bitner & Crame 2002),
calcareous nannoplankton (Dudziak 1984),
crustaceans (Foster ef al. 1987, Feldman & Crame
1998, Feldmann & Gazdzicki 1997, 1998),
foraminifera (Birkenmajer & Luczkowska 1987),
echinoids (Jesioneck-Szymanska 1987),
cephalopods (Birkenmajer et al. 1987b),
gastropods (Karczewski 1987), coral (Roniewicz
& Morycowa 1987) and plants (Birkenmajer &
Zastawniak 1986). Troedson & Riding (2002)
0311/5518/2006/0111-22  $3.00 © AAP

identified several species of palynomorphs
including dinoflagellate cysts and other
paleomicroplankton, as well as spores and pollen
from both the Cape Melville and the underlying
Destruction Bay formations.

In spite of their relative abundance in the
succession (Birkenmajer 1982, 1984; Birkenmajer
et al. 1987a, Troedson & Riding 2002, Anelli et
al. 2003a), bivalves have received little attention
and remain undescribed.

Detailed examination and measurement of
several sedimentary logs of the two formations
along cliffs and on the upper plateau area of Cape
Melville Peninsula (Perinotto ez al. 2003) revealed
the presence of well preserved and relatively
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diverse bivalve assemblages found either as
isolated elements, often in situ, as well as
relatively dense shell concentrations, at different
levels in the upper part of the Cape Melville
Formation (Anelli et al. 2003a, b).

These findings are important for several
reasons. Firstly, fine preservation of morpho-
logical features in many specimens allows the
detailed reconstruction of muscle scars and
dentition patterns, of great taxonomic value, as
well the interpretation of life habits of Cenozoic
taxa inadequately known as yet. A more
consistent taxonomic treatment of the taxa is
fundamental for establishing their affinities with
other Cenozoic malacofaunas of the southern
continents, and for clarifying their palaeobio-
geographic significance. Secondly, taphonomic
studies of the fossil shell beds may provide data
on palaeoenvironmental conditions during
accumulation of the glacially-influenced Cape
Melville marine strata. An important possible
implication of these studies is the identification
of dispersal routes used by marine invertebrates
that invaded Antarctic shelf areas coming from
warmer southern Atlantic waters, in response to
palaeogeographic changes during the separation
of South America and West Antarctica (e.g.
Zinsmeister 1982, Crame 1999, Stilwell 2000).

The present paper is the first of a series aimed
at taxonomically describing the Cenozoic marine
bivalve fauna from the Cape Melville Formation,
evaluating its taxonomic affinities and
provenance, and interpreting taphonomic
processes involved in their preservation, in the
context of the depositional history of the glacial-
marine Cape Melville Formation.

Geological setting and stratigraphy
Bivalves described herein were obtained from
outcrops of the Cape Melville Formation at four
different localities on Melville Peninsula,
northern King George Island, West Antarctica
(Figs 1 A-B).

Data on lithofacies and sedimentary
environment of the Cape Melville Formation were
initially presented by Birkenmajer (1982, 1984) and
have been reviewed by Troedson & Riding (2002).
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This work, together with data obtained from
research under way on Cape Melville area (Perinotto
et al. 2003, Anelli et al. 2003a-b), will serve as a
basis for the present synthesis account of the
geological and stratigraphic settings of the
described molluscan fauna.

Accordingly, the Cape Melville Formation is
described as a relatively thick (up to 150 m)
succession predominantly of interbedded silty-
sandy mudstone and fine-medium sandstone, with
subsidiary silty-sandy diamictite and thin carbonate
and tuff layers. Carbonate occurs in the matrix of
these strata (Troedson & Riding 2002).

The unit overlies conformably, with a sharp
contact, a predominantly cross-bedded, medium-
grained sandstone succession, about 70 m thick,
that makes up the Destruction Bay Formation.
Both units rest unconformably along an irregular
erosional surface on top of basalts of the Sherrat
Bay Formation (Birkenmajer 2001). The three
formations, cut by two sets of diabase dykes
and subvertical faults, constitute the Moby Dick
Group (Birkenmajer 1982, 1984). The sedimentary
strata span the late Oligocene-early Miocene age
interval (Birkenmajer 1982, 1984; Troedson &
Riding 2002). Chronology of the Sherrat Bay
basalts is still poorly defined.

Broadly, the Cape Melville strata are
interpreted as a thick marine succession that
includes thin, basal coarse clastics (diamictite)
followed by predominantly fine sediments
(mudstones and fine to medium-sandstones)
deposited under palaeoenvironmental
conditions varying from middle to outer shelf,
during the deglaciation phase of the Melville
glaciation (Birkenmajer 1982, 1984; Troedson &
Riding 2002, Perinotto ez al. 2003).

Detailed facies analysis and palaeo-
environmental interpretation of sedimentary logs
of the Cape Melville Formation have been
presented by Troedson & Riding (2002).
Additional stratigraphic, sedimentological and
palaeontological data have been obtained by us
during three field seasons at Cape Melville
Peninsula when the bivalves discussed herein
were collected (Anelli et al. 2003a-b).

Available radiometric data pertinent to the
interpretation of the age of the Cape Melville
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Formation have been reviewed by Troedson &
Riding (2002) and considered by them to indicate
an early Miocene age for the formation. This
interpretation is broadly consistent with
palaeontological results from invertebrates and
palinology (Troedson & Riding 2002).

Stratigraphic sections at the four localities from
where fossils were obtained are shown on Fig. 2.
Sections comprise strata cropping out on the plateau
area of Cape Melville Peninsula and thus, roughly
correspond to beds in the upper part of the Cape
Melville Formation. Cenozoic strata are, however,
regionally (tectonically) tilted towards the east and
displaced by normal faults along the Melville
Peninsula (Birkenmajer 1982, 1984).

Fine, carbonaticeous, silty-sandy partings
identified in section B (Fig. 2) are also frequent
in the upper part of the Cape Melville succession
logged by us along the northern cliff of the
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Fig. 2. Sections [see page 114] measured on Melville Peninsula,
with legend [above]. A, Lava Crag; B, Hard Ground; C,
Chaminé; D, Penguin Rookery.
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Melville Peninsula. Lithologic successions in the
four sections A-D are sufficiently different to
make correlation between them uncertain, in
view of the absence of truly extensive key beds
of the displacement of strata by faulting.
Troedson & Riding (2002) used the presence of
fine intercalations of carbonate and tuff beds
(respectively, their facies C4 and C5) in the middle
or upper middle part of the Cape Melville
Formation to correlate sedimentary logs of the
unit measured at Crab Creek and Cape Melville.
The proposed correlation on Fig. 2 is based on
the above elements plus bivalve occurrences.
The lithofacies exposed in the four sections
record deposition by a variety of processes,
including suspension settling of muds, turbidity
currents, rain-out of debris from icebergs, and
sporadic mudflows in a marine shelf environ-
ment. Similar conditions have been inferred by
Troedson & Riding (2002) for two thicker
successions of the Cape Melville Formation
cropping out along cliffs at different places
around the peninsula. According to them,
deposition of the Cape Melville Formation
occurred on the middle to outer continental shelf
or upper slope. The authors pointed out the
difficulties of interpreting palacobathymetry on
the basis of sedimentological data in the case of
glaciated marine basins. Additional data on this
subject may be found from studies in progress
on the foraminifera and the taphonomy of
bivalve assemblages (Anelli e al. 2003b).

Material and methods

Collecting of bivalves either as single or
numerous specimens was preceded by
taphonomic analysis of occurrences involving
identification of biostratinomic signatures and
statistically controlled measurements of
orientation and other parameters. These data are
being processed and will be submitted in a
separate paper. 113 specimens were mechanic-
ally prepared and served as the basis for the
present study. Their stratigraphic distribution
is shown on Fig. 2.

Measurements and symbols
Specimens were measured with reference to the
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antero-posterior axis of the shell, corresponding
to a straight line obtained by aligning the ventral
margins of the adductor muscle scars
horizontally (Bailey 1983 cited by Bradshaw
1999). The length of the shell corresponds to the
greatest measurement along the antero-posterior
axis and height to the greatest measurement at
right angles to length. Anterior length
corresponds to the distance between the beak
and the anterior margin, measured parallel to the
antero-posterior axis.

Symbols in tables are as follows: R/L,
articulated valves; R, right valve; L, left valve;
*  estimated Abbreviations of morphological
terms are as follows: aa, anterior adductor muscle
scar; apr, anterior protractor muscle scar; avf,
anterior visceral floor; dm, dorso-median muscle
scar; pa, posterior adductor muscle scar; pl,
pallial line; ppr, posterior protractor muscle scar;
Ps, pallial sinus; us, umbonal muscles scars; v,
ventro-median muscle scar.

All specimens are housed in the Colecdo
Cientifica (Scientific Collection), Departamento
de Geologia Sedimentar e Ambiental, Instituto de
Geociéncias, Universidade de Sdo Paulo, under
the prefix GP/1T.

Suprageneric taxonomic names utilized for the
bivalves are based on the synoptic classification
proposed by Amler (1999).

Systematic palacontology
PALAEOTAXODONTA Korobkov, 1954
NUCULOIDA Dall, 1889

NUCULOIDEA Gray, 1824
NUCULIDAE Gray, 1824
NUCULOMINAE Maxwell, 1988

Ennucula Iredale, 1931
Type species. Nucula obliqua Lamarck, 1819;
Recent, Australia.

Discussion. Numerous nuculids from Cenozoic
rocks of South America, as well as from the
Palaeozoic of North and South America, have
been described under the extant genus Nucula
Lamarck, 1799. Several diagnoses for the genus
include polymorphic characters, making
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taxonomic designation difficult, especially in the
case of fossil species. Allen & Hannah (1986),
for example, diagnosed Nucula as having an
ovate or triangular shell, smooth or with
commarginal sculpture, with or without fine
riblets on lunule and escutcheon, outer layer of
shell with or without radial elements, margin
crenulate or not crenulate, periostracum dull or
polished; ligament internal, relatively short,
oblique or perpendicular to hinge plate. All these
characters are controversial, leading to a large
range of morphological possibilities, which we
consider the reason why so many nuculids are
included in Nucula. Other authors such as Elias
(1957) and Kilburn (1999) regarded the presence
ofa crenulated inner ventral margin as diagnostic
of the genus Nucula, a position with which we
concur. According to Villarroel & Stuardo (1998)
the crenulated aspect is due to the presence of
fine radial rods in the shell, which are more
distinct close to the ventral margin. Allen &
Hannah (1986) recognized three subgenera under
Nucula (Nucula, Pronucula and Brevinucula
Thiele, 1934). Of these, only Brevinucula, aname
applied to very short, strongly triangular
nuculids, lacks a crenulated inner ventral margin.
Van de Poel (1955, cited by Maxwell 1988)
subdivided the Nuculidae into two groups, one
represented by Nucula, with a subsurface layer
of fine radial rods or prisms of rectangular
section, and another represented by Nuculoma
Cossmann, 1907, where the radial elements are
lacking. Rhind & Allen (1992) characterized
Nuculoma as ovate or triangular shells, smooth
or with commarginal sculpture; opisthogyral;
ventral margin not crenulate as seen externally
but may be microscopically crenulated internally
corresponding with marginal limits of radial shell
elements; resilifer oblique to hinge plate.
Nuculoma has as well a smooth shell margin
except for some anterior crenulations and it lacks
coarse marginal denticulations (Carter 1990) even
though micropectenations may be present (Cox
1940). However, according to Beu (2004, written
communication), the Jurassic Nuculoma has
unusually protruding posterior umbones and a
very short concave posterior area. Villarroel &
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Stuardo (1998) diagnosed Ennucula as a
suboval, moderately inflate shell, without
conspicuous ornamentation, except for com-
marginal growth lines; with smooth ventral
margin and a distinguished oblique chondro-
phore. Carter (1990, based on Schenck 1934)
stated that Ennucula [= Nucula (Leionucula)]
is possibly micropectenate but not coarsely
denticulate, but also pointed out that both
Nuculoma and Ennucula [= Nucula (Leio-
nucula)] have entirely smooth shell margins or
only coarse marginal denticulations. The type
species of Ennucula, Nucula obliqua Lamarck,
1819, illustrated by Schenck (1934, pl. 3, figs 4,
4a-b) shows the general shape, smooth ventral
margin and pattern of muscle scars similar to the
material from Cape Melville Formation. The hinge
of E. obliqua, moreover, has a very narrow
chondrophore inclined at a very low angle, so it
is almost parallel to the hinge plate, a character
not really developed in species of Ennucula from
Australia and South America, which have a
chondrophore inclined strongly downwards, at
almost a right angle to the hinge line (Beu 2004,
written communication; see also Dell [1964] and
Villarroel & Stuardo [1998] for a summary of the
extant species of the genus Ennucula in South
America). From this, Ennucula is a more suitable
genus (with longer posterior end) for the
Cenozoic and Recent Southern Hemisphere taxa.

Ennucula frigida sp. nov. (FigS 3A-H, Table 1)

Material. Holotype, complete articulated shell GP/
1T 2100. Paratypes, incomplete articulated shells
GP/1T2115,GP/1T2113,GP/1T2119-2123,GP/1T
2129, articulated with complete RV GP/1T 2126, GP/
1T 2097, articulated with almost complete LV GP/
1T 2105, small articulated internal molds GP/1T 2098,
GP/1T 2101, articulated internal mold GP/1T 2099,
GP/1T 2129. Section C, Cape Melville Formation,
Moby Dick Group, Melville Peninsula, King George
Island, Antarctica.

Age. Early Miocene.

Etymology. From Latin frigida = cold, referring to the
glacial-marine nature of the Cape Melville Formation.
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Diagnosis. Ennucula with large shell, obliquely
ovate; umbones slightly elevated above hinge line
with opisthogyrate beaks; external ornament of fine,
poorly defined growth lines overlain by well-marked
irregularly spaced commarginal growth
corrugations; with a maximum of twenty teeth on
the anterior and ten on the posterior regions of the
shell; chondrophore short and oblique.

Description. Shell obliquely ovate, inequilateral,

H

Fig. 34-H. Ennucula frigida sp. nov. A-C, holotype
GP/1T 2100, articulated valves; A, right valve; B,
posterior view; C, dorsal view. D, paratype GP/1T 2098,
internal mold of articulated valves, left view. E, paratype
GP/1T 2101 right view of internal mold. F-G, paratype
GP/1T 2126, internal mold of articulated valves; F, left
view; G, drawing of muscle scars. H, paratype GP/I1T
2113, drawing of thin section showing taxodont dentition
and chondrophore (arrow). All x1.5.
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equivalve; moderately elongate. Larger
specimens inflated, inflation increasing with size;
anterior region greatly extended. Umbones
slightly elevated above hinge line, rounded and
low; beaks slightly opisthogyrate. A very shallow
sulcus runs in internal molds from umbones
along mid-height of shell, toward the umbonal
muscles scars. Lunule absent; escutcheon small
and poorly defined. External ornamentation of
irregularly spaced commarginal corrugations.
Antero-dorsal and ventral margins subparallel;
ventral margin faintly curved; antero- and
postero-dorsal margins forming an angle of 92°;
postero-ventral angle 65°. Anterior adductor
varying from circular to oval, with posterior
margin more clearly impressed than anterior;
anterior protractor/retractor scars very faintly
marked. Posterior adductor scar circular, smaller
than anterior; posterior protractor/retractor large
and elongate. Pallial line broad, non-sinuate.
Immediately anterior to beaks, 4 circular, well
marked small scars somewhat aligned running
obliquely from beaks, parallel to anterior dorsal
margin; 2 large, well marked, coalesced scars,
subelliptical and vertically oriented, located
anterior to the umbonal scars, are probably
related to the dorso-median muscle; immediately
below, is a small elliptical scar probably related
to the ventro-median muscle; 2 well-marked small
scars in the anterior region may be related to the
anterior visceral floor muscle. Chondrophores
short and oblique. Maximum of 20 and 10 teeth

ALCHERINGA

identified in the anterior and posterior parts of
the hinge, respectively; about 10 small sockets
are present anteriorly above chondrophore of
specimen GP/1T2113.

Comparison. Several taxa included under
Nucula from the Cenozoic of Argentina are similar
to Ennucula frigida sp. nov. Nucula tricesima
von Thering, 1907, differs from our material in its
more triangular shape and smoother external
surface. Nucula semiornata d’Orbigny, 1846 from
the Holocene (Farinati 1978) and middle Miocene
of the Puerto Madryn Formation (Del Rio 1992) is
smaller and has reticulate external ornament and a
crenulated inner ventral margin. Other comparable
taxa come from localities elsewhere in West
Antarctica. Zinsmeister (1984) recognized Nucula
(Leionucula) nova Wilckens, 1911 and erected the
new species Nucula (Leionucula) palmeri from
the late Eocene La Meseta Formation, Seymour
Island. Both species resemble E. frigida sp. nov.
in their smooth inner ventral margin. However, the
former species differs in its smaller size, strongly
prosogyrous beaks, broadly rounded ventral
margin and smoother surface. Nucula (L.) palmeri
is distinguished by its smaller size, strongly
prosogyral beak, ornamentation and teeth shape.
Nuculoma livingstonensis Covacevich, 1976, from
Early Cretaceous rocks of Peninsula Byers, Isla
Livingston, Antarctica, is quite similar in size and
general shape (see Fig. 3), elongation, obesity, and
pattern of external ornamentation to the Cape

Specimen Valves Length Height Width Anterior Anterior Elongation Obesity
Elongation
GP/1T2115 R/L 18.5 16 11.5 16 0.85 1.16 1.39
GP/1T2123 R/L 17 14 9.5 13.5 0.79 1.21 1.47
GP/1T2119 R/L 17 14 10 12 0.70 1.21 1.40
GP/1T2120 R/L 17 13.5 9.0 12.5 0.73 1.26 1.50
GP/1T2126  R/L 17 14 7 13.5 0.80 1.13 2.00
GP/1T2100  R/L 16 13.5 10 14 0.87 1.18 1.35
GP/1T2097 R/L 16 13 8.5 13.5 0.84 1.23 1.52
GP/1T2129 R/L 16 12 9 14 0.87 1.33 1.33
GP/1T2099 R/L 15 13 8 10.5 0.70 1.15 1.62
GP/1T2105 R/L 15 13 8.5 13 0.87 1.15 1.53
GP/1T2121 R/L 15 12 8 13 0.87 1.25 1.50
GP/1T2113 R/L 15 12.5 8 13 0.86 1.20 1.56
GP/1T2122 R/L 15 12.5 7 11 0.74 1.25 1.71
GP/1T210 IR/L 15 12 6 12 0.80 1.50 1.67
GP/1T2098 R/L 125 109 5.5 10 0.8 1.4 1.63

Table 1. Dimensions in mm of representative specimens of Ennucula frigida sp. nov.
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Melville E. frigida, but differs in its larger umbones,
projecting above the hinge line, its reduced anterior
region, and the straighter posterior margin.
Ennucula frigida differs from the extant E. grayi
(Orbigny, 1846) from the Falkland Islands and Chile
(Dell 1964, Vilarroel & Stuardo 1998), in having more
prominent commarginal ornamentation, more
straight and subparallel anterior dorsal and ventral
margins, the more concave posterior dorsal margin
and the greater number of teeth in the anterior and
posterior rows.

Ennucula musculosa sp. nov. (Figs 4A-G, Table
2)

Material. Holotype, almost complete articulated
shell GP/1T 2039. Paratypes, articulated internal
mold GP/1T2041,2043,2057,2074,2088, incomplete
articulated GP/1T 2072, GP/1T 2087, articulated with
complete RV GP/1T 2044, articulated with complete
LV GP/1T2040. Section D, Cape Melville Formation,
Moby Dick Group, Melville Peninsula, King George
Island, Antarctica.

Age. Early Miocene.

Etymology. From Latin musculosa = muscular,
referring to the numerous muscle insertions
present in the species.

Diagnosis. Very large, inflated Ennucula;
external ornament of irregularly spaced
commarginal costae; lacking lunule; escutcheon
well defined, cordate in shape.

Description. Shell obliquely ovate, inequilateral,
equivalve; elongation equate; inflated; anterior
region greatly extended. Umbones slightly
elevated above hinge line, rounded and low;
beaks slightly opisthogyrate. A very shallow
sulcus runs in internal moulds from umbones to
mid height of shell, posteriorly to umbonal
muscles scars. Lunule absent; escutcheon well
defined, cordate in shape. External ornament of
fine, poorly defined growth lines overlaid by
irregularly spaced commarginal costae. Antero-
dorsal and ventral margins form an angle of 25°;
ventral margin curved; antero- and postero-
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dorsal margins form an angle of nearly 78°
postero-ventral margins form an angle of nearly
55°. Anterior adductor varying from circular to
oval, with posterior margin more clearly
impressed than anterior; anterior protractor/
retractor scar well marked, small, elongate,
separated from adductor, positioned behind the
final segment of the anterior row of teeth.
Posterior adductor scar smaller than anterior,
round. Pallial line broad, non-sinuate.
Immediately anterior to beaks, six small, well-
marked, circular umbonal scars, somewhat
aligned, run obliquely from beaks towards- the
anterior dorsal margin; two large, well-marked,
separate scars occur anteriorly to umbonal scars:
the superior is nearly circular, and is probably
related to the dorso-mediam muscle scar; the
inferior is droplet-shaped, probably related to
the ventro-median muscle scar; immediately
below, a row of four small scars, variable in size
and shape, runs obliquely to the long axis of the

Fig. 44-G. Ennucula musculosa sp. nov. A-C, holotype
GP/1T 2039, articulated valves; A, right view; B, dorsal
view; C, posterior view. D, paratype GP/1T 2043, internal
mold of articulated valves, anterior dorsal view. E-F,
paratype GP/1T 2040, internal mold; E, right view; F,
drawing of muscle scars; G, drawing of thin section showing
taxodont dentition and chondrophore (arrow). All x1.5.
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shell; 2 irregular scars of medium size occur on
the anterior portion of the shell, probably related
to the anterior visceral floor scar; on the posterior
regions, two small, circular scars are present.
Taxodont dentition not completely visible;
maximum of 17 teeth on the anterior and 7 on the
posterior parts of the hinge in specimen GP/1T
2087.

Comparison. Ennucula musculosa sp. nov. differs
from Ennucula frigida sp. nov. in being larger, with
external ornament of well defined costae, in the
shape of the ventral margin, in the smaller antero-
and postero-dorsal angle, in the obtuse postero-
ventral angle, in the smaller elongation and greater
obesity index, in the larger number of muscle
insertions in the umbonal region, and in the different
arrangement of the scars. The species differs from
N. livingstonensis in its general shape, its concave
posterior dorsal margin and the greater number of
teeth in the posterior row. Figure 5 shows a shell
length/height scatter diagram for the species E.
musculosa sp. nov., E. frigida and N. living-
stonensis. E. musculosa is very similar in shape to
E. grayi (Orbigny, 1846) (Dell 1964, Vilarroel &
Stuardo 1998), but differs in having a less convex
anterior dorsal margin, a straight posterior dorsal
margin, more prominent growth lines and more teeth
in the anterior and posterior rows. Stilwell (2000)
identified Leionucula nova (Wilkens, 1911) from
Eocene rocks of McMurdo Sound, Antarctica; this
is very similar in outline to E. muculosa, but the
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Fig. 5. Ennucula frigida sp. nov., E. musculosa sp. nov.,
E. grayi and N. livingstonensis, shell length/height
bivariate scatter diagram.
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internal features were not described and the species
has a more convex anterior dorsal margin and
smooth external shell surface.

NUCULANOIDEA Adams & Adams, 1858
MALLETIIDAE Adams & Adams, 1858

Neilo Adams, 1852

Type species. Neilo cumingii Adams, 1852 (=
Nucula australis Quoy & Gaimard, 1835);
Recent, New Zealand.

Discussion. According to McAlester (1969, N233)
bivalve species assigned to Neilo are elongate,
thick-shelled, with a strong com-marginal
sculpture, a blunt posterior and a strong pallial
sinus. Marshall (1978) diagnosed Neilo as a
“shell differing from Malletia Des Moulins, 1832,
mainly in much stronger development of hinge,
particularly anteriorly”; and the subgenus Neilo
(Neilo) Adams as having an “inflated shell with
posterior angulation; usually thick, large (length
up to 53 mm), and sculptured with prominent
commarginal ribs”, differing from Neilo
(Pseudomalletia) Fischer, 1886 which has a small
shell, with a smooth external surface. Allen &
Hannah (1986) added other characters diagnostic
for the taxon, namely, shell relatively wide,
moderately elongate and posteriorly extended,
postero-dorsal margin straight or slightly
concave, carinate, posteriorly truncate or slightly
rostrate, postero-ventral margin somewhat
sinuous, two rounded radial ridges from umbo
to posterior margin in some species; hinge plate
well developed; numerous chevron teeth, anterior
and posterior series separate and may differ in
size (anterior larger); ligament external.

Neilo (Neilo) rongelii sp. nov. (Figs 6A-P, Table 3)

Material. Holotype, articulated valves GP/1T
2132. Paratypes, complete RV GP/1T 2141, almost
complete RV GP/IT 2143, almost complete
articulated internal mold GP/1T 2154, incomplete
articulated internal mold GP/1T 2153, internal mold
of RV GP/1T 2145, almost complete RV GP/1T 2138,
GP/1T 2144, almost complete LV GP/1T 2151, GP/
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Specimen Valves Length Height Width Anterior Anterior Elongation Obesity
Elongation
GP/1T2041 R/L 23 18.5 13.5 18 0.78 1.24 1.37
GP/1T2074 R/L 22 18 12 17 0.77 1.22 1.50
GP/1T2057 R/L 22 18 12 17 0.77 1.22 1.50
GP/1T2044 R/L 22 19 15 20 0.90 1.16 1.27
GP/1T2039 R/L 21 18 15 16 0.76 1.20 1.54
GP/1T2040 R/L 21 18.5 12 14 0.67 1.13 1.54
GP/1T2043 R/L 21 17 12 18 0.85 1.23 1.42
GP/1T2088 R/L 21 17 12 17.5 0.83 1.23 1.42
GP/1T2072 R/L 21 18 12.5 16 0.76 1.17 1.44
GP/1T2087 R/L 20.5 17.5 11.5 18 0.88 1.17 1.52

Table 2. Dimensions in mm of representative specimens of Ennucula musculosa sp. nov.

1T 2146, GP/IT 2149. Sections A and D, Cape
Melville Formation, Moby Dick Group. Melville
Peninsula, King George Island, Antarctica.

Age. Early Miocene.

Etymology. Referring to the polar ship Ary Rongel,
H44, that gave us support in the field work in
Antarctica during the summer operation in 2003.

Diagnosis. Neilo (Neilo) with large shell, very
elongate; number of costae nearly 1.3 per mm on
the mid height; umbones large and well elevated
above the hinge line, number of teeth in the
posterior region nearly double that in the anterior.

Description. Shell very thick, varying in length
from 30-59 mm, subrectangular, inequilateral, equi-
valve, very elongate, inflated; anterior region
extended. Umbonal region large, elevated above
hinge line; beaks slightly prosogyrous. Lunule
and escutcheon well defined. External ornament
of strong, commarginal costae, one per millimeter
on average. A prominent umbonal ridge runs from
the umbo to the postero-ventral angle of the shell,
delimiting a posterior, undulated area subdivided
by a conspicuous sulcus that runs from umbo
toward posterior end of the shell. Antero-dorsal
margin slightly convex; posterior-dorsal margin
slightly concave, anterior margin short, round;
ventral margin faintly convex; posterior margin
obliquely truncated, bilobate. A shallow, large
umbonal sulcus runs from umbo to ventral margin
of shell on internal moulds. Muscle scars
isomyarian. Anterior adductor scar smaller,

weakly marked, oval to irregular, bearing irregular
small crests, subcircular, close to antero-dorsal
angle of shell. Posterior adductor scar faintly
marked, subcircular, close to the end of the
posterior row of teeth. Anterior and posterior
retractors absent or not preserved. Pallial line
well marked, wide, varying in width between
specimens, the ventral margin well defined, the
dorsal margin irregular, deeply sinuate. The pallial
line reaches the posterior and anterior adductor
scars bordering the ventral margin of the scars.
A “Y”-shaped scar runs obliquely from pallial
line toward umbo in the anterior portion of the
shell; its shorter anterior arm ends in the dorsal
umbonal region; the longer, posterior one reaches
the hinge; both arms have expanded ends. A
small scar is present close to the hinge margin
close to the beaks on both valves. Anterior and
posterior parts of hinge diverge at 148°. Hinge
very thick; 15 teeth anterior and 27 on posterior
parts of hinge. Chondrophore not observed.

Comparison. Neilo ornata ortmani Erdman &
Morra, 1985, from the San Julian Formation,
Eocene-Oligocene of Argentina, closely
resembles Neilo (Neilo) rongelii sp. nov., but is
distinguished from the latter by: its smaller size
(the holotype is 33mm long, nearly half the size
of the largest N. rongelii sp. nov.); depressed
umbones; length proportion of anterior to
posterior rows of teeth (55% in N. ornata
ortmani and 59% in N. rongelii sp. nov.); and
fewer teeth. Another close South American
species, Neilo doellojuradoi Malumian et al.,
1978 from Eocene of Tierra del Fuego, Argentina,
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Fig. 64-P. Neilo (Neilo) rongelii sp. nov. A-E, holotype GP/1T 2132, articulated valves; A, dorsal view; B, ventral
view; C, posterior view; D, anterior view; E, right view. F, paratype GP/1T 2151, left view. G-H, paratype GP/1T
2141, disarticulated, right view; G, internal view of right valve; H, dorsal view of right valve. I-J, paratype GP/1T
2154; 1, internal mold of articulated valves, right view; J, drawing of muscle scars. K-P, paratype GP/IT 2153,
internal mold of articulated valves; K, left view; L, drawing of muscle scars, left view; M, dorsal view; N, drawing of
muscle scars, dorsal view; O, right view; P, drawing of muscle scars, right view. All x1.
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Specimen Valves Length Height Width Anterior Anterior  Elongation Obesity
Elongation
GP/1T2143 R 53 31 30% 21 0.39 1.71 1.03*
GP/1T2141 R 59 34.5 28%* 23 0.39 1.70 1.23*
GP/1T2154 R/L 52 29.5 25% 22 0.42 1.76 1.18*
GP/1T2144 R 57 29 26 20 0.35 1.96 1.16
GP/1T2138 R 55 30 - 22.5 0.40 1.83 -
GP/1T2149 R 54 29 24* 21 0.39 1.86 1.21*
GP/1T2132 R/L 49.5 26 24 20 0.40 1.90 1.08
GP/1T2146 L 49 27 23%* 18 0.37 1.81 1.17*
GP/1T2151 L 41 22.5 24* 17 0.41 1.82 0.94*
GP/1T2145 R 30 18 12 0.40 1.67 -

Table 3. Dimensions in mm of representative specimens of Neilo (Neilo) rongelii sp. nov.

differs from N. rongelii sp. nov. in having a
greater number of costae (2.4 per mm) and a
smaller number of teeth. Other taxa similar to ours
occur in the Cenozoic of New Zealand. Neilo
awamoana awamoana Finlay, 1926 (upper early
Miocene) and N. awamoana sinangula Finlay,
1926 (late Oligocene, Marshall 1978, figs 2A-D)
can be distinguished from N. rongelii sp. nov.
by their greater size, thicker external sculpture,
thicker hinge and well pronounced umbones of
the latter. Specimens of Neilo awamoana Finlay
identified by Beu & Maxwell (1990) from the early
Miocene Mount Harris Formation, New Zealand,
are distinguished from the Antarctic species by
their smaller size (length 25-35 mm), less
prominent umbones, narrow lunule, greater
density of sculpture (2.2 per mm centrally; N.
rongelii sp. nov. from Cape Melville has 1.3 per
mm centrally), greater number of teeth in the
anterior series (18-24), and the elongate shape
of the anterior adductor muscle scar. Finally,
several characters of Neilo sublaevis Marwick,
1926, from middle to late Miocene rocks of New
Zealand, such as the general shape, size (length
25-57 mm), the slightly down-curved posterior
dorsal margin, the posterior end longer than
anterior, and the anterior elongation (0.3-0.4)
closely resemble those of N. rongelii sp. nov.
However, the species from New Zealand differs
in having more pointed umbones, a greater
number of teeth (30 anterior and 22 posterior)
and smaller adductor muscle scars. Specimens
of N. sublaevis shown by Beu & Maxwell (1990)
lack illustration of the inner surface of the shell,
preventing a more accurate comparison of its

adductor scars with those of N. rongelii sp. nov.

SAREPTIDAE A. Adams, 1860
YOULDIINAE Habe, 1977

Yoldia Moller, 1842

Type species. Yoldia hyperborea Torell, 1859.

Discussion. Yoldia was characterized in Puri
(1969, N239) by its elongate-ovate shape, thin
shell, gaping in most specimens; hinge series
subequal; resilium pit large, and pallial sinus
deep and wide. Other elements added by Allen
& Hannah (1986) include the fragile shell,
compressed, elongate, tapering posteriorly,
gaping slightly anteriorly and posteriorly, smooth
or with fine sculpture; the poorly to moderately
defined rostrum; the postero-dorsal margin
straight or slightly convex (except that the
posterior end may be somewhat upturned) with
dorsal keel; the hinge plate slender, the
chondrophore prominent; the ligament largely
internal, with a small external part extended by
the fused periostracum; and the siphons long,
with a deep pallial sinus.

Yoldia peninsularis sp. nov. (Figs 7A-O, Table 4)

Material. Holotype, articulated with almost
complete RV GP/1T 2161. Paratypes, articulated
internal molds GP/1T 2162, GP/1T 2173; almost
complete articulated internal molds GP/1T 2163, GP/
1T 2164; internal molds of RV GP/1T 2167, GP/1T
2169, GP/IT 2176. Section D, Cape Melville
Formation, Melville Peninsula, King George Island.
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Age. Early Miocene.

Etymology. From Latin peninsularis =
peninsular, referring to the site of the species.

Diagnosis. Yoldia of medium size, with thin shell;
external ornament of very fine commarginal
growth lines and commarginal rugae; antero-
dorsal margin varying from straight to slightly
convex; posterior row of teeth with nearly double
the number of teeth of the anterior row.

Description. Shell thin, ovate, slightly
inequilateral, equivalve; very elongate, very
compressed; anterior region extended. Umbones
depressed, rising slightly above hinge line; beaks
slightly opisthogyrous. Lunule absent;
escutcheon narrow and elongated. External
ornament of very fine commarginal growth lines
and commarginal rugae. Anterior and posterior
ridges extending from umbonal region
respectively to front and rear of shell. Antero-
dorsal margin varying from straight to slightly
convex; anterior margin large, semi-circular;
ventral margin faintly convex; posterior dorsal
margin large, slightly convex; postero-dorsal
margin oblique, straight; a very faint respiratory
embayment is present at superior end of
posterior margin. Adductor muscle scars well
marked, anisomyarian. Anterior adductor scar
large, drop-like in shape, close to antero-dorsal
angle. Posterior adductor scar roughly
subcircular, nearly half the size of anterior
adductor, close to postero-dorsal angle of shell.
Pallial line faintly marked, narrow, with deep
pallial sinus. A large and conspicuous “Y” shape
scar is present at mid-length of shell, bifurcating
immediately above mid-height of shell; the
anterior arm is shorter; the posterior extends to
the dorsal portion of the umbonal region. The
origin of the ventral tip of the “Y” scar is not
clear. GP/1T 2162 shows a possible origin at the
ventral margin of the anterior adductor. In the
GP/1T 2163 the origin of the “Y” scar is
contiguous with a row of pointed scars that
reaches the anterior adductor, but its relationship
is uncertain. In some specimens (GP/1T 2162,
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GP/1T 2163) rows of pointed scars are present
posterior to the ventral portion of the anterior
adductor scar; they are probably mantle muscles
insertion scars. Taxodont dentition visible; GP/
1T 2167 shows that the maximum number for the
anterior region was 11 and 21 for the posterior.
Chondrophore triangular in shape, shallow, wide.

Comparison. Yoldia peninsularis sp. nov. shares
some similarities with Yoldia (Yoldia) nitida from
Arenas de Huelva Formation (Pliocene, Spain)
identified by Andrés (1989). These include the oval-
trigonal shape, the external ornament, the posterior
branch of hinge being longer than anterior, the
parallel and angled teeth, the anisomyarian
adductor muscles scars, and the anterior outline
subquadrate and larger than the oval posterior one.
Differences include the thick shell; the presence of
a lunule bounded by a well defined carina, and the
upward inclination of the pallial sinus in the Spanish
species. Yoldia peninsularis sp. nov. is also
comparable to the extant endemic Antarctic species
Yoldia eightsi (Dell 1964, Narchi et al. 2002). This
bivalve, of circum-Antarctic distribution, has not
yet been found in the fossil record, but it
approaches the new species in size and general
shape (except in the concavity of the postero-dorsal
margin), the descendant pallial sinus and the
reduced number of teeth. The material from Cape
Melville is similar in general shape to Yoldia
(Aequiyoldia) sp. from the late Oligocene Victoria
Land Basin, Antarctica, identified by Taviani et al.
(2000) but internal features as hinge plate and
muscle scars were not described or illustrated for
comparison, even though the authors mentioned
the existence of material exhibiting hinge features.
The living Yoldia riograndensis Esteves, 1984 from
the Brazilian continental shelf is smaller and has a
more pointed posterior end than Yoldia
peninsularis sp. nov.

PTERIOMORPHIA Beurlen, 1944
ARCOIDA Stoliczka, 1871
LIMOPSOIDEA Dall, 1895
LIMOPSIDAE Dall, 1895

Limopsis Sassi, 1827



ALCHERINGA EARLY MIOCENE BIVALVES FROM WEST ANTARCTICA 125

Fig. 74-0. Yoldia peninsularis sp. nov. A-B, holotype GP/IT 2161, articulated valves; A, right view; B, dorsal view.
C, paratype GP/IT 2173, fragmented articulated valves, right view. D-E, paratype GP/IT 2162, fragmented internal
mold of articulated valves; D, right view; E, drawing of muscle scars. F-I, paratype GP/IT 2163, internal mold of
articulated valves; F, left view; G, drawing of muscle scars; H, right view; I, drawing of muscle scars. J, paratype GP/
1T 2169, internal mold of right valve. K-L, paratype GP/1T 2164; K, internal mold of articulated valves, right view,
showing posterior adductor scar (arrow); L, magnified posterior adductor muscle scar (arrow) region, same specimen,
x2; M-O, paratype GP/1T 2176; M, internal mold of right valve, x2; latex cast, internal view of right valve, same
specimen; O, magnified hinge showing posterior and anterior row of teeth and triangular resilifer, same specimen,
x2.5. All x1, except L, M, O.

Specimen Valves Length Height Width Anterior Anterior Elongation Obesity
Elongation

GP/1T2161 R 29.5 17.5 8 16 0.54 1.68 2.18

GP/1T2164 R/L 27.0 15 7 12.5 0.46 1.8 2.14

GP/1T2173 L 26.5 15 7 14 0.53 1.77 2.14

GP/1T2163 R/L 25.5 14 6.5 14 0.55 1.82 2.15

GP/1T2167 R 23.0 12.5 6 13.5 0.59 1.84 2.08

Table 4. Dimensions in mm of representative specimens of Yoldia peninsularis sp. nov.
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Type species. Arca aurita Brocchi, 1814;
Pliocene, Italy; living, Atlantic.

Discussion. Dell (1964) indicated the presence of
a thickened, oblique ridge in the internal posterior
side of the valves as a very common character of
members of thick-shelled limopsids, a character also
present in our specimens. Newell (1969) indicated
as diagnostic features of Limopsis the nearly
equilateral shell and orbicular shape, commonly
with slight forward obliquity. Tevesz (1977) noted
the striking similarities between limopsids and
glycymeridids, particularly with regard to dentition
and shell shapes. Tevesz (1977) pointed out that
the main difference between the groups is that the
dorsal area of limopsids is marked by a pit and in
glycymeridids by chevron grooves. Unfortunately,
this character is not visible in the specimens from
the Cape Melville Formation. Tevesz (1977),
however, also pointed out that isomyarian
adductors scars are common for most
glycymeridids, in contrast to the strongly
anisomyarian condition of our specimens. These
also do no exhibit the fluted inner ventral margins
that Newell (1969) considered diagnostic of
Glycymeris da Costa, 1778. On the basis of these
elements we included the specimens from Cape
Melville to belong in Limopsis.

Limopsis psimolis sp. nov. (Figs 8A-J, Table 5)

Material. Holotype, articulated with almost
complete valves and internal mold GP/1T 2175.
Paratypes, articulated with almost complete
valves GP/1T 2176, GP/1T 2177, GP/1T 2178, GP/
IT 2179. Section C, Cape Melville Formation,
Moby Dick Group, Melville Peninsula, King
George Island, Antarctica.

Age. Early Miocene.
Etymology. Psimolis, an anagram of Limopsis.

Diagnosis. Limopsis with large shell, thick,
orbicular; external ornament of irregularly spaced
commarginal growth increments; adductor
muscle scar strongly anysomiarian.

Description. Shell large, slightly inequilateral
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obliquely ovate, elongate posteriorly, equivalve;
moderately elongate, very compressed. Anterior,
ventral and posterior margins strongly compressed
outward posterior adductor and pallial line, often
forming a wide flange in internal molds; flange
widens slightly above postero-ventral angle of
shell, close to posterior adductor scar. Umbones
depressed; beaks not observed. Lunule and
escutcheon absent. External ornament of irregularly
spaced commarginal growth increments; surface
of increments covered with well-marked, equally
spaced radial ribs present over the whole surface
of the shell, three per mm near ventral margin.
Anterior dorsal margin very short, straight; anterior
and ventral margins convex; posterior dorsal margin
truncated, straight or slightly convex; posterior
dorsal margin straight, slightly longer than the
anterior. Adductor muscle scars anisomyarian; the
anterior reduced, oval, strongly marked, reflecting
an oblique insertion of the musculature in the shell,
positioned at the flange, close to the posterior dorsal
angle. A well-marked buttress runs posteriorly to
the anterior adductor. Posterior adductor scar large,
subcircular, well-marked, positioned at mid-length
of posterior margin. Anterior pedal retractor small,
elongate, well-marked, not fused to the adductor,
positioned on the flange, slightly posterior to and
above the adductor. Posterior pedal retractor larger
than the anterior, subcircular, well marked, not fused
to the adductor, positioned slightly anterior to and
above the adductor. Pallial line integripalliate. A
fluted area, three millimeters high, covers the entire
length above the pallial line. Hinge line faintly
curved, with coarsened ventral margin. Taxodont
dentition is not completely visible; maximum tooth
number estimated for the anterior region is 12 and
for the posterior 7.

Comparison. Marwick (1931) described L.
retifera, L. cooki and Limopsis sp. from the
Cenozoic of New Zealand. Limopsis retifera is
distinguished from Antarctic species by its
smaller size, shape, well-marked reticulated
pattern of external ornament, obesity index, and
shape and relative size of the adductor scars.
Limopsis cooki is similar in general shape,
external ornamentation, shape and size of
adductor muscle scars, but is only a third of the
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Fig. 84-J. Limopsis psimolis sp. nov. A-1, holotype GP/1T 2175, articulated valves and internal mold. , left valve;
B, right valve. C, internal mold, right view; D, drawing of muscle scars, right view. E, internal mold, left view. F,
internal mold, dorsal view; G, drawing of muscle scars, dorsal view. H, left valve, internal view; arrow, buttress. I,
right valve, internal view; arrow, buttress. J, paratype GP/1T 2179, articulated valve, left view showing pattern of
radial external ornament. All x1.

Specimen Valves Length Height Width Anterior Anterior Elongation Obesity
Elongation

GP/1T2175 R/L 45 38 20 11 0.24 1.18 1.90

GP/1T2179 R/L 39 31 15 11 0.28 1.26 2.10

GP/1T2176  R/L 39 30 14 8 0.20 1.30 2.14

GP/1T2177 R/L 37 30 12 8 0.22 1.23 2.50

GP/1T2178 R/L 35 27 11.5 8 0.23 1.29 2.34

Table 5. Dimensions in mm of representative specimens of Limopsis psimolis sp. nov.

size of L. psimolis sp. nov., moderately inflated,  of'its external ornament, but differs in its smaller
and has the dorsal margin of shell straight. size and in the presence of a deeply folded
Limopsis cf. cumingi from the Pliocene Sannohe ~ postero-dorsal margin. Our material also
Group, Japan (Chinzei 1960) is similar to L.  resembles L. waihaoensis Allan, 1926 from the
psimolis sp. nov. in the general shape and pattern =~ middle Eocene Waihao Greensand and late
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Eocene Kaiata formations, New Zealand (Beu &
Maxwell 1990) in general shape, the relative sizes
of the adductors and the shape of the pallial line.
However, the New Zealand species differs from
the Antarctic one in its smaller size (height 7-
11mm), its thinner shell and its feeble external
sculpture. Other species similar to L. psimolis
sp. nov are L. zealandica Hutton, 1873, and L.
catenata Suter, 1917, from the early Miocene
Mount Harris Formation, New Zealand (Beu &
Maxwell 1990). Limopsis zealandica resembles
L. psimolis sp. nov. in general shape, external
ornamentation and the size of the adductor
muscle scars but differs in its smaller size (height
20-28mm). Limopsis catenata Suter, 1917 is very
similar from Limopsis psimolis sp. nov in size
(height 30-40mm), in external ornamentation, in
the size and shape of the adductor muscle scars,
the widened flange at the posterior-ventral end
of the posterior adductor scar, and myophoric
ridge at the anterior adductor, here termed as
buttress. However, L. catenata is more trigonal
while L. psimolis sp. nov. is obliquely ovate.
Because the hinge and areas above it are not
preserved, the characters of these regions are
not comparable.

HETEROCONCHIA Hertwig, 1895
HETERODONTA Neumayr, 1883
MY OIDA Stoliczka, 1870

MYINA Stoliczka, 1870
HIATELLOIDEA Gray, 1824 (1842)
HIATELLIDAE Gray, 1824 (1842)

Panopea Menard, 1807

Type species. Mya glycimeris Bomn, 1778, Recent,
Europe (by subsequent designation of Schmidt 1818).

Discussion. Keen (1969, N700) characterized
Panopea as a shell of medium or to large size,
elongate, with gaping, subcentral beaks;
ligamental nymph large, high; pallial sinus wide.
Del Rio (1994) added the following elements: shell
of medium to large size, transversely elongate,
anterior end rounded and posterior end truncate,
anterior and posterior gaping (more so
posteriorly); beaks subcentrally placed; nymphs
long and high; pallial sinus well developed and

ALCHERINGA

sculpture consisting of rather coarse
commarginal undulations.

Panopea (Panopea) sp. cf. P. regularis (Ortmann,
1902) (Figs 9A-B, Table 6)

Age. Early Miocene.

Material examined. Fragmented articulated
valves GP/1T 2181, GP/1T 2182, GP/1T 2184;
anterior part preserved and posterior mold of
left valve, GP/1T 2180; almost complete right
valve, GP/IT 2183. Sections B and C, Cape
Melville Formation, Melville Peninsula, King
George Island, Antarctica.

Description. Shell thick, subretangular,
inequilateral, equivalve; very elongate; inflated.
Umbonal region slightly elevated above hinge
line. External ornament of irregular spaced
commarginal folds, better developed on umbonal
region of shell than elsewhere. Antero-dorsal
margin slightly convex; anterior margin rounded;
ventral margin elongated, faintly convex;
posterior margin not preserved. Pallial line well
marked, deeply sinuate. Other muscle scars and
hinge features not observed.

Comparison. Specimens available are incomplete
and cannot be properly compared with other taxa.
Though larger, they have been provisionally
assigned to P. (P.) sp. cf. (P.) regularis (Ortmann,
1902) from the middle Miocene Puerto Mandryn
Formation (Del Rio 1994) in view of similarities in
the shell thickness, the proportion of antero-
dorsal and postero-dorsal margins, the shape of
the anterior margin and the obesity index. Other
species of Panopea described from Antarctica,
include P. clausa Wilckens, 1910 (redescribed
by Zinsmeister & Macellari [1988] from
Cretaceous rocks of Seymour Island), and
Panopea (Panopea) andreae erected by
Studenka (1991) from the early Miocene
Destruction Bay Formation, Melville Peninsula.
The former has a shorter anterior margin and
more pointed beaks than P. (P.) sp. (P.) regularis
and the latter is less elongate and half the size of
the present specimens. The Cape Melville taxon
resembles also Panopea wanganuica Powell,
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B

Fig. 94-B. Panopea (Panopea) cf. P. regularis. A-B,
holotype GP/IT 2180; A, fragmentary left valve; B,
dorsal view; x1.

1950, reported by Beu & Maxwell (1990) from the
Kupe Formation (late Pliocene, New Zealand) in
terms of general shape, ornamentation and pallial
line pattern. The species from New Zealand is,
however, larger (length 90-110 mm) and has more
depressed umbones. Panopea n. sp.? cf. P.
philippi Zinsmeister, 1984 identified by Stilwell
(2000) from Eocene rocks of McMurdo Sound is
a more elongate species.

ANOMALODESMATA Dall, 1889 (1899)
PHOLADOMYOIDA Newell, 1965
PANDOROIDEA Rafinesque, 1815
PERIPLOMATIDAE DALL, 1895
Periploma Schumacher, 1817

Type species. Periploma inaequivalvis
(=Corbula margaritacea Lamarck, 1801).

Discussion. Diagnostic characters of the genus
include right valve more convex than left and
overlapping it, surface granular, beaks
opisthogyrate; chondrophores supported by
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clavicle in most forms (Keen 1969b). Except for
the chondrophore all characters are visible in
the shells from Cape Melville. Periploma is
similar to Thracia Sowerby, 1823 (see Marshall
2002) but may be separated by its nearly circular
outline and more strongly curved ventral margin.

Periploma acuta sp. nov. (Figs 10A-F, Table 7)

Material. Holotype, complete articulated shell, GP/
IT 2159. Paratypes, internal mold of articulated
valves GP/1T 2156-2157; GP/1T 2158. Section B,
Cape Melville Formation, Moby Dick Group,
Melville Peninsula, King George Island, Antarctica.

Age. Early Miocene.

Etymology. From Latin acuta = acute, referring
to the posterior region of the shell.

Diagnosis. Small Periploma, very compressed,
with angle between anterior and posterior dorsal
margin around 125° posterior region of shell
acute; anterior end of pallial sinus acuminate;
blunt rounded nymph.

Description. Shell varying in size from 18-22 mm;
thin and fragile, nacreous internally; inequivalve,
with right valve slightly more inflated than the
left; equilateral, subcircular; elongation equate
to moderately elongate; very compressed.
Umbones depressed, slightly elevated above
hinge line; beaks opisthogyrous. A posterior
umbonal slope runs from beaks to postero-
ventral angle. Lunule and escutcheon absent.
External ornament of fine commarginal growth
lines. Anterior and posterior dorsal margins
straight, forming an angle of around 125°.
Anterior and ventral margins of shell rounded
and continuous; posterior region of shell

Specimen Valves Length Height Width
GP/1T2184 R/L 81 43 32
GP/1T2180 L 80* 51 17
GP/1T2181 R/L 46 38
GP/1T2183 R 55 27 -

Anterior Anterior Elongation Obesity
Elongation

18 0.22 1.88 1.34

24 0.30 1.57 1.50*
- - 1.21

25 0.45 2.03 -

Table 6. Dimensions in mm of representative specimens of Panopea (Panopea) sp. cf. P. regularis.
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Fig. 10A4-F. Periploma acuta sp. nov. A, holotype GP/1T 2159, articulated valves. B-C, paratype GP/1T 2157, internal mold,;
B, left view; C, latex cast of internal left side showing the blunt rounded nymph (arrow). D-F, paratype GP/IT 2156, left valve
preserved with internal mold; D, left valve view; E, right view. F, drawing of muscle scars. All specimens x2.

Specimen  Valves Length Height Width
GP/I1T 2158 R/L 22 15 3.5
GP/1T 2157 R/L 21 17 4.0
GP/I1T 2159 R/L 19 16 4.0
GP/1T 2156 R/L 19 18 5.0

Anterior Anterior Elongation  Obesity
Elongation

6.0 0.27 1.46 4.28

6.0 0.28 1.23 4.25

10.0 0.55 1.12 4.00

10.0 0.52 1.05 3.5

Table 7. Dimensions in mm of representative specimens of Periploma acuta sp. nov.

acuminate, posterior margin truncate.
Musculature shallowly impressed, not
completely observable; anterior adductor scar
smaller than posterior, elliptical, with posterior
margin irregular; posterior adductor nearly
circular. Pallial line strongly sinupalliate, with
acuminate anterior end. Hinge edentulous, with
a blunt rounded nymph posterior to umbones.

Comparison. Periploma acuta sp. nov. from Cape
Melville differs from Periploma topei from the
Eocene La Meseta Formation (Zinsmeister 1984) in
its small size, its nearly circular outline and more
anterior position of umbones. Periploma acuta sp.
nov. differs from Periploma n. sp.? cf. Periploma
topei Zinsmesister, 1984 identified by Stilwell (2000)
from Eocene rocks of McMurdo Sound, in its smaller
elongation and its nearly circular outline.

Acknowledgments

This paper is a contribution of Project
PROANTAR-CNPq, 550352/02-3. We are grateful
to A.G. Beu whose critical remarks and abundant
comments helped to improve greatly the
manuscript, and J.D. Stilwell for very helpful
suggestions for improvement of the manuscript.

References

ALLEN, J.A. & Hannan, F.J., 1986. A reclassification of
the recent genera of the subclass Protobranchia
(Mollusca: Bivalvia). Journal of Conchology 32,
225-249.

AGUIRRE, M.L. & FaArINATI, E.A., 2000. Moluscos del Quaternario
Marino de la Argentina. Boletin Academia Nacionale
Ciencias Cordoba 64, 235-233.

AMLER, M.R.W., 1999. Synoptical classification of fossil
and Recent Bivalvia. Geologica et Palaeontologica
33, 237-248.

ANeLLl, L.E., Santos, P.R. pos, Rocua-Camros, A.C.,
PerINOTTO, J.A. DE J. & Tomio, A., 2003a. Taphonomy
of a nuculid bivalve concentration from the Cape
Melville formation (early Cenozoic), King George
Island, Antarctica. XI Semindrio Sobre Pesquisa
Antartica, Instituto de Geociéncias, Universidade
de Sao Paulo, Boletim de Resumos, p. 35



ALCHERINGA

ANELLI, L.E., SanTos, P.R. pos, RocHa-Camros, A.C.,
PeriNoTTO, J.A. DE J. & Towmio, A., 2003b. Bivalves
from the Cape Melville formation, Moby Dick group
(early Cenozoic), King George Island, Antarctica.
XI Semindrio Sobre Pesquisa Antdrtica, Instituto de
Geociéncias, Universidade de Sdo Paulo, Boletim
de Resumos, p. 27.

ANDRES, 1., 1989. Estudio sistematico de los bivalves
Paleotaxodonta 'y Pteriomorphia (Arcoida,
Mytiloida) del Plioceno de Bonares (Huelva, Espaiia).
Studia Geologica Salmanticensia 26, 317-353.

Beu, A.G. & MAXWELL, P.A., 1990. Cenozoic Mollusca of
New Zealand. New Zealand Geological Survey,
Palaeontological Bulletin 5, 518 pp.

BiernAT, G, BIRKENMAJER, K. & PopPiEL-BArczyk, E., 1985.
Cenozoic brachiopods from the Moby Dick Group of
King George Island (South Shetland Island, Antarctica).
Studia Geologica Polonica 81, 109-141.

BIRKENMAJER, K., 1982. Pre-Quaternary fossiliferous
glaciomarine deposits at Cape Melville, King George
Island, (South Shetlands Island, West Antarctica).
Académie Polonaise des Sciences, Bulletin, Série
Science de La Terre 29(4), 331-340.

BIRKENMAJER, K., 1984. Geology of Cape Melville area, King
George Island (South Shetlands Island, Antarctica): pre-
Pliocene glaciomarine deposits and their substratum.
Studia Geologica Polonica 79, 7-36.

BIirRkENMAJER, K., 2001. Mesozoic and Cenozoic
stratigraphic units in parts of the South Shetland
Islands and Northern Antarctic Peninsula (as used by
the Polish Antarctic programmes). Studia Geologica
Polonica 118, 188 pp.

BIRKENMAIER, K., GAZDZICKI, A., PUGACZEWSKA, H. & WRONA,
R., 1987a. Recycled Cretaceous belemnites in Lower
Miocene glaciomarine sediments (Cape Melville
Formation) of King George Island, West Antarctica.
Palaeontologia Polonica 49, 49-62.

BIRKENMAIER, K., GazDzIcKI, A. & WRONA, R., 1987b. Cretaceous
and Cenozoic fossils in glaciomarine strata at Cape
Melville, Antarctica. Nature 33(5912), 56-59.

BIRKENMAJER, K. & Luczkowska, E., 1987. Foraminiferal
evidence for a Lower Miocene age of glaciomarine
and related strata, Moby Dick Group, King George
Island (South Shetlands Island, Antarctica). Studia
Geologica Polonica 90, 81-123.

BIRKENMAJER, K. & ZAsTAwNIAK, E., 1986. Plant remains of
the Dufayel Island Group (Early Cenozoic?), King
George Island, South Shetland Islands (West
Antarctica). Acta Paleobotanica 26 (1, 2), 33-54.

BITNER, M.A. & CRAME, J.A., 2002. Brachiopods from the
Lower Miocene of King George Island, West
Antarctica. Polish Polar Research 23(1), 75-84.

BrapsHaw, MLA., 1999. Lower Devonian bivalves from the
Reefton Group, New Zealand. Memoir of the Association
of Australasian Palaeontologists 20, 171 pp.

CARTER, J.G., 1990. Evolutionary significance of shell
microstructure in the Palaeotaxodonta,
Pteriomorphia and Isofilibranchia, In Skeletal
Biomineralization, Patterns, Processes and
Evolutionary Trends, CARTER, J.G. ed., Van Nostrand
Reinhold & Co., New York, 135-412.

Cuinzel, K., 1960. Molluscan fauna of the Pliocene
Sannaohe Group of Northeast Honshu, Japan.
Journal of the Faculty of Sciences, University of
Tokyo 13(2), 81-131.

COVACEVICH, V., 1976. Fauna Valanginiana de Peninsula

EARLY MIOCENE BIVALVES FROM WEST ANTARCTICA 131

Byers, Isla Livingston, Antarctica. Revista Geologica
del Chile 3, 25-56.

Cox, L.R., 1940 The Jurassic Lamellibranchiata fauna of
Kachh (Cutch). Palaeontologia Indica 9, (part 3
no. 3), 1-157.

CRAME, J.A., 1999. An evolutionary perspective on marine
faunal connections between southernmost South
America and Antarctica. Scientia Marina 63, 1-14.

DeLL, R.K., 1964. Antarctic and subantarctic Mollusca:
Amphineura, Scaphopoda and Bivalvia. Discovery
Report 33, 93-250.

DEeL-Rio, C.J., 1992. Middle Miocene Bivalves of The
Puerto Madryn Formation, Valdes Peninsule, Chubut
Province, Argentina (Nuculidae-Pectinidae), Part I.
Palaeontographica A 225, 1-58.

DEeL-Rio, C.J., 1994. Middle Miocene Bivalves of the
Puerto Madryn Formation, Valdes Peninsule, Chubut
Province, Argentina (Lucinidae-Pholadidae), Part II.
Palaeontographica A 231, 93-132.

DupziAk, J., 1984. Cretaceous calcareous nannoplancton
from glaciomarine deposits of the Cape Melville
area, King George Island (South Shetland Islands,
Antarctica). Studia Geologica Polonica 79, 37-51.

Erias, M.K., 1957. Hollow Formation of Southern
Oklahoma. Part 3. Pelecypoda. Journal of
Paleontology 31, 737-784.

ERDMANN, S. & MORRA, G., 1985. Nuevos moluscos de la
Formation San Julian, Provincia de Santa Cruz.
Ameghiniana 22, 289-295.

Esteves, L.LR.F., 1984. Recent bivalves (Palacotaxodonta and
Pteriomorphia) from the Brazilian continental shelf.
Pesquisas do Instituto de Geociéncias, Universidade
Federal do Rio de Janeiro 16, 190-226.

FarinaTl, E.A., 1978. Microfauna de moluscos
queradinenses (Holoceno), Ingeniero White,
Provincia de Buenos Aires. Revista de la Associacion
Geologica Argentina 33, 211-231.

FELDMANN, R.A. & CRrAME, J.A., 1998. The significance of
a new nephropid lobster fom the Miocene of
Antarctica. Palaeontology 41, 807-814.

FELDMANN, R. M. & Gazpzickl, A., 1997. A new species of
Glyphea (Decapoda: Palinura) from the La Meseta
Formation (Eocene) of Seymour Island, Antarctica.
Acta Palaeontologica Polonica 42, 437-445.

FeELDMANN, R. M. & Gazpzicki, A., 1998. Cuticular
ultrastructure of fossil and living homolodromiid crabs
(Decapoda: Brachyura). Acta Palaeontologica
Polonica 43, 1-19.

Fineay, H.J., New shells from the New Zealand Tertiary
beds: part 2. Transactions of the New Zealand Institute
56, 227-258.

FiscHer, P.H., 1880-1887. Manuel de conchyliologie et
de paléontologie conchyliologique: XXV. F. Savy.
Paris. 1369 pp.

FosteRr, R., GAzDpzIcK, A. & WRONA, R., 1987. Homolodromiid
crabs from the Cape Melville Formation (Lower Miocene)
of King George Island, West Antarctica. Palaeontologia
Polonica 49, 147-161.

IHERING, H. von, 1907. Les Mollusques fossiles du Tertiaire
et du Crétacé Supérieur de L’Argentine. Annales del
Museo Nacional de Buenos Aires 3, 14(7), 1-611.

JESIONECK-SzYMANskA, W., 1987. Echinoids from the Cape
Melville Formation (Lower Miocene) of King George
Island, West Antarctica. Palaeontologia Polonica
49, 163-168.

Karczewski, L., 1987. Gastropods from the Cape Melville



132 ANELLI ET AL.

Formation (Lower Miocene) of King George Island,
West Antactica. In Palaeontological Results of the
Polish Antactic Expeditions, Part 1. A. Gazpzicki ed.,
Palaeontologia Polonica 49, 127-146.

KEeN, M., 1969a. Superfamily Hiatellacea. In Treatise on
Invertebrate Paleontology, Part N. Bivalvia, R.C.
Moore ed., University of Kansas Press, Lawrence,
N700-702.

KEeeN, M., 1969b. Superfamily Periplomatidae. In Treatise
on Invertebrate Paleontology, Part N. Bivalvia, R.C.
MoorE ed., University of Kansas Press, Lawrence,
N849-850.

KiLBurN, R.N., 1999. The Family Nuculidae (Bivalvia:
Protobranchia) in South Africa and Mozambique.
Annals of the Natal Museum 40, 245-268.

MCALESTER, A.L., 1969. Superfamily Nuculanacea. In
Treatise on Invertebrate Paleontology, Part N.
Bivalvia, R.C. MoorE ed., University of Kansas Press,
Lawrence, N231-235.

MaLumian, N., CamacHo, H.H. & Gorroro, R., 1978.
Moluscos del Terciario Inferior de la Isla Grande de
Tierra del Fuego, Republica Argentina. Ameghiniana
15, 161-171.

MarsHALL, B.A., 1978. The genus Neilo in New Zealand
(Mollusca: Bivalvia). New Zealand Journal of
Zoology 5, 425-436.

MaRrsHALL, B.A., 2002. Some Recent Thracidae,
Periplomatidae, Myochamidae, Cuspidariidae and
Spheniopsidae (Anomalodesmata) from the New
Zealand region and referral of Thracia reinga
Crozier, 1966 and Scintillona benthicola Dell,
1956 to Tellimya Brown, 1827 (Montacutidae)
(Mollusca: Bivalvia). Molluscan Research 22,
221-288.

Marwick, J., 1931. The Cenozoic Mollusca of the Gisborne
District. New Zealand Geological Survey
Palaeontological Bulletin 13, 177 pp.

MaxweLL, P.A., 1988. Comments on “A reclassification
of the recent genera of the Subclass Protobranchia
(Mollusca: Bivalvia)” by J.A. Allen & F.J. Hannah
(1986). Journal of Conchology 33, 85-96.

MEeLLo, M.V. & Barria, J.S., 1998. Protobranchia
(Mollusca: Bivalvia) chilenos recientes y algunos
fosiles. Malacologia 40, 113-229.

Narchi, W., DomanescHl, O. & Passos, F.D., 2002. Bivalves
antarticos e subantarticos coletados durante as
Expedi¢des Cientificas Brasileiras a Antartica I a IX
(1982-1991). Revista Brasileira de Zoologia 19(3),
645-675.

NEWELL, N.D., 1969. Family Glycimeridae. In Treatise on
Invertebrate Paleontology, Part N. Bivalvia, R.C.
MoorE ed., University of Kansas Press, Lawrence,
N267-269.

OLIVER, P.G., 1981. The Functional Morphology and
Evolution of Recent Limopsidae (Bivalvia: Arcoida).
Malacologia 21, 61-93.

ORTMANN, A.E., 1902. Tertiary invertebrates. Reports of
the Princeton Expedition to Patagonia, 1896-1899,
4, 45-332.

PerRINOTTO, J.A.DE J., SANTOS, P.R. DOS, Rocta-Campros, A.C.,
ANeLLL, L.E. & Tomio, A., 2003. Estratigrafia e facies
sedimentares das formagdes Destruction Bay e Cape
Melville (Eoterciario), Peninsula Melville, Antartica.

ALCHERINGA

XI Semindrio Sobre Pesquisa Antdrtica, Instituto de
Geociéncias, Universidade de Sdo Paulo, Boletim
de Resumos, 2.

Puri, H.S., 1969. Family Nuculanidae. In Treatise on
Invertebrate Paleontology, Part N. Bivalvia, R.C.
MoorE ed., University of Kansas Press, Lawrence,
N235-241.

RHIND, PM. & ALLEN, J.A., 1992. Studies on the deep-sea
Protobranchia (Bivalvia): the Family Nuculidae.
Bulletin of the Britsh Museum of Natural History
(Zoology) 58, 61-93.

RoNiEwicz, E. & Morycowa, E., 1987. Development and
variability of Terciary Flabellum rariceptatum
(Scleractinia), King George Island, West Antarctica.
In Palaeontological Results of the Polish Antactic
Expedictions, Part 1. A. Gazpzicki ed., Palaeontologia
Polonica 49, 83-103.

Scuenck, H.G., 1934. Classification of nuculid pelecypods.
Bulletin du Musée Royal d’Histoire Naturelle de
Belgique 10, 1-78

STANLEY, S.M., 1972. Functional morphology and evolution
of byssally attached bivalve mollusks. Journal of
Paleontology 46, 165-212.

STILWELL, J.D., 2000. Eocene Mollusca (Bivalvia, Gastropoda
and Scaphopoda) from McMurdo Sound: systematics
and paleoecologic significance. In Paleobiology and
Paleoenvironments of Eocene rocks, McMurdo Sound,
East Antarctica, J.D. STiLweLL & R.M. FELDMANN eds,
Antarctic Research Series 76, 261-320.

STILWELL, J.D. & ZINSMEISTER, W., 2000. Paleobiogeographic
syntesis of the Eocene macro-fauna from McMurdo
Sound, Antarctica. In Paleobiology and
Paleoenvironments of Eocene rocks, McMurdo
Sound, East Antarctica, J.D. STILWELL & R.M. FELDMANN
eds, Antarctic Research Series 76, 365-372.

STUDENKA, B., 1991. A new species of genus Panopea
(Bivalvia) from the King George Island, Antarctica.
Polish Polar Research 12(3), 363-368.

TevVEsz, M.J.S., 1977. Taxonomy and ecology of the
Philobryidae and Limopsidae (Mollusca:
Pelecypoda). Postilla 171, 64 pp.

TRrOEDSON, A.L. & RipING, J.B., 2002. Upper Oligocene to
lowermost Miocene strata of King George Island,
South Shetland Islands, Antarctica: Stratigraphy,
facies analysis and implications for the glacial history
of the Antarctic Peninsula. Journal of Sedimentary
Research, Section B: Stratigraphy and Global Studies
72(4), 510-523.

VILLARROEL, M. & STUARDO, J., 1998. Protobranchia
(Mollusca: Bivalvia) chilenos recientes y algunos
fosiles. Malacologia 40, 113-229.

ZINSMEISTER, W.J., 1982. Late Cretaceous-Early Tertiary
molluscan biogeography of the southern circum-
Pacific. Journal of Paleontology 56, 84-102.

ZINSMEISTER, W.J., 1984. Late Eocene Bivalves (Mollusca)
from the La Meseta Formation, collected during the
1974-1975 joint Argentine-American expedition to
Seymour Island, Antarctic Peninsula. Journal of
Paleontology 58, 1497-1527.

ZINSMEISTER, W.J. & MaAcELLARrI, C.E., 1988. Bivalvia
(Mollusca) from the Seymour Island, Antarctic
Peninsula. Geological Society of America Memoir
169, 253-284.



Quaglio 2007 Anexo 5

Anexo 5

QUAGLIO, F., ANELLI, L.E., SANTOS, P.R., PERINOTTO, J.A.J. & ROCHA-CAMPOS, A.C. No prelo.
Invertebrates from the Low Head Member (Polonez Cove Formation, Oligocene) at Vauréal
Peak, King George Island, West Antarctica. Antarctic Science.



Invertebrates from the Low Head Member (Polonez Cove Formation, Oligocene)
at Vaureal Peak, King George Island, West Antarctica

Fernanda Quagliol’*, Luiz E. Anellil, Paulo R. dos Santosl, José A. de J. Perinotto® and
Antonio C. Rocha-Campos'

'nstituto de Geociéncias, Universidade de Sao Paulo, Rua do Lago 562, 05508-080,
Cidade Universitaria, Sao Paulo, SP, Brazil

*Instituto de Geociéncias e Ciéncias Exatas, Universidade Estadual Paulista, Avenida 24-A,
1515,

13506-900, Rio Claro, SP, Brazil

*quaglio@usp.br



Abstract

Eight taxa of marine invertebrates, including two new bivalve species, are described from
the Low Head Member of the Polonez Cove Formation (latest early Oligocene) cropping
out in the Vauréal Peak area, King George Island, West Antarctica. The fossil assemblage
includes representatives of Brachiopoda (genera Neothyris sp. and Liothyrella sp.), Bivalvia
(Adamussium auristriatum sp. nov., 2Adamussium cf. A. alanbeui Jonkers, and Limatula
(Antarctolima) ferraziana sp. nov.), Bryozoa, Polychaeta (serpulid tubes) and
Echinodermata. Specimens occur in debris flows deposits of the Low Head Member, as
part of a fan-delta setting in a high energy, shallow marine environment. Liothyrella sp.,
Adamussium auristriatum sp. nov. and Limatula ferraziana sp. nov. are among the oldest
records for these genera in King George Island. All three taxa are ancestral to Recent
Antarctic groups. In spite of their restrict number and diversification, bivalves and
brachiopods from this study display an overall dispersal pattern that roughly fits in the
clockwise circulation of marine currents around Antarctica accomplished in two steps. The
first followed the opening of the Tasmanian Gateway at the Eocene/Oligocene boundary,
along the eastern margin of Antarctica, and the second took place in post-Paleogene time,
following the Drake Passage opening between Antarctic Peninsula and South America,

along the western margin of Antarctica.

Key words: taxonomy, Paleogene, Oligocene, bivalves, brachiopods, Pectinidae, Bryozoa,

Echinoidea, Polychaeta, West Antarctica



Introduction

The Polonez Cove Formation, cropping out at King George Island (KGI), West Antarctica
(Fig. 1), preserves a diverse Cenozoic marine biota that has been subject of numerous
papers dealing with coccoliths (Gazdzicka & Gazdzicki 1985), foraminifers, ostracods
(Blaszyk 1987), brachiopods (Bitner & Pisera 1984, Bitner & Thomson 1999), polychaete
worms, bryozoans, gastropods, bivalves (Gazdzicki & Pugaczewska 1984), scaphopods
(Pugaczewska 1984), and echinoderms (Jesionek-Szymanska 1984). The Low Head
Member of the Polonez Cove Formation is a richly fossiliferous unit (Bitner & Thomson
1999), and crops out at various sites along the eastern coast of KGI. Most of the
stratigraphic and paleontological studies of the Polonez Cove Formation available in the
literature refer to the type-section of the formation exposed from Lions Rump to Low Head
along the southern coastal of KGI (Fig. 1). Although briefly described by Birkenmajer
(1982), Porebski & Gradzinski (1987) and Troedson & Riding (2002), Cenozoic sediments
cropping out at Vauréal Peak, on the northern margin of Admiralty Bay, had never been
paleontologically studied or correlated with the Polonez Cove Formation, perhaps due to
the limited exposure at this site.

The new taxonomic data here presented, allied to previous studies on fossil invertebrates
from Antarctic regions, are essential for establishing the paleontological affinities of KGI
fossils with other Cenozoic faunas from Antarctic peripheral southern continents. These
data bear on the identification of migratory routes of marine faunas from northern warmer
waters into Antarctica, and on the understanding of paleobiogeographical patterns
established during the glacial history of West Antarctica at the time of its separation from

South America at the end of Paleogene (e.g. Zinsmeister 1982, Crame 1999, Briggs 2003).



The present paper is a part of a series aiming to describe the marine invertebrate faunas
from Cenozoic deposits of KGI (Anelli et al. 2006), evaluating their taxonomic affinities in
order to recognize dispersal routes that shaped their composition, and interpreting their

paleoenvironment in the context of their depositional history.

Geological setting, age and paleontology

Fossil invertebrates described herein were collected from outcrop assigned to the Low Head
Member of the Polonez Cove Formation at Vauréal Peak, Admiralty Bay, KGI, West
Antarctica (Fig. 1), in the austral summer of 2004, during the Operacao Antartica XXII of
the Brazilian Antarctic Program (PROANTAR). Other exposures of the Polonez Cove
Formation occur on a cliff along the eastern coast of the island, between Lions Rump and
Low Head, King George Bay (type-area of the unit, Birkenmajer 1982), at Three Sisters
Point, as well as inland at Godwin Cliffs and Magda Nunatak (Porebski & Gradzinski
1987, Birkenmajer 2001, Troedson & Smellie 2002). (Fig. 1b.)

In its type-area, the Polonez Cove Formation is represented by a sequence of diamictites
and fossiliferous basaltic conglomerates and sandstones. The main characteristic of the
formation is the presence of conglomerate facies containing faceted and striated pebble- to
boulder-sized clasts of local and continental Antarctic provenance, assigned to the
Krakowiak Glacier Member (Birkenmajer 2001, 2003). A detailed description of the
stratigraphy, facies and depositional environment of the Polonez Cove Formation appears
in Porebski & Gradzinski (1987, 1990), Santos et al. (1990), and Troedson & Smellie
(2002).

The Polonez Cove Formation sequence cropping out at Vauréal Peak starts with diamictite,

up to 5 m thick, correlated to the Krakowiak Glacier Member, which passes upwards to



lenticular beds of matrix or clast-supported, massive gravel and grainy to pebbly sandstone,
6 m thick, of the Low Head Member (Fig. 2).

The Low Head Member facies described in this paper are correlatable to the LH3 facies
(sensu Birkenmajer 1994, 1995) and to the L2 facies (sensu Troedson & Smellie 2002) of
the Low Head Member (Table 1).

As shown on the 7 m-thick stratigraphic section measured at Vauréal Peak (Fig. 2, Table 1),
at least four gravelly sandstone beds, around 1-1.5m thick occur, normally graded, with
erosive base and lenticular geometry at outcrop scale. Beds are composed, from base to top,
of massive matrix (Gmm) or clast-supported (Gmc) gravels, that grade upward into
massive sandstones with sparse granules and pebbles (Sm).

Invertebrate fossils occur in the lower portions of the section. None of the specimens was
found in life position; all of them occur randomly distributed in the matrix. All brachiopods
are articulated, lacking the anterior portion of the shell and most of all bivalves are
articulated. Most invertebrate specimens (brachiopods and particularly serpulid tubes,
bryozoans and echinoderms) are fragmentary, but with no features of prolonged reworking,
such as roundness or selection. These characteristics suggest that these are allochthonous
fossil assemblages (Brett & Baird 1986, Kidwell et al. 1986). The occurrence of pyrite
framboids in some fossils (Fig. 3) indicates a period of low oxygen conditions (reducing
environment) after deposition and none or very low reworking until lithification of the
sediments (Brett & Baird 1986). No evidence of ichnofossils was found, that also suggests
a probable reducing environment and absence of reworking by bioturbators (Speyer & Brett
1991).

We interpret these deposits as products of episodic sedimentation from cohesive and non-

cohesive debris flows, originated by slumping or even from the action of bottom traction



currents, followed by aggradational deposition of sediments by deceleration of high-energy
episodic flows. This facies association is interpreted as deposited in a fan-delta setting, in
high- to medium-energy, shallow marine environment (Eyles & Eyles 1992). Regionally,
this facies association and arrangement conform to available sedimentary models of a
marine transgressive phase, following a retreating grounded ice margin (Porebski &
Gradzinski 1987, Santos et al. 1990, Birkenmajer 2001, 2003).

The so called “pecten conglomerate” of the Low Head Member (Adie 1962, Barton 1965,
discussed in Birkenmajer & Gazdzicki 1986, and Birkenmajer 2001) in the type-area, is the
most fossiliferous component of the Polonez Cove Formation. It contains marine macro-
and microfossils, including coccoliths, diatoms, foraminifers, polychaete worms,
bryozoans, brachiopods, gastropods, scaphopods and echinoderms (Bitner & Pisera 1984,
Gazdzicki & Pugaczewska 1984, Jesionek-Szymanska 1984). Some taxa described herein
are comparable with fossils previously described from the “pecten conglomerate”; others
are for the first time described for the Polonez Cove Formation or even for KGI.

The age of the Low Head Member is still controversial. Available K-Ar dates, Sr-isotope
dating and paleontological data from the type-area indicate a latest early Oligocene age
(late Rupelian) for this member (Birkenmajer & Gazdzicki 1986, Dingle et al. 1997, Dingle
& Lavelle 1998, see Fig. 4). So the “pecten conglomerate” of KGI is probably a unit
distinct from the Pliocene “pecten conglomerate” (Cockburn Island Formation; Jonkers

1998, 2003) originally described from Cockburn Island, in the Western Weddell Sea.

Taxonomy

Material and methods



Brachiopods were measured with reference to the anterior-posterior axis of the shell (Fig.
5a, b), according to the “landmarks 1 and 9” of Krause (2004, p. 462). Bivalves were
measured with reference to the hinge line of the shell. The length, height and width of the
bivalve shell correspond to the greatest measured lines parallel, perpendicular and
orthogonal to the hinge line, respectively (Fig. 5c, d). Elongation and obesity indexes were
calculated according to Stanley (1970). Symbols in tables are as follows: dorsal valve, D;
ventral valve, V; right valve, R; left valve, L; articulated valves, D/V or R/L; specimen
incomplete, *; length of the anterior outer ligament, AOL; length of the posterior outer
ligament, POL; anterior dorsal valve height, AVH; posterior dorsal valve height, PVH.
Taxonomy above the genus level applied to the brachiopods is based on the classification of
Williams et al. (2006); suprageneric names utilized for the bivalves are based on the
synoptical classification proposed by Amler (1999); systematics of serpulids, bryozoans
and echinoderms follows the classification of Howell (1962), Boardman et al. (1983) and
Durham et al. (1966), respectively.

The stratigraphic distribution of taxa is shown on Fig. 2. All material is from a single
locality at Vauréal Peak, and, therefore, data on locality and stratigraphic are not repeated
below.

All specimens are housed in the scientific collection of the Laboratério de Paleontologia
Sistemdtica of the Departamento de Geologia Sedimentar e Ambiental, Instituto de

Geociéncias, Universidade de Sao Paulo, under prefix GP/1E.

Systematic Paleontology
Phylum BRACHIOPODA Duméril, 1806

Class ARTICULATA Huxley, 1869



Order TEREBRATULIDA Waagen, 1883

Suborder TEREBRATULIDINA Waagen, 1883

Superfamily TEREBRATULOIDEA Gray, 1840

Family TEREBRATULIDAE Gray, 1840

Subfamily TEREBRATULINAE Gray, 1840

Genus Liothyrella Thomson, 1916

Type-species. Terebratula uva Broderip

Remarks. The specimen found at Vauréal Peak shows some of diagnostic characters of the
genus Liothyrella pointed out by Lee & Smirnova (2006, p. 2056-2057), which are: shell
large to very large, elongate oval to subcircular; foramen usually large; teeth narrow; low
myophragm; outer hinge plates attached near dorsal edge of crural bases [here called crural
plates].

Liothyrella sp.

Fig. 6, Table 2

Material. Internal mould of articulated valves, with anterior part missing (5465).
Description. Shell of medium size, lateral margins rounded; ventral valve apparently more
convex than dorsal valve; lateral commissures straight, anterior not preserved. Beak short
and erect; foramen large, circular; crural plates triangular, extending along margin of outer
hinge plates; hinge teeth narrow, sulcus constricted. Adductor scars of dorsal valve very
broad, with myophragma evident; elongate furrows posteriorly in dorsal valve, close to the
umbonal region, are possibly related to the muscular field; two sets of several marks of
circular shape laterally to the adductors in the posterior region of both valves, possibly

correspond to genital scars.



Comparison. Liothyrella sp. from Vauréal Peak differs from Liothyrella sp. from Cape
Melville Formation (Lower Miocene) at Melville Peninsula (Bitner & Crame 2002) in its
greater size, more circular shape and higher convexity of the dorsal valve. It is impossible
to compare other features of the two taxa because only external characters of the Miocene
Liothyrella sp. are known, while the Oligocene Liothyrella sp. is known only as an internal
mould. The Liothyrella specimens from the Eocene La Meseta Formation (Bitner 1996) are
larger and more elongate. Although Bitner (1997) illustrated a specimen of Liothyrella sp.
from the Low Head Member of the Polonez Cove Formation at Mazurek Point (p. 26, fig.
4A-C), it is not described or commented on in a taxonomic approach. The shell from
Mazurek Point is smaller and more elongate than Liothyrella sp. from Vauréal Peak, but it
is apparently distorted (compressed) and poorly preserved.

Remarks. Liothyrella sp. from Vauréal Peak is the oldest record of the genus from KGI
together with the specimen from the Low Head Member at Mazurek Point (illustrated by

Bitner 1997, p. 26, fig. 4A-C).

Suborder TEREBRATELLIDINA Muir-Wood, 1955

Superfamily TEREBRATELLOIDEA King, 1850

Family TEREBRATELLIDAE King, 1850

Subfamily TEREBRATELLINAE King, 1850

Genus Neothyris Douvillé, 1879

Type-species. Terebratula lenticularis Deshayes, 1839

Discussion. Characters attributed to the genus Neothyris by MacKinnon & Lee (2006, p.

2231, 2233) shared by specimens from the Polonez Cove Formation at Vauréal Peak are



shell large, smooth; with beak incurved; strong posterior shell thickening; median septum

short; crura rather short; loop teloform.

Neothyris sp.

Fig. 7, 8, Table 3

Material. Articulated valves lacking anterior margin (5374c, 5594a); posterior region of
articulated valves (5374e, 5438f, 5438g, 54381, 5464); dorsal valve (5462); posterior region
of dorsal valve (5461, 5594b).

Description. Shell of medium size, trigonal to ovoid in outline, ventral valve more convex
than dorsal, lateral margins rounded, with greatest width at anterior mid-length; lateral
commissure straight, anterior region apparently rounded (in specimen 5594a), posterior
region of ventral valve very thick. Shell surface with well defined growth lines. Beak
curved, well developed; foramen not observable. Crura and septum reaching around 30
percent of shell length; loop teloform (see Fig. 8). Adductor scars of dorsal valve broad,
with myophragm weakly developed; myophragm of ventral valve well developed. Shell
microstructure composed of thin primary layer, mosaic structure observed in the second
layer; punctae large.

Comparison. Specimens from Vauréal Peak locality are similar to Neothyris sp. identified
from Lions Rump by Bitner & Pisera (1984), both from Low Head Member of the Polonez
Cove Formation. They differ in the smaller size, more ovoid shape and more developed
beak of the Vauréal Peak specimens. Neothyris sp. from Vauréal Peak resembles Neothyris
sp. from the Destruction Bay Formation at Melville Peninsula (Biernat et al. 1985) in
general shape and beak, but is smaller. The differences could be due to ecological factors,

but internal characters of the specimens cannot be compared.
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Remarks. Neall (1972) pointed out that the anterior region of the Neothyris shell is thin and
fragile, and the posterior part is the most commonly preserved. All of our specimens
preserved only the posterior region of the shell. The lack of preservation of the foramen
presents the greater difficulty for the identification of our specimens. However, other
characters above described point to the genus Neothyris. Besides, the occurrence of
Neothyris at Vauréal Peak is possible because this genus is common in other Cenozoic
deposits of KGI (Bitner & Pisera 1984, Biernat et al. 1985, Bitner 1997, Bitner & Crame

2002).

Class BIVALVIA Linné, 1758 (Buonanni, 1641)

Subclass PTERIOMORPHIA Beurlen, 1944

Order PTERIOIDA Newell, 1965

Suborder PTERIINA Newell, 1965

Superfamily PECTINACEA Rafinesque, 1815

Family PECTINIDAE Rafinesque, 1815

Genus Adamussium Thiele, 1934

Type-species. Pecten colbecki Smith, 1902

Remarks. Jonkers (2003, p. 67) proposed several diagnostic characters of the genus
Adamussium. Among these, the material from Vauréal Peak presents: shell smooth or with
low costae formed by simple crenulation of the disc; very wide umbonal angle; hinge
straight or with dorsal projections; anterior auricle of the left valve curved outward, anterior
auricle of the right valve with a shallow arcuate to relatively deep and acute byssal notch;

and a functional ctenolium may be present in adults.
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Adamussium auristriatum sp. nov.

Fig. 9, Table 4

Material. Holotype, internal mould of articulated valves (5457b), external mould of right
valve (5457a). Paratypes, internal moulds of articulated valves (5458b); internal moulds of
right valve (5301a, 5361, 5405); external moulds of right valve (5301b, 5394, 5458a);
external mould of left valve (5428).

Etymology. From Latin auris = ear and striatum = striated, referring to the radial costae on
the anterior auricle.

Diagnosis. Umbonal angle around 130°; commarginal sculpture of lirae, weakly marked,
almost equally and widely spaced down the entire shell; RV auricles almost symmetrical,
posterior and anterior with well defined commarginal lines, anterior auricle with radial
costae.

Description. Shell varying from moderate to small in size, subcircular; dorsal margin short,
ventral margin wide and rounded; equant; very compressed, with moderately convex
valves; beaks orthogyrate; umbonal angle wide (around 130°); valves slightly opisthocline
(mean AVH/PVH = 1.10); radial sculpture of around 10-15 main plicae, intercalated with
lower and less developed plicae; commarginal sculpture of lirae, weakly marked, almost
equally and widely spaced down the entire shell; microsculpture of narrow antimarginal
ridgelets; hinge line almost straight; RV auricles highly symmetrical (mean AOL/POL =
1.04), posterior and anterior with well defined commarginal lines, anterior auricle rounded,
with 4-6 radial costae; byssal notch acute, ctenolium with six byssal teeth (in 5457b).
Comparison. Adamussium auristriatum sp. nov. differs from the Pleistocene-Recent A.
colbecki colbecki in its smaller size, its equally convex valves, its narrower umbonal angle,

its more equally spaced and weaker commarginal sculpture, and the presence of radial
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costaec on the RV anterior auricle. A. auristriatum sp. nov. differs from A. colbecki
cockburnensis from the Late Pliocene Cockburn Island Formation (Jonkers 2003) in its
opisthocline valves, narrower umbonal angle, more symmetrical auricles, weaker
commarginal sculpture and the presence of radial costae on the RV anterior auricle. The
auricles and umbonal angle of A. alanbeui Jonkers, 2003 are very distinct from those of A.
auristriatum sp. nov., which contains commarginal sculpture and symmetric auricles.
However, the pattern of antimarginal microsculpture is very similar in the two. The
specimens of A. alanbeui from the type-arca of Polonez Cove Formation (initially
identified as Eburneopecten sp. by Gazdzicki & Pugaczewska 1984) are poorly preserved,
but the sculpture pattern is very unlike A. auristriatum sp. nov. Comparison with other
Adamussium species is presented in the Table 5.

Remarks. Adamussium colbecki colbecki is known from Pliocene and Pleistocene deposits
of West Antarctica, and from the Recent of the Southern Ocean (Jonkers 2003). A. colbecki
cockburnensis is recorded only from Late Pliocene Cockburn Island Formation (Jonkers
2003). One specimen of A. alanbeui from the Polonez Cove Formation, presumably from
the Low Head Member, at Godwin Cliffs, Lions Rump area, was identified and illustrated
by Jonkers (2003). This species differs from other species of Adamussium in lacking radial
costation and commarginal lirae (Jonkers 2003). Together with A. alanbeui, A. auristriatum
sp. nov. is the oldest record of the genus and probably represents a closer relative to the
Recent A. c. colbecki than A. colbecki cockburnensis and A. alanbeui do. Despite the
resemblance of the Oligocene A. auristriatum sp. nov. to the Recent A. colbecki colbecki
and the Pliocene A. colbecki cockburnensis, it is reasonable that they comprise three

distinct, but closely related taxa.
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?Adamussium cf. A. alanbeui Jonkers 2003

Fig. 10, Table 6

Material. Internal mould of articulated valves (5354b); fragment of external mould

of left valve (5354a).

Description. Shell small; equant; very compressed; valves orthocline, moderately convex;
external sculpture of very thin commarginal growth lines and very faint antimarginal
riblets. In right valve, dorsal margin of posterior auricle short; anterior auricle apparently
fragmented.

Remarks. Jonkers (2003) pointed out that A. alanbeui is distinguished from A. colbecki by
its smaller size, its lower convexity, and the lack of radial costation and commarginal lirae.
A. alanbeui (previously identified as Eburneopecten sp. by Gazdzicki and Pugaczewska
1984) occurs in Oligocene strata of McMurdo Sound region, in the type-area of the Polonez
Cove Formation, KGI, and in Oligocene-Miocene Cape Melville Formation at Melville
Peninsula, KGI (Jonkers 2003).

Comparison. The specimen collected from Vauréal Peak resembles A. alanbeui erected by
Jonkers (2003) mainly in the absence of radial macrosculpture, presence of narrow
antimarginal sculpture, and shape and size of the anterior right valve auricle (see Table 5).
Although the specimen from Vauréal Peak is poorly preserved, it is a plausible record
because A. alanbeui is recorded from the Low Head Member at Lions Rump (Jonkers 2003,

p- 70).

Superfamily LIMACEA Rafinesque, 1815
Family LIMIDAE Rafinesque, 1815

Genus Limatula Wood, 1839
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Type-species. Pecten subauriculata Montagu, 1808.

Remarks. Fleming (1978, p. 17) characterized Limatula as having “tall, narrow, cylindrical
and equilateral shell, almost circular in cross-section when the paired valves are closed,
radial ornament, sometimes restricted or best developed in a median zone, flanked by
almost smooth anterior and posterior submargins, and having a median structure consisting
of a central riblet slightly more prominent than its fellows, reflected internally by a central
groove flanked by costellae that are the most prominent internal structure”. However,
Fleming (1978) stated that the pattern of radial sculpture is variable among Limatula
species, with some having radial costellae restricted to an ornamented band in the median
part of the disc, others with the ribs persisting on the auricles or persisting but becoming
weaker toward the auricles area, and some species having riblets on the ears. Some Recent
(Dell 1990, Narchi et al. 2002) and fossil species of Limatula (Fleming 1978, Beu &
Maxwell 1990) have a more trigonal than ovoid shape. All characters proposed by Fleming

(1978) as diagnostic of Limatula are present in the specimens described here.

Subgenus Limatula (Antarctolima) Habe, 1977

Type-species. Lima (Limatula) hodgsoni Smith, 1907

Remarks. Fleming (1978) erected the subgenus Squamilima just after Habe (1977) erected
Antarctolima; both authors based it on the same type-species. Thus, we use the name
Antarctolima here, despite the fact that Fleming (1978, p. 81) have described the subgenus
more accurately. This author pointed out that this Limatula group has “medium-sized shell
of trigonal to broadly pyriform outline, height about 1.25 times length, with weak auricular
sinuses and weak median structure, represented internally by a square-cut sulcus bordered

by costellae slightly more prominent than the rest; ornament of regularly spaced, numerous,
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crowded ribs separated by narrow deep sulci, decussated by incremental lirae or rugae that
may form prominent cusp-like scales on the ribs; radials continuing to the auricles or fading

on submargins”. All these features are observed in Limatula specimens from Vauréal Peak.

Limatula (Antarctolima) ferraziana sp. nov.

Fig. 11, Table 7

Material. Holotype, internal and external moulds (53322, 5324). Paratypes, internal moulds
(5360a, 5451, 5452, 5453), external moulds (5309, 5346, 5360b).

Etymology. Referring to the Brazilian Antarctic Station Comandante Ferraz, located at
Admiralty Bay, King George Island, West Antarctica.

Diagnosis. Shell pyriform, umbones prominent, sharp; radial sculpture almost reaching
auricle area; median ridge more prominent than others, reflected internally as a groove,
adjacent ridges to the median more constricted, acute in transverse section; commarginal
sculpture more conspicuous when intersecting radial sculpture, with scaly appearance
weaker than in L. (A.) hodgsoni; auricles small, almost symmetrical, posterior auricle
slightly larger than anterior.

Description. Shell varying in height from 12.5 to 27.4 mm; equilateral in smaller
specimens, slightly inequilateral in larger specimens; pyriform, equant, moderately inflated,
umbones prominent, sharp; radial sculpture of 28-30 well developed ribs, almost reaching
auricle area, and reflected internally, median ridge (14-15™) more prominent than others,
reflected internally as a groove, adjacent ridges more constricted, with acute margin when
observed in transverse section; commarginal sculpture of numerous regularly spaced
growth lines, extending to auricle area, raised into scale-like ridges when intersecting radial

sculpture; dorsal margin short; ventral margin longer, rounded and slightly crenulated;
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hinge line almost straight, hinge edentulous; auricles small, almost symmetrical, posterior
auricle slightly larger than anterior.

Comparison. Gazdzicki & Pugaczewska (1984) identified Limopsis (Pectunculina) cf.
insolita from the Low Head Member (Polonez Cove Formation) at Lions Rump. Their
shells are quite similar to the material from Vauréal Peak and we consider that both
represent the same species. The size, general shape, ornamentation and auricles are quite
similar in both materials. The description by Gazdzicki & Pugaczewska (1984) included
features that disagree with the diagnosis provided by Newell (1969, p.248) for the Order
Arcoida (which Limopsidae belongs to), and we consider that Gazdzicki & Pugaczewska
(1984) misidentified their specimens.

Limatula (Antarctolima) ferraziana sp. nov. is similar to the Recent species Limatula
(Antarctolima) hodgsoni, which is common in continental and peninsular Antarctica
(Fleming 1978, Dell 1990, Absher & Feijo 1998, Narchi et al. 2002). It differs from the
Recent species in being smaller, and in having smaller auricles and weaker scaly sculpture
on the radial ornamentation. Page & Linse (2002) considered L. (A.) hogsoni to be the basal
group of Antarctic Limatula (which includes L. hodgsoni, L. ovalis and L. pygmaea) and
estimated the minimal speciation time of L. (A.) pygmea and L. (A.) ovalis to be around 19
Ma. Hence, as the age of the Low Head Member is estimated at 29.8 Ma (Dingle et al.
1997), it is not surprising that L. (A.) ferraziana sp. nov. is more closely related to L. (A.)

hodgsoni than to the other Antarctic Limatula (Antarctolima) species.

Phylum ANNELIDA Lamarck, 1809
Class POLYCHAETA Grube, 1850

Order ERRANTIDA Audouin & Milne-Edwards, 1832

17



Family SERPULIDAE Burmeister, 1837

Fig. 12A-D

Material. Several fragmentary calcareous tubes (5288a-d, 5316, 5344, 5349a-c)
Description. The tubes are calcareous, cylindrical, thin, straight, or with some curved in to
“L” and “C” shapes; size varying from 3 to 35mm long and 1 to 2mm wide (diameter),
most tubes having the same width along their entire length, but some tapering at the tips
(possibly due to preservation conditions). Transverse section cylindrical. External
ornamentation of 2- 3 primary and 6-8 secondary transverse ridges per mm; smooth
internally.

Comparison. Tubes from Vauréal Peak are quite similar to those found in Miocene deposits
of CRP-1 (Jonkers & Taviani 1998, Cape Roberts Science Team 1998) and early Oligocene
CRP-3 (Taviani & Beu 2001) cores at Cape Roberts, Victoria Land Basin. The external
ornamentation of tubes from Vauréal Peak is also similar to that reported from the type-area
of the Low Head Member (Gazdzicki & Pugaczewska 1984).

Remarks. The elongate form, cylindrical transverse section, smooth inner surface and
calcareous composition are characteristic features of serpulid tubes (see Schweitzer et al.
2005 for features of this and other Polychaeta families). Besides, there are several records
of polychaete tubes from Paleogene and Neogene deposits of Antarctica (Jonkers & Taviani
1998, Taviani & Beu 2001, Schweitzer et al. 2005), including the type-area of Low Head
Member of Polonez Cove Formation at KGI (Gazdzicki & Pugaczewska 1984). Also,
Recent polychaetes are common in several regions of Antarctic (e.g. Cantone 1995, Ramos
& San Martin 1999). All these points make the presence of polychaete tubes at Low Head

Member of the Polonez Cove Formation at Vauréal Peak plausible.
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Phylum BRYOZOA Ehrenberg, 1831

Fig. 12E-1

Material. Several fragments (5300, 5310, 5318a-d, 5318f, 5337, 5349, 5352, 5293).
Remarks. Several taxa of bryozoans are recorded from Oligocene deposits of KGI,
including the type-area of the Polonez Cove Formation (Gazdzicki & Pugaczewska 1984).
Specimens from Low Head Member at Vauréal Peak are fragments, lacking critical features
for taxonomic analysis (e.g. zooids), and some with recrystallized calcite, preventing

refined taxonomic identification within the phylum.

Phylum ECHINODERMATA Klein, 1734

Subphylum ECHINOZOA Haeckel in Zittel, 1895

Class ECHINOIDEA Leske, 1778

Echinoidea incertae sedis

Fig. 12J-P

Material. internal mould of interambulacrum and external mould of ambulacral plate
fragment (5328a), fragment of primary spine (5339).

Description. Specimen 5328a (Fig. 12J-N) corresponds to an interambulacrum and an
ambulacral plate. The interambulacrum is 9.1mm x 3.6mm, composed of two columns of
six alternating plates; primary tubercles not preserved, instead, the locations of each
tubercle next to the adradial suture; miliary tubercles are preserved on the fragment of an
ambulacral plate. Specimen 5339 (Fig. 120-P) corresponds to a spine 27mm long and
0.8mm in diameter; thickness is the same along the length, enlarging at one tip which

possibly corresponds to the shaft; external ornamentation of fine longitudinal striations;

19



transverse section cylindrical, internal microstructure composed of narrow medulla;
radiating layer occupying most of the area of the section; cortex layer relatively thick.

Remarks. There are several records of echinoderms from Paleogene and Neogene deposits
of KGI (Jesionek-Szymanska 1984, 1987; Meyer 1993; Blake & Aronson 1998); the
commonest records, including those from the type-area of the Low Head Member
(Jesionek-Szymanska 1984), are assigned to the Order Cidaroida. Representatives of this
order have enlarged primary tubercles and conspicuous aureolae. Our specimens, however,
comprise two minor fragments (whose primary tubercles are not preserved) and a fragment
of spine, which is too thin comparatively to cidaroid spines. These conditions do not allow

their assignment to lower taxonomic categories.

Comparative (paleo)ecology

All genera from the Polonez Cove Formation at Vauréal Peak have modern representatives
whose environmental preferences and geographical distribution can be used in order to
interpret a hypothetical paleoenviromental scenario for the fossil assemblage in the context
of the depositional pattern of the formation.

Liothyrella is a pedunculate, suspension feeder brachiopod occurring from Central America
to Antarctica and New Zealand (Foster 1989). The species Liothyrella uva Broderip, very
common in southern South America and Antarctica, is found at depths up to 1500 m
(Foster 1974, 1989; Bitner 1996), in clumps attached to hard substrata and in such cryptic
environments as cracks, crevices, and fjords, where turbulence is reduced (Barnes & Clarke
1995, Peck 1996, Peck et al. 1997). Specimens of Liothyrella neozelanica Thomson from
New Zealand, collected at depths of 9-22m, have thicker and larger shells than specimens

from depths of 101m (Foster 1989). However, brachiopods are not considered good depth
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indicators (Cooper 1977, Foster 1989). Regardless of the fact that physiological adaptation
of the brachiopod L. uva to polar Antarctic conditions is not well corroborated (Peck &
Robinson 1994, Peck 1996, Peck et al. 1997), it is only found in cool waters. So,
Liothyrella sp. from the Polonez Cove Formation may have lived in cool shallow waters,
somewhat protected from wave currents, as its modern South American and Antarctic
representatives.

Recent Neothyris is a free-lying, suspension feeder brachiopod, commonly found in
Southern-Hemisphere cool shelf waters, mostly in Subantarctic islands and New Zealand
(Neall 1970). The species N. lenticularis occurs in subtropical waters from New Zealand to
the external boundary of the Circum-Antarctic Current, being absent in Antarctica (Neall
1970). According to this author (Neall 1970) the genus is indicative of mean annual surface
water temperature of 8-11°C. Similarly to Liothyrella sp., the presence of the genus
Neothyris in the Polonez Cove Formation corroborates the idea that cool temperate
conditions were present in West Antarctica around early Oligocene (Zachos et al. 1994,
Dmitrenko 2004). Neothyris larvae attach at shell fragments or granules, loosing totally or
partially their pedicles during adult phase (Neall 1970). This may be the case of Neothyris
from the Polonez Cove Formation, as indicated by the apparently absence of the foramen.
Modern forms are found in sandy, shelly and/or pebbly sediments and may tolerate some
turbulence (Neall 1970), which also agrees with the depositional framework proposed to
the Polonez Cove Formation (Troedson & Smellie 2002; this work).

The Antarctic endemic Adamussium colbecki is a suspension feeder bivalve with
circumpolar distribution (Chiantore et al. 2000). During its earlier stages, the species is
found attached by byssus to living adult shells or to hard substrata, while adults are

commonly found free-lying (Nicol 1966). Abundant populations are found living at depths

21



above 100m (Chiantore et al. 2000), but isolated specimens are also reported from depths
of 594m (Hedley 1916) or even 1500m (Dell 1990). It seems that the water energy is more
critical than the nature of the substrate, as A. colbecki is found also in hard, gravel, fine
sand or silty substrates (Jonkers 2003). Nigro (1993) suggested that strong wave action
occurring after sea-ice melting, and the prevalence of rocky substrate might inhibit the
presence of A. colbecki at depths of 10-15m in Terra Nova Bay. Berkman et al. (2004)
concluded that A. colbecki prefers low-energy deep water environments or coastal areas
under sea-ice, while Nigro (1993) supposed that first growth stages may occur in deeper
areas and that adults move later towards shallow waters. However, as some adults may live
continuously attached by byssus, some water current typical of shallow waters may be
tolerable. The presence of deep byssal notch and asymmetric auricles in modern species
corroborates this life style (Jonkers 2003). Besides, considering the morphology of the
fossil species A. auristriatum, it is acceptable that, during the deposition of the Polonez
Cove Formation, it might live attached by byssus in pebbles, below wave base
environments, or even protected under the sea-ice.

Limatula is a free-lying suspension feeder bivalve with world-wide distribution (Allen
2004), including tropical and polar regions, living from shallow to deep waters (Fleming
1978). Living representatives of Antarctolima subgenus occur at depths of 1180m, but
higher densities of this brachiopod were found in the Ross Sea from 6-695m (but often in
quite shallow water), on hard substrata, gravel or even on the surface mat of sponge
spicules (Nicol 1966, Dell 1990). Accordingly, the Oligocene L. (Antarctolima) ferraziana
sp. nov. may have preferred shallow depths and gravel substrata conditions, as indicated by

the inferred depositional pattern of the Polonez Cove Formation.
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Paleobiogeography

Figure 13 shows the occurrences of genera Liothyrella, Neothyris, Adamussium and
Limatula in the latest Cretaceous, late Eocene, early Oligocene, early Miocene and Recent.
In spite of the restrict number and diversification, known spatial and stratigraphical
distributions of these taxa allow some interesting views on their possible dispersal pattern
during the Cenozoic.

Liothyrella, recorded from the Maastrichtian to the Recent, is restricted to the Southern
Hemisphere and is more common in Paleogene than in Neogene deposits (Owen 1980,
Craig 2000, Bitner & Crame 2002), mainly in Australia and New Zealand. In Antarctica,
Liothyrella has been recorded from the Eocene La Meseta Formation, Seymour Island,
Western Weddell Sea (Bitner 1996). Another record is from the Low Head Member of the
Polonez Cove Formation in Mazurek Point (Bitner 1997). According to the paleontological
record (Fig. 13a-e), the genus originated during the Maastrichtian in southwestern margin
of Australia and possibly migrated during Paleogene along the opening sea way between
Australia and Antarctica (Tasmanian Gateway) towards the Antarctic Peninsula (Craig
2000) and southern South America (Fig. 13f). After the middle Eocene Liothyrella reached
the western edge of Antarctica and southern South America. This is suggested by the
presence of Recent L. uva in those regions, with five subspecies described by Foster (1989)
as evolved clines from South America towards Antarctica.

Neothyris is recorded from the Neogene to the Recent (MacKinnon & Lee 2006) and living
species are restricted to New Zealand, Australian (Craig 1999) and Subantarctic (Neall
1972) waters. Fossil records in Antarctica were previously recognized in the Low Head
Member of the Polonez Cove Formation at Lions Rump (Bitner & Pisera 1984), and in the

late Oligocene Destruction Bay Formation at Melville Peninsula (Biernat et al. 1985).
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Cohen et al. (1998) estimated the divergence time of Neothyris from its stem lineage as
around 47-63 Ma (early Paleocene to early Eocene). There is no record of Neothyris prior
to latest early Oligocene (Fig. 13c-¢), which does not exclude the possibility of Neothyris
occurring in West Antarctica during the Eocene. The modern genera closely related to
Neothyris (according to Cohen et al. 1998) are widely distributed in New Zealand and
adjacent waters.

Until recently, Adamussium was considered as a genus restricted to the Holocene, being
represented by the Recent circum-Antarctic A. colbecki (Smith, 1902). Fossil records of this
genus were firstly reported from Oligocene strata of McMurdo Sound region (Beu & Dell
1989). Further records include specimens from Oligocene/Miocene Cape Melville
Formation at Melville Peninsula, KGI (Jonkers 2003); middle Miocene Battye Glacier
Formation, East Antarctica (Stilwell et al. 2002); late Pliocene Cockburn Island Formation
at Cockburn Island, and Holocene Taylor Formation at New Harbour and Minna Bluff
(Jonkers 1998) (see Fig. 13c-e¢). The origin of Adamussium is still unclear, as its
hypothetical ancestor seems apparently missing (Dell & Fleming 1975, Canapa et al. 2000,
Jonkers 2003, Barucca et al. 2005). This is possibly due to the unique set of characters of
the genus and the relatively unknown phylogenetic relationships among the Pectinidae
species (Canapa et al. 2000, Barucca et al. 2005). Jonkers (2003) listed some “primitive”
characters that Adamussium shares with the Oligocene-Recent Austrochlamys. It is possible
that the evolutionary histories of both genera are restricted to the Southern Ocean - as fossil
and living Adamussium are so far found only in West Antarctica - with both genera
originated from an ancient pectinid lineage which was already established in West
Antarctica prior to the Cenozoic. Once Adamussium arose in Antarctic Peninsula, it

probably dispersed along the eastern margin of the continent during the Neogene (Fig. 13f).
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Limatula is recorded from Middle Jurassic to Recent faunas and has world-wide
distribution (Fleming 1978, Allen 2004). In the South Pacific, it occurs from the Cretaceous
onwards in New Zealand (Beu & Maxwell 1990), from the Eocene in Australia (Buonaiuto
1977), from the Neogene in southern South America (Ihering 1907, Fleming 1978,
Frassinetti 1998), and from the Pleistocene in Victoria Land Basin, Antarctica (Taviani et
al. 1998; Fig. 13b-¢). Fleming (1978) stated that Limatula (represented by the group of
Limatula corallina) originated in the Jurassic in Europe, and occupied Africa and India
during Mesozoic. At the end of the Late Cretaceous this group would evolved and possibly
occupied the Pacific coast of Gondwana. However, the Recent Antarctic Limatula would
derivate from stocks of L. crebresquamata, from upper Oligocene of Victoria, and entered
the Southern Ocean from Australia, a scenario considered by Fleming (1978, p. 86) as “an
oversimplification of inadequate data”. Indeed, L. (Antarctolima) ferraziana seems more
closely related to Recent Antarctic and Subantarctic Limatula species (mainly L. hodgsoni),
than L. crebresquamata or any southern South America fossil Limatula. Hence L.
(Antarctolima) ferraziana is the most adequate group to represent the ancestral stock of
Antarticolima group. Considering paleogeographic reconstructions and morphological
affinities of Southern Ocean Limatula species, it would be more plausible to assume that, in
the case L. (Antarctolima), ancient lineages were already present in the Pacific margin of
Gondwana during the early Cenozoic.

Figure 13f synthesizes the fossil record of Liothyrella, Adamussium and Limatula
represented in Fig. 13a-e. The dispersal pattern roughly fits the onset of the Circum-
Antarctic Current - that started close to the Eocene/Oligocene boundary and was
completely shaped during the late Oligocene (Pfuhl & McCave 2005) or later, during

middle Miocene (Barker & Thomas 2004) - at two steps. In the first step the oldest taxa
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(Liothyrella and Limatula) dispersed after Tasmanian Gateway opening (~33 Ma, Exon et
al. 2001), during early Cenozoic, from Australia and New Zealand towards the Antarctic
Peninsula, through cool currents that represent the western portion of Circum-Antarctic
Current (Lazarus & Caulet 1993). While the fossil record shows that Liothyrella may have
dispersed previously than Tasmanian Gateway opening (Fig. 13), Beu et al. (1997)
considered larvae dispersal unlike to have occurred before the development of the Circum-
Antarctic Current. Although this cool current initiated later than Eocene/Oligocene
boundary, a warmer current flowing from southeast Australia towards southern South
America existed during Paleocene to Eocene (Lazarus & Caulet 1993, p. 165, fig. 18), and
may have been responsible for the dispersal of some taxa, as Liothyrella, during this
interval. The first step of dispersal is in accordance with the context of Weddellian
Province proposed by Zinsmeister (1979), as we are considering the faunal distribution
regardless proximity of landmasses. In addition, Neothyris and Limatula dispersal routes
extend to the Paleogene the hypothesis of larvae transporting from New Zealand/Chatham
Rise to Antarctic Peninsula proposed by Stilwell (1997).

The second step was accomplished after the Drake Passage opening initiated at 28Ma or
earlier (Barker & Thomas 2004), following development of eastern part of the Circum-
Antarctic Current (~24Ma, Pfuhl & McCave 2005). At the end of Paleogene, both genera
reached South America. At the beginning of the Neogene, intensification of the Circum-
Antarctic Current around the eastern margin of Antarctica allowed the dispersal of
Adamussium and Limatula around Antarctica. Considering that the dispersal pattern implies
a clockwise route, the presence of Limatula in New Zealand at the end of Cretaceous
foresees that this genus may be present also in Australia during this time. Neothyris lacks a

clear dispersal pattern, probably due to its incomplete record. Two possible routes can be
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assigned to this genus: through currents that would have flowed in a shallow sea that
existed between West and East Antarctica during early Oligocene to middle Miocene
(Lazarus & Caulet 1993), as indicated in Fig. 13f; or the genus would have followed the
second stage of dispersal over eastern margin of Antarctica at the end of Paleogene.

Tasmanian Gateway and Drake Passage openings are considered “key deep sea ocean
gateways” (Crame 1999, p. 4) of the Antarctic geological history and, not surprisingly,
affected biotic composition and distribution in Southern Ocean (Beu et al. 1997) by

changing oceanic circulation during the Cenozoic.

Concluding remarks

Paleontological results presented here provide new taxonomic information about the
diversity of Paleogene invertebrates in West Antarctica, including new occurrences of
brachiopod and bivalve genera - Neothyris sp., Adamussium auristriatum sp. nov. and
Limatula (Antarctolima) ferraziana sp. nov. -, that may represent some of the oldest
lineages of these genera so far recorded in KGI and Antarctica. This new information raises
some questions about the paleobiogeographic evolution in Southern Ocean, as how the
thermal isolation of Antarctica affected evolving biota from Southern Ocean areas. Even
though such major questions are not the main scope of this work, some interesting aspects
bearing on the theme can be achieved.

Taxa from the Polonez Cove Formation at Vauréal Peak (Neothyris sp., Liothyrella sp.,
Adamussium auristriatum, Limatula ferraziana, serpulid tubes and echinoid fragments)
have modern representatives. As discussed above, brachiopods and bivalves have wide
bathymetric range. Indeed most Recent bivalves have significantly wide depth ranges in

Antarctica (Brey et al. 1996), that is interpreted by Barnes et al. (2006, p. 124) as a
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suggestion of the presence of a "past shelf refugia". Species of wide bathymetric ranges
would be favored after events of expansion and recession of ice sheet grounding line
(Barnes et al. 2006). Where ice offered some protection these species would be able to
persist in shelf areas. So, it is possible that at times of the deposition of Polonez Cove
Formation, presence of sea-ice offered some protection to the fauna, as also indicated by
the environmental preferences of the modern Adamussium colbecki.

Considering the depositional model of the Polonez Cove Formation, it is plausible to say
that invertebrates at Vauréal Peak lived in a shallow marine environment. This is also
indicated by the substrate preferences of modern species, except for Adamussium colbecki
which may lives in virtually all kinds of substrate. Moreover, apart from the echinoid, all of
them are suspension feeders, which means that some water movement for filtering was
required. From the taphonomic data it is also probable that the fossil fauna lived below the
fair-weather wave base, as no reworking features are observed in specimens.

Regardless the fact that we are considering only four taxa from only one locality, the
proposed dispersal pattern seems consistent with available models of oceanic circulation
during fragmentation of Gondwana, when Australia/Antarctica and Antarctic
Peninsula/South America separated (Lazarus & Caulet 1993, Exon et al. 2001). For this
reason, the dispersal pattern here proposed is considered as a first approach.

Almost all modern representatives of the Vauréal Peak fauna live in Antarctica, including
A. colbecki, that is distributed only in areas inside the Antarctic Convergence. The
exception is Neothyris, that occurs in cool-temperate water of New Zealand. This suggests
that at least part of the modern Antarctic faunal configuration was outlined during latest
early Oligocene, even though the cool polar climate as observed today was not present

during that period.
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Figure captions

Fig. 1. Location maps of the Polonez Cove Formation exposures and other related units. a.
location of Vauréal Peak, Admiralty Bay, King George Island, Antarctica; the area inside
the square corresponds to Cenozoic glacial sediments detailed in b. b. occurrence of the
Polonez Cove Formation and associated stratigraphic units (adapted from Birkenmajer

2001 and Troedson & Smellie 2002).

Fig. 2. Stratigraphic column of the Polonez Cove Formation measured at Vauréal Peak.

Fig. 3. Pyrite framboids occurring in bryozoan specimen 5352. a. framboids photographed

by SEM (scale bar = 2 um). b. EDS granules composition.

Fig. 4. Stratigraphic position of Cenozoic units at Vauréal Peak (plotted ages after studies
in other locations in which these units also occur); 1, K-Ar dating of basaltic lava at
Polonez Cove (Birkenmajer & Gazdzicki 1986); 2, K-Ar dating of andesitic lava at Turret
Point (Birkenmajer et al. 1989); 3, K-Ar dating of andesitic lava at Lions Rump (Smellie et
al. 1984); 4, Strontium-isotope dating of bivalve shells from Krakowiak Glacier Member
tillites at Polonez Cove (Dingle & Lavelle 1998); 5, Strontium-isotope dating of bivalve
shells from Low Head Member conglomerates at Low Head, Polonez Cove and Lions
Rump (Dingle et al. 1997); 6, Strontium-isotope dating of bivalve and brachiopod shells
from basal tillites at Magda Nunatak (Dingle & Lavelle 1998); 7, KAr minimum age from

andesite-dacite lavas at Polonez Cove and Boy Point (Birkenmajer & Gazdzicki 1986).
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Fig. 5. Orientation and characters measured. a-b. brachiopod. c-d. bivalve. a. lateral view;
b. dorsal view. . anterior view; d. lateral view of RV. ADM, anterior dorsal margin; AM,
anterior margin; AOL, length of the anterior outer ligament; AVH, anterior dorsal valve
height; AVM, anterior ventral margin; DM, dorsal margin; H, height; HL, hinge line; L,
length; LM, lateral margin; PDM, posterior dorsal margin; PM, posterior margin; POL,
length of the posterior outer ligament; PVH, posterior dorsal valve height; PVM, posterior

ventral margin; T, thickness; UA, umbonal angle; VM, ventral margin; W, width.

Fig. 6. Liothyrella sp. a-d. specimen 5465, internal mould of articulated pair; a. ventral
view; b. dorsal view; C. posterior view; d. lateral view. €. latex cast of anterior region of
5465, dotted line marks the limit between ventral (upper) and dorsal (lower) valves (all bars

= 5mm).

Fig. 7. Neothyris sp. a-c. specimen 5374c, articulated pair; a. posterior view; b. lateral
view; C. ventral view. d-e. specimen 5374e, articulated pair lacking anterior part; d.
posterior view; €. ventral view. f-m. specimen 5594a-b, posterior part of shell and internal
mould of articulated valves of same individual; f. ventral view of internal mould; g. the
same with posterior part added; h. dorsal view of internal mould; i. the same with posterior
part added; j. lateral view; K. posterior view of internal mould; |. the same with posterior
part added; m. internal view of posterior part (all bars = 5mm). n-¢. microstructure
photographed by SEM; n-p. specimen 5300; n. primary (p) and secondary (s) calcitic layers
(scale bar = 200um); 0. detail of n, showing secondary layer only (scale bar = 100pm); p.
mosaic arrangement of secondary layer (scale bar = 10um). q. specimen 5438, showing

punctae (scale bar = 100pm).
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Fig. 8. Serial sections of Neothyris sp. Numbers represent distance (mm) from ventral beak;
dorsal valve is upward; filled areas correspond to calcitic shell; first appearance of some

structures is indicated. Length of specimen around 25mm (scale bar = Smm).

Fig. 9. Adamussium auristriatum sp. nov. a-h. holotype 5457a-b; a-b (5457a), external
mould of RV; b. detail of auricles; c-h (5457b), internal mould of articulated pair; C. right
view; d. left view; e. anterior view; f. posterior view; ¢. dorsal view; h. detail of ctenolium,
showing teeth sockets (arrows). i, latex cast of ctenolium of 5457b, showing teeth (arrows).
J-K. paratype 5394-5405, RV; j (5405), internal mould; k. (5394) external mould. l. latex
cast of 5394. m-n. paratype 5458a-b; m. (5458a) RV auricles of external mould. (All bars =
Smm); n. (5458b) right view of internal mould of articulated pair. 0-q. paratype 5301b,
commarginal frills (c) and antimarginal microsculpture (a) in SEM micrographs of central
region of external mould of RV (umbo to the left) (scale bars of 0 = 1mm, p = 300um and q

= 100um).

Fig. 10. ?Adamussium cf. A. alanbeui. a-b. specimen 5354a-b; a. internal mould of
articulated pair, right view; b. fragment of external mould of LV. c-d. latex mould of
external mould of RV, d. detail of auricles of ¢, dotted line indicates dorsal margin (all bars

= 5mm).

Fig. 11. Limatula (Antarctolima) ferraziana. a-b, holotype 5322/5324, LV; a (5324),
external mould; b (5322), internal mould. c-d, paratype 5360a-b, LV; ¢, internal mould; d,

fragment of external mould. e-f, paratype 5451/5309, RV; e, internal mould; f, latex cast of
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external mould. g, paratype 5346, LV, latex cast. Arrows indicate “median structure” of the

shells (all bars = 5Smm).

Fig. 12. Miscellaneous. a-d. Serpulidae, a-C. specimen 5349c¢, a. two fragmented tubes, b-c.
the same specimens magnified, showing the external ornamentation (scale bars = Smm), d.
specimen 5316, smooth aspect of the tube internally (scale bar = 500um). e-i. Bryozoa, e.
specimen 5318b, general aspect of a fragment (scale bar = Smm), f-g. specimen 5349, f.
general aspect of a fragment (scale bar = lmm), g. the same specimen magnified (scale bar
= Imm), h. specimen 5352b, showing poorly preserved zooids (arrow) (scale bar =
300um), i. specimen 5352a (scale bar = 500um). j-p. Echinoidea, j-n. specimen 5328a, j.
internal mould of interambulacrum (scale bar = Imm), K. the same specimen magnified
(scale bar = 300um), showing the location of tubercules (t) and the adradial suture (s), .
external mould of a fragment of ambulacral plate (scale bar = 1mm), m. the same specimen
magnified (scale bar = 300um), n. miliary tubercule (scale bar = 300um), 0-p. specimen
5339, fragment of primary spine, 0. external aspect (scale bar = 100um), p. transverse

section showing medulla (m), radiating (r) and cortex (c) layers (scale bar = 20um).

Fig. 13. Occurrences and inferred dispersal patterns of brachiopods and bivalves genera
studied in this work for the interval latest Late Cretaceous to Recent. a. Late Cretaceous, b.
late Eocene, c. early Oligocene, d. early Miocene, e. Recent, f. dispersal routes suggested
by fossil record of Liothyrella, Neothyris, Adamussium and Limatula genera in a general
paleogeographical base; arrows represent dispersal routes for each taxon. Note dispersal of
Liothyrella and Limatula after the opening of the Tasmanian Gateway, from the end of Late

Cretaceous until early Oligocene, and dispersal of Liothyrella, Adamussium and Limatula
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only after the opening of Drake Passage after early Oligocene (Fossil record according to
Ihering 1907, Neall 1972, Buonaiuto 1977, Fleming 1978, Owen 1980, Bitner & Pisera
1984, Biernat et al. 1985, Beu & Dell 1989, Foster 1989, Beu & Maxwell 1990, Bitner
1997, Frassinetti 1998, Craig 2000, Bitner & Crame 2002, Jonkers 1998, 2003, this work.
Maps modified from paleogeographical reconstructions gently provided by Dr. Lisa M.

Gahagan, from University of Texas, Austin).
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Table 1. Sedimentary facies of the Polonez Cove Formation at Vauréal Peak area.

Member Code Facies Description Interpretation Fossils
Metre-scale lenticular beds, laterally discontinuous, composed of coarse  Deceleration of high energy  serpulid
Sandstone, medium massive sandstone containing granules and dispersed pebbles. episodic flows originated tubes,

Sm  to very coarse, with Poor granular selection, medium to low roundness and subspherical from slumping, cohesive brachiopods,
sparse granules and  grains with irregular surfaces. debris flows or even the bivalves,
pebbles, massive Overlaps Gmm and Gmc facies, corresponding to the final portion of action of bottom tractive bryozoans,

ascendant grading. currents echinoderm
fragments

Low Head
Massive, clast
Gmc  supported gravel,
normally graded

Massive, matrix
Gmm  supported gravel,
normally graded

Krakowiak
Glacier D Diamictite

Lenticular beds or with channelized base, of metre-scale thickness and
lateral extension, composed of clast-supported massive gravel of gray
color. Commonly the beds include erosive contact at the base and are
somewhat normally graded, with the clasts un-oriented and varying
from blocks to cobbles at the base grading to pebbles to granules
toward the top. The clasts are of medium sphericity and varied
roundness, with basaltic and rarely acid volcanic composition. The
matrix is mostly of medium to coarse sand, with granule composition
usually the same of the clasts.

Discontinuous lenticular beds in outcrop scale, of metric thickness.
Composed of matrix-supported massive gravel of gray color. Like the
Gmc facies, Gmm is normally graded, characterized by larger clasts at
the base (abundance of blocks to cobbles) and the minor ones toward
the top (blocks to pebbles). The clast roundness and sphericity, as well
clast and matrix lithology are the same as for Gmc facies.

Black-gray diamictite, massive, with sandy to pebbly framework, which
is composed predominantly of granitic and quartzitic pebbles (5-
20mm), occasionally showing striated faces. Pebbles up to 5-50mm
occur rarely. Interbedded lenses of coarse sandstone with 5-15mm
pebbles occur locally.

Product of episodic
sedimentation from
uncohesive debris flows,
occasionally reworking by
traction currents

Deposited by slumping or
cohesive debris flows

Melt-out and glacigenic
debris flows (according to
Troedson & Smellie 2002)
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Table 2. Dimensions in mm and character values of specimen of Liothyrella sp.

Specimen Valve Length Thickness Width Elongation Obesity

5465 D/V 27.3* 14.7 25 1.8 0.58
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Table 3. Dimensions in mm and character values of representative specimens of Neothyris
sp.

Specimen Valve Length Thickness Width Elongation Obesity
5462 A% 19.2* 12* 18.2 1.6 0.65
5438i D/V - 11.9 18.5% - 0.64
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Table 4 Dimensions in mm and character values of representative specimens of

Adamussium auristriatum sp. nov.

Specimen Valve Length  Height Width Elongation Obesity AOL POL AOL/ AVH/

POL PVH
5301a R 44 48 13% 0.91 3.69 10.1 10 1.01 1.16
5394 R 63.1 60.9 15 1.03 4.06 143 135 1.03 1.02
5457b R/L 53.5 48.2 13 1.10 3.70 128 11.8 1.08 1.13
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Table 5. Comparative features of Adamussium colbecki colbecki, A. colbecki cockburnensis, A. alanbeui and A. auristriatum sp. nov.
(1, according to Jonkers 2003; 2, specimens from the Low Head Member of the Polonez Cove Formation at Vauréal Peak; -, not

observable)

Features A. colbecki colbecki * A. colbecki cockburnensis * A. alanbeui * ?A. cf. alanbeui®  A. auristriatum sp. nov. 2
Size Moderate (mean H=70mm) Moderate (mean H = 56 mm) Small (mean H < 50mm)  Small (H=42mm) Moderate (mean M = 52)
Valves Slightly opisthocline Opisthocline (AVH/PVH = Acline - Opisthocline (mean

(AVH/PVH=0.96) 0.91) AVH/PVH = 1.10)
Convexity Moderate Weak Weak - Moderate
Greater LV LV LV - Equal
convexity
Umbonal angle  Very wide (138°) Wide (134°) Narrow (110° —120°) Very narrow (105°)  Wide (130°)
Radial sculpture 20 broadly undulating with 15 broadly undulating with No No 10-15 main plicae with
intercalated low plicae intercalated low plicae intercalated low plicae
Commarginal Distinct lirae, with groups Lirae regularly and widely No No Lirae, weakly marked,
sculpture differently spaced spaced regularly and widely spaced
Microsculpture ~ Wide to narrow Narrow antimarginal ridges Narrow antimarginal - Narrow antimarginal
antimarginal ridges ridgelets ridgelets
Auricles Highly symmetrical Highly asymmetrical Slightly asymmetrical - Highly symmetrical
symmetry (AOL/POL = 1.02) (AOL/POL = 1.4) (AOL/POL =1.1-1.3) (AOL/POL = 1.01-1.08)
Auricles No No No - Anterior auricle with radial
sculpture costae
Byssal notch Very deep (arcuate or acute) Deep Very shallow - Very deep (acute)
Number of Very variable (mean = 2.5) - - - 6
byssal teeth
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Table 6. Dimensions in mm and character values of specimen of ?Adamussium cf. A.
alanbeui.

Specimen Valve Length Height Width Elongation Obesity

5354b R/L 343 42 0.77* 0.82 54.5
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Table 7. Dimensions in mm and character values of representative specimens of Limatula
ferraziana sp. nov.

Specimen Valve Length Height Width Elongation Obesity
5322 R 9.7 12.3 6.1* 0.78 1.9
5451 R 18.2 22 12.8%* 0.82 1.7
5452 L 16.3* 21%* 12.8%* 0.77 1.6
5453 R 15.9 17.8 12% 0.89 1.4
5360 L 21.8%* 25% 13%* 0.87 1.9
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c: crural base / plate
o: outer hinge plate
t: tooth

d: dorsal valve

v: ventral valve
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