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Resumo

Resumo

Duran te o Paleozoico Tardio, grandes áreas do G ondwana Ocidental (Bacia do Paraná,

América do Sul, bacias do Karoo e Huab , respec tivam ente A frica do Sul e N amíbia) foram

recobertas por um vasto mar epiconti nental isolado ou co m conexão restri ta com o

Panthalassa. As faunas bcn t ônicas mar inhas que prosperaram neste mar eram dominadas

por bivalves de infaun a, os quais evoluíram asso ciados a co ndições de isolamento

geográfico extremo. As rochas permianas do Grupo Pas sa D ois, Brasil, juntamente com

suas sucessões sedimentares co rrelatas no Urugu ai, Paraguai e Argentina, apresentam o

melhor registro fóssil desses bivalves. E mbora esta faun a tenha recebido atenção científica

ren ovada na última década, vários aspectos de sua históri a evolutiva são ainda pouco

co mpree ndidos, po is o conhecimento taxon ôrnico da fauna é incompleto e enviesado. D e

fato, os estudos relacionados à siste mática dos bivalves permianos do Grupo Passa D ois

estão co ncen trado s nas malaco faunas preservadas nas formações T eresina e Corumbataí.

Adicionalmente, o primeiro registro de bivalves típicos do Perrniano da Bacia do Paraná

em rochas afloran tes fora da América do Sul, realizado por M.R. Cooper & B. Kenlsey no

começo da década de 1980, era ainda questionável. Neste contexto, a presente pesquisa

investigou três faunas distin tas de bivalves permianos, com a finalidad e de adicionar novas

e relevantes informações taxon ôrnicas para o entendimento da história evolutiva da

malaco fauna do Grupo Passa Dois: (a) a fauna de bivalves da Formação Waterford, Bacia

do Karoo, África do Sul; (b) a fauna de bivalves do km 44.6, rodovia PR-239, porção basal

do Membro Serrinha, Formação Rio do Rasto, Bacia do Paraná, Brasil; (c) a fauna de

bivalves da região de Tiaraju , Fo rm ação Teresina, Bacia do Paraná, Brasil. De acordo com

os resultados obtidos, as espécies identificadas na fauna de bivalves da Formação

\V'aterford não podem ser fielmente atribuídas a nenhum L-lXOn permiano da Bacia do

Paraná (Brasil, Uruguai, Argen tina e Paraguai). A assembleia sul-africana e pouco

diversificada e aparenta constituir uma variante regional daquela encontrada na Bacia do
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Paran á, possuindo igualmente seus c1eme ntos próprios e endê rnicos (ao men os três gêne ro s

diferen tes). Dessa maneira, a biocorrclação entre a asse m bleia da Fo rmação \Vaterford,

com aquelas encontradas nas biozonas de bivalves do Grupo Passa Dois, não pode ser

seguramente confirmada. A assembleia de bivalves da porção basal do Membro Serrinha,

Fo rmação Rio do Rasto, inclui a presen ça das espécies Te/raia curuata, Terraia bipleara,

.Asteriopsis prosodina, Beurienella elol/galello, Leil/~a curta e Couperesia ementa. Este intervalo

es tratigráfico corresponde à nova biozona de Terraia curuata, situada entre as biozonas de

Pil/zol/ello neotropica e Leiw?!a simiiis. Adicionalmente, esta assembleia de bivalves

provavelmente representa o registro de uma mudan ça faunística na história geológica dos

bivalves do Grupo Passa D ois, Bacia do Paran á, com o pred omínio dos carditideos sobre

os pachidomídeos (=megadesmídeos). 1\ revisão sis temática da fauna de bivalves de Tiaraju

revelou a presença de Terraia falconeri, Terraia auissima, Holdbansietia elol/gata e Couperesia

ementa. O posicionamento desta assembleia de bivalves no quadro bioestratigráfico

referentes à bio zonas de bivalves do Grupo Passa Dois ainda é questionável, uma vez que

os resultados apresentados neste do cumento reúnem espécies de bivalves que comumente

não são encontrados em uma mesma assembleia. Adicionalmente, a oco rrência da fauna de

T iaraju sugere evidências de que durante certos tempos na história geológica da Bacia do

Paraná, as espécies de bivalves não se encontravam geograficamente restritas a certas áre as

dentro dela . Por fim, tanto esta faun a, quanto a assembleia de bivalves da porção basal do

Membro Serrinha, indicam uma biocorrelação com a Formação G ai-As do Permiano da

N amibia, sugerindo para estes depós itos sedimentares da Bacia do Paraná uma idade cujo

limite seria o Meso Permiano (\X'ordiano-Capitaniano).

Palavras chaves. Bacia do Paraná, Permiano, Grupo Passa Dois, Formação Rio do Rasto,

Membro Serrinha, Bacia do Karoo, Formação Waterford, Mar E pico ntinental, Bivalvia,

Pachydomidae, Carditida.
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Abstract

Abstract

During the Late Paleozoic, largc arcas of the wcstern Gondwana (Paraná Basin, South

A merica, Karoo and Huab basins, South A frica and N amibia) were covered by a huge

epeiric sca. ln the Early-Middlc Pcrmian , thi s large in land sea was either isolated o r had a

res tricted connection to the Pan th alassa oceano Benthic marine faunas that th rived in th is

sea were main ly dominated by shallow bu rrowing bivalves, an d evolved under conditions

of ex tre me geographic isolation, Rocks o f the Permian P assa D ois G ro up, Brazil, an d

coeval successio ns in Uruguay, Paragu ay, and Arge n tina cncom pass the best records o f this

endemic fauna . Although this fauna has received ren ewed attention in the last decade, the

truc evolutionary h isto ry of these uniqu e invertebrates is sti ll obscure because of th e

incom plete an d biased information on its taxonorny and sys te rna tic. l ndeed, most of the

studies dealing w ith the systematics o f th e P ermian Passa D ois Group bivalves have

focused o n the faun as preserved in rocks o f the T eresina and Coru rnbataí formations. A lso,

th e first record of the Permian Paran ean bivalves outside th e So uth America, rnade by M.R.

Cooper and B. Kensl ey in th e early 80's, was still ques tionable. ln this context, the present

research investiga ted three distinct bivalve faunas in o rde r to ad d new and re1evant data to

our understandings of the evolution of the Perrnian P assa D ois Group bivalve faun a: (a)

th e P ermian bivalve fauna o f the Waterford Formation, Karoo Basin, South A frica; (b) the

Permian bivalve fauna o f th e km 44.6, PR-239 road, basal portion of th e Serrinha Mernber,

Rio do Rasto Formation, Paraná Basin , Brazil ; (c) the P ermian bivalve fauna of th e T iara ju

regIon, Teresina Formation, Paraná Basin, Brazil. .t\ cco rding to our results, th e Karoo

bivalve fauna cannot be co nfidently assigned to any known South American genera o r

species. The poorly diversified South A frican assemblage seems to be a regional variant of

th at of the Paraná Basin, also represented by th eir own endemic taxa (at least three distincr

genera). Hence, the biocorrelation of the South African asse m blage with those o f th e

P errnian bivalve biozo nes of the Passa Dois Group, Brazil, cannot be securely constrained.
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The bivalve assemblage of thc basal po rtion of the Serrinha Mcmber, Rio do Rasto

Formation , includes the presence of the species Termia atruata, Terraia biplenra, .Asteriopsis

prosocãna, Beur/ellelia e/OIlgatelia, l...-eilli/a curta and Couperesia ementa. This stratigraphic range

records the new Terraia curuata Biozone, Iying between the PillzolleUo neotropica and Leillifo

silllilis biozones. Additionally, th is bivalve fauna cou ld pro bably record a faunal turnover in

the bivalve geological history of the Passa D ois Group , Paraná Basin. The systematic

revision of Tiara ju fauna revcaled thc presence of T erraia falconeri, Terraia alüssima,

Holdbansiella elollgala and Cowperesia ementa. The position o f this bivalve assemblage in the

biostratigraphic sch eme of the Passa D ois Group bivalve biozones is still in dispute, since

our results indicare the presence of bivalve species th at are no t commonl y found in the

sarne biozo ne . Additio nally, the Tiaraju fauna add evide nces that during certain times o fthe

geological history of the Paraná Basin, the bivalve species were not regionally confined to

areas of that huge epeiric sea. Indeed, both the Tiaraju fauna and th e assemblage o f th e

basal portion of Serrinha Mernber indicare a biocorrelation with deposits of the Permian

G ai-As Formation, in the Huab arca, Namibia, providing an age no younger than the mid 

Permian (Wordian-Captian ian) to these sedimen tary depos its of the Paraná Basin.

Keyword s . Paraná Basin, Rio do Rasto Formation, Serrinha Mernber, Karoo Basin,

\X'aterford Formation, E peiric sea, Bivalvia, Pachydomidae, Carditida.
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1. INTRODUÇÃO

Considerações Iniciais 1

Os moluscos bivalves do Grupo Passa Dois são um dos elementos mais

característicos do registro paleontológico do Permiano da Bacia do Paraná, e, desde o

estudo pioneiro de Holdhaus (1918), constituíram objeto de pesquisa de diferentes autores.

Segundo Simões & Fittipaldi (1992), tais pesquisas podem ser caracterizadas por fases

distintas, com uma concentração notável de trabalhos durante as décadas de 1940 a 1960

(e.g., Beurlen, 1953, 1954a, 1954b; Fúlfaro, 1964; Leanza, 1948; Mendes 1944, 1945, 1949,

1952, 1953, 1954, 1961, 1962, 1963; Mendes & Petri, 1950; Mezzalira, 1957).

Posteriormente, no início da década de 1990, as pesquisas sobre esses moluscos

tósseis toram retomadas, com avanços Importantes relativos á sistem ática (Simões &

Anelli, 1995; Simões & Mello, 1996; Simões el al. , 1997, 2000a), paleoecologia (Simões eLal.,

1998; Kowalewski el ai., 2000; Ghilardi & Simões, 2002), evolução (Simões el ai., 1998),

tafonomia (Simões eLal., 1996, Simões & Kowalewski, 1998, Simões et al., 2000b, Simões &

Torello, 2003) e bioestratigrafia (Rohn, 1994; Maranhão & Petri, 1996) .

Recentemente, um novo interesse sobre essas malacofaunas foi demonstrado a partir

da descoberta de novas ocorrências para o intervalo da biozona de Pillzollella iI/ufa,

Formação Corumbataí, Permiano médio, Estado do Mato Grosso (Simões et al., 2010), e a

recente descrição de um novo ráxon (Beurlellella elollgaLella) atribuído à malacoufauna do

Membro Serrinha, Formação Rio do Rasto (Anelli el al., 2010). Contudo, a descoberta mais

relevante no contexto bioestratigráfico e evolutivo destes moluscos permianos, refere-se à

descrição dos bivalves da área de Huab, Narníbia, na sucessão basal e superior da

Formação Gai-As (David, 2010; David et ai; 2011). Esta fauna de bivalves ocorre em

ternpestitos distais e inclui espécies tais como Te/raia tf. T. aãissima, Terraia if. T. curuata e

COlllperuia ementa, que aparentemente também estão presentes em assembleias ainda não

descritas da porção basal da Formação Rio do Rasto, conforme informações presentes em

Rohn (1994) e Ro hn & Simões (1997).
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1.1. DELIMITANDO O PROBLEMA

Considerações Iniciais 1

As taunas de moluscos do Grupo Passa D ois, Bacia do Paraná (veja um a síntese em

Simões el aL, 1998) compreendem um capítulo à parte na história da Classe Bivalvia

(Runnegar & Newell, 1971). Isso se deve ao fato de sua evolução ter ocorrido in situ, o que

confere a esta fauna um alto grau de ende mismo, e em associação com as variações do

nível do mar e com mud anças paleogeográficas, as quais aco mpanharam o progressivo

isolam ento geográfico da bacia durante o Permiano (Beurlen, 1954; Runnegar & Newell,

1971; Simões et aL, 1998). Esses e outros auto res (e.g., Stanley, 1979), enfatizaram a

semelhança entre o processo de radiação adaptativa apresentada pelos moluscos do Grupo

Passa D ois, após a deposição dos folhelhos anó xicos da Formação Irati, com a história

evolutiva dos moluscos miocênicos no sudeste e centro da Europa, em especial após a fase

evaporítica das bacias do Para t étis.

Para Stanley (1979), a Bacia do Paraná foi palco de irradiação e evo lução ÍlI sit« para

as faunas de moluscos bivalves, porém sobre condições menos dramáticas do que aquelas

que vigoraram no Mioceno da Europa. De qualquer modo, em ambos os casos, a

importância dos fatores geográficos e paleoarnbien tais, tais como a heterogeneidade

espacial (diferentes microhabitats), aparentemente exerceram forte controle sobre a

radiação adaptativa dos bivalves (Stanley, 1979). De fato , a Bacia do Paran á é citada como o

exemplo mais antigo conhecido de evolução iII situ na história evolutiva dos moluscos da

Classe Bivalvia em bacias sedimentares mtenores (Wessehngh, 2007).

Entretanto, vale ressaltar que o real cenário dessa evo lução ÍlI situ e seu efeito na

disparidade morfológica da fauna é ainda obscurecido pelo fato de muitos táxons e faunas

de bivalves do Grupo Passa Dois permanecerem, desde a década de 1950,

inadequadamente descritas ou simplesmente desconhecidas. Anelli et aL (2010) destacou

que a grande maioria dos estudos prévios sobre a fauna de bivalves do Grupo Passa Dois

foram concentrados nas biozonas de Pillzollella ii/usa e Pillzollella neotropica (Fig. 1), onde as

3
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co nchas são encontradas geralme nte silicificadas e em bo m estado de preservação (Torello

& Simões, 1994; Simões & Anelli, 1995; Simões et al., 1996; Simões & Kowalewski, 1998;

Ghilard i, 1999; Mello, 1999; Kowalcwski et aL, 2000; G hilardi & Simões, 2002; Simões et al.,

2000; Simões & Torcllo, 2003). E m co ntrapartida, as faunas presentes na Fo rmação Serra

Alta (Biozona de .Anbembia j1Vesl) e nos membros Serrinha e Mo rro Pelado (biozo nas de

Leill~a silJlilis e Palaeomntela? pla/illel/sis) da Formação Rio do Rasto, co ntinuam pouco

co nhecidas.

D entro deste contexto, a presente pesquisa de doutorado visa contribuir para ampliar

o co nheci mento taxonômico, paleobiogeográfico e bioestratigráfico dos bivalves do G rupo

Passa Dois, Perrniano, Bacia do Paraná, em especial daqueles prese ntes na Fo rmação Rio

do Rasto e em outras unidades gondvânicas do continente africano (Fo rmação \'('aterford,

Cooper & Kensl ey, 1984).
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Figura 1. Distribuição das assembléias de bivalves do Grupo Passa Dois (baseado em Rohn
'994,2007).

1.2. ESCOPO DA PESQUISA PROPOSTA: BIOESTRATIGRAFIA

Nas décadas de 1980 e 1990, esforços de pesquisadores, tais como, Seternbrino Petri

(G SA-IG / USP), Maria S.AS. Maranhão (lG-Secretaria do Meio Ambiente), Marcello G.

Simões (lBB/U ESP) e Rosemarie Rohn (lGCE/U lESP), conduziram a uma série de

no vas descobertas fossilíferas no Grupo Passa Dois, com importantes implicações

evolutivas e bioestratigráficas, especialme nte para o registro dos bivalves. Enquanto R.

Roh n dedicou-se às unidades litoestratigráficas dos Estados do Paraná e Santa Catarina, os

outros pesquisadores concentraram seus estudos no Estado de São Paulo, particularmenrs
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nas formações Corumbataí e Teresina, Os resultados obtidos, maiormente expressos em

Rohn (1994) , Maranhão & Petri (1996) e Simões et aL (2000), confirmaram amplamente a

assertiva de Ragonha (1984), ou seja, "o Grupo Passa Dois já deu muito... e ainda tem

muito a dar".

Paralelamente aos estudos acima, uma série de investigações de cunho estratigráfico,

maiormente de superficie (Zaine, 1980; Sousa, 1985; Maranhão, 1995; Matos, 1995; Warren

et al., 2008) e, mais recentemente, de subsuperficie (Meglhioratti, 2006), contribuíram para o

melhor esclarecimento sobre o posicionamento estratigráfico das assembleias de bivalves

do Grupo Passa Dois, com óbvias implicações bioestratigráficas e paleogeográficas.

Durante os trabalhos de campo conduzidos por R. Rohn nos estados do Paraná e

Santa Catarina, nas décadas de 1980 e 1990, diversas novas localidades fossilíferas contento

importantes dados paleobiológicos, tafonôrnicos, sedimentológicos e estratigráficos foram

descobertas (Rohn, 1988, 1994). Essas constituem importante complemento ao modelo

evolutivo de Runnegar & Newell (1971), refinado por Simões (1992) e Simões e/ aL (1998)

e, recentemente, comentado por Wesselingh (2007). Dentre as diversas descobertas, uma

em particular se destaca, ou seja, a da seção geológica entre Cândido de Abreu e Reserva no

es tado do Paraná.

Tradicionalmente, todos os moluscos bivalves previamente registrados para o

Membro Sernnha, Formação RIO do Rasto, toram atnbuídos à biozona de LeilJ?!a simitis

(veja discussões em Rohn, 1994 e Rohn & Simões, 1997). Há aproximadamente meio

século, o estudo dessa rnalacofauna foi apresentado por Mendes (1954). Entretanto, até

meados da década de 1990 pouco foi dito a seu respeito, cujo interesse científico foi

renovado somente a partir do estudo bioestratigráfico de Rohn (1994). Nessa

oportunidade, uma provável nova assembléia de bivalves foi descoberta na parte basal da

Formação Rio do Rasto, Membro Serrinha. Essa assembléia aparenta possuir uma idade

um pouco mais antiga que a de LeilJ?!a similis, possivelmente constituindo o registro
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estratigráfico de uma bio zona ainda não descrita, situada entre a biozona de PilJzollella

neotropica (no topo da Formação Teresina/Corumbarai) e a biozona de Leitl!?fa similis (Sel/SU

Rohn, 1994), na Formação Rio do Rasto (Fig. 1).

Os melhores registros de elementos dess a possível nova biozona ocorrem em cortes

da es trada PR-239, na altu ra do quilômetro 44,6, sen tido Cândido de Abreu à cidad e de

Reserva. N essa localidade, camadas métricas de folhelhos esverdeados, bioturbados,

contêm abundan tes moldes (externos, in ternos) de bivalves, algu ns em bom es tado de

conservação (e.g., ornamentação e dentição preserv adas). O s bivalves ocorrem em

associação com conchostr áceos e, no topo dos dep ósitos, com megat ósseis vegetaIs

(glossopterídeas e pecopterídeas).

Uma breve inspeção da rnalacofauna (Ro hn & Sim ões, 1997) revelou a provável

presença de Terraia curuata (eleme nto dominante) , Conperesia ementa, Re/ogiicola? sp ., Terraiai

sp., Terraia bipleura e raros espécimes possivelmente atribuíveis à PilJzollella e [acquesia. .t\

presença desses dois gêneros , se confirmada, seria a primeira documentada acima da

assem bleia de Pillzollella neotropica, do topo da Formação Teresina/Corumbataí . D o mesmo

modo, a ausência de Leill!?fa sinJilis e Terraia allissinJa na malacofauna de Reserva-Cândido de

A breu, indicaria tra tar-s e de um a nova assembléia (assembléia de Terraia Clfrz:afa) ,

possivelmente de grande interesse bioestratigráfico, já que Coioperesia ementa e formas

possivelmente relacionadas à Terraia curuata ocorrem em sedimentos da Formação Gai-As ,

área de Huab, Namíbia (David, 2010 e D avid et aL, 2011).

E ste grande interesse bioestratigráfico é justificado pelo fato de que Termia cf. T.

curuata e Cowperesia ementa ocorrem na Formação G ai-As, N amíbia em um horizonte

fossilífero pouco abaixo de tufos vulcânicos, cuja datação radiométrica de minerais de

zircão indica idades entre 265±2.5 Ma (limite Wordiano-Capitaniano) (Holzfoerstcr 2000,

2002, Wanke 2000) . Porém, somente com a descrição e ilustração formal dos fósseis dessa
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provável nova biozona, tais correlações bioestratigr áficas poderão se r co nfi rmadas (vide

discussão em D avid, 2010; David et al., 2011) .

Finalmente, no contexto da pesquisa pro posta, a revisão dos bivalves permianos da

assem bleia de Tiarajú (Cun ha, 1972; Klein, 1997) e da Formação \'(laterford, Bacia do

Karoo, Africa do Sul (Cooper & Kensley, 1984) tamb ém constituíram objeto de es tudo. A

assem bléia de bivalves de Tiarajú é a ún ica ocorrência conhecida de bivalves permian os do

Grupo Passa D ois no estado do Rio Grande do Sul, sendo que o posicionamento dos

mesmos no esquema bioestratigráfico proposto para os bivalves do Grupo Passa D ois

ainda está em debate. Por sua vez, os bivalves da Fo rmação Warerford constituem as

primeiras ocorrências registradas na literatura de bivalves do Grupo Passa D ois fo ra da

Bacia do Paraná (Cooper & Kensley, 1984). Co ntudo, desde Cooper & Ken sley (1984)

esses b ivalves permanecem inadequadamente descritos e figurados. D essa fo rma, ainda

persis tem dúvidas sobre as interpretações taxo nô rnicas destes autores, especialmente sobre

a presença de certos gêneros (eol" Casterdia e N aiadopsis) na A frica do Sul, conforme

discussão presente em Dick.ins (1992, p.989).

1.3. OBJETIVOS

1.3.1. OBJETIVO GERAL

o presente projeto está fundamentado na hipótese de o progressIvo processo de

continentalização da Bacia do Paraná, no Permo-Tri ássico, co nduziu ao aparecimen to de

distin tas faunas de bivalves, cu jo caráter paleoautoecol ógico e paleobiogeográfico foi, em

grande parte, influenciado pelas alterações paleoambientais ocorridas na bacia, conforme

demonstrado pelos dados cm Rohn (1994) e Simões et al. (1998). O en tendimen to,

entre tanto , da evolução iII Si/II das malacofaunas permianas da Bacia do Paraná é
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prejudicad o pelo conhecimento ainda incipiente da taxono mia e afin idades das faunas, em

es pecial da Fo rmação Rio do Rasto .

Paralelamente, postula-se nesse pro jeto que, ass im como ocorre na seção do

Permian o méd io da Bacia do Paraná (Membro Serri nha, Fo rmação Rio do Rasto) e Huab,

amíbia (Formação G ai-As), deve ter existo co nexão aquática entre a Bacia do Paran á e do

Karoo , A frica do Sul (Formação \'(later ford, Coope r & Ken sley, 1984), no intervalo

corresponden te às biozonas de Pillzollelia illnsa e Pillzollella neotropica. Novamente, porém, a

comprovação dessa assertiva dep ende de revisão sistemática das malacofaunas permianas,

nesse caso da Formação Watedord. ASSim sendo, tais revisões podem contribuir para o

m elh or en tendimento da evolução dos bivalves permian os da fase de continentalização das

bacias do G ondwana Ocide n tal, com óbvias implicações bioestratigráficas e

geocronológicas.

1.3.2. OBJETIVOS ESPECíFICOS

No contexto acima, es tabelece-se os seguintes objetivos específicos na presente

pesqUisa:

a- Revisão sistemática da malacofauna presente na região de Tiaraju, Grupo Passa

Dois, no estado do Rio Grande do Sul.

b- Descrição da malacofauna do Membro Serrinha da Formação Rio do Rasto,

(G ru po Passa Dois) na região de Reserva-Cândido de Abreu, no Estado do Paraná;

c- Revisão sistemática da malacofauna da Formação \'\'aterford, Bacia do Karoo,

África do Sul, estudado por Cooper & Kensl ey (1984) e dep ositados na coleçã o do museu

da Cidade do Cabo, África do Sul;

e- Interpretação dos dados obtido s em termos das biozonas de bivalves d isponíveis

para o Grupo Passa Dois, segundo o modelo proposto por Rohn (1994) , e suas

consequentes implicações no modelo evolutivo de Simões et al. (1998) .
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2. GEOLOGIA DA UNIDADE EM ESTUDO: BREVE REVISÃO

1\ Bacia do Paraná estende-se por quase todo o Brasil meridional, Paraguai oriental,

nordeste da Argentina e norte do Urugu ai, ocupando uma área de apro ximadamente 1,5

milhão de km 2 (Milani el al., 2007). Somente a borda norte-nordeste possivelmente

representa o limite deposicional o riginal da bacia, enquanto outros foram sign ifica tivamente

erodidos ou recobertos por sedimentos mais recentes, respectivamente nas porções leste e

oeste da bacia (Milani el al., 2007). Os depósitos permianos da Bacia do Paraná inserem-se

no contexto da supersequência G ondwana I de Milani (1997; Milani et al. , 1998, 2007) ,

abrangendo o intervalo Neocarbo nífero-Eotriássico (Moscoviano-O lene kiano) . T ra ta-se de

uma sucessão sedimentar tipicamente depositada em bacia intracrat ônica, abrangendo uma

maior área e volume com os grupos Itarar é, Guatá, Passa D ois e as formações Sanga do

Cabral e Pirambóia (Milani el al., 2007). Sua história dcposic ional iniciou-se so b in fluê ncia

da glaciação permo-carbonífera, seguida por uma longa fase transgressiva, caracterizada por

sistemas deposicionais costeiros (onde se originaram carvões) a marinhos rasos, e uma fase

regressiva mais longa, primeiramente em condições de mar restri to (com geração de

hidrocarb onetos, dolorrutos e evapontos), seguido da última Incursão marinha e,

finalmente, a gradu al continentali zação, encerrando-se com ampla sedimentação eólica

(i\'lilani el al., 2007).

O Grupo Passa Dois congrega a totalidad e dos depósitos consensualmente datados

como permianos , com a Formação lrati em sua porção basal. E sta formação foi

recentemente datada (Santos et al., 2006) como artinskiana (Eoperrniano) e nesta unidade

ocorrem vertebrados, como os mesossaurídeos (Araújo-Barbarena el al., 2002) , vegetais

(principalmente troncos de gimnospermas), invertebrados (crustáceos, raros insetos,

moluscos bivalves e possíveis foraminíferos ainda não formalmente descritos),

estromatólitos e os últimos acritarcas registrados na Bacia do Paraná (Mussa et al., 1980;

Pinto & Adami-Rodrigues, 1996; Araújo, 2001; Lages, 2004; Silva, 2011). Os
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mesossaurídeos atestam a existênc ia de comunicação aquá tica entre as bacias do Paraná,

Karoo (sul da África) e Huab (Namíbia). t\ alternâ ncia de calcários e folhelhos

betuminosos na parte superio r da formação (Membro Assistência), o bservada em toda a

parte oriental e nordeste da bacia, provavelmente reflete variações climáticas cíclicas

(condições secas e úmidas) de milhares de anos (Hachiro & Coi mbra, 1993; Araújo, 2001).

No extremo nordeste da bacia, em Santa Rosa de Vite rbo, tal ritm ito é substitu ído por

enorm es estro mató htos (SugUlo & Sousa, 19S5; Rrcardi-Branco et aL, 20U6) .

A Formação Serra Alta e os depósitos equivalentes da porção basal da Fo rmação

Corum ba tai so brepõem-se à un idade basal do G rupo Passa D ois e são caracterizados por

fo lhelhos, provavelmen te depositados em águas calmas afastadas da costa e com certo grau

de an oxia. D entre os principais macro fósseis destacam-se os bivalves, especialmente no

E stado de São Paulo (Mendes, 1952; Maranhão, 1986; Simões el aL, 2000; Bondioli, 2014),

além de escamas, dentes e coprólitos de peixes dispersos ou, às vezes, constituindo bane

beds, com nódulos fosfáticos (Simões & Rohn, 1996; Bondioli, 2014). E m raras

intercalações micríticas ocorrem ostracodes e moluscos bivalves (Meglhioratti, 2006).

Na faixa aflorante orien tal da bacia, a Formação Serra Alta passa gradualmente para a

Formação T eresina . Esta unidade é constituída, principalmente, por folhelhos cinza escuro s

interlaminados com areni tos muito finos (Rohn, 1994,2001 ,2007; Meglh iora tti, 2006). As

duas formações equivalem, no norte/nordeste da bacia, à Fo rmação Corumbataí, cujas

rochas pelíticas são avermelhadas nos afloramentos próximos à superfície (Rohn, 1994,

2001 ; Meglhioratti, 2006).

Assim como para a Formação Serra Alta, os bivalves são os principais macrofósseis

de invertebrados e representativos das biozonas PilJzolJeUa illusa e P. neotropica (Mendes,

1952; Rohn, 1994). As interpretações sobre os ambientes deposicionais da Formação

T eresina são controversas. Para alguns auto res (e.g., Milani et al., 2007) as diferentes fácies

evocam condições marinhas rasas ou costeiras com marés. Diversos supostos fósseis
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marinhos foram noticiados de modo preliminar, faltando o seu estudo formal, como no

caso do s pos síveis os tracodes marinhos cosmopolitas do norte da bacia (Alm eida & D o

Carmo, 2005). Recentemente, braquiópodes rhynchonclliformcs foram encontrados em

calcários micri ticos do to po da Formação Teres ina (Fig. 2), na seç ão da Rodovia Castello

Bran co, atualmentc em es tudo pelos pesquisadores L.E. Anelli e M.G. Simões. Também

foram registrados icnofósseis Tbalassinoides, que se asse melham a representantes marinh os,

porém não se pode admiti r um a origem franca mente marinh a para toda a Fo rmação

T eresin a em função desta ocorrência (Rohn et al., 2004).

A última uni dade do Grupo Passa D OIs é a Formação Rio do Ras to , subdiv idida nos

membro s Serrinha e Mo rro Pelado, aflorantes no leste da bacia . O primeiro membro

carac teriza-se por camadas relativamente tabulares de arenitos muito tinos a tinos,

intercalados entre siltito s maciços, mas a unidade aprese nta uma variação regional e suas

litofácies são relativamente diversificadas (Rohn, 1994, 2007; Meglhioratti, 2006) . A partir

da porção basal da formação ocorrem conchos tráceos, ates tando a instalação de

paleoambientes com água doce. Grande parte da suces são deve corresponde r a condições

lacustres, com ternpesti tos e depós itos de desem bocadura de distributários em lagos (Rohn,

1994, 2007) .
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Figura 2. Braquiópode rhynchonclliforrne encontrado em calcários micríticos próximos ao topo da
Formação Teresina (Simões, M.G. e Anelli, L.E., comunicação pessoal 2014), na sucessão

estratigrá fica da Rodovia Castello Branco, SP-280 (km 165), no Estado de São Paulo.

~-\ fauna de bivalves modifica-se substancialmente (Rohn, 1994; Simões et aL, 1998),

corres ponde ndo, conforme acima referido, a duas biozonas ainda informais suge ridas em

Rohn (1988, 1994), com destaqu e à Termia curuata. Fo rmas relacionadas a esta espécie

ocorrem também na lam íbia, em pos ição estratigráfica próx ima a uma camad a de cinzas

vulcânicas datada em 265,5+2,2 Ma (Sto llhofen et aL, 2000), equivalente ao final do

\X' ordiano (Mesopermiano) . Impressões de folh as e moldes de caules são relativamente

comuns e diversiticadas, especialme n te glossopterídeas, cstenó h tas e pecopterídeas (Rohn

& R ôsler, 2000). Es camas de peixes são frequentes, e na transição pa ra o Membro Mo rro

P elad o, em San to Antônio da Platina-PR, toram encontrados palaenisciformes completo s

(\' ega-Dias et aL, 2000).

o Membro Morro Pelado caracteriza-se por siltitos averm elhados com muitas

intercalações de arenitos finos lenticulares eólicos ou representativos de fluxos hiperpicnais

em co rpos de água rasas (Lavin a, 1991 ; Rohn, 1994; 2007; Rohn d al., 2005). Os
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conch ostráceos são muito abun dantes e possibilitaram relativo retinamento

bioestratigráfico (Roh n & R ôsler , 1990; Rohn, 1994; Ferreira-Oliveira, 2007; Ferreira

Oliveira & Rohn, 2010) e correlação bastan te segura da par te su perio r da Fo rmação Rio do

Ras to com o "Tatarian o" (provável Wuchiap ingian o infe rio r) da Austrália. O s bivalves,

pertencentes à Biozona informal PalaeolJl/(lela?platinensis (Rohn, 1994), vão se tomando mais

raro s e acabam desaparecend o antes do topo da un idade.

O Membro Morro Pelado sempre foi atribuído a paleoambientes continentais, mas

existem controvérsias nas in terpretações. Uma das hip óteses propostas por Mendes (1954)

é a origem fluvial em planícies de inundação e lagos . Porém, Bigarella (1973) identificou

dep ósitos de dunas eólicas e Gama Jr. (1979) co nsiderou que todo o Grupo Passa D o is

(exceto a Formação Irati) representaria um grande sistema deltaico. Neste contexto, o

Mem bro Morro Pelado co rresponderia à planície deltaica, Lavina (1991) suge riu deposição

em lagos rasos efê rneros em sistema desértico e Rohn et al. (2005) lan çaram a hipó tese da

sedimentação em sistema de leque aluvial extremame nte distal em condições de clima semi

árido de aco rdo com dados de paleocorrentes consistentes rumo ao norte. Finalmente,

\'\'arren et al. (2008) sugeriram que o Membro Morro Pelado estaria em contexto de

sistemas deltaicos gradando para depósitos desérticos.

Por fim, com base nos bivalves permianos da Formação G ai-As (David et al., 2011),

N amíbia, Horsthemke (1992), Lendendecker (1992) e Wanke (2000) correlacionaram essas

o co rrências às das fo rmações Rio do Rasto, Bacia do Paraná e Waterford, Bacia do Karoo,

África do Sul. A Formação Waterford, Wordiano, é a un idade transicional en tre os

dep ós itos plataforrnais do Grupo Ecca e os indubitavelmente continentais, terrestres, do

Grupo Beaufort, E m sua localidade tipo, a un idade é in formalmen te dividida em três

membros (Main Mernb er, Middlewater Shale Mernber e o T ransitional Member) (johnson

et al., 1996), os quais se diferenciam dos da Formação Koonap, subjacente e da Fo rmação

Fort Brown, suprajacente, pela maior frequência de litofácies arenosas (Rubdige, 1988). 1\
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Formação \V'aterford é interpretada como representando depósitos dcltaicos que

progradaram na bacia, após a deglaciação do Gondwana (pludow e/ al., 2010).

Na região de Prince Albert, Província do Cabo, depósitos de frente dcltaica da

Formação Waterford contêm fósseis atribuíveis a [acquesia e/OIrga/a, Leil/:da cf. froesi, Casterelia

cf. gra/iosa C; Naiadopsis iamellosns. Todas essas espécies são comuns às biozonas de .Anbembia

froesi, Pil/zol/e/Ia i/lusa e Pil/zollella neotropica nas formações Serra Alta, Teresina e Corumbataí.

Entretanto, parecem existi r dife renças sutis na forma das co nchas dos exemplares da

Formação Waterfo rd , quando co m paradas às da Bacia do Paran á, tan to que Oickins (1992,

p. 989) não aceita integralmente as interpretações de Co oper & Kensley (1994). Como

resultado, essa fauna necessita ser redescrita e revisada (veja discussão a esse respeito em

David et aL, 2011), em decorrência de seu potencial para biocorrclação.

2.1. GEOLOGIA E LOCALIZAÇÃO DOS SíTIOS FOSSllíFEROS ESTUDADOS

Comentários sobre a geologia e a localização dos sítios fossilíferos são realizados

dentro de cada anexo referente à fauna estudada.

2.2. METODOLOGIA DE LABORATÓRIO

Todas as amostras de bivalves encontravam-se disponíveis para o es tudo sem a

necessidade de trabalhos de campo para obtê-las. O material de Tiaraju é constituído por

mais de 100 espécimes que se encontram na coleção científica do Museu de Paleontologia

da Universidade Vale dos Sinos (Unisinos), Rio Grande do Sul. Por sua vez, o material de

bivalves da Formação \\/aterford totaliza 41 espécimes, os quais se encontram depositados

na coleção científica do Museu de História Natural da Cidade do Cabo, na Africa do Sul.

Por fim, o material referen te ao afloramento localizado na estrada entre Cândido de Abreu

e Reserva é co nstituído por 60 amostras previamente cedidas para estudo pela Prof. Ora.
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Rosemarie Rohn D avies (IGCE-UNESP, Rio Claro). Ambos os materiais fo ram

submetidos aos procedimentos relatados nos itens abaixo.

2.2.1. MOLDAGEM DOS ESPÉCIMES

E m um estudo siste mático de bivalves fósseis, a interpretação e descrição de feições

morfológicas (como impressões musculares, dentição, o rnamentação, etc) revela-se de

extrema importânc ia para o entendimento adequado da classificação destes invertebrados

(Runnegar & Newell, 1971; Simões et al., 1997). O processo de moldagem em látex tem

co mo o bjetivo ressaltar tais feições morfológicas, permitindo, portan to , a análise co rreta

destas características. Tal procedimento foi eferuado nos espécimes estudados no prese nte

doutorado de acordo com as seguintes etapas: 1) inicialmente, o espécime é limpo co m o

auxí lio de um pincel e aplica-se sobre o mesmo uma fina camada de vase lina; 2) em

seguida, são aplicadas camadas de látex diluído em água e pigmen tado co m nanquim preto ;

3) o processo an terior é repetido aumentando a co ncentração de látex a cada nova

aplicação ; 4) com o intuito de se obter moldes mais resistentes, tiras de gaze são

interc aladas com as camadas de látex; e) após a secagem completa, que leva

aproximadamente 24h, o molde é retirado do tossi! e suas bordas aparadas com tesoura.

Vale ressaltar que, alterna tivamente à moldagem por látex, utilizou-se também a

massa de cerâmica plástica da marca 1"1MO na cor preta. Essa massa é comumente utilizada

em trab alhos artís ticos e, após imprimi-la con tra o fóss il estudado, ob têm-se um contra

molde do mesmo. Em seguida, o mesmo é levado ao fomo a 110° Cj 130° C durante 30

minuto s, para endurecer. Após a cura, a massa toma-se to talme nte resisten te e equivale a

um molde de látex finalizado , com a vantagem do processo de ob tenção da mesma ser mais

rápido do que o tempo dispensado para obtenção do molde de látex.
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partir do métod o de impregnação de fuligem de magnésio metálico. O s espécimes

receberam uma camada de tinta nanqu im e, após a secagem da mesma, foram recobertos

por uma camada delgada de fuligem de magnésio metálico, sendo posteriormente

fotografados. Aqueles que se enco ntravam em moldes de látex e de massa FIMO foram

so me nte recobertos pela camada de magnésio e fotografad os , não sendo necessário

receberem a camada de nanquim, uma vez que os mesmos já se encontram escuros pelo

fato de o látex ter sido pigmentado com nanquim.

2.3. METODOLOGIA DE GABINETE

As atividades de gabinete desenvolvidas incluíram a descrição e discussão sistemática

dos bivalves estudados e amplo levantamen to bibliográ fico, envolvendo tó picos

relacionados ao histórico de pesquisa no Grupo Passa D ois, à sistemática de bivalves e à

estratigrafia do intervalo estudado.
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3. RESULTADOS OBTIDOS

Apresen tam-se co mo resultados derivados da pesqu isa co nduzida neste projeto de

douto rad o três artigos científicos. Estes são aqui apresentados com o status em preparação,

pois aguardam as crí ticas, co rrcç ões e mod ificações que pod erão ocorrer du ran te a fase de

defesa pública da tese de doutoramento. O artigo relativo aos bivalves da Bacia do Karoo,

Africa do Sul alme ja co mo objetivo uma publicação em periódico internacional, pois o

tema é de am plo interesse da comunidade geoc ientífica que inves tiga o G ondwana, no

Neopa leozoico, especialme nte à paleogeografia do seto r que envolve a Amé rica do Sul e

Africa. As faunas brasileiras são de interesse mais regional e, por este mo tivo, os artigos

de rivados se rão submetidos para periód icos nacion ais de primeira linha.

Os três artigos apresentados estão vinculados dirctame nte à questão central

investigada. este con texto, os resultados obtidos têm importantes implicações para o

entendime nto da composição faunística das assembleias de bivalves pe rmianos da Bacia do

Paran á, com imp ortantes implicações bioestratigrá ficas e paleogeográficas. Para maiores

detalhes so bre as descrições dos resultados obtido s vide anexos 1 a 3.
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3.1. BIVALVES PERMIANOS DA FORMAÇÃO WATERFORD, BACIA DO

KAROO, ÁFRICA DO SUL

Resumo do artigo"Locked in a Huge Epeiric Sea: tbe EndemicSoutb .American Permian Bivalves
fro»: tbe Ecca 0/South Aflica Revisited'

During th e Late Paleozoic, large arcas of the western Gondwana (Paran á Basin, South

Am érica, Karo o and Huab basins, South África and Namib ia) were covered by a huge

inland sea. ln the Early-Middle Permian, this large epei ric sea was eithe r isolated o r had a

res tric ted connection to the Permi an oceans. Benth ic marin e faunas that thrived in this sea

were rnainly dominated by shallow burrowing biva lves, and evolved under conditions of

extreme geographic isolation. Rernarkable morphological disparity is shown, espccially by

th e anomalo des rnatans. Rocks of the Permian Passa D ois Group, Brazil, and coeval

successions in Uruguay, Paraguay, and Argenti na encompass th e bes t records of that.
ende m ic fauna. Until th e early 70's, at least 24 gene ric nam es were applied to th e Paran ean

bivalves, none of these known outside the Paraná Basin. ln the early 80's, M.R. Coope r and

B. Kensley announced (but not described) the record of the Permian Paranean bivalves

outside the South America. According to them, at least one conspecific taxon (Naiadopsis

!amellosus) and o thers apparently co ngenerics (LeilJija, Casterelia, ]acquesia) were found in

delta front deposits of the \\'aterford Formation, Ecca G ro up, South A frica. Curiously, the

genera fro m th ree distinct Perrnian biozones of the Paraná Basin were amassed in a sarn e

South African assemblage. Yet, specimens of the most abundant and widely d istributcd

Paranean genera (PiIlZOllel!a, Terraia, Plesioçyplillella) were not found in the South r\frican

fauna. Conversely, rare South Ame rican forms were reported (LeilliJa, Naiadopsisy. ln th e

early 90's, this in terpretation was hardly questioned by j.M, Dickins and others. Since th en ,

th e record of the endemic South Ame rican Permian bivalves in the Main Karoo Basin is

ques tionable, since the South African assemblage remained undescribed . l-lere we revised
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the type ma terial studied by M.R. Cooper and B. Kcnsley, which is deposited in the Iziko

Museurns of Cape Town, South África. Our results indicare that their taxonornic

interpretations werc flaw. Although apparently related to the Plesiocyprincllinae bivalves

(the dominant group in the Paranean assemblages), thc Karoo ones cannot be co nfidently

assigned to any known South i\merican genera or spccies. 'lh e poorly diversified South

African assemblage seerns to be a regional variant o f that of the Paraná Basin , also

represen ted by their own endernic taxa (at least thrce distinct genera) . H en ce, th e

biocorrelatio n of the South African assemblage with those o f the Perm ian bivalve biozones

of the Passa D ois G roup, Brazil, cannot be secure ly constrai ned.
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3.2. BIVALVES PERMIANOS DA PORÇÃO BASAL DA FORMAÇÃO RIO DO

RASTO, MEMBRO SERRINHA, BACIA DO PARANÁ.

Resumo do ar tigo "Permian biualoes ofthe Seninba lv/en/bel', Rio do Rasto Formation, Paraná Basin:
biostra/igraphical andpaleoecological implica/ions"

The basal portion o f the Scrrinha Mcmber, Rio do Rasto Fo rmation records the

stratigraphic range of an undcscribed bivalve biozone, Iying bctwecn the Pillzollella neotropica

and Leill?!a silJlilis biozones. The bcst record of this po tential new biozonc crops-out at

kilometer 44.6, PR-239 road, Paraná Sta te, Brazi1. The systernatic description o f this bivalve

assemblage revealed the presence o f forms attributed to Terraia curuata, T erraia bipleura,

.Asterlopsis ptosoclina, Bellr/ellella elollgatella, L.eill~ja curta and Coupen:sia ementa. The ge nu s

Terraia is the dominant bivalve in this assemb lage, with the predominance o f specimens

attributed to Terraia curuata. T he stratigraphic range o f th is species secms to be restricted to

th is particular interval, and could possibly represent the best elernent to determinare this

new bivalve assemblage, therefore being named as Terraia curuata Biozone. Additio nally, this

bivalve fauna could probably record a faun al turnover in the bivalve geological history of

the Passa D ois G roup, Paraná Basin. Permian sedime nts of the G ai-As Fo rmation,

N amibia are tentatively corre lated with the basal portion of the Serrinha Mernber , Rio do

Rasto Fo rmation, ind icating that this sedirnentary succession of the Passa D ois G ro up,

Paraná Basin would be no younger than the mid-Permian (\'i/ ordian -Captian ian) .
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3.3. BIVALVES PERMIANOS DO GRUPO PASSA DOIS NO ESTADO DO

RIO GRANDE DO SUl, BRASIl.

Resumo do artigo "The Permlan Tiaraju Biualie Faana Revisited: Biostratigraphic and
Paleobiogeograp~ Significance"

T he Permian bivalve mollusk fauna of th e Paran á Basin evo lved in a shallow and large

inland sea, under co nditions of geographical isolation and variable salinity regimes.

i\lthough this bivalve fauna has received ren ewed atten tion in the last dcc ade, the true

evolutionary histo ry o f thes e un ique invertebrates is still obscure because of th e incomplete

an d biased information on its syste rnatics. Indecd, most of the studies dealing with th e

systematics of the Perrnian Passa Dois Group bivalves have focused on th e faunas

preserved in ro cks o f the Teresina and Corurnbataí formations. T he majority o f these

studies are based on materiais that were collected in outcrops o f the eas tern border o f th e

Paran á Basin, especially in the Brazilian states of São Paulo and Paraná. ln this context, the

systematic revision o f the Tiaraju bivalve assemblage, the only kn own occurre nce of

Permian bivalves in the Passa D ois G roup o f Rio Grande do Sul State, Brazil, adds new

information about the systematics, biostratigraphy, and paleobiogeography o f this Permian

bivalve fauna. The systema tic revision of this assemblage revealed th e presence o f Terraia

falconeri, Terraia altissima, Holdhausiella elongata and Conperesia ementa. The record of C emerita

and T. aliissima indicates a biocorrelation with deposits o f th e Permian G ai-As Fo rmatio n,

in the Huab area, Namibia, providing an age no younger than th e mid-Permian (Wordian-

Captianian) to thes e Brazilian deposits. The placing of th e Tiaraju asse mblage in the

biostratigraphic scheme of the Passa Dois Group bivalve biozones is still in dispute, since

our results groups together bivalves species that are not cornmonly found in the sarne

assernblage. Also, the occurrence of Tiaraju fauna adds evidence that during certain times
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in the gco logical history of the Para ná Basin, the bivalve species wc re no t gcograph ically

restricted to ccrtain arcas within ir.
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4. DISCUSSÃO INTEGRADA

4.1. BIOESTRATIGRAFIA

Discussão 4

A fauna de bivalves do G rupo Passa D ois, Bacia do Paraná é caracterizad a por uma

evo lução iII situ, apresentando um alto grau de endcmisrno , em asso ciação com as variações

do nível do mar e com as mudanças palcogeográficas que aco m panharam o progressivo

isolamen to geográ fico da bacia du rante o Perrniano (Beurlen, 1954; Runnegar & Newell,

1971 ; Simões el aL, 1998). Seu alto grau de cndernismo, associado com uma grande

disparidad e morfológica apresen tada pelos seus eleme ntos, tornam esta fauna uma

potencial ferramenta para utilização em estudos de cunho bioestratigráficos (para maiores

detalh es, ve ja Ane xo 2).

O conhecimento bioestratigráfico atual da fauna de bivalves do Grupo Passa D ois

baseia-se nas zo nas bioestratigráficas informais sugeridas por Rohn (1994). Segu ndo esta

autora, os bivalves do G rupo Passa D ois estão distribuídos nas biozonas de: .A nbembiafroesi

(porção basal da Fo rmação Serra Alta), Pillzollelh ilinsa (po rção superio r da Fo rmação Serra

A lta, além das porções basal e média da Formação Teresina/ Coru m bataí), PilIZOl1e1h

neotropica (porção supe rior da Formação T eresina), Leú/~a silJlilis (porções basal e média do

Membro Serrinha, Formação Rio do Rasto) e Paleosuuela? platiuensis (porção supe rio r do

Membro Serrinha, além das porções basal e média do Membro Morro P elad o, Formação

Rio do Rasto) (Fig. 1) .

N o entanto, Rohn (1994) sugeriu que a porção basal do Membro Serrinha,

Formação Rio do Rasto, provavelmente poderia representar a am plitude estra tigráfica de

uma nova biozona, situada entre as biozonas de P. neotropica e L úlllilis. O melhor registro

desta provável biozona é enco ntrado no afloramento situado no km 44,6 da rodovia PR

239, entre as cidades de Cândido de Abreu e Reserv a, no estado do Paraná. A análise

sistemática da assembleia de bivalves deste afloramento , descrita no Anexo 2 deste
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documento, revelou relevantes dad os que auxiliam no embasamento da hipótese sugerida

por Rohn (1994).

De acordo com noss os resultados, a fauna do km 44,6 (rodovia 239) é composta

pe las espécies de T erraia atruata, T erraia bipleura, .Asterlopsis prosodina, Beurienella elongatella,

LeiJ1i'Ja anta e COllperesia ementa (para discussões específicas sobre cada espécie ve ja Anexo

2). O gêne ro Terraia é a forma de bivalve dominante, com uma expressiva predominância

de espécimes atribuíveis à Terraia auuata. É importan te ressaltar que não foi observada a

presença de bivalves relacionados aos elementos típicos da Biozona de Lein~ja similis (e.g.,

Leii'Ja similis e Terraia a!lissima) na assembleia estudada.

A amplitude estra tigráfica de algu mas espécies identificadas nes ta fauna aparen ta

estar relacionada com o intervalo estratigráfico correspondente à porção basal da Formação

Rio do Rasto, Membro Serrinha, Entre elas inclui-s e Termia curuata, A sterlopsis prosodina,

Leini'Ja a trta e Beurlenello eÚJngalella. D e aco rdo com o conhecimento arual da bioestratigrafia

do Grupo Passa D ois, estas espécies não são reportadas em outras assembleias de bivalves

desta unidade sedimentar.

Todos os bivalves previamente registrados na porção basal do Me mbro Serrinha

(Formação Rio do R'IStO) eram an terio rme nte atri buídos à Biozona de Leini'Ja silllilis. No

entanto, a presença de bivalves cujas espécies estão possivelme nte relacionadas some nte

com a amplitude estratigráfica da porção basal da Fo rmação Rio do Ras to, adicio nalme n te

à ausência de bivalves típicos da Biozona de LeiJl!?!a sillliliJ na fauna do quilómetro 44,6

(PR-239) , indicam que a porção basal do -lembro Serrinha representa a amplitude

estratigráfica de uma nova biozona, assim como proposto por Rohn (1994).

É importante ressaltar que, embora os resultados presentes no Anexo 2 sejam

relacionados à analise da assembleia de bivalves do quilómetro 44,6 (PR-239), esta

ocorrência representa o melhor registro da fauna de bivalves da porção basal do Membro

Serrinha c, de fato, apresenta registres correlacionáveis cm outras regiõ es da Bacia do
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Paran á (veja mais detalhes em Rohn, 1994). Uma vez que Termia curuata é a forma de

bivalve mais comum encontrada nesta nova assembleia, sugere-se que esta nova biozona

seja nomeada como Biozona de Termia curuata, tendo sua amplitude estratigráfica

relacionada com o primeiro e o último registro sedime nta r desta espécie.

1\ asse mbleia de bivalves da porção basal do Membro Scrrinha, Formação Rio do

Rasto inclui formas atribuíveis aos carditideos (= ven eroid as em trabalhos anterio res) e aos

pachidomideos (megadesm ideos em trabalhos anteriores). De acordo com Simões et al:

(1998) , estes são os grupos com maior representat ividade na história geológica dos bivalves

do Grupo Passa Dois, Bacia cio Paraná. No enta nto, é in teressan te observar que a

assem bleia da porção basal do Membro Serrinha aprese nta uma faun a cuja afinidade

sistemática predominan te é relacion ada aos carditideos (T. curuata, T. biplenra, A. proJoc!úla) .

Esta mesma característ ica não é obse rvada nas biozonas de bivalves subjacentes do

G ru po Passa D ois. a realidade, a co mpo sição faunística das biozonas de .Anbembiafroesi,

Pil/zol/ella illusa e PÍllzollella neotropica aprese nta grande pro porção de pachidomideos

(= megadesmideos) como elementos predominantes (Simões et al., 1998). Esta diferen ça

en tre a fauna da porção basal do Membro Serrinha em relação às biozonas subjacentes,

possivelmente poderia estar associado com uma renovação da fauna de bivalves durante a

história geo lógica dos bivalves do Grupo Passa Dois.

Esta in terpretação coaduna com O fato de que muitos elementos típic os das

biozonas subjacentes de Pillzollella illnsa e Púlzol/ella neotropica (e.g., Pinzol/ella, N aiadopfis)

estão ausentes nos depósitos da Formação Rio do Rasto . D e fato , somente poucas espécies

de bivalves destas unidades são reportadas nesta Formação (e.g., Couperesia eIlwi/a),

to mando quase a totalidade de bivalves descritos na Fo rmação Rio do Rasto endêm icos à

esta unidade sedimen tar,

Beurlen (1954), Rohn (1994) e Simões et al. (1998) abo rdaram e discutiram que de

fato existe uma diferença entre a composição da faun a de bivalves registrada na Formação
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Rio do Rasto e nas formaç ões subjacentes do G rupo Passa Dois. Esses autores suge riram

que tal modificação estaria provavel me nte associada com um alto estrcsse ambiental

relacionado ao final da regressão e do isolamento geográfico da Bacia do Paraná duran te o

Perrniano, o que pro vavelmen te tomou os ambientes cada vez mais dulcíco las (Beurl en ,

1954; Rohn, 1994; Simões e/ al., 1998). Dessa maneira, as espécies das biozonas de P. iU"sa

e P. neotropica desapareceram em quase sua totalidade em virtude de mudanças am bien tais

que impossibilitaram a so brevivência dos mesmos, as quais, por outro lado, se riam

van tajosas para o estabelecimento das faun as das biozon as de T. curuata, L simi/ú e P.

piatinensis.

A asse mbleia de bivalves da região de Tiaraju, Formação T eresina, apresenta alguns

táxons que também estão presentes na composição faunística do Me mbro Serrinha,

Fo rma ção Rio do Rasto. Em T iaraju, foram reportadas as espécies de Terraia falconeri,

Haldbausielia e/Oliga/a, Couperesia ementa e Terraia alrissima. Até o presente momento, esta

ocorrê ncia represen ta a ún ica assembleia conhecida de bivalves do G ru po Passa Dois em

dep ós itos sedime ntares desta un idade na região do Rio G rande do Sul.

O posicionam ento da assembleia de bivalves de Tiaraju no esquema

bioestratigráfico do Grupo Passa Dois (Fig. 1) ainda é questionável, uma vez que os

resu ltados apresentado s no Anexo 3 reúne espéc ies de bivalves que comumente não são

encon tradas em uma mesma assembleia. Terraia falconen foi registrada por Cox (1934) e

Beurl en (1953) em depósito s da Formação Tercsina no Uruguai e Brasil, relacionados à

amplitude estratigráfica da Biozona de Pillzollella neotropica. Por sua vez, Hoidbausiella elo/igata

é co mume nte documenta em depósitos da Biozon a de P. illuJa, cuja amplitude estra tigráfica

está relacionada à porção superior da Formação Serra Alta e à porção basal e media da

Fo rmação Teresina/Corumbataí (Fig.1). Entretan to, alguns raros espécimes foram

regis trados na amplitude da Biozone P. neotropica (Rohn, 1994; Simões et al., 1998). E por

fim, Couperesia emerita e T erraia aãissima são comumente reportadas em assembleias
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presentes no Me mbro Serrinha, Fo rmação Rio do Rasto. D essa maneira, a ocorrência

dessas quatro espécies em um mesmo depósito do Grupo Passa D ois é incomum.

É importante ressaltar que Klein (1997) e Klein el ai. (1999) não encontraram

evidências de dep ós itos do Membro Serrinha na região de Tiaraju. Estes autores somente

iden tificaram facies correlacionáveis co m o Membro Mo rro Pelado da Formação Rio do

Rasto , além de descreverem a presença de um co ntare abrupto entre as formações Teresina

e Rio do Rasto na região . D essa man eira, a porção próxima ao topo da Formação Teresina

em Tiaraju poderia ser crono-correlata ao Membro Serrinha (Formação Rio do Rasto) de

outras áreas da Bacia do Paraná, como San ta Catarin a e Paraná. Essa interpretação poderia

constituir uma possível explicação para o fato da fauna de bivalves de Tiaraju apresen tar

uma assem bleia inco mum de espécies de ambas as unid ad es es tratigráficas.

Os resultados sistemáticos aprese ntados neste documento para as faunas de T iaraju,

Fo rmação T eresin a e do km 44.6, porção basal da Formação Rio do Rasto, contribuem

para o estabelecimen to da biocorrelação en tre estes dep ósitos e a Fo rmação G ai-as, do

P errniano da N amíbia, uma vez que D avid et aL (2011) identificou formas relacionadas à

Cowperesia emetita, Terraia curuata e Turma altíssima nos depósitos desta formação africana. 1\

datação de grãos de zircão presentes em tufos vulcânicos locali zad os na porção superior da

Fo rmação Gai-As revelou uma idade de aproximadamente 26S±2.S Ma (Holsfoerster 2000,

2002; Wanke 2000), um intervalo equivalen te ao limite entre o Wordiano e o Capitanian o .

D essa maneira, a biocorrelação entre os depósitos da Namibia e da Bacia do Paraná

sugerem uma idade cujo limite seria o Permiano Médio para os depósitos da porção basal

do Membro Serrinha e para a porção superior da Formação T eresina na região de Tiaraju.

David, J.M. 2014 Discussão 4
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4.2. PALEOBIOGEOGRAFIA

Discussão 4

o conhe cime nto atual so bre a distribuição das faunas dos bivalves do Grupo Passa

Dois envolve ocorrências no Brazil (e.g. , Reed , 1929; Mendes, 1954; Mezzarila, 1957;

Maranhão, 1986; Rohn 1994), Uruguai (e.g., Cox, 1934; Mo rton & Herbst, 1990), Paraguai

(Reed, 1935), Argen tina (Leanza, 1948), Namíbia (David el al., 2011) e Africa do Sul

(Cooper & Kensley, 1984; veja co mentários abaixo). No Brasil, as ocorrências relatadas na

literatu ra estão distribuídas nos estados de São Paulo, Paraná, Santa Catarin a e Mato

G rosso . Até o momento, a faun a de bivalves de Tiaraju representa os únicos bivalves do

Grupo Passa D ois documentados no estado do Rio do Grande do Sul. E ste registro

adic iona importante evidência para a hipótese de que, durante tempos específicos da

história geológica da Bacia do Paraná, as espécies de bivalves não estavam geograticame nte

restr itas a certas áreas da bacia (mais de talhes em Simões et al., 201 0).

Simões el ai. (2010) discutiu os fatores que provavelmen te estariam envolvidos na

distribuição dos bivalves do G rupo Passa Dois du rante intervalos específicos de tempo na

histó ria geológica da Bacia do Paraná. Es tes autores argume ntaram que provavelmen te

existiria uma possível associação entre a má xima disp ersão da fauna com inte rvalos de

aume nto do nível da água na Bacia ("transgressõ es"), enquanto o iso lame nto da faun a

estaria associado com intervalos de diminuição do nível de água ("regressõ es"). De fato,

flutu ações no nível da água em habitats rasos têm sido comumente associadas com

variações na divers idade e distribuição espacial de faunas durante o Fanerozó ico (e.g.,

Newe ll, 1967; Simberloff, 1974; Flessa & Sepkoski, 1978; Bayer & ~kGhee, 1985;

Jabl onski, 1986; Brett & Baird , 1995; Brett, 1998).

a sucessão estratigráfica do Grupo Passa Dois, na região de Tia ra ju, a

co nce ntração fossilífera de bivalves é encontrada somente na porção superior da Formação

T eresina. Notavelmente, Klein el ai. (1999) realizou um estudo de estratigrafia de sequência

e identificou a porção superior da Formação Teresina como a última transgressão na
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his tóri a geo lógica desta unidade na região de Tiaraju. Dessa maneira, a faun a de bivalves de

T iara ju se encontra associada com um intervalo transgressivo, no qual provavelmente

oc orreu a dispersão de faunas que estavam evoluindo em outras regiões da bacia. Em

outras palavras, esta fauna pode ser considerada como um exemplo de fauna regional

dentro do grande lago -mar da Bacia do Paraná durante o intervalo de tem po geo lógico do

Grupo Passa D ois..

Por sua vez, a fauna de bivalves da Formação \'<'ater ford, Bacia do Karoo, Africa

do Sul representa a primeira documentação de bivalves do Grupo Passa D ois fora da Bacia

do Paraná, realizada por Cooper & Kenlsey (1984). No entanto, de acordo com os

resultados descritos no Anexo 1, a fauna de bivalves da Africa do Sul é co mposta por

táxons que aparentemente são distin tos daqueles presentes na Bacia do Paraná. No

momento, estes bivalves são mantidos em nomenclatura aberta. Portanto, não foi possível

atestar uma clara vinculação entre essa fauna e as das assembleias permianas do Grupo

Passa Dois, diferentemente do que oco rre com a fauna de bivalves da Formação C ai-As,

Bacia Huab , Namíbia (veja David et al., 2011).

D essa maneira, as hipóteses expo stas em Cooper & Kensley (1984), de que a

assem bleia sul-africana apresentaria mistura temporal e esp acial e seria lateralmente

transportada para porções mais distais da bacia pela instabilidade dos depósitos das frentes

deltaicas, não puderam ser confirmadas. Além disso, é notável que não ocorram na faun a

sul-africana os gêneros mais comuns, abundan tes e amplamente distribuídos (vertical e

horizontalmente) na porção sul americana da Bacia do Paraná. Portanto, é possível que a

fauna sul-africana represente também um a fauna regional de caráter altamente endêmico.
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5. CONCLUSÕES

Conclusões 5

Os resultados e discussões expostos neste documento certam ente contribuem para as

discu ssões referentes ao ente ndime nto de questões sistemáticas, paleoambientais,

pa1cobiogeográficas e bioestrat igráficas so bre as faunas de bivalves do G rupo Passa Dois,

Bacia do Para~á e de unidades gondvânicas coevas do continente africano (Fo rmação

\
\\/aterford). As sínteses das co nclusões geradas pelos principais resultados e discussões

propostos neste presente documento de dou toramento seguem listadas abaixo :

• j \ faun a do km 44,6 (rodovia 239), da porção basal do Membro Serrinha,

Fo rmação Rio do Rasto con stitui o melhor registro de uma nova biozona situada entre as

biozonas de Pil/zol/dla neotropica e L eill:da silllilis.

A co mpos ição faunística desta fauna co mpreende as espécies de T erraia atruata,

Terraia bipleura, .Asterlopsisprosocãna, Bemiellella elollgatello, Leill:da anta e Cotvperesia ementa.

• O gêne ro Terraia é a forma de bivalve dominan te encontrada na fauna do km 44,6

(rodovia 239), com uma expressiva predominância de esp écimes atribuíveis à T ermia atruata.

E lementos típicos da Biozona de Leil/:da similis (e.g., L.-ei:da silllilis e T ermia altissima) não

foram encontrados nesta assembleia.

• 1\ amplitude estratigráfica de Terraia CIIl7Jata, .Astenopsis prosoclina, Leill:da curta e

Bemiellella elollgatella aparen ta estar relacion ada com o intervalo estratigrá fico correspondente

à porção basal da Formação Rio do Rasto, Membro Serrinha.

• 1\ presença de bivalves cujas espécies estão possivelmente relacionadas so mente

com a am plitude estratigráfica da porção basal da Formação Rio do Rasto, adicionalmente

à ausê ncia de bivalves típicos da Biozon a de Leill:da similis na faun a do quilômetro 44,6

(PR-239), indicam que a porção basal do Membro Serrinha representa a am plitude

estra tigrá fica de uma nova biozona, denominada Biozona de Terraia curuata.

• r\ Biozona de Terraia CIIl7Jata apresenta uma grande proporção de bivalves
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relacion ados aos carditideos (=veneroid a), possivelmente registrando um a renovação da

fauna de bivalves duran te a história geo lógica do G rupo Passa Dois.

• 1\ assembleia de bivalves da região de Tiaraju, Formação Tercsina, representa até o

presente momento, a ún ica assembleia conhecida de bivalves do Grupo Passa D ois em

depósitos sedimentares desta un idade na região do Rio G rande do Sul.

• O estudo sistemático da fauna de Tiaraju revelou a presença de Terraia falconeri,

Holdbansiella r:!t}//gala, COJllperr:sia ementa e Terraia a/lissillla.

O posicionamento da assembleia de bivalves de Tiaraju no esquema

bioestratigr áfico do Grupo Passa D ois ainda é questionável, um a vez que a mesma reún e

espécies de bivalves que co mumente não são encontradas em um a mesm a assembleia.

• Uma possível interpretação para o fato acima seria a possibilidade do topo da

Fo rmação T eresina em Tiaraju ser crono-c orrelata ao Membro Serrinha (Formação Rio do

Rasto) de outras áreas da Bacia do Paraná, como San ta Catarina e Paraná. D essa maneira, a

faun a de bivalves de Tiaraju reun iria espécies de am bas as unidades estratigrá ficas.

• Tan to os resultados sistemáticos apresentados para as faunas de Tiaraju, Formação

T eresina, e do km 44.6, porção basal da Formação Rio do Rasto, contribuem para o

estabelecime nto da biocorrclação entre estes depósitos e a Formação Gai-as, Narnibia,

sugerindo uma idade cujo limite seria o Permiano Médio para estes depósi tos da Bacia do

Paraná.

• 1\ documentação da fauna de bivalves de Tiaraju contribui para a hipótese de que

durante tempos específicos da história geológica da Bacia do Paraná , as espécies de bivalves

não estavam geograficamente restritas a certas áreas da bacia.

• 1\ fauna de bivalves de Tiaraju se encontra associada a um intervalo tran sgressivo,

no qual provavelmente ocorreu a dispersão de faunas que estavam evoluindo em outras

regiões da bacia. D essa forma, ela pode ser considerada como um exemplo de fauna

53



David, J.M. 2014 Conclusões 5

regio nal dentro do grande lago-mar ela Bacia do Paraná durante o intervalo de tempo

geológico elo Grupo Passa Dois.

• De acordo com nossos resultados, a fauna de bivalves da Formação \X'aterford,

Africa do Sul é composta por táxons que apa renteme nte são distintos daq ueles presen tes

no G rupo Passa Dois, Bacia elo Paraná.

• Ião fo i poss ível atestar um a clara vinculação entre a fauna da Formação Warerford

e as das assembleias permianas elo G rupo Passa Dois, como proposto por Cooper &

Kcn sley (1984). D essa maneira, as hip óteses expostas em Cooper & Kens lcy (1984), de que

a assembleia sul-africana apresentaria mistura temporal e espac ial e seria lateralmen te

transportada para porções mais distais da bacia pela instabilidade dos depósitos das frentes

deltaicas, não puderam ser confirmadas.

• É notável que não ocorram na fauna sul-africana os gêneros m ais co muns,

abundantes e amplame nte distr ibuídos (vertical e horizontalmente) na porção sul ame ricana

da Bacia do Paraná. Portan to , é poss ível que a fauna sul-africana represe nte também um a

fauna regional de caráter altamente endêmico .
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6. O QUE AINDA PRECISA SER FEITO?

Desafios para o Futuro 6

A despeito dos avanço s obtidos neste documento em relação ao conhecimento da

sistemática dos bivalves do Grupo Passa Dois, é evidente que ainda restam diversos táxons

(e.g., .Auhembia, Maacha) e assembleias que necessitam ser descritos c/ou revisados. Em

especial, revela-se de grande imp ortância para o entendimento da evolução dos bivalves do

Grupo Passa Dois a investigação da rnalacofauna do Membro Morro Pelado, da Formação

Rio do Rasto, atribuída à biozona de Palaeollllflela? Platinensis (Rohn, 1994; Simões et aL,

1998).

Es ta asse mbleia constitui o registro mais jovem de bivalves no Grupo Passa D ois e

apa ren ta conter eleme ntos que evo luíram i I I sittt, a partir de formas marinhas ou de águas

salobras, além de formas cosm op olitas, tipicamente de águas doces (Simões et al., 1998).

D entre essas formas, estão os táxons reconhecidos como Relogiicolo delicata, a qual aparenta

corresp onder a um típico megadesmídeo, na concepção de Simões el al. (1997), bem como

No tbotertia acarinata, que se assemelha a um venero ida. Am bos os t áxons são in formalme nte

conhecidos desde 1985, a partir de aprese ntação da Profa. D ra. Rosernarie Rohn Davies

(IGCE/UNESP), no Congresso Brasileiro de Paleontologia, Fortaleza, CE, cujos anais

nunca foram o ficialme nte publicados. Assim, esses táxons permanecem não descritos de

aco rdo com as normas do Código Internacional de N omenclatura Zoológica.

Portanto, a biozona de Palaeollllflelo? plaliJleJlsis poderia conter as evidências

necessárias para comprovação dos model os evolutivos sintetizados em Simões et al: ( 1998) ,

as quais demonstrariam a evo lução de formas de águas doc es a partir de ancestrais

marinh os, à moda do que ocorreu com os bivalves neógenos do Pararétis. D essa maneiro},

dentre os objetivos imediatos para o futuro, incluem-se:

a- Descrição da malacofaun a do Membro Morro Pelado da Formação Rio do Rasto ,

(Grupo Passa D ois), segundo o material coletad o por Rohn (1994) e \Varren et al: (2008 ),

nos estados do Paran á e Santa Catarina e,
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b- Estudo tafonômico e paleoautoeco lógico dos bivalves do Membro Morro Pelado

da Fo rmação Rio do Ras to, co m a finalidade de interpretar o caráter paleoautoecológico da

fauna e suas relações com as condições deposicion ais, investigando as implicações

evolutivas e bioestrat igráficas dos resultados obtidos.
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Anexo 1

During the Late Paleozoic, large arcas of the wcstern G ondwana (Paraná Basin, South

Am erica, Karoo anel Huab basins, South Africa and Namibia) were covered by a huge

inland sea. ln th e Early-Middlc Perrnian, this large epeiric sea was either isolated or had a

restricted connection to the Pcrrnian oceans. Benthic marin e faunas th at thrived in th is sea

were mainly dominated by shallow burrowing bivalves, and evo lved under conditions of

extreme geographic isolation. Rernarkable morphological disparity is shown, especially by

th e ano malodes ma tans. Rocks o f the Permian Passa D ois Group, Brazil, and coeval

successions in Uruguay, Paraguay, and Argentina encompass the best records of that

endernic fauna. Unti l th e early 70's, at least 24 gene ric nam es were applied to the Paranean

bivalves, none of th ese known outside the Paran á Basin. ln the early 80's, M.R. Coope r and

B. Ken sley announced (but not described) the record o f the Permian Parane an bivalves

outside the South America. According to them, at least one conspecific taxon (Naiadopsis

1a17lelloms) and o thers apparently congenerics (Leil/:(ja, Castereda, Jacqucsia) were found in

delta fro nt dep os its of the Waterford Forrnation, Ecca Group, South Africa. Curiousl y, the

gen era fro m three distinct Perrnian biozones of the Paraná Basin were amassed in a same

South African assemblage. Yet, specimens of the most abundant and widely distributed

Paranean genera (PiIlZOlJclla, Terraia, PlesioDprillcllo) were not found in the South African

faun a. Conversely, rare South Arnerican forms were reported (LeilJ:(ja, Noiadopsis). ln the

early 90's , this interpretation was hardly questioned by j.M, Dickins and o thers. Since then,

the record of the endemic South American Permian bivalves in the Main Karoo Basin is

questionable, since the South African assemblage remained undescribed. I-lere we revised

the type material studied by M.R. Cooper and B. Kens ley, which is deposited in the lziko

Museums of Cape Town, South Africa. Our results indicate th at their taxonornic

inrerpretations were f1aw. Alth ough apparently related to the Plesiocyprinellinae bivalves

(the dominant group in the Paranean assemblages), the Karoo ones cannot be confidently
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assigncd to any known South Amcrican gcncra or species. The poorly diversified South

African assemblagc seems to be a regional variant of that of the Paraná Basin, also

represented by their own endemic taxa (at least three distinct genera) . Hence, the

biocorrclation of the South African assemblage with thosc of thc Permian bivalve biozoncs

of the Passa D ois Group, Brazil, cannot be sccurcly constraincd.
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The P ermian successions o f the Paraná Basin (Brazil, Argentina, Paraguay and

Uruguay), the Karoo basins of south-central Africa (sense Catuneanu el aL, 2005), ind uding

main Karoo (South Africa), and Huab (NW Namibia) basins were deposited during the

Late Paleozoic, wh en large areas o f the westem G ondwana (South Am érica and Africa)

were covered by an extensive inland sea (Figs. 1 e 2). ln the Ea rly Permian, this large inland

sea was either isolated or had a rcstricted conncction to the Permian oceans (Runncgar and

N ewell, 1971; Cooper and Kensley, 1984). As dern onstratcd by the Pcrmian succcssion o f

the Paraná Basin (ca 281-265 Ma, Holz et al., 2010), this inland sea was shallow, with

variable salini ty regimes (hypersaline, brackish and freshwatcr) due to d imatic changes

(humid to arid: Rohn 1994, Holz et ai., 2010). As in the case of Paraná (passa D o is Group)

and Huab (Gai-as Fonnation) basins, benthic faun as within this inland sea were dominated

by bivalve mollusks that flourished despi te thc conditions o f high enviro nmental stress

(Mendes 1952, Runncgar and Newell 1971, Simões el al., 1998).

Shells of the Permian bivalve mollusks from the Passa Dois Group, Paraná Basin are

well known since the first report by \X'hite (1908). It is long known that the faun a holds

one of the most spectacular exarnples of the molluskan-bearing long-lived lake/sea biotas

(Wesseling, 2007) . Indecd, the Passa Dois Group bivalves, especially those preserved in the

Teresina and Corumbataí fonnations, which the shells are commonly silicified, rivals in

terms of preservation with the most farnous, and better studied, silicified bivalve faunas of

the Permian World, induding USA, Greece, China and Japan .

Until the publication of the benchmark monograph of Runnegar and Newell (1971),

at least 24 generic narnes were applied to bivalves from the Pennian Passa Dois Group

(Serra Alta, Teresina, and Corumbataí fonnations) of the Paraná Basin. Notably, none of

thcse narnes has been applied to species or genera found outside the Paraná Basin

(Runnegar & Newell 1971). Hcnce, there were agreements in the literature that the fauna
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evo lved ÚI sit« under conditions of extreme geographic isolatio n. Howcver, Cooper and

Ken sley (1984) were th e first autho rs to record bivalves in the Permian delta front depos its

of the South African \V'ater fo rd Forrnation, Ecca G roup (Karoo Basin), ascribing them to

typical Permian genera and species o f the Paran á Basin, including [acquesia eftJ11gata

(=HoltlhallsieUa elOlrgata) , Naiadopsis lanJel!tJsIIs, Casterella cf. gratiosa and l..-eilliJa cf. froesi

(=AlIhenJbia cf.Jivest) .

ln th is context, the data as recorded in Cooper and Kenslcy (1984) are significantly,

since: a- it indicates that the diverse Passa Dois bivalve fauna is not endemic to Paraná

Basin (Brazil, Urugu ay and Paraguay) bu t also occurs in South Africa, This is in agre ement

with recen t findin gs of Permian bivalve mollusks in the Gai-as Formation, including

members of the Brazilian Passa D ois G roup fauna (see David et al., 2011); b- it allows for

an extension o f the environmental and evolutionary modcl proposed by Runnegar and

N ewell (1971) and Simões et aL (1998) to includ e the main Karoo Basin (plus the Paraná

and Huab basins). c- \XTaterford bivalves could enable a more precise dating o f the unusual

Perrnian Paraná Basin molluskan fauna (see Coop er and Kensl ey, 1984).

D espite the comments and statements above, so me authors, such as Dickins (1992,

p. 989) and Rohn (1994), did not fully accept the Cooper and Kensley's ide ntifications of

the A frican forms. Indeed, some of these forms are morphologically d istinct from the

Brazilian counterparts. For example, South African Naiadopsis specimens are preserved as

in ternal rnolds, as well as the remainder of Cooper and Kensley's material. According to

th ese authors, this mode of preservation could possible explain th e lack of me umbonal

carin a in me South African Naiadopsis specimens , which is one of me main features o f

Naiadopsis lanJel!tJsus. However, this feature is present in in ternal molds of N aiadopsis

lanJelloslls shells frorn me Permian Corumbataí Formation (passa D ois Group, Paraná

Basin), Brazil (Fig. 3), demonstrating that the preservation o f the South African shells

cannot be used as a reliably argume nt for the absence o f that character. Hence, this may
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indicate that the taxonorruc assign ment of the Sou th African material to N aiadopsis

lamellosus, may be viewed with caution.

The sarne is also tru e for other mernbers of the Ecca molluskan fauna, as Casterelia cf.

gratiosa which actually reassembles Itatamba praima, a species described by Simões et al.

(1997). Finally, the two most abundant Brazilian species that commonly occurs with the

sp ecies that Cooper and Kensley identified (Pillzollel!a iI/lisa and P. l1eotropica) were not

recorded by these authors in the E cca material (1984). As a result, this particular South

A frican faun a needs to be fully revised and redescribed. Until this, the occurrence of

Perrnian bivalves in common with the Paraná Basin (Brazil, Uruguay and Paraguay) is still

que stionable.

1.1. THE ISSUE

Most of the questions regarding Cooper and Kenley's identifications are connected

to the fact that these authors compared and assigned those bivalves to the Paraná Basin

sp ecies, but not formally described them. Actually, the Ecca material remains offtcially

undescribed (i. e., according to the rules of the ICZN). However, as demonstrated by D avid

et al: (2011), there is a great potencial for the occurrence o f members of the Permian Passa

Dois Group molluskan fauna outside South America. Indeed, fossi! bivalves from t:wo

horizons in the Gai-as Formation of N\V Namibia were correlated with mid-Permian taxa

o f the Passa Dois Group (Rio do Rasto Formacion), supporting the arguments that the

Paran á Basin extended into Africa and it's molluskan faun a is no longer endemic o f South

America (see also Cooper and Kensley, 1984).

ln the Paraná Basin, benthic assemblages recording the "endemic" molluskan fauna

are found in three geological units (Serra Alta, Teresina/Corumbataí and Rio do Rasto

formations) of the Passa D ois Group. From the base to the top ftve assemblage bio zones

are recognized (Rohn, t 994; Simões et al. , 1998) (Fig. 4). The oldest occurrences are
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recorded in the .A nbembia froes: Biozone, Serra Alta Formation, nearly five rneters above the

top of the mesosaurid -bearing limestones and black shales o f the Irati Formation. Recently,

so me bivalves of the LeÍlIi/a simifis Biozone, Rio do Rasto Forrnation, were recognized in

Namibia, Huab Basin. The presence of Couperesia emen ta in these Namibian sediments,

indicates a possibl e biocorrelation o f the Permian G ai-as Formation with intervals o f the

lower portion (Serrinha Mernber) of the Rio do Rasto Formation (D avid et al., 2011). AIso,

the occurrence o f Terraia cf. T. arruara in the Nam ibian faun a may constitute additional

evide nce for the biocorrelation above. Radiometric dating o f zircon grains from tuff beds

within the top part o f the Gai -As succession provide U/Pb ages of 265+2.5 Ma

(H olz foerster, 2000, 2002; \"/anke, 2000). This age, according to the Intcrnational

Stratigraph ic Chart of 2014 (Cohen el aL, 2013), corresponds to the Wordian /Cap itan ian

boundary in the Guadalupian (Middle Perrnian) . Mo re sign ifican tly, recent U/Pb ages

obtained frorn zircon grains frorn ash-fall beds in coeval Perrnian rocks o f the Paraná Basin

indicate ages o f 267+17 Ma for the Teresina Formation, and 266.3+4.6 Ma for the Serrinha

Me mber o f the Rio do Rasto Formation (Rocha-Campos et al., 2009).

I f the taxonomic assignments o f Cooper and Kensley (1984) are accept as co rrect,

the Ecca assemblage includes members o f the A llhembia froesi, PÍllzolleUo iUlfsa and P.

neotropica assemblage biozones (Teres ina/Corumbataí Formations), which are recorded

immediately below of the Leilli/a silJJifis Biozone (Fig. 4). Hence, the Waterford Formation

molluskan fauna is older than 265+2.5Ma (mid-Permian). In other words, determination of

the taxonomic composition of \V'aterford Formation bivalves, plus its biocorrelation with

asse mblage biozones o f the Paraná Basin, Brazil and G ai-as Formation, N \'\' Namíbia, are

poten tial to provide a solid dating for the E cca mollu skan fauna, which a mid- Permian age

was already suggested by Cooper and Kensley (1984).

Even more important, the E cca material in association with the Brazilian and

Namibian shells are a potential to detailed biostratigraphy. As well known, bivalve moluscs
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has a poor utility in high resolution biostratigraphy. Th is is duc to the fact that individual

mollusk species ma)' pcrsist for a long time (millions of years). However , those forms from

ecologically isolated ecosyste ms, such as long-lived epeiric seas, could be an exception (see

\\!esselingh, 2007, 2008). As commented by Wessclingh (2008), "in such systems rapid

evolution in unrelatcd lineages may drastically improve the utility of mollusks for de tailed

biozonation" . This is the potential case for the Passa Dois an d Ecca bivalves.

2 . GOAlS

ln the context discussed above, herein we describ e by thc first time, the bivalve

sp ecim ens previousl y studied by Cooper anel Kensley (1984), Waterford Formation , Ecca

G roup. \'í!e seek to determine the taxo no rnic cornposition, the affinities and age of the

South African fauna. The paleoecologic significance of the fauna and their availability to

es tablish inter-basinal correlation s amo ng time-equivalen t ro ck st rata of the Paran á Basin ,

Brazil are also discussed. Having this in mind thc main goals of this contribution are: 1- to

improve the knowledge of the raxonornic composition of the \\'aterford Formation

molluskan faun a, as a fund amental basis for the establishmcnt of its biocorrelation with

bivalve assemblage biozones of the Permian Paraná Basin (Brazil, Uruguay, Paraguay and

Argentina) deposits (passa Dois Group); 2- to determine the paleogeographic distribution

in space and time of the "endernic" mo lluskan fauna o f the Passa Dois Group, Paraná

Basin (Brazil, Uruguay, Paraguay and Argentina), by considering the extension o f coeval

occurrences in the Main Karoo Basin. This can allows for an extension o f the

enviro nme ntal and evolutionary model proposed by Runnegar anel N ewe ll (197 1) and

Simões el al: (1998) to include the Ecca occurrences (plus the Huab Basin findings, NW

N amibia, see below) and, finally, 3- to identify the paleoecologic signature of the fauna,

checking for the dorninance of megadesmiel (Anomalodesmata) and crassarellacean

(Veneroida) bivalves, whose attai ned high morphological disparity during their in sit«

66



David, J.M. 2014 Anexo 1

evolution in the intracraton ic basins o f Gondwanaland. Hencc, these forms may be used as

potential tools in detailed biostratigraphy.

3. MATERIAL ANO METHOoS

We revised the bivalve collection originally investigated by Cooper and Kensley

(1984), which includ es specime ns that were found in dark grey limes tones of the Water ford

Formation by R. Oosthuizen at rhc Prince Albert area, in thc southern Cap e Provinc e,

South Africa. This material is now amassed in the Scientific Collection o f the Iziko

Museums of Cape Town, South Africa, under the codes PPK, K, 992 and 994. ln total, 42

bivalve specimens including disarticulatcd as well as conjoined valves were detailed

exarnined. Most o f the specimcns were originally extracted from the sedirnentary rnatrix.

J-Ien ce, no ph ysical o r chemical preparation was needed (sec Feldrnan n etaL , 1989).

During the examination of the shells plasticine casts of most o f the material were

confectioned to enhance morphological characters, such as the hinge and mu scle scars o f

the studied shells. The supragcneric system atics was based on Morris et aL (199 t) and

C árter et aL (2011). The morphological terminology and systematic classification of

pachydomidis (=megadesmids in previous works) was based on Mendes (1952), Runnegar

and Newell (1971), Runnegar (1974) and Simões et al. (1997). T he index of elongation and

obesity was interpreted following Stanley (1970).
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4. SYSTEMATIC PALEONTOLOGY

In fraclass HET ERO CON CI·UA H ertwig, 1895

Megao rder SOLENATA D ali, 1889

Order HIATELLIDA Car ter, 2011

Superfamily EDMOND IO IDEA King, 1850

Family Pl\CHYDOMIDAE Fische r, 1887

Subfamily PACHYDOMINAE Fischer, 1887

Tribe PLESIOCYPRINELLINI Simões et al., 1997

Gen. et sp. inde t. A (Fig. 5 A-G, J-N)

Anexo 1

Material examined. Thirtee n internal molds (pPK-5960a-c, 5964, 5969, 5972a, 5975,

5978; K-38b-d, 78a-b) and thrce externa l molds (K-38a; 992a-b).

Locality and unit. South Africa, Prince Albert, southern Cape Province, \\later ford

Formation , Ecca G roup, Karoo Basin.

Age. Late Permian.

Description. Shell small to rnoderately small, equivalved, oblique, elongate to very

elo ngate, compressed (Tab le 1). Umbones low, slightly projected above hinge line, beaks

prosogyrous. Shallow umbonal sulcus runs vertically from umbon al region to reach the

ventral margino Internal molds with very weak and rounded umbonal slope. Anterior dorsal

margin straight, slightly oblique; an terior auricle distinct, rounded, slightly detach ed from

she ll body by shallow furrow, immediatcly in front of umbonal region; ventral margin

convexoPosterior margin rounded, with large posterior wing running from umbonal slope
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to the straight posterior dorsal margm of shell. Surface sculpture of irregularly spaced

commarginal rugae; growth lincs weakly distinct in anterior regIOn of some speclmens.

Muscle scars consisting of small, triangular well marked anterior adductor located ciose to

an terior dorsal margin; posterior adductor, pedal scars and pallial line not observed;

umbonal region crowded with accesso ry muscle pits scars, H inge edentelousus.

D iscuss ion. Cooper and Kensley (1984) were the first autho rs to describe the Ecca

bivalves and to correlate thesc specimens with bivalve species that are commonly found in

the Permian Paraná Basin deposits. These authors noted a closcd resemblance in these

specimens and the species N aiadopsis lamelwms Mendes, 1952, including the general shell

shape and a distinctive set of scar pits in the umbon al region. However, if anal yzed more

carefully, N. lamelwslis presents more quadrangular lateral pro file, shell surface omamented

with very rough lamellae, and is more obese (Fig. Sl-I-I). Plus, the sp ecim ens o f N . lalllelwms

exhibit a pronounced umbonal carina that is not prescnt in the E cca material. Cooper and

Ken sley (1984) noted th is absence and associared this condition to the facr that the Ecca

bivalves are preserved in internal mo lds and thus do not presents this particular feature o f

th e external shell of N. lameliasns. However, N. la!1lelloms are preserved as internal molds in

the Corumbataí Forrnation, Paraná Basin, and yet presents a we ll-rnar kcd carinae as one of

its features (Fig. 5I-l-l). Considering this, we do not associate the Ecca specimens with

Naiadopsis lamedosns, designating them as Gen. et sp. indct. A Additionally, some particular

features of Ecca bivalves, including a very conspicuous set of scars pits over umbonal

region and a small anterior adductor muscle, could possible approaches them to the Family

Pach ydomidae (=Megadesmidae in previous works), one o f the most dominant mollusk

family in the geological history of the Permian Paraná Basin.
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G en. et sp. indet, B (Fig. 6 A-L)

Anexo 1

Type material. E igh t internal m olds (pPK-591ü, 5957a-b, 5958, 596üd, 5968, 5974, 5976;

K-78c), and two external molds (PP K-5957).

Locality and unit, South África, Prince Albe rt, southern Cape Pro vince, Waterford

Fo rmation, E cca Group, Karoo Basin.

Age. Late Pennian.

Description. Shell moderately large to large , th in, as seen in fragments o f shell material ,

equivalved, very elongated (Table 2). Um bones low no t pro jected above hinge line, A w ell

defined umbonal carinae runs fro m beak to postero-ventral angle. Ante rior dorsal margin

straight, projected as a long anterior auricle, rounded at extrem ity. An terior ven tral margin

ob lique; posterior ventral margin straight. Posterior ex trernity pointed, with straight and

o blique respiratory margin; pos tero-dorsal margin straight. Surface of shell fragments on

internal molds with rough irregularly commarginal costae; growth lines weakly distincr.

Hinge edentulous. Anterior adductor scar large, well impressed, slightly elongated, with

irregularly posterior margin, oblique related to the long axis of shell; three others scars are

present posteriorly, lined vertically, nearly circular in shape an d well irnpressed; berween

th ern , three others possible weakly impressed scars are present; a deep furrow is present

posteriorly to the sets o f scars ; pallial line thick, well im pressed .

Discussion. The genus .Anbembia is remarkably distinct o f other Pennian bivalves due to

its unusual rnorphology, rnarked by a shell with well -developed anterior rostrum (Fig. 6~r

P). .Anbembia giganlea (Mendes, 1949) and A. froesi (Mendes, 1949) are the unique known
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sp ecies of the genus. Howcver, A . gigalltea seems to be conspecific with A .froesi, as the two

species are ver)' similar and only distingu ish by morphometric featu res that, in our opinion

in this particular case, are not acceptable (Mezzalira et al., 1990). ln fact, the only know

specimen o f A . gigalltea possible represents deformed specimen o f A . froesi (Runnegar and

N ewell, 1971). The genus is recorded in the Permian Passa Dois G roup, Paraná Basin,

Brazil, w ith A . gigalltea occurr ing in the basal portion of the Serra Alta Fo rmation, and A .

froesi in the ch ronocorrelated basal portion of the Corumbataí Fo rmatio n, The presence of

a small anterior rostrum in the Karoo material lead Cooper and Ken sley (1984) to assign

th em to .Anhembia fraesi. Howevcr, the general shell shape o f thc African materi al is not

similar; th e umbon es are low and anteriorly placed . The anterior muscle scars are distinct

(Fig. 6I-I, N) and the pos itions of the posterior carina are different in bo th shells. On th e

othe r hand, the ornamenta tion of the African and Brazilian is similar and characterized by

rough irregularly spaced commarginal cos tae. Considering th is, we assigned our material to

G en. et sp. indet, B.

G en . et sp . indet. C (Fig. 7 A-K)

T ype material. Fourteen internal mo lds (pPK-5959, 5961, 5962, 5963, 5965, 5971 , 5972b

c, 5973a-b, 5977; 994a-b; K38e) and two external molds (992c; K78).

Locality and u n ir. South África, Prince Albert, so uthern Cap e Province, \Vaterford

Formation, E cca Group, Karoo Basin.

Age. Late Permian.
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Description. Shell moderatcly small to moderately large, cquivalvcd, c1ongate, moderately

inflated (Tab le 3). Umboncs not strongly projected above hinge line, with slightly curved

beaks, Lunule and escutcheon abscnt, 1\ sharp and well-defin ed urnbonal carina runs frorn

beak to postero-ventral angle. Anterior dorsal margin concave , rounded at extremity.

Ve n tral margin convex; posteri or extremiry bear ing a short, straigh t and slightly oblique

respiratory margin, possiblc with a small siphonal gape. Pos terio-dorsal margin straigh t.

Surface o f she ll fragm en ts with wcll-spaced commarginal rugae and thin growth Iines.

Ligamen t fur row short with stro ng nymphs. Hinge and muscle scars not observed,

Discussion. The Ecca material is very similar to Tambaquyra canJargoi (Fig. 7 L) from the

Permian o f the Paraná Basin. Casterelid? canJ01goi was first described by Beurlen (1954) to

designate a unique specime n found in outcro ps o f the Permian strata of the Paraná State,

correlated with the stratigraphic range of the A nbembia froesi Biozone, Paraná Basin. Later,

Mezzalira (1957) and Maranhão (1986) suggested that some bivalve species recorded in the

Corumbataí Formation, Paraná Basin, São Paulo State, could be designated under th e

sp ecies proposed by Beurlen (1954). More recently, Simões et al: (2000) revaluated the

validity of Casterel/a? canJargoi, and based in new and we ll preserved specimens founded in

the Serra Alta Formation, São Paulo State, designated this species under the new genus

Tambaquyra. These authors argued that the Jack o f a commissural opening, the presence of a

well-rnarked umbonal carinae and an odo ntoid thickening in the left valve, would justify

Tambaquyra as a new gen us. As commented above, the material here described is ver)'

cornparab le to Tambaquyra canJalgoi, presenting simi lar gene ral shape, sarne partem of

external sculpture of shell, consisting on well-spaced commarginal rugae, urnbones with

slightly curved beaks, and sharp and well-defined umbon al carin ae. However, the anterior

portion of the shells of the South African species is more prolonged than that of Brazilian

rnernbers of this species. ln addition, as Tambaquyra catllalgoi from Paraná Basin presenrs a
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well-preserved anterior muscle scar (Simões et al., 2000) and an odontoid thickcning in the

lcft valvc, featu rcs that are no t visible in thc Water ford bivalves, we designate thern as G en .

et sp. indct, C.

5. BIOSTRATIGRAPHY AND CORRELATION

1\cco rding to Cooper and Kensley (1984) the Waterfo rd Formation bivalve fauna

were com posed by [acquesia efOlJgala (=Holdhallsiella e/olJgala), Naiadopsis IameUoms, Lein~a cf.

froesi (=.Anhembia ef,/rom) anel Casterelia cf. graliosa. As cornmentated abo ve, in the Paran á

Basin, ben thic assemblages recording the "e ndemic" molluscan fauna are found in three

geological un its (Serra Alta, Teresina/Corumbataí and Rio do Rasto fo rmations) of the

Passa D ois G roup. Fro rn the base to the top five assemblage biozones are recogn ized

(Ro hn, 1994; Simões el aL, 1998) (Fig.5). The oldest occurrences are recorded in th e

.Anbembia froesi Biozone, Serra Alta Formation, ncarly five mcters above the top of the

mesosaurid-bearing limestones and black shales of the lrati Formation.

ln the Paraná Basin, the presence of the genus A nhembia is documented 10 the

in terval of th e .Anbembia froesi Biozone, in the basal portio n of th e Serra Alta Formation

(Fig. 5). On the other hand, Casterella is found in th e biozon es of A . froesi and Pin~?!J1Iella

illnsa (basal and middle portion of Teresina/Corumbataí formations), whil e Naiadopsis is

commonly reported to the stratigraphic range of the Pinzonella neotropica Biozone (superior

portion of the Teresina Formation), Thus, if th e taxonornic assign men ts o f Cooper and

Ken sley (1984) would be accept as correct, the Ecca bivalve asse mblage would be

characterized by an unusual concentration o f bivalve species that are not commonly found

in th e sarne assernblage. However, our results indicare that their taxonornic interpretations

were flaw. Although apparently related to the Plesiocyprinellinae bivalves (th e dominant

group in the Paranean assemblages), the Karoo ones cannot be confidently assigned to an)'

known South .American gen era or spec ies. Becausc of that they are kept in open
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nomencl ature. The poorl y diversified South Afriean assemblage seems to be a regional

var ian t o f that o f thc Paraná Basin, also represen ted by their own endemie taxa (at least

three distine t genera) . I-Ienee, thc bioeorrelation of thc South A friean assemblage with

those of the Permian bivalve biozon es of the Passa D ois G roup, Brazil, eannot be seeurcly

eo ns trained.

6. SU MMARY

The typieal South Ame riean Permian bivalve faun a o f the Paraná Basin is \VeH

known sinee \\lhite (1918) and there were agreeme nts in the literarurc that thc fauna

evolved ÍlI sitn under eo nditio ns of extreme geographie iso lation. Cooper an d Ken sley

(1984) wcre th e first authors to reeord bivalves in the Permian delta fro nt depos its of the

So uth Afriean \X'aterford Forrnation, Eeea G roup (Karoo Basin), aseribing them to rypical

Permian gen era and spee ies of the Paraná Basin. However, as eommentated above, the

poorly diversified South Afriean assemblage seerns to be a regional varian t o f that o f the

Paran á Basin , also represented by their own endernic taxa (at least three distine t genera).

Thus, considering our results, the bioeorrelation proposed by Cooper and Kensley (1984)

between the South Afriean assemblage with those of the Permian bivalve biozones o f the

Passa Dois Group does not seems to be valid.

Nevertheless, it is noteworthy to emphasize that the Permian bivalve fauna of the

Passa D ois Group, Paraná Basin was not eonfined to the South Ameriean portion o f the

Permian sea that eovered th e southern region of Gondwana. D avid et ai (2011) described

elernen ts of this un ique fauna in sedimentary deposits of the lamibian G ai-As Formation.

However, as highlighted by these autho rs, the best reeord of this fauna in terms o f

preservation, abundanee and stratigraphie completeness is still found in Brazil.
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Figure 1. Biostratigraphic correlations between the Early Permian sedimentary deposits of

South Africa, Namíbia and Brazil (modified from Wanke, 2000).

Figure 2. Schematic map o f Huab and Main Karoo basins (modified from Catuneanu et al.,

2005).

Figure 3. A-B, Naiadopsis /amel/oslfs, Paraná Basin, Brazil, showing the characteristic

umbonal carina in internal molds. C, Naiadopsis /ameI/oms, Ecca Group, \X'aterford

Formation, South Africa, figurcd by Cooper and Kensley, 1984.

Figure 4. Schematic chart of the Passa Dois Group, Permian, showing the bivalve

Assemblage Biozones of the eastem margin of the Paraná Basin (based on Rohn, 1994,

2007).

Figure 5. A-G, J-N, Gen. et sp. indet. A, Ecca Group, Waterford Formation, Karoo Basin,

Perrnian. A, Internal mold of right valve, K38b; B, Internal mold of right valve, PPK-5972;

C, Internal mold of articulated valves, right valve view, PPK-5969; D, Internal mold of

articulated valves, right valve vicw, PPK-5960a; E , External mold of left valve, plasticine

cast, K38a; F, Internal mold of articulated valves, left valve view, PPK-5978; G, Drawing

represcntation of umb onal muscular scars, based in the sarne specimen; H-I, Naiadopsis

lamellosns, Passa D ois Group, Corumbataí Fo rmation, Paraná Basin, Pe rrnian. H , Internal

79



David, J.M. 2014 Anexo 1

rnold with shell rernams o f right valve, DZP-1972; I , Incomplete in ternal mold of right

valve, evidencing the mu scular scars over thc umbon al region, DZP-1770; J, Internal mold

o f articulated valves, left valve vicw, PPK-5964; K, Drawing represcntation showing the

an terior adductor scar, based on the sarne specimen; L, In temal mold of right valve, K78a;

M , External mold o f righ t valve, plasticin e cas t, 992a; N , Externa] mold o f left valve,

plasti cine cast, 992b. Ali scalc bars=l cm .

Figure 6. A-L, Gen. et sp. indet, B, Ecca Group, Waterford Formation, Karoo Basin ,

P ermian. A, Extern al mold of left valve, PPK-5957b; B, Plasticine cast o f the sarne

specimen; C, Drawing represen tation based on the sarne specime n; D , Plas ticinc cast o f

external mold o f left valve, PPK-5957a; E, Plasticine cast, internal view of articulated h inge

region, showing the absence of teeth, PPK-5974; F, Intern al mold of articulated valves, left

valve view, sarne specimen; G, Internal mold o f articulated valves, left valve view

evide ncing the muscl e scars, same specimen; H , Drawing representation o f the mu scle

scars, sarn e speClmen; I , Internal mold of articul ated valvcs, view of articulated hinge

region, PPK-5976; J, Internal mold of the posterior reglOn of left valve, PPK-5910; K,

Internal mold of articulated valves, left valve view, PPK-5968; L, Internal mold of

ar ticulated valves, right valve view, PPK-5976; M-N , .Anbembia giga/ltea, Passa Dois Group,

Serra Alta Formation, Paraná Basin, Permian. M, Intern al mold o f left valve, DGP-7- 91;

N , Drawing representation o f the muscle scars, sarne speeimen; O-P, A /lheJ71biafroesi, Passa

D ois Group, Serra Alta and Corumbataí Formation, Paran á Basin , Permian. O, Internal

mold o f left valve, DGP-7-90; P, Internal mold ofleft valve, IG/Sivlt\-611-I. aa= ante rio r

aducto r; as= accessory scars; lp= pallialline. AlI scale bars =l cm.

80



David, J.M. 2014 Anexo 1

Figure 7. A-K, G en . et sp. inelet. C, E cca Group, \Vater forel Formation, Karoo Basin,

Permian . A, Internal mo lei of left valve, 994a; B, In ternal mold o f righ t valve, PPK-5972b;

C, Internal molel of righ t valve, PPK-5973b; D , In ternal mold of left valve, PPK-5972c; E ,

Externa l rnold o f righ t valve, plasticine cast, 992c; F , In ternal mold o f right valve, 994 b; G,

Intern al mold o f left valve, PPK-5973a; H , Internal mold of articulate d valves, lcft valve

view, PPK- 5959; I , In ternal mold of articulated valves, view o f articulated hinge region

with ligament area preserved (arrow), sarne specim en ; J, Ex ternal mold o f right valve,

plasticine cast, K78e1; K, Internal molel of right valve, P1'K-5963; L , Tambaquyra casrargoi,

Passa D ois Group, Serra Alta Forrnation, Paraná Basin, Brazil, Internal mold o f righ t valve,

D Z1' -2250. Ali scale bars=l cm.

TABLE CAPTIONS

Table 1. Measurernents of Gen. et sp. indet. A.

Table 2. Measurcments of G en. et sp. indet. B.

Table 3. Measurernents of G en. ct sp. indet, C.
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FIGURE 3
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FIGURE 6
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T ABLES

Anexo 1

Table 1

Specimen Length Height Width E lon ga tion Obesity
Valve

code (mm) (mm) (mm) L/H H/W

K38 (a) L 44.07 23.53 1.87

K38 (b) R 41.45 32.93 1.25

K38 (c) R 44.07 23.53 1.87

K38 (d) R

K78 (a) R 50.23 33.50 1.49

K78 (b) L

992 (a) L 38.72

992 (b) R

PP K 5960 (a) R/ L

PPK 50GO (b) L 55.76 38.45 1.45

PPK 50GO(c) R 51.28 34.67 1.48

PP K 5964 R/L 23.49 12.71 1.41 1.85

PPK 5969 R/L 13.00

PPK 5972a R 35.23 24.21 1.45

PPK 5975 R/L 11.G8

PPK 5978 R/ L 38.58 2G.38 14.87 1.46 1.77
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Table 2

Specimen Length Height Width Elongation Obesity
Valve

cade (mm) (mm) (mm) L/H H/W

K78c L 62,13 11,55 5,34

PP K-5910 L

PP K-5957a R

PPK-5957b R 72,71 15,42 4,72

PPK-5958 R

PPK-5960d L

PPK-5968 R/L 6,43

PPK-5974 R/L 5,42

PPK-5976 R/L 10,74
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Table 3

Specimen Length Height Width Elongation Obesity
Valve

code (mm) (mm) (mm) L/H H/W

992c R 56,65 34,96 1,62

994a L 47,37 30,00 1,58

994b R 41,09 29,32 1,40

K38c R 32,47

K78d R 58,40 37,17 1,57

PPK-5959 R/L 56,04 43,28 16,80 1,30 2,58

PPK-596 1 R/L 40,21 18,41 2,18

PPK-5962 R/L

PPK-5963 R 48,61 38,31 1,27

PP K-5965 R/ L 45,48 19,01 2,39

PPK-5971 L 45,73

PPK-5972b R 51,95 35,31 1,47

PPK-5972c L 66,74 50,10 1,33

PP K-5973a L 42,61 34,54 1,23

PPK-5973b R 34,43 30,93 1,11

PPK-5977 R/ L 53,25 42,56 18,48 1,25 2,30
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ABSTRACT
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T he basal portion of the Serrinha Mernber, Rio do Rasto Forrnation, records the

stratigraphic range o f an undescribcd bivalve biozon e, Iying between the PillzolleUo neotropica

and LeilliJa silJlilis bio zones. The best record o f this potential new biozone crops-out at

kilomerer 44.6, PR-239 road, Paraná State, Brazil. The systcmatic description of this bivalve

asse m blage revealed the presence of forms attributcd to T erraia atruata, T erraia bipleura,

.Asterlopsis prosodina, Beur!ellcllo elollgatello, LeilliJa curta and Coioperesia emerita. The genus

T erraia is the dominant bivalve in this assemblage, with the predominance of specimens

attribu ted to Termia cunata. The stratigraphic range o f this species seems to be restrictcd to

th is particular interval, and could possibly represent the best element to determinare th is

new bivalve assemblage, the refore being nam ed as Terraia atrrata Biozone. Additionally, this

bivalve fauna could probably reco rd a faunal turnover in the bivalve geo logical histo ry o f

the Passa Dois Group, Paraná Basin. Permian sediments of the G ai-As Formation,

Namibia are ten tatively correlated with the basal portion o f the Serrinha Mernber, Rio do

Rasto Fo rrnatio n, indicating that this sedime nta ry succession o f the Passa D ois Group,

Paraná Basin would be no younger than the mid-Permian (\'\/ordian-Captianian).
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As well known, mollusks are an invertebrate group that has a carbonate sh ell with a

good fossi lizatio n potential. Due to this particular characteristic, these invertebrates have a

fossil record with good co mpleteness, making them an imp ortan t tool in geologic al

investigations . Indeed, assemblages of fossil mollusks are frequen tly used in studies

conce rni ng paleoenvironrnental analysis (since theirs eco logical sign atures provides

evid ences o f the ecological frame in which they occurrcd) (e.g. , Ruggiero and Annunziata,

2002; Bromley and Heinberg, 2006), sedimentary facies (such assemblages o ften show h igh

correspondence to specific sedimentary facies) (e.g., D ominici, 2001; Hendy and Karnp,

2007) and taphonomy (it is possible to intcrpreted them as sedimen tary particles) (e.g.,

Kidwell, 1991; Simões and Kowalcwski, 1998).

Wesselingh (2007) highl igh ted that although tl1CSCinvertebrates present an excellen t

u tility in reeonstructing past enviro nments and depositional processes, their use in studics

of detail stratigraphy is imp acted by the faet that individual mollusk species may persist fo r

millions of years. However, mollusk faunas fro rn eeo logically isolated ecosysterns, such as

th e long-lived epeiric seas, could be an exception (see \Vesselingh , 2007) . As eommented by

th is auth or, "in sueh systerns rapid cvolution in unrelated lineages may dras tically improve

the utility of molluscs for detailed biozonation", This is the potential case for the Passa

Dois Group bivalves, which evolved under conditions of geogra phic isolation and exhibit

high morphological disparity during thei r iII situ evolution in the in tracra tonic basins of the

G ondwanaland (Runnegar & ewell, 1971; Simões et aL, 1998). Hence, th ese forms may be

used as potential tools in detailed bios tratigraphy.
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i\long the last century, the corrclation between sedimentary strata with bivalve

species of the Passa Dois Group has been the aim of several studies in the Gondwana I

seguence of the Paraná Basin. Huene (1928) was the pioneer author to deal with this

question, when he identified two distinct fossiliferous strata in the region of Rio Claro, São

Paulo State, Brazil. Reed (1929) examined fossi! bivalves from distinct outcrops of the so

called Estrada Nova Forrnation (= Serra Alta and Teresina Formations) in the Paraná State

an d also concluded that an low cr and upper fossil-rich strata could be distingu ish ed in this

un it , Later, new bivalve species were recognized in these strata by Reed (1932) an d Mendes

(1944, 1945).

Posteriorly, Mendes (1949) analyzed bivalve specimens from the basal portion of

the Corumbataí Formation (laterally coeval to the Serra Alta and Teresina Formations),

Paraná Basin and suggested a biozonation for the region of Rio Claro, São Paulo State,

Brazil. This author ascribcd the PillzollelúJpsis-jacquesia and PÍlIZOIlella-Plesioçyprillella

Association Biozones, which corresponde to Huene's fossil-rich beds. ln 1952, this sarne

author co llected an d revised bivalve specimens in the sarne geographic region and

proposed three ncw Association Biozones for the Permian seguence cropin-out in the

Corumbataí river valley: Pillzollella neotropica-j acquesia brasiliensis (up pe r po rtion of the

Corurnbataí Formation), PÍllzollella illJfSa-P/esioçyprillella carinata (middle portion of thc the

Corumbaraí Formation) an d Barbosaia angulala-Ho/dhausiella almeida: (basal portion of the

Corurnbatai Formation). Bivalve faunal compositions of thesc assemblages were

posteriorly co mplemented studies made by Mezzalira (1957) and Mendes (1954, 1962).

T his last author also recognized the PÍllzollella illJfSa-PlesioDP,illella cannata Zone in correlated

sedimentary deposits located in the state of Mato G rosso, Brazil (Mendes, 1963).

Runnegar an d Newell (1971) co nducted an extensive review of the Passa Dois

G ro up bivalve faun a and, based on previous researches (e.g., Mendes, 1949, 1952, 1954;
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Mezzalira, 1957), reporting four bivalves assemblages in the Passa D ois Group: Leini/a

froesi assemblage, PÍllzonello iUusa assernblage, PÍllzonello neotropica assemblage and Leini:Ja

similis asse mblage. Later, Maran hão (1986) proposed the Leini/a froesi-Barbosaia alJgulata

Zone to th e basal portion o f th c Co rumbata í Formation.

Although the use of the bivalve fauna o f the Passa D ois G roup in biozana tio n

research has becn appli ed since Huene (1928), the majority of these srudics are

concentrated in the geographi c region o f the State of São Paulo. ln the states o f Paraná and

Santa Catarina the on ly biostratigraphic studies are those per formed by Reed (1929),

Beurlen (1954) , who recognized in th ese states some zo nes establishe d to th e Corumbataí

Forrnation in the São Paulo State, and Rohn (1988, 1994). This las t author conducted

extcnsive fieldworks in those sta tes and estab lished informal biostratigraphic biozones on

which th e actual k.nowledge of the Passa D ois G rou p bivalve biostratigraphy relies on (Fig.

1).

1.2 . THE ISSUE

Nowadays, th e biostratigraph ic knowledge of thc Permian Passa D ois G roup

bivalves includes five informal assoc iation biozones (Fig. 1). Bivalves are recorded in the

A nhelllbiajirJeSi Biozone (basal portion of the Serra Alta Formation) , Pinzollcllo illusa Biozone

(superior portion of the Serra Alta Formation plus basal and middle portion o f the

T eresina/Corumbataí Formation), Pinzoncllo neotropica Biozone (upper portion o f the

T eresina Fo rrnatio n), Leilli!a sill/ilis Biozone (basal and m iddle portion of the Serrinha

Me rnbe r, Rio do Rasto Formation) and Paleonnaeia? platinensis Biozone (upper portion o f

the Serrinha Mernber plus basal and middle portion of the Morro Pelado Mernber, Rio do

Rasto Formation).

According to this curren t k.nowledge, ali the bivalves previously recorded in th e

basal portion of the Serrinha Member (Rio do Rasto Formation) are assigned to the L
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similis Biozone. However, Rohn (1994) highlighted the fact that the stratigraphic range

pro posed to this part icular Biozone could probably be reduced , since the basal portion of

the Rio do Rasto Formation recorded nearly only forms o f PyranJl(s? ementa, Te/raia? sp. and

Te/mia? curuata (Rohn, 1994, p.177), withou t presenting the typical c1ements o f the Leill~a

similis Biozone (e.g., Leill~ja Silllilis, Terraia a!lissima). ln th is way, the basal portion o f the

Serrinha Mernbcr (Rio do Rasto Formation) could possible represent an undescribed

record o f a new bivalve biozone Iying bet:ween the P. neotropica and L similis biozones

(Rohn, 1994).

The best records of this poten tial new biozone are the rocks that crops-out at the

kilometer 44.6, PR-239 road, State o f Paraná, Brazil (Fig.2). A prelirninary investigation o f

th is bivalve assemblage (Rohn and Simões, 1997) revealed bivalve taxa probably associated

to Te/mia atruata (do minant eleme nt), Couperesia ementa, Relogiicola? sp ., Te/raia? sp., Termia

bipleura and few specimens that could be possible related to PillzolleUa and [acquesia. If

co nfi rmed, the presence of these two last bivalve genera wou ld be the first docurnentation

of them in the stratigraph ic range above the PillzollcUa neotropica Biozone. Furthermore, the

possible absence of LeillijtJ similis and Tc/mia alüssima in the bivalve assemblage o f the

kilometer 44.6 (pR-239 road) cou ld provide robust evidence to a new bivalve assemblage in

the basal portion of the Serrinha Member. Hence, the hypothesis suggested by Rohn (1994)

about the stratigraphic range of the LeillijtJ similis Biozone would be confirmed.

The systematic investigation of this particular bivalve assemblagc can provide

relevant information for biocorrelation, since forms related to its faun a cornposmon

(especially Te/raia c/{f7Jata) are present in othe rs outcrops from th e basal portion of the

Serrinha Mcmber (Rohn, 1994). Additionally, D avid et al: (2011) described forms asso ciated

with T. curuata and Couperesia ementa in Permian sediments o f the Cai-As Formation,

Namibia. Rad iometric dating of zircon grains from tuff beds found in the upper part o f the

Gai-As succession provide U/Pb ages of 26S±2.S Ma (Holzfoesrer, 2002; \'Vankc, 2000), an
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interval equivalent to the Wordian-Capitanian boundary of the Guadalupian. However,

these biocorrelations can only be confirmed with a formal study of systematic description

and illustration of this particular bivalve assemblage.

ln this context, the present paper aims to describe for the first time the bivalve

assemblage of the kilometer 44.6 (pR-239 road), Serrinha Mernber, Rio do Rasto

Formation, in order to elucidate the biostratigraphic and paleoenvironmental implications

of this particular fauna.

2. MATERIAl5 ANO METH005

2.1. GEOLOGICAL SETTING

The Permian Rio do Rasto Formation belongs to the sedirnentary succession o f the

Passa Dois Group, Paraná Basin, which includes, from bottom to top: the Late Artinskian

lrati Formation, the Kungurian Serra Alta Formation, the Late Ku ngurian-Rodian

Teresina/Corumbataí formations and the Wo rdian-Wuchiapingian Rio do Rasto Formation

(Holz et al., 2010). T his last unit is sub -divided into the 150-250 m thick Serrinha Mernber

(basal portion) and the 250-300 m thick Morro Pelado Mernber (superior portion) (Holz e/

aL, 2010). The Serrinha Mcmber is mostly composed by greenish sandstones, siltsto nes and

mudstones, which are generally organized in tabular strata. T he deposition of those strata is

mainly associated with lacustrine origin oThe Morro Pelado Mernber is generally composed

by reddish fine sandstone and mudstones, including lenses of sedirnentary facies that are

probably associated with fluvial, lacustrine, deltaic and aeolian depositional systerns (Holz e/

aL,2010).

The outcrop containing the material here investigated is a long roadside exposure at

the kilometer 44.6, PR-239 road, betwcen the towns of Cândido de Abreu and Reserva,

Paraná State, Brazil (Fig.2). .t\ccording to Rohn (1994), the most abundant rock type is a
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greenish fossiliferous mudstone that gradates upwards to heterolith ic stones with wavy

bedding (Fig.3). The succession is characterized by the presence of bioturbation and rnud-

cracks, in addition to compact calciferous sediments and mudstones lenses. These lenses

are interbcdded with calciferous sediments, fine sandstonc with hummocky stratification

and very fine massive sandstone or, in some layers, with horizontal Iamination (Rohn,

1994) (Fig.3). The bivalve fossils are found in a greenish-gray rnudstone, located in the

superior portion of the outcrop. 111ey are commonly associated with co nchostracans,

indicating that this bivalve assemblage probably evolved in a low salini ty env iro nrnent.

2.2. FOSSll COllECTION AND SYSTEMATIC PAlEONTOLOGY

The material here studied was originally collected in the 1980s and 1990s by the Ora.

Rosemarie Rohn Oavies, during the fie1dworks related to her Master dissertation and Ph.O.

thesis. The bivalve assemblage is housed in the Institute of Geosciences and Exact Sciences

of the São Paulo State University (UNESP) in Rio Claro, São Paulo State, under the code

URC-tvrn. The material comprises nearly 60 samples with of internal and external shell

molds. T he preparation of the material included plasticine casts (FIMü bran d) and

impregnation with magnesium to highligh t the internal anato mical cha racters, including

possible muscle scars and hinge features (Anelli, 1999). The supragene ric systematics was

based on Morris et al. (1991) and Carter et al. (2010). The morphological terminology and

systematic c1assification of carditids and pachydomids was based on Mendes (1952),

Runnegar an d Newell (1971), Runnegar (1974) an d Simões et al. (1997). The index of

elongation and obesity was interpreted following Stanley (1970).

.... ... ".
: ~... . ~
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3. RESULTS

3.1. SYSTEMATIC PALEONTOLOGY

Infraclass HETEROCONCHIA Hertwig, 1895

Cohort CARDIOMORPHI Férussac, 1822

Subcohort CARDITIONI DalI, 1889

Order CARDITIDA Dali, 1889

Superfamily CRASSATELLO IDEA Férussac, 1822

Family unknown

Terraia Cox, 1934

Type species. Termia aãissima (Holdhaus, 1918).

Terraia atruata (Reed, 1929) (Fig. 4)

Anexo 2

Type species. Iso f)prilla curuata Reed, 1929.

Examined Material. Twenty SLX internal molds (URCMB-300 2a, 2b, 4, 12, 27, 30a, 34b ,

40a, 40b, 41a, 41b , 43, 44, 53e, 69a, 69b, 82, 96, 103, 116, 118, 121, 125a, 125d, 144a, 159)

and fourteen external molds (URCMB-300 3c, 30b, 32, 34a, 53a, 71a, 71c, 97, 101, 125b,

126, 146b, 154e, 158e).

Locality and unit. Road PR-239, km 44,6, Passa D ois Group, Serrinha Mernber, Rio do

Rasto Formation, Paraná Basin, Brazil.

Age. Permian, Wordian.
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Description. She ll small, inequ ilateral, cquivalvcd, rnodcratcly clongate to clongate (Table

1). Um bones high, pointed and pra sogyral, with sub ccntral beaks. An terior dorsal margin

ro unded; ven tral margin co nvex; posterior dorsal margin arched desc ending steeply to a

small obliquely truncated respiratory margino Two arched posterior umbonal carina are

presem, the first one exte nding fra m the umbonal region to the postero-ventral angle an d

the second very d ose to the posterior dorsal marginoHinge plate of the righ t valve with a

large and well defined triangular tooth, bordered in both sides by depressions in the hinge

plate thicken ing. l-Tinge plate o f the left valve with co rrespo nding triangular socket

bordered in both sides by a hinge plate thickening. External surface of the valve covered

with fine growth lines. Musculatures features wcre not observed.

Discussion. TI1e material herein described is very similar in shape, hinge and musculatu res

featu res to the specime ns desc ribed by Reed (1929) as l soçypsina amata. This spccies occurs

in dep osits of the basal portion (Serrinha Membe r) of Rio do Rasto Forrnation, Paraná

Basin. Me ndes (1954) tentatively suggested that 1. atruata might be a subjective synonym o f

Terraia altíssima, but Beurl en (1954) didn't agree with this synonym. This author argue d that

T. curuata differs of T. aitissimaby its triangular forrn (shells o f T. aliissima are more posterior

elo ngated), umbones subcentral (almost in the middle of the shell) and posterior dorsal

margin arched. Our material groups most of the characters sumrnarized by Reed (1929)

and Beurl en (1954) to described T. atruata, induding the characteris tic posterior dors al

margin arc hed, the umbones subcentral and the hinge features.

Termia bipieura (Reed, 1929) (Fig. 5d)

Type species. ?Pleurophoms biplenra Reed, 1929.

Examined Material. Two internal molds (URCMB-300, 11,93) .
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Locality and unit. Road PR-239, km 44,6, Passa Dois Group, Serrinha Member, Rio do

Rasto Formation, Paraná Basin, Brazil.

Age. Permian, Wordian.

Description. Shell small, equivalved, inequilateral, moderately elongate (Table 2).

Umbones low, subcentral. Anterior do rsal margin concave; ventral margin convex;

posterior dorsal margin slightly convexo Two well-defined posterior umbonal carinae

running from um bonal region to the posterior margino Shell surface covered with fine

growth larnellae. Hi nge and musculature features were not observed.

Discussion. Terraia bipleura is usually found in sedimentary rocks attributed to the Serrinha

Mernber, Rio do Rasto Formation, Paraná Basin, Brazil. lt was first describcd as

?Plelll'Ophoms biplellrt1 by Reed (1929) and posteriorly tentatively ascribed as a junior

synonym of Terraia altissima by Mendes (1954). ln fact, as highlighted by Runnegar and

ewell (1971), the hinge of T. biplew'tJ is very similar to that presented by T. altíssima, but

the second umbon al carina of T. bip/ellra does not coincide with the posterior dors al margin

of th e valve, as observed in T. altissima. O ur material here studied d osei)' resembles those

figured by Runnegar and Newell (1971 , p.53) as T. biplellrt1, specially the distinct double

carinae and the wide area behind the second umbonal carinae.

.Asteriopsis Beurlen, 1954

Type species. .Asterlopsisprosodina (Reed, 1929)

Asteriopsisprosodina (Reed, 1929) (Fig.5a-c)
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Type species. Astarte ef. triasina Recd , 1929.

Examined Material. Thirteen internal molds (URCJ\.ffi-300 8, 19, 33, 44, 45, 48b, 63a,

63b, 87, 113, 117, 138, 141).

Locality and unit. Road PR-239, km 44,6, Passa Dois Group, Serrinha Mernber, Rio do

Rasto Forrnation, Paraná Basin, Brazil.

Age. Permian, \Vordian.

Description. Shell small, triangular, equivalved, inequilateral, equant (Table 3). Umbones

high, pointed and prosogyral, with subcentral beaks. One posterior umbonal carinae is

weakly present coinciding with the posterior dorsal margin o f the valve. Posterior dorsal

margin concave; anterior dorsal margin convex; ventral margin concave. I-linge plate of the

right valve with a massive and curved cardinal tooth, bordered in both sides by a hinge

plate thickening. Anterior adductor muscle scars rounded, located next to the anterior

ventral margino External surface of the valve covered with fine growth lines.

Discussion. Reed (1929) proposed .Astarte cf. ttisina to designate some specimens found in

the sedimen ts of the Serrinha Mernber, Rio do Rasto Formation. Later, Beurlen (1954)

analyzed some bivalve material from the Passa Dois Group in the Paraná State and

described a new genus and species to designate the previous Reed's species, naming them

as .Astartellopsis prosodina. Runnegar and Newell (1971) validated Beurlen's designation,

however they didn't analyzed fossi! material that could be related with those forros. Beurlen

(1954) argued that this species could probably be derivare from Terraia currata, due to the

curved shell shape and Rohn(1994) suggested that A. prosodina could be a junior synonym

of T. curuata. However, we believe that A. prosodina differs in external features from T.

curuata, specially the position of the carina. Also, the cardinal tooth present in A. prosodina

is more pronounced than that observed in the specimens of T. cunata. Our material is ver)'
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similar to that illustrated and dcscribed by Beurlen (1954, figA-33, fig. 5-45, 46, 47),

p resenting the sam e shell shap e and hinge features , especially the rnassive cardi nal tooth of

the right valve. Until this momcnt, the only stratigraphic rangc reported to this species

correspond to the basal portion of thc Serrinh a Memb er, Rio do Rasto Formation, Paraná

Basin .

In fraclass ]-IET EROCO NCI-IIA I-Icrtwig, 1895

Megaorder SO LE NATA Dali, 1889

Ordcr HI ATELLIDA Carte r, 2011

Superfamily EDMON D IO IDEA King, 1850

Family PACHYD OMIDAE Fischer, 1887

Subfamily PAC I-IYDOML"IAE Fischer, 1887

Tribe PLESIOCYPRINEIlI I Simões et al., 1997

Bemiellella elollgatella Anelli et aL, 2010 (Fig. 5g)

Type species. Beurienella elollgatefla Anelli etal., 2010.

Examined Material. One internal mold of articulated shell (URCMB-300 58).

Locality and unít. Road PR-239, km 44,6, Passa Dois G roup, Serrinh a Mernber, Rio do

Rasto Forrnation, Paran á Basin, Brazi1.

Age. Permian, Wordian.

Discussion. The material here examined surely refers to the megadesmid

(=plesiocyprinellini) Bemiellella elollgatella Anelli et al: (2010), described fram the Serrinha

Mern ber, Rio do Rasto Forrnation, Paraná Basin, Brazi1. The specimen comprises a well

de fined blunt tooth in the right valve and lcft valve with a well-de fined socket, as the same
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as the specimens illustrated by Anelli el al. (20 tO) . Ane lli et ai. (2010) described th is new

species fro m specimens that were stored in the scientific collection of the University of São

Paulo and labe1ed as only placed in the Passa Dois Group,Rio do Rasto Forrnation.

However, the exact location and stratigraphic horizon where the speci mens were collected

was unknown. Based on the preservation t)'pe and lithology of the internal molds of the

studied specimens, these authors interpreted that B. elongafella probably could be found in

the basal portion of the Serrin ha Mernbcr. The material he rc studied an d ascribed to B.

elol/gafella dem onstrates that this hypothesis was corrected.

Couperesia ementa (Reed, 1929) (Fig. 6e)

Type species. Psendocorbuta ementa Reed, 1929.

Examined Material. Two internal molds (URCMB-300 16b, 28) and five internal molds

(URCMB-300 16a, 21, 71a, 77, 93b).

Locality and unit. Road PR-239, km 44,6, Passa Dois Group , Serrinha Member, Rio do

Rasto Fo rmation, Paraná Basin, Brazil.

Age. Perrnian, Wordian.

Description. Shell small, subtriangular, equivalved, equilateral, equant (Table 5). Umbones

low with central beaks. Two well defined and slightly curved posterior umbonal carinae are

present, one extending from the umbonal region to the postero-ventral angle and the other

dose to the postero-dorsal margino Anterior dorsal margin straight; anterior margin

rounded; posterior margin straight. External ornament of fine, commarginal growth lines,

superimposed by widely spaced, broad cc-marginal rugae, also apparen t on internal molds.

T-Tinge featu res an d mus culatu re not observed.
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Dicussion. The genus Couperesia was first proposed by Mendes, 1952 an d includes threc

species: Cowperesia anceps (Reed, 1935), Couperesia ementa (Reed, 1929) and COJlperesia camposi

Mendes, 1952. Runnegar and Newcll (1971) suggested that this genus would be a junior

subjective synonym of r~yranJl/s Dana, 1847. Howeve r, as discussed in D avid et aL (2011,

pgs. 506-7), th is synonymy does not seern to be valid (see also Mello, 1999). The material

here studied is very similar to the speci mens described as Couperesia ementa by David et al.

(2011) in the Gai-As Forrnation , Huab arca, Namibia, especially in the external features of

th e shell, including the orname ntatio n, the double umbonal carinae and the shell sha pe.

Leil1~a curta Beurlen, 1954 (Fig.6f)

T ype species . Leil1~a curta Beurlen, 1954.

Examined M aterial. Two internal molds (URCMB-300 14a, 14b) and one external mold

(URCMB-300 68).

Locality and unit. Road PR-239, km 44,6, Passa Dois G roup, Serrinha Mem ber, Rio do

Rasto Fo rmatio n, Paraná Basin, Brazil.

Age. Perrnian, Wordian.

Description. Shell small, inequilateral, posteriorly expanded, equivalved, moderately

elongate (Table 6). Umobnes low, prosogyraI with subcentral beaks. Ante rior dorsal

margin rounded; ventral margin convex; posterior dorsal margino t\ well-marked umbonal

carina is present, delimiting a sm all respiratory margin with the extrernity of the posterior

dorsal margino Hinge plate o f the right valve with a triangul ar carinal tooth imedt below

beaks. Hinge plate of the left valve with corresponding triangular socket. Exrernal surface
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of thc valve covered with regularly spaced commarginal rugae. Musculatures features were

not observed.

Discussion. Lei1Ji'Ja curta was first dcscribcd by Beurlen (1954) to designare some

specimens present in sedimcnts of thc Serrinha Mernber, Rio do Rasto Formation. This

author suggested that this species could probably be related with precursor forms of Lei1Ji'Ja

simiãs, since thcse two species are very similar but L curta exhibits an anterior dorsal margin

rounded, without the particular rostrum of L similis. David et al. (2011) suggested that

forms described as Hnabiella compressa in Namibian deposits could be related with Leúri'Ja

curta fram Passa Dois Group. However, these authors interpreted the hinge of H. compressa

as edentulous while, according to Beurlen (1954) descriptions and with our specimens, L

curta presents a triangular cardinal tooth in the right valve. Our material here analyzed is

very similar to that illustrated and described by Beurlen (1954) as L curta, presenting the

sarne shell shape, the characteristic ornamentation of regularly spaced commarginal rugae

and the hinge features.

4. DISCUSSION

4.1. BIOSTATIGRAPHY AND CORRELATION

As mentioned above, Rohn (1994) suggested that the basal portion of the Serrinha

Mernber (Rio do Rasto Formation) could probably represent the stratigraphic range of a

new bivalve biozone, lying between the P. neotropica and L Jimilis biozones (selim Rohn,

1994). Thc results presented here add new and relevant data to support the hypothesis of

this new bivalve assemblage.

According to our results, the fauna from the kilometer 44.6 (pR-239 road) of the

basal portion of the Serrinha Mernber (Rio do Rasto Formation) is composed by the
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species of Terraia curuata, Terraia biplel/ra, Asteriopsis prosocüna, Beurlemllo elo flgateUo, Leifl'{ja

curta and Cowperesia ementa. The genus Terraia is the dominant bivalve form in this

assernblagc, with the predominance of specimens attributed to Terraia curuata. It was not

reported the presence of the typical elements o f the J--eifl'{ja similis Biozone (Leifl'{ja similis

and Terraia altissima) in the studied assemblage.

The stratigraphic range o f some identified species seerns to be related only with the

stratigraphic range of the basal porti on of the Serrinha Mernber. It includes Terraia CIIf7Jala,

.Asterlopsisprosodina, l--eil'ifa auta and Beurleflello elol/gatel/a. i\ccording to the actual knowledge

o f the Passa D ois Group biostratigraphy, those species are not reported in others bivalve

assem blages o f this sedimentary unit (Rohn, 1994). Altho ugh the results described in these

present co mmunication are only related with the assemblage o f the kilorneter 44.6 (pR-239

road) , it is noteworthy to highligh t that this occurrence represents the best record o f the

bivalve fauna o f th e Serrinha Mernber basal portion , and indeed presents correlated

occurrences in others region s o f the Paraná Basin (sce Rohn, 1994).

The presence of bivalve species that are related only with the stratigraphic range of

the basal portion of the Serrinha Mernber, plus the absence of typical elements of the

Leifl~fa silJlilis Biozone, indicates that the stratigraph ic range o f the basal portion of the

Serrinha Member (Rio do Rasto Formation) represents a new bivalve assemblage, as

proposed by Rohn (1994). Since Terraia atruata is the mo st common bivalve form of this

new assem blage, we propose that the stratigraphic range of this informal Biozone could be

related with the first and the last record of this species and be named as Termia CIIn'(Jl a

Biozone.

The systematic affinities of th is particular bivalve assemblage also contribute to the

establish ment of the biocorrelation between the Permian G ai-i\s Formation, Namibia with

the basal portion of the Serrinha Mernber (Rio do Rasto Formation), since D avid et al:

(2011) recognized bivalves forms associated to Temia cunata and Couperesia emerita in the

109



David, J.M. 20 14 Anexo 2
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Namibian sedirnents. Radiornetric dating of zirco n grams fro m tuff beds within th e

superior portion of the G ai-As succession provide U/PB ages of 265±2.5 Ma (Holsfoerster

2000, 2002; Wanke 2000), an inte rval equivalent to thc Wordian-Cap itanian boundary of

the G uada lupian.. T hus, the biocorrclation betwee n this IWO sedime ntary deposi ts co uld

suggest an age no younge r than thc mid-Permian to the basal portion of the Serrinha

Mernber, Rio do Rasto Formation ,

4.1. PALEOENVIRONMENT

According to our results, the bivalve fauna of the basal portion o f the Serrinha

Mernber (Rio do Rasto Formation) includes forms attri buted to carditids (=vene roida in

previous works) and pachydomids (= megadesmids in previous wo rks), the sarne groups

that are overco ming in the bivalve faunas of the Paran á Basin (Simões et aL, 1998).

However, it is outstanding that the fauna of the basal portion of the Serrinha Mernber is

dominated by eleme nts related to the carditids. This particular feature is no t o bserved in

th e underlying bivalve biozones of the Passa Dois Group. Instead, as discussed by Simões

et aL (1998), th e faun a composition of the A llhembia froesi, PillzomUa lllusa and PillzolleUa

neotropica biozones pres ents a high proportion of pachydomid (= megadesmids in previous

works), This remarkable difference could possibly be associated with a faun al turnover in

the bivalve geological history o f the Passa Dois Group.

This interpretation is in accordance with the fact that many typical elernents of the

PiJJZOlleUa i/lusa and PillZOlJe/la neotropica biozones (e.g., PilJzolJe/la, N aiadopsú) are absent in the

dep osits of the Rio do Rasto Formation. Indeed, only few forms of these biozones are

rep orted in the Rio do Rasto Forma tion deposits (e.g., Coupensia ementa). According to

Beurl en (1954), Rohn (1994) and Simões et aL (1998) this change in the faunal composition

o f th e Rio do Rasto Formation could be possibly related with the high stress in shallow

waters environments that experienced a elecrease in their salinity during the final regression
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and geographic isolation of the Paraná Basin. Thus, the environmental conditions probably

became adverse to the species of the P. il!J{sa and P. neotropica biozones and, on the other

hand, favorable to the success of the bivalve faunas of the T. curuata, L similis and P.

platinensis biozones.

5. SUMMARY

The systematic investigation of the bivalve fauna from the kilometer 44.6 (PR-239)

adds new and important evidence to support the hypothesis of a new bivalve Biozone in

the basal portion of the Serrinha Member, Rio do Rasto Formation, Paraná Basin. This

bivalve assemblage includes the species of Termia curuata, Terraia bipieura, .Asteriopsis

prosociina, Beu!ÍeJJelfa e!ollgate!fa, Leillifa curta and Cowperesia ementa. The species Termia curuata

is the most abundant bivalve form in this assemblage and since the stratigraphic range of

this species seems to be restricted to this particular interval, it could possibly represent the

best elernent to determinate this new bivalve assemblage.

Additionally, the bivalve fauna composition of the basal portion of the Rio do

Rasto Formation could probably record a faunal turnover in the bivalve geological history

of the Passa Dois Group. Also, the presence of forms related to Termia curuata and

Conperesia ementa in Permian sediments of the Gai-As Formation, Namibia provides

important evidence of a probably biocorrelation between the African deposits and the basal

portion of the Rio do Rasto Formation, suggesting an age no younger than the mid

Permian to this last sedimentary unit,
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Figure 1. Sche rnatic chart of the Passa Dois Group, Permian, showing the bivalve

1\ssernb lage Biozones of the eastern margin of the Paraná Basin (based on Rohn, 1994,

2007).

Figure 2. Location of the Passa D ois G roup outcrop area in thc eastern Paraná Basin,

south ern Brazil, and the occurrence of the bivalve assemblage bet:ween the tow ns o f

Când ido de Abreu and Reserva, Paraná State (mod ified from Rohn, 1994 and Ferreira

O liveira and Rohn, 2010).

Figure 3. Section of the outcrop at kilometer 44.6 (pR-239 road) between thc towns of

Cândido de Abreu and Reserva, Serrinha Mernber, Rio do Rasto Formation Paraná Basin

(based on Rohn 1988, 1994).

Figure 4. Terraia atruata (Reed, 1929), Road PR-239, km 44,6, Cândido de Abreu-Reserva,

Serrinha Mernber, Rio do Rasto Fonnation, Paraná Basin, Brazil. A, Internal mold of left

valve, URCivill-300(2); B, Latex cast of internal mold , left valve, sarne specirnen; C,

Drawing representation of the hinge features, based in thc sarne specirnen. Arrow indicates

the triangular socket of the left valve; D, Internal mold of right valve, URCivill-300(69); E ,

Latex cast of in ternal mo ld, right valve, sarne specimen ; F, Drawing representation of the

hinge featu res, based in the sarne specimen. Arrow indicates the large and well defined

triangular tooth; G, Internal mo ld of left valve, URCJ\.fB-300(4); H , internal mold of left

valve, URCivill-300(44); I, Internal mo ld of left valve, URCMB-300(82). 1\11 the scale

bars=0.5crn.

117



David, J.M. 2014 Anexo 2

Figure 5. A-C, .Asterlopsis prosodina (Reed, 1929), Road PR-239 , km 44,6, Cândido de

Abreu-Reserva, Serrinha Mcmber, Rio do Rasto Forrnation, Paraná l3asin, I3razil. A,

Intern al mold o f right valve, URCMI3-300(33); B, Drawing reprcsentation of the muscle

scars, based in the sarne specimen; C, Latex cast of internal mold, right valve, sarne

specime n; D , Te/mia bipleura (Reed, 1929), Road PR-239, km 44,6, Cândido de Abreu

Reserva, Serrinha Mernb cr, Rio do Rasto Forrnation , Paraná l3asin, Brazil. Latex cast of

external mold , left valve, URC-MB-300 (11) . E, COJltperesia ementa (Reed, 1929), Road PR

239, km 44,6, Cândido de Abreu-Reserva, Serrinha Member, Rio do Rasto Formation,

Paraná Basin, Brazil. Latex cast of external mold, right valve, URCMB-300(31); F, Leillzia

curta Beurlen, 1954, Road PR-239, km 44,6, Când ido de Abreu-Reserva, Serrinha Mernber,

Rio do Rasto Formation, Paraná Basin, Brazil. Latex cast of internal mold, left valve,

URCMB-300(14); G, Beurlenelia efollgalel/a Anclli etaL, 201 0, Road PR-239, km 44,6, Cândido

de Abreu-Reserva, Serrinha Membe r, Rio do Rasto Forrnation, Paraná l3asin, Brazil. Latex

cast o f internal mold, articulated valves, URC-r"m-300 (58). Arrows indicare the blunt

tooth in the right valve. H-I, Beurlenelia elollgatel/a, Rio do Rasto Formation, Paraná l3asin,

Brazil, figured by Anelli et aL, 2010. H, Plasticine cast of internal mold, articulated sh ells,

GP/IE 4825; I, Plasticine cast of internal mold, articulated shells, GP/lE 4815. Arrows

indicate the blunt tooth in the right valve. Ali scale bars= 0.5 cm.
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TABLE CAPTIONS

Table 1. Measurernents of TeTraia curuata.

Table 2. Measurernents of Terraia bip/eura.

Table 3. Measurernents o f .Asteriopsisprosodina.

T able 4. Measurements o f Beur/eTlella eloTlgalella.

Table 5. Measurements of Cowperesia ementa.

Table 6. Mcasurerncnts of Leill~a curta.
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FIGURE 5
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Table 1.

Specimen Length Height Width Elongation Obesity
Valve

code (mm) (mm) (mm) L/H H/W

URCivfB- L 20.63 15.64 1.32

300(2a)

URCMB- L 12.86 10.55 1.22

300(2b)

URCMB- R 13.87 12.29 1.13

300(3c)

URCMB L 31.05 22.67 1.37

300(4)

URCMB- L 15.92 14.83 1.07

300(12)

URCMB- R 13.78

300 (27)

URCivfB- L 28.56 18.74 1.52

300(30a)

URCMB- R

300(30b)

URCMB-300 R/L

(32)

URCMB- L 32.84 28.91 1.14

300(34a)

URCivfB- R/L

300(34b)

URCivfB- L 27.84 19.16 1.45

300(40a)

URCi\fB- L 21.36 14.78 1.45

300(40b)

URCMB- R 17.56

300(41 a)

URCivfB- L 22.82 16.55 1.38

300(41b)
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URCMB- R

300(43)

URC~rn- L 20.30 20.04 1.01

300 (44)

URCMB- L 15.78 11 .24 1.40

300 (53a)

URCMB- L 26.77 20.45 1.31

300 (53e)

URCMB- R 18.45

300(69a)

URCJ\.ffi- R 21.37

300(69b)

uncxrs. R 23.89 18.43 1.30

300 (69d)

URCMB- L 18.36 12.99 1.41

300(7 1a)

URCMB- R 19.45 13.27 1.47

300(71c)

uncsrn- L 25.38 19.37 1.31

300 (82)

URCMB- L 18.00 14.36 1.25

300(86)

URCMB- R 11.64 8.04 1.45

300(96)

URC!vrn- L 17.56 14.78 1.19

300(97)

URCMB- L 19.75

300 (101)

URc!vrn- L

300 (103)

URCMB- L 13.26

300(116)

URCMB- R 21.43 19.67 1.09

300(118)
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URCMB- R 18.35 15.69 1.17
300(121)

URCMB- R 13.83 12.48 1.11
300(125a)

URCMB- R/L
300 (125b)

URCMB- L 12.72 10.45 1.22
300(125d)

URCMB- R 28.76 21.32 1.35
300(126)

URCMB- L 26.43 21.23 1.24
300 (144a)

URCMB- R 27.64 21.48 1.29
300(146a)

URCMB-300 R 23.44 18.56 1.26
(146b)

URCMB- R 17.34 11.29 1.54
300 (154)

uncxrs. R 20.87 16.99 1.23

300(156)

URCivffi-300 L 15.26

(158)

URCMB-300 R 33,35 21 ,96 1.52

(159)

T able 2.

Specimen Length Height Width Elongation Obesity
Valve

code (mm) (mm) (mm) L/H H /W

URC1,rB- L 19.44 14.00 1.38

300(11)

URCMB- L 16.17 12.00 1.34

300(93)
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Table 3.

Specimen Length Height Width E longation Obesity
Valve

code (mm) (mm) (mm) L/H H/W

URC/VfB- R 8.20 8.50 0.96
300 (8)

URCMB- R 11 .90 10.1 5 1.17

300( 19)

URC/VfB- R 14.00 15.80 0.89

300(33)

URC/VfB- R 20.30 20.00 1.02

300(44)

URCMB- L 12.08

300(45)

URCMB- L 11.68 10.56 1.11

300(48b)

URCMB- R 9.57

300(63a)

URC/VfB- L 13.82 12.45 1.11

300(63b)

URCl'vffi- R 11.87 9.98 1.1 9

300 (87)

UROvffi- R 10.25 9.67 1.06

300(113)

URCMB- L 13.22

300(117)

URCMB- L 10.76 9.56 1.1 3

300 (138)

URC~{B- R 11 .22 10.39 1.08

300(141)

128



David, J.M. 2014

Table 4.

Specimen Le n gth Height Width E longa tion
Valve

code (mm) (mm) (mm) L/H

URC.MB- R/L 15.62

300 (58)

Anexo 2

Obesity

H/W

-

Table 5.

Specimen Length H eigh t Width E longation Obesity
Valve

code (mm) (mm) (mm) L/H H/W

URCMB- L 10.44 8.85 1.18

300(16a)

URCMB- L 10.21

300 (16b)

URCMB- L 11.06 9.87 1.12

300(21)

URCMB- L 11.21 8.42 1.33

300(28)

URCJ\.fB- L 11.52 9.51 1.21

300(71a)

uncxrs. R 18.30 15.82 1.16

300(77)

URCJ\'ffi- R 15.03 12.82 1.17

300(93b)
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Table 6.

Specimen Length Height Width Elongation Obesity
Valve

code (mm) (mm) (mm) L/H H/W

URCMB- R 17.78 10.00 1.77
300(14a)

Ulli'vrB- L 18.21 11 .24 1.62
300(14b)

URCMB- R 21.68 10.45 2.07

300(68)
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The Permian bivalve mollusk fauna of the Paraná Basin evolved in a shallow and large

inland sea, under condition s o f geographical isolation and variable salinity regimes.

i\lthough this bivalve fauna has received renewed attentio n in the last decade, thc troe

evolu tio nary histo ry o f these unique invertebratcs is still obscure bccause of the inco mplete

and biased in fonnation on its systematics. Indced, most of the studics dealing with the

systerna tics o f the Permian Passa Dois G roup bivalves have focused on th e faunas

preserved in rocks o f the Teresina and Corumbataí formations. The majority o f th ese

studies are based on materiais that were collected in outcro ps of the eastern border of the

Paraná Basin, esp ecially in the Brazilian states of São Paulo and Paraná. ln th is context, the

systematic revision of the Tiaraju bivalve assernblage, the only known occurrence o f

Permian bivalves in the Passa Dois Group of Rio Grande do Sul State, Brazil, adds new

info rmation abou t the systematics, biostratigraphy, and paleob iogeography o f this Permian

bivalve fauna . The systematic revision of this assemblage revealed the presence of Tetraia

falcolleli, Terraia aãissima, Holdhausiella e/ollgato and Conperesia ementa. The record o f C. emerita

and T. aliissima indicates a biocorrelation with deposits of the Perrnian Gai-As Forrnation,

in th e Huab area, N amibia, providing an age no younger than the mid-Perrnian (\\'ordian

Captianian) to thes e Brazilian dep osits.The placing of the Tiaraju assemblage in the

biostratigraphic scheme of the Passa Dois Group bivalve biozones is still in dispute, since

our results groups together bivalves species that are not commonly found in the sarne

assem blage. A1so, th e occurrence of Tiaraju fauna adds evidence that during certain times

in th e geological history of the Paraná Basin, the bivalve species were not geographically

res tricted to certain areas within ir.
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1. INTRODUCTION
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Thc Perrnian bivalve mollusk fauna of the Paraná Basin evolved in a shallow and

large inland sea, under conditions of geographical isolation and variable salinity regimes

(Run negar and Iewell, 1971; Simões el al. , 1998). Despire these conditions, the Passa Dois

G roup bivalve faun a flourished and dorninated the benthic fauna with in this inland sea.

T his fauna was first described by Holdhaus (1918), and part of them was carefully rcvised

by Runncgar and Ncwcll (1971). Since rhcsc authors, new rcscarchcs aiming to clucidatc its

systcmatics (Simões et al., 1997; Simões etal., 1998; Mello, 1999; Simões et al., 2010; Anelli et

al. , 2010) , taphonomy (Torello and Simões, 1994; Simões et al. , 1996; Simões and

Kowalewski , 1998; Simões el aI., 2000; Simões and Torello, 2003; Neves et aL, 2010; leves

et al., 2011), paleoecology (Ghilardi, 1999; Kowalewski et aI., 2000; Ghilardi and Simões,

2002) an d paleobiogeography (Simões et al. , 2010; David el aL, 2011) were carried on during

the last decade (Wesselingh, 2007; Simões el aL, 2010).

Although this bivalve fauna has received renewed attention in the last decadc, the

true evolutionary history of these unique invertebrates is still obscure because o f the

incomplete and biased information 0 11 its systernatics (Simões et aL, 2010). Indced, most o f

the studies dealing with the systematics of the Permian Passa Dois Group bivalves have

focused on the faunas prcserved in rocks of the Teresina and Corumbataí formations,

while the bivalves from the Serra Alta and Rio do Rasto formations are still poorly srudied

and described (for additional discussion see Simões et aL, 2010). Additionally, the rnajority

of these studies are based 0 11 materials that were collected in outcrops of the eastern border

of th e Paraná Basin, especially in the Brazilian states of São Paulo and Paraná. ln this

context, the systernatic revision of the Tiaraju bivalve assemblage (Cunh a, 1972; Klein,

1997), th e only known occurrence of Permian bivalves in the Passa Dois Group o f Rio

Grande do Sul State, Brazil, can improve knowledge of the systematics, biostratigraphy,

and paleobiogeography of this uniquc Permian bivalve fauna.
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The T iaraju bivalve fauna represents the only known occurrence of Permian

bivalves in the Passa Dois Group of Rio Grande do Sul State, Brazil. This bivalve

assemblage is found in carbonato concretions in the upper portion of laminated mudstones

that are ten tatively placecl in the Teresina Formation (Klein, 1997). Th is fauna was first

described by Cunha (1972), who assigned the specimens to the genus COJllperesia? sp. Later,

Klein (1997) presented a taxonomic list including the following species: Pú/zolJella tiarajnensis

(IJOlJJeI/ lJudum), Termia alüssima (I-Ioldhaus, 1918),[acquesia elolJgala (Holdhaus, 1918),[acquesia

sp., Pyramus? ementa (Reed, 1929) and N aidopsis? sp. Unfortunately, the Tiaraju bivalve fauna

was not o fficially described, according to the rules of the International Code of Zoological

N ome nelature.

During a re-examination of the Permian bivalve faunas of the Passa D ois G roup, a

close resemblance bet:ween some of the Tiaraju specimens illustrated by Klein (1997) and

Permian sp ecimens from Namibia described by David et aL (2010) was surprisingly noted.

These auth ors tentatively correlated fossil bivalves from the Gai-As Formation , Namibia

with mid-Permian taxa of the Rio do Rasto Formation, Paraná Basin, Brazil, The Namibian

fauna ineludes Huabiella compressa, Te/mia sp. ef. T. altissima, Termia sp. cf. T. CIIT7Jata and

Couperesia ementa.

Radiometric dating of zircon grains from tuff beds found in the upper part of the

G ai-As succession provide U/Pb ages of 265±2.5 Ma (Holzfoesrer, 2002; \\'anke, 2000), an

interval equivalent to the Wordian-Capitanian boundary of the Guadalupian. ln this way,

the possible biocorrelation bet:ween the Tiaraju deposits with those of the Permian Gai-As

Forrnation is worthy of investigation, once it can be used as an important geochronology

tool. Most significantly, following Klein's study, the placing of the Tiaraju assemblage in

the biostratigraphic scherne of the bivalve biozones of the Passa Dois Group (see Rohn,

1994) is still in dispute, since this author documents specimens that are not commonly
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related in the sarne assemblages. Hence, the main purpose of this contribution is to present

a systematic review of the Tiaraju fauna, in order to clucidatc thcse issucs.

2. MATERIALAND M ETHODS

2 .1. GEOLOGICAL SETTING

The outcropping arca yielding the bivalve fauna is locatcd in Tiarajú region, São

Gabriel Municipalit:y, Rio Grande do Sul Statc, Brazil (Fig. 1). Access to the area is through

the road leading from Tiaraju to Coxilho-Pau Fincado, whcre Klein (1997) performed a

lithostratigraphic study and identified the Paraná Basin geological units of the Serra Alta,

Teresina and Rio do Rasto formations (Fig. 2).

Acco rding to Klein (1997), the Permian succession ll1 Tiaraju, São Gabriel

Municipality, comprises dark-gray mudstones (interpreted as distal offsho re deposits) and

mudstones with wavy linsen bedding associated with hummocky cross -stratification

(interpreted as proximal offshore deposits), overlain by larninated mudstone (interpreted as

distal o ffshore deposits). Sandstones with cross-stratification associated with red

mudstones are found above the larninated mudstone in abrupt contact (Klein, 1997).

Stratigraphically, the dark-gray mudstone represents the Serra Alta Formation, and the

mudstones with wavy linsen bedding, hummocky cross-stratification and laminated

rnudstones correspond to the Teresina Formation. Finally, the sandstones with cross

stratification associated with red mudstones ma)' represent facies of the Rio do Rasto

Forrnation (Klein, 1997) (Fig. 3).

The Tiaraju bivalve assemblage is found in carbonate concrettons ln the upper

portion of the lamina ted mudstones, in a 15 cm fossiliferous horizont (Klein, 1997; Klein eI

al, 1999). Based on the taphonomic attributes of the fossil assernblage, Klein and Simõ es

(1998) suggested that the deposition of the skeletal elements would possible be a result of
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episodic sedimentation, probable associated to storms, assuming the fossil conccntration as

a distal ternpestite.

2.2. FOSSIL COLLECTION AND SYSTEMATIC PALEONTOLOGY

H ere we revisited the Tiaraju bivalve collection that are housed in the Paleontology

Museurn of the Vale do Rio dos Sinos University (UNISINOS), Rio Grande do Sul State,

Braz il, under the code NlPU. The material comprises more than 100 specimens, including

preserved sh ells and internal and externa] molds. 1\ carefully examination of the material

was carried o n and those specimens that could con tribute to the systematic paleontology

were separated for this study. Additionally, we investigated 27 latex molds from the Tiaraju

bivalve fauna that are depos ited in the scientific collection of thc Zoology Departm ent, São

Paulo Statc University, Botucatu Campus, under the code DZP. Th e preparation of thc

material included plasticine casts (FIMO brand) and impregnation with magnesium to

highl igh t th e intern al anatomical characters, including possible muscle scars and hinge

features (Anelli, 1999). T he suprageneric systematics was based on Morris et al: (1991) and

Cárter et aL (2010). Th e morphological terminology and systematic classification of

pachydomids (=megadesmids in previous works) was based on Mendes (1952), Runnegar

and N ewell (1971), Runnegar (1974) and Simões et al. (1997). The index of elongation and

o besity was interpreted following Stanley (1970).
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3·RESUlTS

3.1. SYSTEMATlC PALEONTOLOGY

Infraclass HETEROCONCHIA Hertwig, 1895

Cohort CARDIOMORPHI Férussac, 1822

Subcohort CARDITIONI DalI, 1889

Order CARDITIDA DalI, 1889

Superfamily CRASSATELLOIDEA Férussac, 1822

Family uncertain

Termia Cox, 1934

Type species. Termia altisshna (Ho ldhaus, 1918).

Terraiafalconeri (Cox, 1934) (Fig. 4)

Anexo 3

Type species. Pseudocorbnlajalcor/cri Cox, 1934.

Examined Material. Elevcn shells (~fPU- 4317, 4337, 4382, 4403, 4405, 4433, 4436,

4467,4507,4512,4518,4522) and four internal molds ~n)U- 4317, 4403, 4436, 4518).

Locality and unit. Tiaraju, Rio Grande do Sul, Passa Dois Group, Te resina Formation,

Paraná Basin .

Age. Permian, Guadalupian.

Description. Shell small, subtriangular, equivalved, equilateral, equan t to moderately

elongated (Table 1). O ne posterior umbo nal carinae is present, extending from the

umbo nal region to the postero-ven tral angle. Parallel to the umbonal carinae a second
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carina faintly marked can be observed. Umbones rounded, beaks prosogyrous; well-dcfined

and long escutcheon and lunule, with escutcheon extending entirely through posterior

dorsal margin of the shell. Posterior dorsal margin straight to slightly concave; posterior

extrernity truncated, elcfining a short anel straight respiratory margin; ventral margin

roundcd; anterior dorsal margin slightly convexo External surface of the shell covcred by

commarginal growth lines and largely spaceel narrow rugae. I-linge plate of thc left valve

with thick posterior and anterior lateral margins, both ending bellow umbones as a slightly

elevatcd bump separated by a well-defined and deep triangular socket located immediately

bellow beak. Muscles scars anel hinge features of right valve were not observed.

Discussion. The material here described as Terraia falconen was first interpretcd by Klein

(1997) as PiTlzoTlella tiarajuensis (r/OnJel1 /II/dllnJ). Actually, our shells resemblcs in cxtcrnal

appearance P. iUlIsa illustrateel by Runnegar anel Iewell (1971, fig 19b, h, j) , since both

shells share in common a triangular shape, a slightly markeel umbonal carinae, and the

external surface of shell ornamenteel only by irregular spaccd growth lines. However, the

hinge plate in the left valve of the Tiaraju specimens is not sturely developed (thick) and the

cardinal and lateral teeth are virtua lly absent, Additionally, a posterior socket present in the

hinge of P. iiillsa she lls is also abscnt, Considering these elifferences and the presence of a

well-defined lunule in the Tiaraju specimens (both Pillzollelia species shows a poorly defined

lunule), we do not believe that our specimens could be related to the genus Pil/ifJl/ella. Ir is

noteworthy that the left hinge plate of our specimens is very similar to that described by

Beurlen (1953) to designare the species Terraia falconeti. Both are characterized by a

thickening of the posterior and anterior lateral margins, that ends bellow umbones as a

slightly elevated bump separated by a well-defined anel deep triangular socket located

immediately bellow beak. Also, the external features present in the Tiaraju specimens are

vcry similar to that described to T. jakolJeli by Beurlen (1953), inclueling the general shell
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shape, the prosogyral beaks and the second faintly marked carinae. Considering this, we

designare the Tia raju specimens under the specics Terraiafalcolleri.

Terraia altissima (Holdhaus, 1918) (Fig. Sa,b)

Type species. Solenomorpba al1issilJla Hold haus, 1918.

Examined Material. Two internal molds (OZP- 4327, 4330).

Locality and unit. Tiaraju, Rio Grande do Sul, Passa Dois Group, Teresina Formation,

Paraná Basin.

Age. Permian, G uadalupian.

Description. She ll small, equivalved, inequilateral, moderately clongated to elongated

(Table 2). Two well-defined posterior umbonal carinae extend from umbonal region to the

postero -do rsal an d postero-ventral angles; the ventral carinae bears around seven visible

protuberances (knobs) . 111e knobs are faintly visible in the internal mo ld. T he ventral

carinae is more pronounced than the dorsal, which borders the escutc heon ventrally.

Umbones low, An terior do rsal margin slightly convex; anterior margin rounded; posterio r

margin straighr, angular where intercepted by the t.wo posterior carinae. Hinge o f right

valve partially preserved, showing a well-defi ned triangular cardinal tooth; an terior and

posterior dorsal margins of right valve bordered ventrally by an elongated lateral tooth;

immcdiatcly above an elongated socket is present possibly for receiving thc anterior and

posterior dorsal edges of left valve, Exte rnal omament of faint co-marginal spaced growth

lines which may become distinctly lamellose behind umb onal carinae. Ligament and muscle

scars were no t observed.
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Discussion. The genus Tetraia has been described from sevcral Permian localities in Brazil

and Uruguay, an d more recently in África. Terraia aãissima (Holdhaus, 1918) was firstly

described frorn the basal portion of the Rio do Rasto Forrnation (Holdhaus, 1918), and

posteriorly frorn northern Uruguay (Cox, 1934, Mendes, 1954, Runnegar and Newell,

1971). More recently, David el al: (2011) assigned as Terraia cf. T. altíssima some bivalves

founde d in th e G ai-As Formatio n, Huab area, Iamibia, Runnegar and Iewell (197 1, p. 50)

sum marizcd a list o f generic characters for the genus Terraia. The specimens frorn Tiaraju

assemblage bear the majority of these characters (i.e, absence of lunule, triangular cardinal

tooth in righ t valve, an obscure lateral teeth and socket). Termia alüssima here described aIso

shows most o f the diagnostic features listed by Runnegar and Newell (1971), as presem in

the type species of the genus, including double umbonal carinae, the presence of

escutcheon and the absence of lunule. Yct, Termia cf. T. aliissima frorn the Gai -As

Fo rmation, i amibia, is very similar to the material here described in its exte rnal

morphology, comprising the t:wo well defined posterior umbonal carinae, the lamellose

co mmarginal ornament and low umbones.

Infraclass I-IETEROCONCHIA Hertwig, 1895

Megaorder SOLENATA Dali, 1889

Order HIATELLIDi\ Cárter, 2011

Superfamily EDMONDIOIDE1\ King, 1850

Family Pi\CHYDOJ\oflDAE Fischer, 1887

Subfamily PACI-IYDOi\lL'\Ji\E Fischer, 1887

T ribe PLESIOCYPIUN ELLINI Simões 8 aL, 1997

Holdbausielia Mendes, 1952
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Type species. Holdbausiella efollgala (Holdhaus , 1918).

Anexo 3

Discussion. Runnegar an d Newel (1971) eo nsidered as synonyms under the genus [acquesia

species previously dcseribcd as belonging to Holdbansielia Mendes, 1952 and Fava/ia

Mendes, 1962. After this, four speeies were rceognized as bclonging to the genus [acquesia:

[acquesia brasiliensis Reed, 1929, [acquesia arcuata (= Fauaãa artuata Men des, 1962), [acquesia

clOltgala [=Holdbausiella elongata (Holdhaus, 1918)] and [acquesia almeidai (= Holdhausiella

almeidai Mendes, 1952). Mello (1999) carried on a c1adistic analysis for so me bivalve species

(Megadesmidae, Veneroida) of the Permian Passa Dois G roup, including the individua l

taxa species reeognized by Runnegar and Newell (1971) under the genus [acquesia. 1\5 a

res ult of this analysis, the synonyms proposed by Runncgar an d Newell (197 1) was no r

supported, with the species rcmaining in different gcnus, as prcviously proposcd: [acquesia,

rcpresented by J. brasiliensis, Haldbausiella including the speeics H. cfo ltgala and H . aimeidai,

and Fava/ia, with thc speeies F. aratata. Mello (1999) a1so considered the possibility of I-1.

eloltgala an d H. almeidai be synonyms. Based on the faet that they are ind eed very d istin et of

the type m aterial of[acquesia, we follow the interpretation made by Mello (1999).

H oldhausiclla elOltgata (Holdhaus, 1918) (Fig. 5d,e)

Type species. Saltguillo/ilcs cfoltgales T-Ioldhaus, 1918.

Examined Material. Seven internal mo lds (DZP-43 07c, 4324, 4345, 4366, 4335a, b,

4347) .

Locality and unit. Tiaraju, Rio Grande do Sul, Passa Dois G ro up, Teresina Fo rmation,

P araná Basin.

Age. Permian, Guadalupian .
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Description: Shell small to medium-sized, equivalved, inequilateral, elongated to ver)'

elongated (Table 3) and posteriorly expanded, with shallow lateral sulcus and slightly

arched carinate umbonal ridge, Umbones low, beaks prosogyrates; posterior umbonal slope

slightly concave as seen in internal molds; anterior dorsal margin short and slightly concave;

anterior extrcrnity rounded; ventral margin nearly straight; posterior dorsal margin straight,

Ex tcrnal surfacc with faint commarginal irregularly spaced rugae. Hinge features and

musculature not obscrvcd.

Discussion. Hoidbausieãa elOlJgata (Holdhaus, 1918) was first proposcd by Mendes, 1952,

who considered the species SalJguilJo!ites elolJgates described by Holdhaus, 1918 as a junior

subjective synonym. This species is commonly recorded in sedimentar)' deposits of the

Serra Alta and Teresina/Corumbataí formations, Paraná Basin. The Tiaraju material here

described is very similar in shape and external features to [acquesia elolJgata described and

illustrated in Runnegar and Newel l (1971, Fig. 16 A-J), including the posteriorly expanded

shell, the carinate umbonal ridge, the anterio r portion of the shell extremiry rounded and

the exrernal surface with fain t commarginal irregularly spaced rugae.

Couperesia ementa (Recd, 1929) (Fig. 6g,h)

Type species. Psetrdocorbnla ementa Reed, 1929.

Examined Material. Four shells (MPU- 4309, 4356, 4405, 4503) and three internal

molds (MPU-4376, 4468; DZP-4323).

Locality and unit. Tiaraju, Rio Grande do Sul, Passa Dois Group, Teresina Formation,

Paraná Basin,

Age. Permian, Guadalupian .

143



David, J.M. 2014 Anexo 3

Description. Shell small, subtriangular, equivalved, equilateral, equant to moderately

elongated (Table 4). Two well defined and slightly curved posterior umb onal carinae are

presenr, one extending from the umb onal region to the postcro-ventral angle and the other

elose to the postero-dorsal margino Very weak projections are evident where co-marginal

growth lines cross the umb onal carinae. Anterior dorsal margin straight; anterior margin

rounded ; posterior margin straight. External omament of fine, commarginal growth lines,

superimposed by widely spaced, broad cc-marginal rugae, also apparcnt on internal rnolds.

Hinge features and rnusculature unknown.

Dicussion. The genus Couperesia was first proposed by Mendes, 1952 and ineludes three

spccies: Couperesia anceps (Reed, 1935), C01vperesia emerita (Reed, 1929) and Conperesia campos!

Me ndes, 1952. Runnegar and ewell (1971) suggested that this genus would be a junio r

subjective synonym of JyralJl/(s Dana, 1847. However, as discussed in David et aL (2011,

pgs. 506-7), this synonymy does not seem to be valid (see also Mello, 1999). The material

from Tiaraju region is very similar to the specimens described as Coivperesia ementa by David

et al. (2011) in the Gai -As Formation, Huab arca, Namibia, especially in the external

features o f the shell, ineluding the ornamentation, the double umbonal carinae and the shell

shape. It also elosely resembles the specimens of C. ementa founded in the Serrinha

Mernber, Rio do Rasto Formation, illustrated by Rohn (1994, p. 358, fig. 166-la, b; p. 360,

fig.168-7-9).
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4. DISCUSSION

4.1. PAlEOECOlOGY AND BIOSTRATIGRAPHY

Anexo 3

i\cco rd ing to our results, the Tiaraju bivalve fauna is dominated by carditids

(= veneroida in previous works) and pachydom ids (=megadesmids in previous works), the

sarne groups that are overcoming in the faunas of Paraná Basin. The diversity of Tiaraju

assem blage can bc co nsidered low, especially if comparcd with coeval faun as of the Late

Permian deposits o f Paran á Basin (sce Runnegar and N ewell 1971, Simões et al., 1998).

H owever, it is significantly more diversified than that described by Cunha (1972), and very

similar to Kle in's study (1997). Yet, it is noteworthy that the possiblc presence of

Naiadopsis, as described by Klein (1997), was not identi fied, as well as the possibility of a

new species of Pillzolletla.

T he placing of the Tiaraju assemblage in the biostratigraphic scherne of the Passa

D ois G roup bivalve biozones (see Rohn, 1994) (Fig. 6) is still in dispute, since our results

groups together bivalves species that are not commo nly found in the same assemblage.

Terraia falconeri was recorded by Cox (1934) and Beurlen (1953) in Teresina deposits of

Uuruguay and Brazil, related to the Pi1lzo1letla neotropica Biozon e. Holdhansiella elO1Jgala is

usually documented to deposits of the Pi1lzol/dla iilusa Biozone, which stratigraphic range

covers the superior portion of the Serra Alta Formation and the basal and middle portion

of th e T eresina/Corumbataí Formation. However, some few specimens were recorded to

th e biostratigraphic range of the Pi1lzo1letla neotropica Biozon e (Rohn, 1994; Simões et al. ,

1997) . On the other hand, COJvpcmia ementa and Tetraia alüssima are commonly reported to

assem blages presents in the Serrinha Mernber, Rio do Ras to Forma tion. ln this way, th e

occurrence of th is four species in a same deposit of the Passa Dois Group is unusual.

t\ ccord ing to Klein (1997) and Klein el al: (1999) there is no evidence of the

Serrinha Mernber deposits in Tiaraju region. These authors identified only facies correlated
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with the Morro Pelado Mernbcr of the Rio do Rasto Formation, and described an abrupt

co ntact between the Te resina Formation and Rio do Rasto Formation, charactcrized by ao

erosion (Fig. 3). ln this way, according to our results, the portion next to the top of the

Te resina Formation in Tiaraju region could be chranocorrelated to the lower portion of the

Serrinha Mern ber (Rio do Rasto Formation) frorn others arcas of the Paraná Basin, such as

San ta Ca tarina and Paraná states. 111is interpretation could possibly constitute ao

explana tion to the fact that the Tiaraju bivalve fauna comprises an unusual asscmblagc of

spcc ies re1ated to different biostratigraphic uni ts,

T his interpretation is in accordance with the presence of C. emerita and T. altissima,

wh ich also occur in the Perrnian sedimentary rocks of the Gai-As Formation, Namibia that

are corrclated to the lower portion of Serrinha Member (David et al., 2011). Radiom etric

dating of zirco n grains fram tuff beds found in thc upper part of thc C ai-As succcssion

provide U/Pb ages of 265± 2.5 Ma (Holzfoester, 2002; Wanke, 2000), ao intcrval equivalem

to the Wordian -Capitaniao boundary of the Guadalupian. ln others words, the Tiaraju

bivalve assemblage deposits could represent an age no younger than the Mid-Permian.

Also, it is no teworthy to highlight that the fact thar our results groups togcther

bivalves species that are not commonly found in the same assemblage does not invalidates

the current knowledge about the Passa Dois Group biozones. Rohn (1994) discussed abo ut

this relevant question and expounded important arguments that can contribute to elucidate

this topie. This author argued that the extinction aod the rise of the species cannot be faced

in a mathematical way, since the nature certainly not permitted the perfect isochro nism in

the population distribution in alI the regions of the Basin. Also, is import to consider the

inco mpleteness of the fossil record, due to palcontological or taphonomic factors and as

we lI as those related to the paleontological praspecting. For this reasons, in some cases, the

biostratigraphic boundaries do not coincide exactly with the extinction and the rise of its

rnost characte ristic species.
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4.2. PALEOBIOGEOGRAPHY

Anexo 3

Thc current knowledge about the palcobiogeographic distribution of the Passa

D ois Group bivalve speei es involves occurrences in Brazil (e.g., Reed, 1929; Mendes, 1954;

Mezzarila, 1957; Maranhão, 1986; Rohn, 1994), Uruguay (Cox, 1934; Morton and Herbst,

1990), Paraguay (Reed , 1935), Namibia (David el al., 2011) and South África (Cooper and

Kenslcy, 1984) . ln Brazil, the relarcd oeeurrenees are distributed in thc states of São Paulo,

Paraná, Santa Catarin a and Mato Grosso. 111e Tiaraju bivalve fauna represents the only

know Permian bivalves of the Passa Dois Group doeumented in the Rio Grande Sul State,

adding evid ence that during certain times in the geological history o f the Basin, the bivalves

spe cies were not geographically restrieted to eertain arcas within it (see a1so Simões et aL,

2010).

The facto rs that are involved with the distribution of the Passa D ois Group bivalve

sp ecies in the Paran á Basin during some intcrvals (P. ii/ma, P. neotropica and LeÍllifa J"illlilú

bio zone) was discussed by Simões et aL, 2010. Th ese authors argued that a possible

association eould exist betwcen the radiation and the maximum distribution of the fauna

within the basin with intervals of rise in the water levei ("transgressions"), and fauna

isolation during the intervals of low water levei ("regressions"). ln fact, in literature, the

fluctuations in the sea leveI in shallow-water habitats have been eommonly associated with

variations of diversity and spatial distribution through the Phanerozoic (e.g., Newell 1967;

Simberloff 1974; Flessa and Sepkoski 1978; Bayer and MeGhee 1985; Dockery 1986;

Jabl onski 1986; B ailam 1987, 1992; Brett and Baird 1995; Brcrt 1998).

ln the srratigraphie sueeession of the Passa Dois Group in Tiaraju regton the

fossiliferous concentrations of bivalves are found only in the supenor portion of the

T eresin a Formation. No tably, Klein et al. (1997) performed a study of sequcnee

stratigraphy and identified the superior portion of the Teresina Formation as the last

transgression of this geological unit in Tiaraju region. ln this way, the Tiaraju bivalve
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assemblage is associated with a transgressive interval, in which probably occurred the

dispersion of faunas that were evolving in other regions of the basin. ln others words, this

fauna can be co nsidercd an examplc of regional fauna within the great Paraná Basin lake

sea during the geological time of thc Passa Dois Group.

5. SUMMARY

T he Tiaraj u bivalve fauna represents the only know Perrnian bivalves of the Passa

Dois Group documented in the Rio Grande Sul State, adding new and important evidence

to the recons truction of the paleobiogeograp hy of this particular fauna. The species Terraia

faiconen., Terraia altissima, Hoidhausiella elOlIgata and Cowperesia emetita were identified in the

deposits o f this assernblage . The placing of the Tiaraju assemblage in the biostratigraphic

scheme of the Passa Dois Group bivalve biozones is still in dispute, since this particular

fauna groups together speeies that are not commonly found in the sarne assemblage . These

bivalve occurrences a1so are significant for correlation and age determination. The presence

of C. ementa and T. altíssima suggests a biocorrelation with the Perrnian sedimentary rocks

of the Gai-As Fo rrnation, Namibia, indicating that the Tiaraju bivalve assemblage deposits

could represent an age no younger than 265±2.5 Ma (Word ian-Captianian).
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Figure 1- Location maps showing the Passa Dois Group sediments in the Rio Grande do

Sul Statc, and the Tiaraju region , São Gabriel Municipality (modified from Klein, 1997).

Figure 2- Geological map of Tiaraju area, highlighting the location of fossiliferous site

(modified from Klein, 1997).

Figure 3- Composite stratigraphic section of the Passa Dois Group, rneasured in the

Tiaraju area, showing the stratigraphic position of the bivalve assemblage studied (modified

from Klein, 1997).

Figure 4- A-O, Tc/raialalcol/cd (Cox, 1934), Tiaraju, Rio Grande do Sul, Passa Dois Group,

T eresina Formation, Paraná Basin, Brazil. A, External view of left valve, MPU 4405; B ,

External view of left valve, MPU 4512; C, External view of right valve, MPU 4433; D ,

External view of left valve, MPU 4467; E, Externa! view of left valve, Ml'U 4507; F ,

Internal mold of right valve, Mf'U 4317; G, Internal mold of right valve, tvfP U 4436; H ,

External view of righ t valve, Ml'U 4382; I, In ternal mo ld of left valve, l·vfPU 4518; j ,

External view of left valve, Ml'U 4522; K, Internal mo ld of left valve, Mf'U 4403; L,

Plaster cast of articulated valves, the arrow indicates the lunule, DZP-4337; M , Plaster cast

showing the hinge features of left valve, DZP-4362b; N , Plaster cast showing the hinge

features of left valve, D ZP-4362d; O, Internal view of left valve showing the hinge

features , MPU 4319. Ali scale bars= lmm.

Figure 5- A-B, Terraia aüissima (Holdhaus, 1918), Tiaraju, Rio Grande do Sul, Passa D ois

Group, Teresina Forrnation, Paraná Basin, Brazil. A, Plaster cast o f righ t valvc, the arrow
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indicares the triangular card inal tooth, D ZP-4330; B, Plaster cast of left valve. DZP-4327.

C, Terraia sp. cf. Terraia altissima (Ho ldhaus, 1918), C ai-As Formation, Huab arc a, Permian,

Namibia. External view of silicified left valve, D ZP-18711. D-E, Holdbausieila elOllgata

(Hold haus, 1918), T iaraju, Rio G rande do Sul, Passa Dois Group, Teresina Formation,

Paran á Basin, Brazil. D , Latex cast of right valve, DZP-4335a; E, Plaster cast of right valve,

D ZP-4335b. F, Honidbasielia eloTlgata, Teresina Formatio n, Paraná Basin, Brazil, figured by

Runnegar & N ewell (1971). E xternal view of silicified left valve, DGP 7-966. G-H,

Cowperesia ementa (Reed,1929), Tiaraju, Rio Grande do Sul, Passa Dois Group, Teresina

Fo rmation, Paraná Basin, Brazil. G, E xterna l view o f right valveç Ml'U 4405; H, Plaster

cast o f right valve, D ZP-4323. I , Conperesia ementa (Reed, 1929), Gai-As Formation , Huab

area, Permian, N amibia. lncomplete intemal mold of left valve with silicified shell rem ains,

D ZP-18700. AlI scale bars= 1mm.

Figure 6- Schematic chart of the Passa D ois G roup, Permian, showing the bivalve

biozones on th e eastem margin of the Paraná Basin (based on Rohn, 1994, 2007).

TABLE CAPTIONS

Table 1. Measurernents of Terraiafalconeti.

Table 2. Measurernents o f Terraia alussima.

Table 3. Measurernents of Holdhausiella eIoTlga/a.

Table 4. Measurernents o f COJlpell:sia ementa.
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Table 2

Specimen

DZP-4327

DZP-4330

Valve Length (mm) Height (mm) Elongation Index

Left 19.0 12.3 1.54

Right 25.4 18.5 1.37
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Table 3

Specimen Valve Length (mm) Height (mm) Elongation Index

DZP-4307c Left 19.8 11.2 1.76

DZP-4324 Left 10.0 7.20 1.38

D ZP-4335a Right 19.7 9.7 2.03

DZP-4335b Right 19.4 9.5 2.04

DZP-4345 Left 18.7 10.0 1.87

DZP-4347 Right 6.1

T able 4

Specimen Valve Length (mm) Height (mm) Elongation Index

DZP-4307b Right 5.7

DZP-4321 Right 4.8 3.8 1.26

DZP-4322a Right 7.2 6.5 1.10

DZP-4323 Right 5.4 4.4 1.22

D ZP-4336 Right 7.0

DZP-4357a Right 6.6 5.1 1.29
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