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RESUMO

A Bacia de Neuquén € conhecida por apresentar um rico e bem preservado conteido
fossilifero exposto em secdes completas e com registros sedimentolégicos excelentes,
constituindo um local ideal para o estudo do evento de extin¢do do limite K-Pg. Apesar do
grande nimero de trabalhos ja publicados, recentemente novas secdes foram descobertas,
entre as quais, a secdo de Cerro Azul que possui uma fauna de ostracodes abundante, bem
preservada e registra a passagem do limite K—Pg. No presente estudo, foram analisadas 27
amostras pertencentes as formacdes Jagiiel e Roca (Maastrichtiano—Daniano) da se¢do de
Cerro Azul, Bacia de Neuquén. O estudo faunistico permitiu o reconhecimento de 113
espécies, pertencentes a 51 géneros e 11 familias. Destes, 10 géneros e 41 espécies novas sao
descritas, além da nova subfamilia Nodoconchiinae. As espécies novas sdo: Cytherella
saraballentae, Cytherella semicatillus, Paracypris bertelsae, Paracypris imaguncula,
Argilloecia abnormalis, Argilloecia concludus, Argilloecia hydrodynamicus, Bythoceratina
cheleutos, Phelocyprideis acardomesido (novo género e espécie), Eucythere dinetos, Krithe
crepidus, Cytheropteron hyperdictyon, Cytheropteron bidentinos, Cytheropteron
translimitares, Aversovalva glochinos, Eucytherura stibaros, Hemingwayella verrucosus,
Heinia prostratopleuricos, Loxoconcha (s.l.) posterocosta, Keijia circulodictyon, Keijia
kratistos, Paramunseyella epaphroditus, Munseyella costaevermiculatus, Ameghinocythere
archaios, Aleisocythereis polikothonus, Castillocythereis multicastrum (novo género e
espécie), Castillocythereis albertoriccardii, Cythereis stratios, Cythereis clibanarius,
Cythereis trajectiones, Henryhowella (Wichmannella) praealtus, Hysterocythereis paredros
(novo género e espécie), Hysterocythereis coinotes, Hysterocythereis diversotuberculatus,
Orthrocosta decores (novo género e espécie), Orthrocosta atopos, Orthrocosta phantasia,
Sthenarocythereis erymnos (novo género e espécie), Nodoconcha polytorosa, Nodoconcha
sanniosis, Nodoconcha upsilon e Ectonodoconcha lepidotus (novo género e espécie). Os
demais géneros novos Aleisocythereis, Apatoleberis, Mimicocythereis e Petalocythereis foram
propostos para acomodar algumas espécies previamente descritas para a Bacia de Neuquén.
Alguns aspectos evolutivos da fauna identificada, principalmente das subfamilias
Trachyleberidinae e Nodoconchiinae sdo discutidos. A interpretacdo paleoecoldgica para a
secdo de Cerro Azul, baseada na associacdo faunistica, permite inferir um ambiente marinho

de plataforma média a interna, sendo a familia Trachyleberididae a mais abundante tanto no
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Maastrichtiano quanto no Daniano. A passagem do limite K—Pg é marcada por uma
considerdvel mudanca faunistica, caracterizada pelo surgimento de uma nova fauna mais rica
e abundante no Daniano, além da presenca de 21 espécies sobreviventes. Além disso, €
observada a presenca de predacdo nas carapacas, possivelmente causada por Naticideos,

especialmente no Daniano.

Palavras-chave: Bacia de Neuquén. Ostracode. Creticeo—Paledgeno. Formacgdo Jagiiel.

Formacao Roca. Argentina.
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ABSTRACT

The Neuquén basin is known by its rich and well preserved fossil content exposed in a
complete and excellent sedimentological records, constituting an ideal location for study of
the K-Pg boundary. Despite of the large number of published works in the area, recently new
sections have been discovered. Among these, the Cerro Azul section is of great importance
due to its abundant and well preserved ostracod fauna which spans the K—Pg boundary. In the
present study, a total of 27 samples from the Jagiiel and Roca formations (Maastrichtian-
Danian) of the Nequén basin were analysed. The faunal study allowed the recognition of 113
species, belonging to 51 genera and 11 families. From these, 10 new genera, 41 new species
and a new subfamily Nodoconchiinae, were described. The new species are: Cytherella
saraballentae, Cytherella semicatillus, Paracypris bertelsae, Paracypris imaguncula,
Argilloecia abnormalis, Argilloecia concludus, Argilloecia hydrodynamicus, Bythoceratina
cheleutos, Phelocyprideis acardomesido (new genus and species), Eucythere dinetos, Krithe
crepidus, Cytheropteron hyperdictyon, Cytheropteron bidentinos, Cytheropteron
translimitares, Aversovalva glochinos, Eucytherura stibaros, Hemingwayella verrucosus,
Heinia prostratopleuricos, Loxoconcha (s.l.) posterocosta, Keijia circulodictyon, Keijia
kratistos, Paramunseyella epaphroditus, Munseyella costaevermiculatus, Ameghinocythere
archaios, Aleisocythereis polikothonus, Castillocythereis multicastrum (new genus and
species), Castillocythereis albertoriccardii, Cythereis stratios, Cythereis clibanarius,
Cythereis trajectiones, Henryhowella (Wichmannella) praealtus, Hysterocythereis paredros
(new genus and species), Hysterocythereis coinotes, Hysterocythereis diversotuberculatus,
Orthrocosta decores (new genus and species), Orthrocosta atopos, Orthrocosta phantasia,
Sthenarocythereis erymnos (new genus and species), Nodoconcha polytorosa, Nodoconcha
sanniosis, Nodoconcha upsilon and Ectonodoconcha lepidotus (new genus and species). The
new genera Aleisocythereis, Apatoleberis, Apobradleya and Petalocythereis were proposed to
accomodate species previously described for Neuquén Basin. Some evolutionary aspects of
the identified fauna, mainly regarding the Trachyleberidinae and Nodoconchiinae subfamilies,
are discussed. The paleoecological interpretation based on the faunal association present in
the Cerro Azul section allows the inference of a marine, inner to mid-shelf environment, with
a dominance of the family Trachyleberididae in both Maastrichtian and Danian rocks. The K-

Pg boundary is marked by a considerable faunal change, characterized by the appearance of a
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richer and more abundant Danian fauna alongside 21 species which survived the extinction
event. The presence of predation on the carapaces is documented, possibly caused by naticid

snails.

Key words: Neuquén Basin. Ostracod. Cretaceous—Paleogene. Jagiiel Formation. Roca

Formation. Argentina.
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1. INTRODUCAO

O limite Creticeo—Paleégeno representa um dos maiores eventos de extin¢do
ocorridos na histéria da Terra e um dos acontecimentos do passado geolégico com maior
volume de estudos. As causas deste evento sdo ainda muito discutidas e ndao hd consenso se
foi um evento Unico ou varios, mas as hipdteses mais aceitas se referem a possivel queda de
um meteorito (e.g., Alvarez et al. 1980a, Ward et al. 1995), a intensa atividade vulcanica
ocorrida na India (e.g., Keller 2003, 2005, 2008) ou a mudancas climdticas com flutua¢des no
nivel do mar (e.g., Officer & Drake 1983, Alegret et al. 2003, Hay 2008).

A Bacia de Neuquén, desde o inicio do século XX tem sido objeto de numerosos
estudos, tanto estratigraficos quanto paleontoldgicos (e.g., Uliana & Dellapé 1981, Nafiez &
Concheyro 1996, Gasparini et al. 2007). Entre as décadas de 1960 e 1990, a exploracdo de
hidrocarbonetos levou a significativos avancos no entendimento da bacia (Howell et al. 2007)
e, a partir disso, um refinamento bioestratigrafico passou a ser realizado em vérias secoes
destacando-se as que registram o limite K—Pg, devido a completude e continuidade das sec¢des
aflorantes e a excelente preservacdo e abundancia de varios grupos fésseis (Bertels 1975a,
1980, Concheyro et al. 2002).

Estudos pioneiros com ostracodes para esta bacia foram realizados por Bertels (1964,
1973, 1974, 1975a) com enfoque micropaleontolégico e paleoecoldgico, revelando uma
excelente fauna em termos de preservacdo e riqueza. Os trabalhos com nanofdsseis,
foraminiferos e outros grupos fosseis também se destacam pelas importantes contribui¢des
bioestratigraficas, paleoecoldgicas e paleoambientais e, por isto, esta bacia constitui-se em
uma regido ideal para novas pesquisas sobre as causas e efeitos da extingdo no final do
Cretaceo (Nafez & Concheyro 1996, Concheyro et al. 2002, Casadio et al. 2004, Howell et
al. 2007).

A secdo de Cerro Azul representa um novo registro estratigrafico do limite K-Pg na
Bacia de Nequén. Os estudos desenvolvidos sdo pioneiros para esta secdo, localizada na
por¢dao centro-oeste da bacia, sendo que anteriormente somente Musso et al. (2012)
realizaram um trabalho sobre a mineralogia das argilas e os nanofdsseis calcérios,
caracterizando as condi¢des climdticas vigentes.

O estudo taxondmico e paleoecolégico dos ostracodes desta se¢do fornecem dados
novos que podem contribuir para a melhor compreensao da evolucdo da bacia, permitindo a

realizacdo de interpretagdes sobre o comportamento da fauna de ostracodes durante este

13
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evento de extingdo, além de ampliar o conhecimento sobre a distribui¢do das espécies na

Bacia de Neuquén.

1.1 Objetivos

Os objetivos deste estudo estdo relacionados a propdsitos taxondmicos e, a partir
destes, inferir sobre aspectos paleoecoldgicos relacionados ao evento de extin¢do do limite K—
Pg na Bacia de Neuquén, especificamente na se¢do de Cerro Azul.

Os objetivos especificos deste trabalho incluem:

* refinar a taxonomia dos ostracodes para o intervalo Maastrichtiano—Daniano,
na secdo de Cerro Azul, descrevendo os novos taxons, a fim de proporcionar
um melhor conhecimento sobre a fauna existente na Bacia de Neuquén;

* analisar a distribuicdo estratigrafica dos ostracodes durante este intervalo
objetivando o reconhecimento do comportamento faunistico frente ao evento
de extin¢ao K-Pg;

* realizar inferéncias paleoecoldgicas para esta nova se¢ao, com base na fauna

de ostracodes identificada.

1.2 Organizacio da Tese

A presente tese de doutorado estd composta pelos seguintes temas: introdugao,
contextualiza¢do geoldgica do local de estudo, revisdo dos principais temas que norteiam este
trabalho, resultados, discussoes e conclusoes.

No item contextualizacdo geoldgica estdao descritos, de forma geral, os principais
aspectos sobre a drea de estudo bem como sobre a metodologia utilizada na preparacao das
amostras, além da revisdo dos estudos anteriores desenvolvidos na Bacia de Neuquén. No
item eventos de extingdo sdo abordados os principais aspectos relacionados ao evento do
limite K-Pg. As consideracdes paleoecoldgicas realizadas para a secdo, baseada na fauna de
ostracodes identificada, estdo apresentadas no capitulo final. Este tltimo t6pico serd tema de
uma futura publicacdo.

O resultado taxondmico obtido neste trabalho estd compilado na forma de dois

artigos cientificos que foram submetidos aos periddicos Palaeontology e Journal of
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Micropaleontology e, portanto, ja se encontram finalizados e de acordo com as normas das
respectivas revistas. A seguir, apresenta-se o titulo de cada artigo e uma breve descricdo sobre
os aspectos abordados:
1) New genera and species of Ostracoda from the Maastrichtian and Danian of
the Neuquén Basin, Argentina. Este artigo apresenta o estudo taxonomico do
perfil Cerro Azul, com a identificacdo de 113 espécies pertencentes a 54
géneros, dos quais, nove sdo novos, 38 novas espécies e 28 espécies foram
deixadas em nomenclatura aberta. O artigo também apresenta uma breve
abordagem sobre os aspectos da origem e evolugdo da fauna, principalmente da
subfamilia Trachyleberidinae.
2) The Nodoconchiinae, a new Subfamily of Cytheridae (Crustacea, Ostracoda).
Este artigo apresenta a determinacdo de uma nova Subfamilia de ostracodes
para acomodar trés géneros: Austrocythere Hartmann, Nodoconha Hartmann e
Ectonodoconcha gen. nov., sendo este ultimo um género novo com sua
respectiva espécie nova. No artigo foram identificadas sete espécies do género
Nodoconcha Hartmann, sendo que destas, trés sdo novas e estdo devidamente
descritas. Ao final é apresentada uma discussdo sobre a possivel evolugdo

filogenética destas espécies.
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2. CONTEXTUALIZACAO GEOLOGICA

2.1 A Bacia de Neuquén

A Bacia de Neuquén ¢ limitada na margem nordeste e sul pelo macico de Serra
Pintada e o macico do Norte Patagdnico respectivamente. A sucessdo inclui rochas compostas
por sedimentos silicicldsticos, carbondticos e evaporiticos que se depositaram em diferentes
regimes tectonicos. Além disso, possui um espesso pacote de sedimentacdo marinha
depositado entre o Jurassico e o Cretaceo (Howell et al. 2007, Musso et al. 2012).

A bacia estd localizada na regido centro-oeste da Argentina entre 32° e 40°S de
latitude, abrangendo parte das provincias de Mendoza, Neuquén, Rio Negro e La Pampa
(Fig.1). Na latitude 35°S, a bacia se expande e forma o embaiamento Neuquino, que
compreende 600 km de extensdo em sentido norte-sul e 300-400 km em sentido leste-oeste.
Em sua totalidade, registra um pacote de 7.000 m de espessura de rochas sedimentares
marinhas e continentais que abrange desde o Jurdssico Superior até o Paleoceno (Howell et al.
2007, Aguirre-Urreta et al. 2008).

O desenvolvimento sedimentar da Bacia de Neuquén pode ser dividido em trés
grandes ciclos, denominados Jurdssico (Tridssico Superior—Jurdssico Superior: fase synrift),
Andico (Jurdssico Superior—Cretdceo Inferior: postriff) e Riograndico (Cretdceo Superior—
Paledgeno: foreland). Este dltimo foi dividido em dois subciclos, o inferior, integrado pelo
Grupo Neuquén (Cenomaniano—Campaniano) de caréter continental e o superior denominado
Malalhueyano, entre o Maastrichtiano e o Paleoceno de cardter marinho (Groeber 1946).

Nesta udltima fase, o sistema deposicional da bacia foi fortemente controlado pelo
regime compressivo como consequéncia do movimento extensional do Atlantico Sul e da
reorganizacao da placa do Pacifico. Isto resultou no desenvolvimento de um regime tectonico
compressional que causou a inversdo de estruturas extensionais prévias. Neste momento
houve a primeira transgressdo marinha do Oceano Atlantico, mais precisamente no intervalo
Maastrichtiano, que foi influenciada também pelo alto nivel do mar nesta época, originando
um mar relativamente raso que cobriu grande parte da Patagonia extra-andina e que persistiu
até o Daniano (Camacho 1992, Parras et al. 1998, Malumidn 1999, Pramparo & Papu 2006,
Howell et al. 2007, Nafiez & Malumidn 2008, Aguirre-Urreta et al. 2010). Esta transgressao
estd relacionada ao afundamento da margem passiva patagonica ocasionado pelo resfriamento

litosférico e sobrecarga de sedimentos, associado a subsidéncia da bacia devido ao evento de

16



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS

Ceolin, D. 2015

soerguimento dos Andes durante a fase Laramica (Uliana & Bidde 1988, Gasparini et al.

2001) (Fig. 2).
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Figura 1: Mapa da Bacia de Neuquén com a localizac¢@o da secdo estudada. (Modificado de Del Rio er al. 2011).
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O subciclo Malalhueyano esta representado pelas litologias do Grupo Malargiie que é
composto, na regido oriental, pelas Formacgdes Allen, Jagiiel, Roca e El Carrizo. As formagdes
Allen e El Carrizo sdo constituidas por sedimentos de origem continental, enquanto que
Jagiiel e Roca por sedimentos marinhos (Casadio ef al. 1998, Gasparini et al. 2007, Ferndndez
et al. 2008). Estas duas dltimas formagdes sdao objeto deste estudo e foram depositadas no

intervalo Maastrichtiano e Daniano.

2.1.1. FORMACAO JAGUEL (WINDHAUSEN 1914).

A Fm. Jagiiel contém rochas correspondentes aos intervalos Maastrichtiano e
Daniano, caracterizados por importantes mudancas climaticas e paleoambientais evidenciadas
na fauna presente no Grupo Malargiie (Casadio et al. 2005). Esta formacdo apresenta
distribuicdo nos setores mais internos da bacia e aflora com boas exposi¢des no setor
pampeano e rionegrense. Devido a sua litologia fina e homogénea, os afloramentos
apresentam pouca varia¢ao morfoldgica (Rodrigues 2011).

Grande parte dos autores que estudaram esta formagdo salientam que o pacote
sedimentar é constituido por uma sequéncia monétona de siltitos e argilitos pouco
estratificados de tonalidades cinza-amarelados e castanho-esverdeados, intercalados por finas
camadas de gesso diagenético, que representam um ambiente marinho de plataforma interna a
externa com condicdes de baixa energia e boa circulagdo (e.g., Concheyro 1995, Papu et al.
1999, Parma & Casadio 2005). Esta formacdo € limitada na base pela camada de gipsita da
Fm. Allen e, ao topo, pela primeira camada de calcdrio organogénico da Fm. Roca (Uliana &

Dellapé 1981, Papu et al. 1999, Scasso et al. 2005) (Fig. 3).

2.1.2. FORMACAO ROCA (IHERING 1903).

Varios autores estudaram a Fm. Roca, de idade daniana, desde o inicio do século
passado, abordando principalmente a andlise de facies e o contetido fossilifero (e.g., Uliana &
Dellapé 1981, Bertels 1964, 1969a, 1970, 1975a, 1980, Concheyro 1995). Os depdsitos desta
formagdo se encontram distribuidos em uma extensa drea da Patagdnia setentrional (Bertels
1980) (Fig. 3) e sdo considerados ambientes de deposi¢do mais rasos € com uma litologia que
apresenta variagdes mais expressivas se comparada com a Fm. Jagiiel (Nafiez & Concheyro

1996).
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O pacote sedimentar varia desde carbonatos até intercalacdes de arenito e lamito
calcérios, mudstones e limestones de coloracdo cinza-esverdeado, associados a abundantes
fragmentos esqueletais, dependendo da regido onde a formacgdo esta exposta (Del Rio et al.
2011). Casadio et al. (2005) e Parras et al. (1998) definem esta unidade como sendo
constituida por bioclasticos packstones, grainstone e margas depositados em ambientes com
influéncia de marés. A Fm. Roca apresenta relacdo de concordancia com a Fm. Jagiiel e
ambas unidades sdo consideradas como pertencentes a um mesmo ciclo sedimentar (Uliana &
Dellapé 1981). Um histérico mais detalhado sobre estas duas formacdes pode ser encontrado

em Rodrigues (2011).

2.2 Material e Métodos

Para a realizac@o do presente estudo foram utilizadas 27 amostras de rochas coletadas
em 70 m da secdo de Cerro Azul, provincia de Rio Negro onde afloram as formacdes Jagiiel e
Roca de idade maastrichtiana-daniana. Musso et al. (2012) descreveram a litologia desta
secdo, caracterizando a Formagdo Jagiiel como sendo homogénea e constituida por argilito
calcario amarelo acinzentado. A Formacdo Roca apresenta uma alternancia de rochas
carbondticas e argilitos calcarios cinza esverdeados e a base € definida pelo primeiro
aparecimento de calcario organogénico (Uliana & Dellapé 1981). As amostras utilizadas neste
estudo possuiam em média 20 g e eram compostas basicamente por argilitos e carbonatos
(Fig. 4).

Estas amostras foram gentilmente cedidas pela professora Dr®. Andrea Concheyro da
Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires — UBA e foram
coletadas em atividade de campo, no ano de 2008, pelas Dr* Telma Musso da Universidad

Nacional del Comahue, Neuquén e Dr* Andrea Concheyro.
2.2.1 PREPARACAO DAS AMOSTRAS
A preparacdo das amostras foi efetuada no Instituto Tecnologico de
Micropaleontologia, itt Fossil da UNISINOS. Aproximadamente 20 g de cada amostra foram

preparadas de acordo com a metodologia de Sohn et al. (1965) detalhada em Slipper (1997),

adaptado para microfdsseis calcédrios. O procedimento seguiu as seguintes etapas:
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* aproximadamente 20 g de rocha (fragmentadas quando necessario) foram
pesadas em balanca semi-analitica e transferidas para béqueres de forma alta
(600 mL de capacidade);

* nasequéncia, adicionou-se cerca de 200 mL de perdxido de hidrogénio (H202)
P.A, por um periodo de 24 h com a finalidade de eliminar a matéria orgénica.
Quanto maior o teor de matéria organica na rocha, maior serd a reacdo do
oxigénio liberado pelos produtos organicos, gerando um aumento de calor.
Para controlar esta reacdo exotérmica, utiliza-se o etanol que reduz a tensao
superficial das bolhas;

* apos este periodo, as amostras foram lavadas em uma peneira de malha 45 pm
e a fracdo restante foi devolvida ao béquer;

* na sequéncia, foi adicionado 200 mL de H>O2 P.A. e aquecido em banho de
areia a 60 °C por 2 h, com a finalidade de eliminar qualquer resquicio de
matéria organica que ndo tenha sido eliminada na etapa anterior;

e posterior a este periodo, as amostras foram lavadas em &4gua corrente
utilizando peneiras superpostas de malhas 250, 180 e 63 um para a separagao
das fragdes granulométricas;

* o material recuperado nas peneiras foi transferido para cépsulas de porcelana
devidamente identificadas e levadas para secagem em estufa a 60 °C;

* depois de seco, o material foi transferido para pequenos recipientes de acrilico
etiquetados;

* posteriormente, o material foi triado sob microscépio estereoscopico V8 ZEIS

e os espécimes separados por morfotipos.

2.2.2 PROCEDIMENTOS PARA 0 ESTUDO
TAXONOMICO

Os melhores exemplares de cada morfotipo foram metalizados e imageados em
microscopio eletronico de varredura (MEV-EVO MAL1S5, ZEIS) no itt Fossil, para a
identifica¢do taxondmica, que seguiu a classificacdo supragenérica de Moore & Pitrat (1961)
com algumas modificacoes.

As discussdes taxondmicas foram realizadas sob a supervisdo do professor Dr. Robin
Whatley da Aberystwyth University, no Pais de Gales, UK durante o desenvolvimento do
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doutorado sanduiche (5 meses) do programa PDSE da CAPES. Na oportunidade foram

desenvolvidos os dois artigos cientificos apresentados nesta tese.
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2.3 Estudos micropaleontologicos prévios sobre o Maastrichtiano—Daniano na

Bacia de Neuquén.

2.3.1 OSTRACODES

A fim de resolver problemas estratigraficos existentes para o limite K-Pg na Bacia de
Neuquén, Bertels (1968b,1969a) desenvolveu um estudo na Patagdnia setentrional, analisando
a fauna de ostracodes presente em vdrias se¢des, inclusive em Barranca de Jagiiel,
considerada a melhor exposi¢cao do limite K-Pg na bacia e a secdo tipo para a Fm Jagiiel. Em
Cerro Huantrai-co e em outras se¢des proximas de Fortin General Roca, estudos taxondmicos
com ostracodes foram desenvolvidos (Bertels 1968b, 1969a, 1973, 1974) possibilitando a
identifica¢do de aproximadamente 61 espécies para o Maastrichtiano e 53 para o Daniano.

Na passagem do limite K-Pg, Bertels (1973, 1975¢c) observou uma mudanga faunistica
abrupta com a completa substituicdo da fauna de ostracodes. Além disso, a autora sugeriu a
existéncia de um possivel hiato no Maastrichtiano superior e que, em algumas localidades,
aparecem superficies de paraconformidades que aparentemente ndo estdo evidenciadas na
litologia (Bertels 1973).

Bertels (1975c¢) estabeleceu alguns fatores ecoldgicos que influenciaram a distribuicao
dos ostracodes marinhos durante o Cretdceo-Superior e o Cenozdico. Aspectos como
salinidade e temperatura foram avaliados, sugerindo um ambiente com temperaturas quentes e
salinidade normal para o intervalo Creticeo—Paledgeno na bacia. Além disso, foi evidenciado
um ciclo transgressivo-regressivo na Formacgdo Roca.

Além dos estudos com ostracodes marinhos, destaca-se a importancia dos estudos com
ostracodes nao-marinhos na Bacia de Neuquén, especialente para o Cretdceo. Dados mais
completos sobre este trabalhos podem ser encontrados em Carignano (2011) e Ballent et al.

(2011).

2.3.2 FORAMINIFEROS

Bertels (1970, 1980) realizou estudos com foraminiferos planctonicos e bentdnicos da

localidade tipo da Fm. Roca, em General Roca, e da localidade tipo da Fm. Jagiiel, em

Barranca de Jagiiel, respectivamente. Um zoneamento bioestratigrafico para foraminiferos foi
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utilizado para determinar a idade das rochas das formacdes Jagiiel e Roca. Foi observado um
hiato paleontolégico entre as duas formacdes, possivelmente equivalente a uma biozona.

Com relacdo a passagem do limite K-Pg, Bertels (1970, 1975c) observou uma
mudanca faunistica abrupta para os foraminiferos planctonicos, inclusive com a redu¢do no
tamanho das testas; e um padrdo de extin¢do gradual para a fauna bentdnica. Keller et al.
(2007) também estudando os foraminiferos planctonicos de Barranca de Jagiiel para o limite,
evidenciaram condicdes de alto estresse marinho, provavelmente desencadeado pelo influxo
de nutrientes, dos movimentos tectonicos na bacia e também pela presenca de espécies
oportunistas do género Guembelitria e Heterohelix. Além disso, observaram a presenca de
uma superficie erosional no limite K-Pg.

Uma proposta de reconstituicao paleoambiental foi sugerida por Bertels (1970, 1980,
1975c¢) para os estratos do Maastrichtiano e do Daniano. A associagdo Maastrichtiana revelou
ambiente marinho de &4guas profundas (150-300 m), evidenciada pela abundancia de
foraminiferos planctonicos, que foi progressivamente raseando a medida em que chegavam
nos estratos superiores da Fm. Roca (Daniano), caracterizando um ambiente de plataforma
interna com profundidades variando entre 80 e 100 m. Esta tendéncia também foi evidenciada
por Concheyro et al. (2002) em Trapalcé. Além destes, o trabalho de Naiiez & Concheyro
(1996) contribuiu para a identificagdo do limite K-Pg em vdrias secdes na bacia com

foraminiferos e nanofdsseis calcarios.

2.3.3 NANOFOSSEIS CALCARIOS

A réapida evolucdo dos nanofdsseis permitiu estabelecer uma detalhada zonagdo
mundial e apontar dados sobre as consequéncias do evento de extingdo para este grupo. O
estudo de oito perfis litolégicos na Bacia de Neuquén realizado por Nafiez & Concheyro
(1996), permitiu o refinamento bioestratigrafico das formacdes Jagiiel e Roca para esta regido.
A Fm. Jagiiel compreende as zonas CC26, Maastrichtiano e a zona NP1, confirmando o
Daniano inferior na mesma formacao. Esta confirmagdo ajudou a esclarecer algumas das
confusdes que existiam sobre a idade das mencionadas formagdes, pois acreditava-se que a
Fm. Jagiiel era somente maastrichtiana (e.g., Bertels 1974, 1975c). A zona NP4 foi
determinada para o Daniano superior na Fm. Roca.

Além desses, outros estudos foram realizados para identificar o limite K-Pg (e.g.,

Concheyro & Naifiez 1994, Concheyro 1995, Concheyro & Villa 1996, Concheyro 2004)
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registrando uma considerdvel mudanga na fauna de nanofdsseis calcarios. Keller et al. (2007)
relacionaram a extingdo das espécies de nanofdssies, em Barranca de Jagiiel, ao estresse
ambiental evidenciado pelo dominio da espécie Micula decussata, que € resistente a
condi¢cdes de alteragdes ecoldgicas no ambiente. A auséncia da zona NPla representa a
presenca de uma base erosiva na secao de Barranca de Jagiiel, no limite K—Pg.

A flora de nanofdsseis calcdrios também ajudou na identificacio de um
retrabalhamento de idade hauteriviana em rochas do Daniano que pode estar relacionado ao
tectonismo no lado oeste da bacia (Concheyro & Villa 1996).

Nas localidades de El Matuasto e Cerro Azul, préximos a regidao de Cipolleti, os
estudos micropaleontolégicos sdo relativamente recentes e unicos. Concheyro et al. (2002) e
Musso et al. (2012) posicionaram o limite K—Pg dentro do pacote sedimentar da Fm. Jagiiel, e
reconheceram uma mudanga na fauna de nanofdsseis e foraminiferos planctonicos. Além
disso, a andlise mineralégica dos sedimentos também contribuiu para inferéncias

paleoecoldgicas, especialmente para a se¢ao de Cerro Azul.

2.3.4 OUTROS GRUPOS FOSSEIS

A partir destes estudos, iniciou-se uma investigacdo sobre o comportamento de outros
grupos fosseis na passagem do limite K-Pg. Em Barranca de Jagiiel foi realizado uma anélise
bioestratigrafica com cistos de dinoflagelados (Palamarkzuk 2006) que registrou uma
mudanca faunistica e o aumento da riqueza durante o Daniano. Em Cerro Butal6 foi
identificado o Maastrichtiano superior para Fm. Jagiiel, baseado neste mesmo grupo fossil, e
sugerido um ambiente mais profundo para o Maastrichtiano e mais raso para o Daniano
(Pramparo & Papud 2006). Barreda et al. (2004) observaram uma reduc¢io nos palinomorfos
terrestres proximo a camada do limite K-Pg e um dramdtico aumento na abundancia das
gimnospermas e de esporos apds o evento, suportando a ideia de um declinio global na
vegetacdo que antecede a extingdo. Outros estudos com palinologia sugerem essa mesma
tendéncia (Palamarczuk 2002, Papu et al. 1999).

Estudos com equindides (Del Rio et al. 2007), amondides (Casadio & Leanza 1991),
ostras (Casadio 1998) e recifes microbiais (Kiessling et al. 2006) foram realizados com o
objetivo de melhorar a resolucdo estratigrafica do limite K—Pg, e fornecer interpretacdes

paleoecoldgicas. De uma maneira geral, as mudangas observadas na fauna marinha durante
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este evento sdo consideradas reflexo das alteracdes ambientais, como a mudanca de

temperatura e a queda no nivel do mar no Daniano.

3 EVENTOS DE EXTINCAO

Eventos de extin¢do sdo o resultado de uma perturbacio global do ambiente fisico que
geram uma reducio da biodiversidade e da abundancia dos seres vivos. Basicamente existem
dois modelos de extingio em massa: extincdo em massa gradual e extincdo em massa
catastréfica ou subita. A duragdo de uma extingdo em massa gradual pode chegar a superar
milhdes de anos enquanto que uma extingdo em massa subita pode acontecer em menor
intervalo de tempo (Molina 2006).

Eventos climaticos, distirbios de hdbitat ou introducdo de novos predadores sdao
alguns dos fatores apontados como capazes de eliminar espécies principalmente se elas
apresentarem limitada distribuicdo geografica ou endemismo. A competicdo por um nicho,
alteracOes nos sistemas de correntes oceanicas € mudangas no fornecimento de nutrientes
também sao fatores que contribuem para o desequilibrio e, consequentemente, a extingao de
espécies (Brenchley & Harper 1998, Apesteguia & Ares 2010).

Para serem produzidos eventos de extin¢cdes em massa, uma grande quantidade de
espécies deve ser eliminada, inclusive as endémicas. Para tanto, as condi¢des ambientais
devem estar em um nivel de estresse elevado, serem extremamente severas e atingirem de
maneira rdpida uma ampla drea (Brenchley & Harper 1998, Molina 2006, Lavina & Fauth
2011). De um ponto de vista biolégico, as extingdes representam uma oportunidade para a
evolugdo das espécies ao ponto que, quando uma espécie € extinta, um novo nicho se torna
disponivel para que uma nova espécie o ocupe (Rydley 2006, Apesteguia & Ares 2010). Isto
significa que as extin¢cdes em massa sao seletivas e afetam de maneira diferente cada espécie.

Segundo Kauffman & Harries (1996) e MacLeod et al. (1997), durante um evento de
extingdo em massa, podem ser identificadas algumas fases, com extincdo, sobrevivéncia e
surgimento. Os tdxons reagem de maneira diferente, como por exemplo, se extinguindo no
momento do evento ou um pouco depois, aproveitando as condi¢des criticas para se
desenvolverem (espécies oportunistas), fugindo das condi¢cdes ambientais alteradas e
retornando quando estas estiverem normais (efeito Lazarus) ou ainda resistindo as condigdes

alteradas do meio (sobreviventes) (Fig. 5).
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Figura 5: Padrdes tedricos de extingdo em massa no registro féssil. O padrdo de exting¢do indica diferentes
mecanismos que causaram mudancas ambientais a longo prazo (Progressivo), abrupto (Catastréfico) ou
moderados e episddicos (aos passos). Padrées compostos indicam a agdo de muiltiplas causas. (Modificado de

MacLeod et al. 1997).

Segundo Krug et al. (2009) embora as extin¢cdes em massa sejam bem conhecidas por
suas consequéncias nefastas, elas irreversivelmente reestruturaram a composi¢ao taxondmica
da biota global. Admite-se atualmente que, ao longo do Fanerozdico, cinco grandes eventos
de extin¢ao foram registrados representando o desaparecimento de muitos tdxons (Fig. 6).

No final do Ordoviciano, hd 445 Ma, aproximadamente 85% da fauna marinha foi
extinta. Mudancas climéticas, como eventos de glaciacdo, levaram a extin¢do familias de
braquidpodes, equinodermas, ostracodes e trilobitas (Benton & Harper 2009). O segundo
maior evento de extin¢cdo ocorreu no final do Devoniano, quando 27% das familias e 70% a
82% das espécies de organismos marinhos foram extintos, principalmente os recifes de coral,
crinoides, estromatélitos, braquidpodes, ostracodes, placodermos, ostracodermos e trilobitas.
As causas relacionadas sdo o resfriamento global associado a eventos de anoxia ou até mesmo
a impactos massivos de objetos extraterrestres (Olempska 1997, Kaiser et al. 2006, Benton &

Harper 2009, Robertson et al. 2013).
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O final do Permiano foi o evento mais devastador do Fanerozéico. Em torno de 50%
das familias de animais marinhos e terrestres foram extintas, com a eliminacao de 80% a 96%
das espécies, sendo que somente 4-20% sobreviveram (Benton & Harper 2009). A causa mais
aceita atualmente estd relacionada ao extenso vulcanismo registrado na Sibéria e na China
(Isozaki et al. 2007) e ao aumento dos niveis de CO> na atmosfera, o que produziria uma
degradaciao ambiental e colapso ecoldgico. Esta crise bidtica foi acompanhada por um evento
anoxico oceanico que pode ter durado 8 Ma (Grice et al. 2005). Além disso, teria ocorrido
uma drastica reducdo das plataformas continentais decorrentes da formac¢do do Pangea
reduzindo os ambientes costeiros (Erwin 1990, Brenchley & Harper 1998, Benton & Harper
2009).

O evento de extin¢do do final do Tridssico, que ocorreu hd £200 Ma, é caracterizado
pela reducao de muitas familias de amondides, braquiépodes, bivalves, gastrépodes e répteis
marinhos. O impacto de um meteorito tem sido atribuido como a possivel causa desta
extincdo em massa, mas outras suposi¢des apontam para anoxia e aquecimento global,
seguido por erupg¢des vulcanicas (Benton & Harper 2009, Apesteguia & Ares 2010, Lavina &
Fauth 2011).
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Figura 6: Posicdo dos cinco maiores eventos de extingdo indicadas pelas setas (1, final do Ordoviciano; 2, final

do Devoniano; 3, final do Permiano; 4, final do Tridssico; 5, K-Pg). (Modificado de Benton 2001).
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3.1 Cretaceo—Paledgeno (K-Pg)

Este evento de extincdo em massa € o mais estudado e o mais controverso de todos.
Apesar de ndo ser a maior extingdo da histéria geoldgica da Terra, € a mais conhecida devido
ao desaparecimento dos grandes répteis. Este evento vitimou cerca de 26% das familias e 75%
das espécies tanto terrestres quanto marinhas (Rydley 2006). A polémica consiste em saber se
esta extincdo foi instantinea (Tappan 1979) ou gradual (Gamper 1977, Keller et al. 1993,
Coccioni & Galeotti 1994, Skelton 2003, Ridley 2006); e as hipoteses a respeito do que
realmente teria ocorrido foram e ainda sdo tema de muitas discussdes. As pricipais teorias
estdo relacionadas a mudangas climadticas (e.g., Bramlette 1965, Tappan 1979), queda de um
ou mais meteoritos (e.g., Alvarez et al. 1980a, Alvarez 1987, Kent 1981, Smit 1990, Canudo
et al. 1991, Olsom et al. 1997), extenso vulcanismo (e.g., Zoller et al. 1983, Hallan 1987,
McLean 1985, Baksi et al. 1994, Keller et al. 2008, Keller et al. 2011) e também multiplas
causas (e.g., Ward et al. 1995, Hallam 2005, Alegret et al. 2012).

Este evento que ocorreu em torno de 66 Ma e marca o final do periodo Cretaceo e o
inicio do Pale6geno, teve um importante impacto na biodiversidade da Terra, vitimando boa
parte dos seres vivos da época, incluindo os dinossauros ndo-avianos e amonites (Alvarez et
al. 1980a, Surlyk 1990, Gradstein et al. 2012).

Neste periodo, houve mudangas ambientais catastréficas na vida de todo planeta (e.g.,
Skelton 2003, Keller 2003) e o registro estratigrafico mostra que o desaparecimento abrupto
das espécies coincide com um nivel de argilas que apresenta quartzos metamorfizados,
microtectitos € uma milimétrica camada rica em iridio, um elemento quimico geralmente
associado a corpos extraterrestres ou a vulcanismos (Alvarez et al. 1980b, Alvarez 1987,

Officer & Drake 1985).

3.1.1 EVIDENCIAS DO LIMITE CRETACEO-PALEOGENO

As hipéteses levantadas para o evento que marca o final do Creticeo, além das
extingdes registradas, sdo baseadas em significativas variacoes na composi¢ao geoquimica e
mineralégica dos sedimentos que marcam o limite K-Pg. Estas alteracdes constituem
evidéncias que ajudam a entender o que realmente teria desencadeado este evento de extingao

e como poderia ter ocorrido. De acordo com Kyte (2002), o influxo de material extraterrestre
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€ dominado por dois tipos de fracdes: poeira interplanetdria e impactos de asteroides e

cometas.

3.1.1.1 Anomalia de iridio

Anomalias geoquimicas t€m sido detectadas em secOes onde o limite K—Pg estd bem
preservado. O elemento quimico iridio (Ir) e outros elementos pertencentes ao grupo da
platina (e.g., Ru, Rh, Pd, Os e Pt) s@o extremamente raros na crosta terrestre, entretanto
apresentam concentracdes 10.000 vezes maiores em meteoritos e asteroides, por isso o iridio
tem sido o elemento mais comumente usado como marcador de origem extraterrestre (e.g.,
Alvarez et al. 1980a,b, 1982, Alvarez 1983, Zoller et al. 1983, Yalcin & Bozkaya 1996,
Abdelkader et al. 1997, Kyte 2002, Ruddiman 2008). Em sua primeira descoberta da
anomalia de Ir, Alvarez et al. (1980b) identificaram uma quantidade de 9 p.p.m. em Gubbio,
Italia. As concentragdes de Ir foram registradas tanto em sedimentos de origem marinha

quanto continental.

3.1.1.2 Mineralogicas

Quartzo metamorfizado ou quartzo de impacto, como € usado por alguns autores, é
uma forma estruturalmente alterada de quartzo que foi modificado a partir de uma aplicagao
subita de alta pressao (Alvarez et al. 1995, Ruddiman 2008). Quartzo € um mineral composto
basicamente por silica e muito abundante na Terra. Ao passar por processos de pressdao
extremamente alta, como os relacionados a impactos meteoriticos, podem adquirir fei¢des de
intersecOes lamelares e sdo frequentes em sequéncias que registram o limite (Jablonski &
Raup 1995).

Mineral de quartzo metamorfizado também pode ser encontrado préximo a erupgdes
vulcanicas explosivas, mas sem a caracteristica multilamelar e de ampla distribuicdo como

sdo os provenientes do impacto (Alvarez 1987).

3.1.1.3 Sedimentolégicas (tectitos e esférulas)

Tectitos e microtectitos sao particulas vitreas esféricas, de tamanho variado,

originados por gotas de material rochoso fundido no impacto de meteoritos. Sua cor

31



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

variavelmente escura e sua forma geralmente esférica mostram superficies onduladas erodidas
e apresentam a aparéncia de que foram formados no ar a tempo de resfriarem antes de serem
depositados (Jablonski & Raup 1995). Os microtectitos sdo bem conhecidos por terem baixas
concentracdes de Ir. Sua composicdo € rica em silica e pobre em agua, o que justifica sua
origem terrestre oriunda de materiais atingidos por impactos (Smit & Romein 1985, Kyte
2002), embora uma origem lunar também pode ser sugerida (Alvarez et al. 1982).

Esférulas podem ter origem cdésmica ou de impacto. Esférulas césmicas foram
descobertas pela primeira vez em sedimentos marinhos profundos (Ganapathy et al. 1978) e
sdao derivadas primariamente da ablacdo de graos de poeira interplanetdria, ou seja, pelo
material superficial que é perdido de um meteorito devido ao aquecimento quando este
atravessa a atmosfera (Kyte 2002). As esférulas comumente encontradas no ambiente de
impacto ndo apresentam uma composi¢ao significativa de elementos extraterrestres, por isso,
embora estas possam ser marcadoras de eventos de impacto pela deformacdo do material
silicoso, elas ndo s@o necessariamente oriundas de meteoritos (Kyte 2002). Estes materiais
silicosos deformados também podem ser provenientes de erupcdes vulcanicas devido ao

choque de ondas com temperaturas altas (Carter et al. 1990).

3.1.1.4 Geoquimicas

A geoquimica isotépica € uma técnica que tem sido utilizada para detectar indicios das
provaveis causas deste evento e auxiliar nas interpretacdes paleontoldgicas. Os dados de
isétopos de carbono e oxigénio (8'°C e §'%0) tém sido utilizados para inferir parimetros como
temperatura da dgua, salinidade, produtividade e disponibilidade de nutrientes, permitindo
realizar reconstituicdes paleoambientais e deteccdo de periodos de anoxia e glaciacao (Stiiben
et al. 2002, Rodrigues & Fauth 2013).

Alguns estudos utilizando a andlise de isétopo 3'3C em testas de foraminiferos
planctdnicos e bentonicos mostraram valores negativos de §'>C no Maastrichtiano superior,
indicando uma rdpida redug@o na produtividade primaria, principalmente da fauna planctonica
(e.g., Arthur ef al. 1987, Hsii et al. 1982, Keller 1993, Barrera & Keller 1994, Keller et al.
1997). J4 nos foraminiferos presentes no inicio do Paledgeno, sdo registrados valores
positivos de 8'*C indicando um significativo aumento da mesma (Martinez-Ruiz et al. 1994).

Isétopos de oxigénio (5!%0) podem ser utilizados para indicar flutuacdes na

temperatura dos oceanos. Smit (1990) realizou anélise em carbonatos peldgicos em rochas do
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limite K-Pg e estimou um aumento na temperatura superficial do oceano em 8 °C no
Daniano, evidenciando que o efeito estufa sucedeu o evento do impacto e poderia ter durado
milhares de anos. A andlise de 380 em minerais e esmectitas do limite K-Pg em Stevens
Klint, Dinamarca, possibilitou a determina¢do da origem dos mesmos como produto do
impacto do meteorito (Kastner et al. 1984).

Além da andlise de is6topos de carbono e oxigénio, outro elemento utilizado para
auxiliar nas interpretacdes ambientais sdo os is6topos de argdnio (*’Ar/*Ar) e estroncio
(®’St/%Sr). Um exemplo do uso “°Ar/*°Ar foi estudado por Javoy & Curtillot (1989) que
atribuiram os niveis de argdnio ao vulcanismo explosivo dcido que teria desencadeado chuva
dcida e mudancgas climaticas. Mais recentemente Renne et al. (2013) determinaram, através da
andlise de alta precisdo de “’Ar/*’Ar, uma sequéncia para os eventos do limite K-Pg. A
contribuicao deste estudo foi refutar a hipétese de que o impacto em Chicxulub, México, teria
pré-datado o evento de extingao.

Flutuacdes oceanicas nas quantidades de 3St/®Sr tém sido atribuidas ao aumento de
Sr radiogénico produzido pela chuva 4cida depois do impacto (Martinez-Ruiz et al. 1994,
Ortega-Huertas ef al. 2002). Devido as grandes quantidades de 6xido de nitrogénio que foram
liberadas na atmosfera, gerando a chuva &cida, houve um aumento da desagregacdo no
continente e, consequentemente, um aumento da quantidade de estroncio no mar (Macdougall

1988).

3.1.1.5 Microfosseis

Os microfésseis t€m sido valorosos nas interpretacdes paleoambientais e
estratigraficas das se¢des com o limite K-Pg, pois revelam as mudangas faunisticas sofridas
em cada grupo féssil em resposta ao evento de extingdo. A magnitude de um evento €
determinada pela quantidade de espécies que sdo extintas num determinado intervalo de
tempo, mas também depende do intervalo entre uma amostra e outra e se o registro fossil esta
completo (MacLeod et al. 1997).

Um bom registro sedimentolégico € importante para ndo gerar identificagdes
incorretas de padroes de extingdo (Smith 1994). A presenca de hiatos, niveis de
retrabalhamento, mudancas de ficies e a qualidade amostral, devem ser levados em
consideragdo quando se propde uma interpretacao a luz de um evento de extin¢do. Isto pode

refletir em interpretacdes incorretas, como por exemplo, se o evento de extingdo foi gradual

33



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

ou catastréfico (efeito Signor-Lipps e efeito Léazarus) (Signor & Lipps 1982, Brenchley &
Harper 1998) (Fig. 7).
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Figura 7: Hiato deposicional: a presenca de um hiato pode sugerir um evento catastréfico. Em a) distribuicio
hipotética bioestratigrafica dos tdxons A-N através de um horizonte de evento. Em b) como seriam observadas a

distribui¢do estratigrafica se existisse um hiato deposicional. (Modificado de MacLeod et al. 1997).

Para tanto, sdo utilizados zoneamentos bioestratigraficos mundiais, baseados em
foraminiferos planctonicos e nanofdsseis calcdrios, pois esses organismos sofreram
drasticamente os efeitos da crise ambiental desencadeada no evento de extincdo e
responderam de uma maneira mais rapida a ela (e.g., Koutsoukos 1997, Keller et al. 2002,
Keller et al. 2007, Bernaola & Monechi 2007, Alegret 2007, Alegret et al. 2003, Tantawy et
al. 2009, Jiang et al. 2010). Estes zoneamentos, aliados aos indicios sedimentoldgicos e as
andlises isotdpicas, sdo valiosas ferramentas que contribuem para um melhor entendimento
sobre como os eventos catastréficos afetaram a vida, principalmente no ambiente marinho, e
como ele estd representado no registro geolégico (Fig. 8).

A presenga, por exemplo, de espécies consideradas oportunistas, como é o caso do
nanofossil Micula decussata e do foraminifero Guembelitria cretacea, auxiliam na
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caracterizacdo da instabilidade ambiental pelo fato de estas espécies serem resistentes e
abundantes em condicdes de estresse (Keller & Pardo 2004, Scasso et al. 2005, Keller 2005,
Keller et al. 2012). Adicionalmente, os organismos bentonicos também foram afetados pela
instabilidade do ambiente, em consequéncia da diminui¢ao do fitoplancton, em decorréncia da
supressdo da fotossintese que seguiu o impacto (Robertson et al. 2013).

Os zoneamentos bioestratigraficos utilizados para determinar o limite K—Pg com
nanofdsseis calcdrios s@ao os de Perch Nielsen (1985) para o Cretaceo e Martini (1971) para o
Paledgeno e estdo demostrados na figura 8. Em Cerro Azul o Maastrichtiano é marcado pela
zona CC26 de nanofésseis calcdrios e o Daniano pelas zonas NP1, NP2 e NP3. Até o
momento, nos estudos bioestratigraficos realizados com nanofdsseis, nao foi possivel realizar
o detalhamento da zona NP1. Possivelmente exista um hiato bioestratigrafico pela auséncia da

zona NP1a e também a zona PO de foraminiferos planctonicos.
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Figura 8: Biozoneamentos estratigraficos para nanofdsseis calcarios e foraminiferos. (Gerado em Time Scale Creator 2012).

3.2  Principais teorias

As teorias que explicam o evento de extingdo do limite K-Pg estdo relacionadas
principalmente as mudancas climdticas, impactos de meteorito, eventos vulcanicos e
alteracOoes ambientais. Estas alteracOes ambientais podem ser fisicas ou quimicas ou ambas e

sdo as principais causas das discussdes e das proposi¢des hipotéticas pelos autores que
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estudam esta extincdo. Na sequéncia € apresentado um resumo das principais teorias

existentes que tentam explicar o que teria ocorrido neste episodio.

3.2.1 MUDANCAS CLIMATICAS

Os primeiros estudos que abordaram o limite Creticeo—Paledgeno na década de 1960
delineavam hipéteses sobre possiveis mudancas climéticas que poderiam ter desencadeado
este evento de extincdo. Bramlette (1965) considerou este evento como resultado de uma
excessiva radiacdo que se espalhou e afetou a vida em todo o planeta. A extin¢do dos
foraminiferos planctonicos e nanofdsseis calcdrios teria sido tdo abrupta que o registro no
estrato ainda estava obscuro. Esta auséncia de um zoneamento estratigrafico conhecido para
os foraminiferos planctonicos na época, e de evidéncias fisicas, dificultou a determinagao do
limite K-Pg no México, onde existem se¢des com o limite (Gamper 1977).

Outra hipétese proposta foi a migracdo da CCD (zona de compensacdo de carbonato
de célcio) para a superficie dos oceanos, resultante da deplecio de carbonato durante o
Cretiaceo e que teria afetado diretamente os organismos planctonicos (Windle et al. 1971,
Worsley 1974).

Gartner & Keany (1978), Gartner & McGuirk (1979) e Tappan (1979) propuseram que
a extin¢do dos nanofdsseis e foraminiferos planctonicos teria sido ocasionada pela mudanca
na salinidade dos oceanos durante a separacio do Artico. Esta, por sua vez, teria
desencadeado uma série de mudancas climdticas incluindo baixas temperaturas e
precipitacdes que afetaram radicalmente a distribui¢do da vegetacdo na terra e a consequente

extin¢ao dos grandes répteis.

3.2.2 IMPACTO DE METEORITO

As primeiras especulagdes a respeito da hipétese sobre a queda do meteorito, que € um
fragmento de um asteroide que sobreviveu a passagem pela atmosfera e atingiu a superficie
(AMS 2014) foram abordados por Ganapathy et al. (1978) ao encontrarem esférulas de
silicatos em sedimentos de fundo oceanico, entretanto esta teoria somente foi proposta por
Alvarez et al. (1980a). A partir de entdo, iniciou-se uma busca por evidéncias em diversas

secoes no mundo que geraram grandes discussdes a respeito da validade da mesma.
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Alvarez et al. (1980b) propuseram que impactos de grandes asteroides poderiam ter
ejetado uma enorme quantidade de material e que, por conseguinte, uma nuvem de poeira e
fuligem teria sido gerada, resultando no escurecimento da Terra. Isto poderia ter
desencadeado o que Robertson et al. (2013) chamou de “impacto de inverno”. Sem a luz solar
por um longo periodo (meses ou anos), o frio e a escuriddo poderiam ter levado ao
comprometimento da fotossintese, desestabilizando o ambiente e causando a exting¢ao.

Simulagdes virtuais sugeriram que o impacto de um meteorito desta magnitude gera
uma energia cinética equivalente a 10.000 vezes o arsenal nuclear existente hoje, suficiente
para gerar uma cratera de 150-200 km de diametro e ondas de choque que fundem e
vaporizam tanto as rochas do impactante como as impactadas (Alvarez et al. 1995).

Alvarez et al. (1980a) e Alvarez (1983) publicaram um manuscrito que detalhava as
condi¢cdes em que a camada de iridio foi encontrada e coincidentemente com ela os niveis de
microtectitos e esférulas. Além disso, realizaram um experimento que estimava o diametro
deste meteorito (10 km) e a velocidade (25 km/s) com que teria atingido a Terra.

Até o inicio dos anos 90, os pesquisadores contrdrios a teoria do impacto alegavam
que uma cratera adequada a magnitude do evento ndo teria sido encontrada. Hildebrand et al.
(1991) através de levantamentos sismicos nas proximidades da peninsula de Yucatdn no
Meéxico, encontraram a cratera do impacto, a cratera Chicxulub.

A partir desta descoberta, varios estudos foram realizados buscando corroborar a
hipétese da queda do meteorito (Fig. 9). Bohor et al. (1984, 1987), Albertao (1996)
analisaram grdos de quartzo provenientes de secdes com o limite preservado, encontrando
evidéncias de metamorfismo gerado por altas temperaturas. Smit (1990) sugeriu ter ocorrido a
queda de um meteorito em terra € outro no mar pela presenca de quartzo chocado com
caracteristicas de rdpido resfriamento e algumas texturas cristalinas (quiropiroxénio);
enquanto que a presencga de quartzo chocado e shistovita favorecem um impacto continental.
Esta hipdtese também foi reforcada pelos indicios de tsunamis encontrados em secdes
marinhas que poderiam ter sido desencadeados pelo impacto do meteorito na dgua (Bourgeois
et al. 1988, Albertdo 1994, Scasso et al. 2005).

Alguns autores (Wolbach er al. 1985, Albertdo 1996, Kring 2007) propuseram a
existéncia de incéndios apds a queda do meteorito, baseados em evidéncias sobre uma fina
camada de fuligem identificada nos depésitos do limite K—Pg nas secdes de Stevens Klint
(Dinamarca), Caravaca (Espanha), Woodside Creek (Nova Zelandia). Wolbach er al. (1985)

propuseram que o efeito da fumaca proveniente deste incéndio junto com a poeira cosmica,
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teriam sido muito eficiente para bloquear a radiacdo solar e gerar a queda na temperatura
superficial da Terra. Entretanto, Cisowski et al. (1986) contestaram estas evidéncias, pois as
varidveis necessdrias para se manter um incéndio de grandes proporg¢des, tais como, mudangas
na direcdo dos ventos, taxa de queima, presenga de chuva e rios que poderiam parar o fogo,

nao foram levadas em consideracao pelos autores.

Figura 9: Localizagdo das secdes sedimentares com o limite K-Pg e anomalia de Iridio em diferentes

concentracdes. (Adaptado de Claeys et al. 2002).

Nesta mesma €poca, foram desenvolvidos estudos para avaliar as consequéncias que
certos elementos quimicos, associados a queda do meteorito, poderiam gerar na vida dos
oceanos. Uma das ideias € que o fluxo de elementos meteoriticos poderia ter sido grande o
suficiente para causar uma seletiva intoxicag¢do da biota marinha e com isso, a extin¢ao, sendo
a chuva 4cida um exemplo (Erickson & Dickson 1987).

A chuva 4cida seria o resultado da grande quantidade de 6xido de nitrogénio,
resultante do impacto que aqueceu a atmosfera, aumentando o intemperismo no continente e a
quantidade de estroncio no mar (Macdougall 1988). A associada reducdo na produtividade
levaria a uma transferéncia parcial de diéxido de carbono dos oceanos para a atmosfera,
elevando a temperatura (Hsii ef al. 1982, Hildebrand et al. 1991, Alvarez et al. 1995, Arthur
et al. 1987, Smith 1997).
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A redugdo do fitoplancton ocasionou a eliminacdo seletiva de organismos que
dependiam diretamente do fluxo de matéria orginica na zona fética. Grupos de filtradores e
suspensivoros (moluscos, corais, braquidpodes, briozodrios, crinoides) teriam uma queda
rapida. J4 os organismos detritivoros ou com habitos infaunais, teriam tido mais sorte € nao
sofreriam tanto, pois sdo menos dependentes do suprimento de comida (Hansen et al. 1987,
Alegret et al. 2001, Alegret et al. 2003). Exemplos de estudos micropaleontolégicos que
relacionaram a extingdo com a queda do meteorito podem ser encontrados em Canudo et al.
(1991), Albertdo et al. (1994), Keller et al. (1993), Keller et al. (1995), Smith (1997), Lépez-
Oliva et al. (1998), Bown (2005), Koutsoukos (2005), dentre outros.

Recentemente foi proposta uma outra hipétese sugerindo que a queda do meteorito
ocorrido na Peninsula de Yucatdn, México, teria predatado o limite K-Pg em
aproximadamente 300 mil anos (Keller er al. 2003, Keller et al. 2007), mas que ndo somente
um, mas trés impactos teriam ocorrido e estariam ainda associados ao evento do vulcanismo
em Deccan, na India. Renne e al. (2013) e Schulte et al. (2010), utilizaram a andlise de
Ar°Ar  para tentar resolver a relacdo entre o impacto do meteorito e a extin¢do, e
constataram que esta teoria ndo se mantém, pois verificaram um sincronismo entre a queda do
meteorito em Yucatdn e os niveis de extingdo das espécies. Pilike (2013) apresentou uma
discussdo geral sobre a queda do meteorito e a questdo do vulcanismo, chegando a conclusdo
que o impacto ndo teria pré-datado o evento como abordado por Keller et al. (op. cit), mas
que a recuperacao da fauna no Daniano teria ocorrido por migracdo a partir de zonas de

reftigios, mais do que por radiacdo evolutiva.

3.2.3 VULCANISMO

Alguns autores, contrarios a hipétese do impacto, buscaram outra explicagdo para a
origem deste material dito andmalo. A identificacio de iridio em lavas vulcanicas
provenientes do vulcdo Kilauea foi realizado por Zoller et al. (1983). O vulcanismo estaria
relacionado a uma grande perturbacio do ciclo de carbono na Terra e o processo de extingao
teria sido relativamente gradual e por isso as causas seriam enddgenas. Officer & Drake
(1985) estimaram que erupgdes vulcanicas como as do Krakatoa, Kilauea e Deccan, por
exemplo, teriam sido capazes de depositar iridio em quantidades semelhantes ao que seria
depositado pelo impacto do meteorito. Os autores defenderam que os elementos do grupo da

platina, além de estarem presentes em corpos extraterrestres, também estariam presentes no
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manto. Baseados em dados de paleomagnetismo e geocronologia, Courtillot et al. (1986)
sugeriram que esta atividade vulcanica poderia ter durado menos de um milhao de anos.

Ao analisarem a composicdo mineraldgica da camada de argila do limite K-Pg em
Walvis Ridge, Robert & Chamley (1990) identificaram um aumento na quantidade de
esmectita, caolinita e ilita. Esta combina¢do sugere um aumento na taxa de erosdo e
predominio de rochas vulcénicas.

Picos de estroncio encontrados por Javoy & Courtillot (1989), normalmente atribuidos
a meteoritos e a chuva 4cida ou a regressao do nivel do mar, sdo explicados como sendo
oriundos do vulcanismo explosivo dcido procedente de Deccan Traps. Este pode ter sido
responsdvel pelas mudancas climdticas, pelos minerais metamorfizados e pela possivel
anomalia de Ir registrada em todo o mundo.

Mais recentemente, Keller er al. (2011) e Keller et al. (2012), estimaram que o
vulcanismo registrado em Deccan Traps, na Bacia Krishna-Godavari, teria coberto uma area
equivalente a Franca ou ao estado do Texas (Fig. 10). Quatro eventos de fluxos de lava foram
identificados, sendo que o dltimo teria ocorrido proximo do limite K—Pg (baseado em dados
paleomagnéticos). A resposta bioldgica foi devastadora revelando uma extincdo de 50% da
fauna de foraminiferos planctdonicos no primeiro evento de extingdo (Maastritchiano) e os
sobreviventes desapareceram nos eventos sucessivos. A ultima erupcdo foi no Daniano e
associado a este evento também teriam ocorrido as mudangas climéticas. Uma revisdo geral
sobre as implica¢des do vulcanismo registrado em Deccan sdo discutidas em Punekar et al.

(2014).

3.2.4 MULTIPLAS CAUSAS

Concomitante com todas estas discussdes, alguns autores acreditam que o evento de extingao
seja o reflexo de alteracdes ambientais que atuaram em conjunto. Keller (1988) estudou os
foraminiferos planctonicos na se¢do tipo do limite K-Pg, em El Kef e sugeriu que, pelo longo
periodo necessdrio para a recuperacdo do ecossistema depois do impacto do meteorito,
multiplas causas poderiam ter sido responsdveis pela extingdo tais como, mudangas
climéticas, vulcanismo em vdrias provincias igneas, queda do nivel do mar, aquecimento dos
oceanos € as consequéncias de um aumento de salinidade. Em 1989, Keller correlacionou os
padrées de extingdo e abundancia relativa de espécies de foraminiferos planctonicos de

Brazos River e El Kef na tentativa de encontrar indicios da queda do meteorito. A mesma
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concluiu que a extin¢do das espécies foi causada por um aumento de estresse ecoldgico como

consequéncia da regressdo do nivel do mar no final do Maastrichtiano.

Figura 10: Distribuicdo global das provincias vulcénicas continentais e dos platds oceanicos. (Modificado de

Wignall 2001).

Esta mesma constatacdo foi sugerida po Canudo et al. (1991) que estudaram o padrao
de extin¢cdo dos foraminiferos planctonicos nas se¢des de Caravaca e Agost, Espanha, e
observaram que a extincao foi seletiva e eliminou espécies geograficamente restritas, grandes,
complexas e de dguas profundas, favorecendo a sobrevivéncia de espécies cosmopolitas,
pequenas e de superficie, possivelmente refletindo a regressdo do nivel do mar. O impacto do
meteorito poderia ter acelerado a morte da fauna creticea em declinio e a transicdo do limite
K—Pg ndo teria sido causada por um unico evento instantaneo, mas por um conjunto de fatores
complexos e inter-relacionados.

Keller (1993) e Keller er al. (1997) propuseram que o declinio dos foraminiferos
planctonicos durante os ultimos 300 mil anos do Maastrichtiano seria reflexo de anoxia

somado ao intenso vulcanismo, mudangas no nivel do mar e da temperatura. Um evento
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catastréfico gerado por impacto ou vulcanismo, estaria superimposto as outras causas e pode
ter acelerado a extin¢do em massa.

Keller (2003) e Keller et al. (2003) estudaram as se¢does do México, Guatemala, Belize
e Haiti e propuseram a existéncia de um cendrio de multiplos impactos de meteorito. O
primeiro estaria associado ao maior vulcanismo em Deccan e provavelmente teria contribuido
para o rdpido aquecimento global de 3 °C a 4 °C entre 65.4 e 65.2 Ma, terminando com o
declinio da populagdo de foraminiferos planctonicos. O segundo € conhecido como o evento
do limite sendo representado pela morte de todos os foraminiferos planctonicos tropicais e
subtropicais e pela queda na produtividade primaria. O terceiro impacto teria ocorrido 100
anos depois do limite e teria sido responsédvel pela morte dos sobreviventes. A crise na flora
de nanofésseis calcarios também tem sido atribuida a consequéncias do vulcanismo associado
as mudancas ambientais (Tantawy et al. 2009).

A descoberta de outras pequenas crateras de impacto, duas no Maastrichtiano do Mar
do Norte (Kelley & Gurov 2002, Stewart & Allen 2002) e duas com anomalias de Ir em
Oman (Ellwood et al. 2003) favorecem a hipétese de multiplos impactos. De acordo com
Keller (2005, 2008) impactos de meteoritos e vulcanismos podem desencadear catdstrofes
ambientais de mesma magnitude. Segundo MacLeod (2003) as extincdes registradas podem
ser originadas de uma variedade de mudangas ambientais relacionadas ao tectonismo € a

fatores ecoldgicos evolutivos.

3.3 Os ostracodes e o limite K-Pg

Nas dltimas décadas, como ja mencionado anteriormente, as se¢cdes com o limite K—Pg
tém sido estudadas a partir de diversos grupos de microfdsseis, entretanto, poucas delas
contém ostracodes. De uma maneira geral, os estudos com ostracodes estdo mais
concentrados nas regides equatoriais (Fig. 11). Os trabalhos realizados na Africa estdo
concentrados proximo a El Kef, na Tunisia, considerada a se¢do-tipo para o limite K-Pg,
demonstram uma variagdo de padrdes de extincdo. No estudo realizado por Donze et al.
(1982) a extingdo foi catastréfica com a identiciacdo de crise no final do Maastrichtiano.
Entretanto, espécies sobreviventes também foram registradas.

Os ostracodes do Campaniano ao Eoceno inferior da localidade de Elles, na Tunisia,

foram estudados por Said-Benzarti (1988), revelando que a fauna do Maastrichtiano foi
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reduzida e somente uma fauna pontual e pobre existiu no Daniano, aumentando sua
diversificacio ao longo do Paleoceno.

Os ostracodes do Maastrichtiano e Paleoceno de Djebel Dry, no leste da Argélia,
foram estudados por Damotte e Fleury (1987) que encontraram semelhancas com a fauna de
ostracodes de El Kef, Tunisia, porém com menor diversidade, refletindo um padrio de
extingdo nao catastréfico (Damotte 1991, 1993).

A fauna de ostracodes do K—Pg de Mali, oeste da Africa, foi reportada por Colin et al.
(1998), mas devido ao registro sedimentar incompleto, ndo foi possivel sugerir nenhuma
interpretacdo sobre a existéncia da crise faunistica como observada em outras bacias.

Na América do Norte, este evento foi estudado por Maddocks (1985), no Texas, que
analisou a fauna de ostracodes marinhos nas trés maiores secdes: Litting Quarry, Walkers
Creek e Brazos River. Nio foi observado nenhuma descontinuidade na fauna de ostracodes,
caracterizando uma passagem gradual do Cretdceo para o Pale6geno, mesmo em se¢des com
reconhecidas descontinuidades.

Uma fauna bem preservada do norte do Alaska, correspondente aos intervalos
Maastrichtiano e Daniano, foi estudada por Browers & De Deckker (1993). Esta secdo
constituiu a uUnica oportunidade para realizar a reconstru¢do de um paleoambiente artico, ja
que faunas de latitudes altas desta idade sdo pouco conhecidas. Neste estudo foram definidas
quatro assembleias de ostracodes. Os estratos do Maastrichtiano foram depositados em
planicies de inundacdo e os do Daniano foram considerados predominantemente marginal-
marinhos a marinho raso. A fauna ndo-marinha apresentou um turnover através do limite com
o desaparecimento de algumas espécies no Maastrichtiano, embora outras tenham coexistido
com a fauna tipica do Daniano.

Na América Central, a assembleia de ostracodes batiais da margem distal do
Demerara, no Suriname (Leg 207, sites 1260 e 1261) foi estudada por Guernet & Danelian
(2006) que verificaram o desaparecimento de numerosas espécies de ostracodes batiais no
limite K-Pg. Além disso, foi observada uma extin¢do seletiva que afetou mais os ostracodes
com hébitos detritivoros do que os filtradores. Segundo os autores, isto pode estar refletindo a
queda na produtividade da superficie marinha desencadeada pelo evento. No mar do Caribe,
Aumond er al. (2009) estudaram os radiolarios e ostracodes do ODP site 1001B, tendo havido
uma baixa recuperacdo de ostracodes, tornando impossivel a observacdo de uma tendéncia

para o evento de exting¢ao.
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Na América do Sul, especialmente no Brasil, os estudos da passagem K-Pg com
ostracodes sdo escassos pela falta de secdes preservadas que registrem este periodo. Fauth et
al. (2005) e Rodrigues et al. (2014) realizaram estudos taxondmicos, bioestratigraficos e
geoquimicos nos ostracodes do limite K-Pg da pedreira Poty, em Pernambuco. Uma
significativa mudanga faunistica foi registrada na passagem do Maastrichtiano para o Daniano
com o registro de queda na produtividade primdria. Depois de El Kef, esta é a segunda se¢@o
com ostracodes que apresenta o registro mais completo da passagem K—Pg no mundo.

Na Bacia de Pelotas, também foi realizado um estudo com ostracodes do Cretaceo—
Pale6geno inferior, com amostras de calha. Mesmo com registro sedimentar incompleto, foi
possivel observar uma mudanga faunistica durante a passagem do limite K-Pg (Ceolin et al.
2011).

Na Argentina, os trabalhos realizados com ostracodes para o limite K-Pg ja foram
reportados no item 2.3.1.

De uma maneira geral, a escassez de estudos com ostracodes neste intervalo reflete a
inexisténcia de se¢des conhecidas que contemplem o limite. As interpretacdes propostas pelos
trabalhos até o momento desenvolvidos, refletem as condicdes locais do evento, pois
dependem da completude do registro sedimentoldgico. Entretanto observa-se um padrdo de
extin¢do, ndo catastr6fico, mas que registra uma mudanca faunistica, com espécies

sobreviventes e uma fauna com maior diversidade no Daniano.

Caribe, 3- Bacia Potiguar, 4- Bacia de Pelotas, 5-Bacia de Neuquén, 6- Djebel Dry, Argélia, 7-Texas, 8- Elles,
Tunisia, 9- El Kef, Tunisia, 10- Tilemsi, Mali, 11- Suriname (Modificado de Scotese 2011).
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Abstract: A total of 113 species belonging to 54 genera are recovered from a study of the
Maastrichtian and Danian deposits in the Cerro Azul section of the Neuquén Basin, West-
Central Argentina. Of these, nine new genera, 38 new species and 28 species in open
nomenclature are recorded. These form the basis of the present paper and are listed below:
Genera - Phelocyprideis gen. nov., Aleisocythereis gen. nov., Apatoleberis gen. nov.,
Mimicocythereis gen. nov., Castillocythereis gen. nov., Hysterocythereis gen. nov.,
Orthrocosta gen. nov., Petalocythereis gen. nov. and Sthenarocythereis gen. nov. Species -
Cytherella saraballentae sp. nov., Cytherella semicatillus sp. nov., Paracypris bertelsae sp.
nov., Paracypris imaguncula sp. nov., Argilloecia abnormalis sp. nov., Argilloecia
concludus sp. nov., Argilloecia hydrodynamicus sp. nov., Bythoceratina cheleutos sp. nov.,
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Phelocyprideis acardomesido sp. nov., Eucythere dinetos sp. nov., Krithe crepidus sp. nov.,
Cytheropteron hyperdictyon sp. nov., Cytheropteron bidentinos sp. nov., Cytheropteron
translimitares sp. nov., Aversovalva glochinos sp. nov., Eucytherura stibaros sp. nov.,
Hemingwayella verrucosus sp. nov., Heinia prostratopleuricos sp. nov., Loxoconcha (s.1.)
posterocosta sp. nov., Keijia circulodictyon sp. nov., Keijia kratistos sp. nov.,
Paramunseyella epaphroditus sp. nov., Munseyella costaevermiculatus sp. nov.,
Ameghinocythere archaios sp. nov., Aleisocythereis polikothonus sp. nov., Castillocythereis
multicastrum sp. nov., Castillocythereis albertoriccardii sp. nov., Cythereis stratios sp. nov.,
Cythereis clibanarius sp. nov., Cythereis trajectiones sp. nov., Henryhowella (Wichmannella)
praealtus sp. nov., Hysterocythereis paredros sp. nov., Hysterocythereis coinotes sp. nov.,
Hysterocythereis diversotuberculatus sp. nov., Orthrocosta decores sp. nov., Orthrocosta
atopos sp. nov., Orthrocosta phantasia sp. nov. and Sthenarocythereis erymnos sp. nov. The
nature of the fauna and aspects of its evolution are discussed below.

Key words: Marine Ostracoda, Maastrichtian—Danian, Neuquén Basin, Argentina.

THE Neuquén Basin is located in West-Central Argentina between latitudes 32° and 40°S. It
occurs in the provinces of Mendoza, Neuquén, Rio Negro and La Pampa. At latitude 35°S, the
basin extends to form the Neuquén embayment that comprises 600 km of extension in a
north-south direction and 300-400 km east-west. It has a maximum thickness of 7.000 m of
marine and non-marine sedimentary rocks, ranging from the Late Jurassic to the Paleocene
(Howell et al. 2007; Aguirre-Urreta et al. 2011) (Figure 1).

During the Maastrichtian, the Neuquén Basin was flooded by the first transgression
from the Atlantic Ocean. This extensive sea connected the basin to the South Atlantic and
embraced an area from the present day Andes in the west to the eastern Atlantic Ocean. This
basin is well-known from its well-preserved outcrops and rich fossil content. A summary of
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the main micropalaeontological and geological studies can be found in Ballent et al. (2011)
and Rodrigues et al. (2011) respectively.

The pioneer studies on Ostracoda in this basin were carried out by Bertels in the
1960’s and 1970’s in many outcrops of the Jagiiel and Roca formations, mainly at Huntrai-co
and Barranca de Jagiiel, the latter being the type section of the K-T boundary in this basin.
These studies provided an initial contribution to our knowledge of the biostratigraphy,
palaeoecology and taxonomy of the Ostracoda of the northern part of the basin.

The Cerro Azul section is a relatively new site for micropalaeontological studies in the
eastern sector of Lake Pellegrini, where sediments of the Jagiiel (late Maastrichtian—early
Danian) and Roca (Danian) formations can be seen at outcrop. Musso et al. (2012) studied the
clay mineralogy, giving an environmental interpretation and identifying the transition between
Upper Cretaceous and lower Danian based on calcareous nannofossils.

The present work presents a substantial new marine ostracod fauna from the Neuquén

Basin in the Upper Cretaceous—lower Danian transition.

GEOLOGICAL SETTING

The Cerro Azul section is located at S38°50°48”, W67°52°20” and is composed of calcareous
siltstones and claystones from the Jagiiel and Roca formations (Fig. 1). Musso et al. (2012)
described the section they studied of the Jagiiel Formation as being a homogenous lithology
of grey calcareous mudstones. The Roca Formation was defined by an alternation of
carbonate rocks and greenish grey calcareous mudstones and the base of the Roca Formation
was defined, according to criteria adopted by Uliana and Dellape (1981), by the first
appearance of organogenic limestones. The age was determined by calcareous nannofossils

(Musso et al. 2012) (Fig. 2)

48



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

I I
70°W 68° W
MENDOZA

NEUQUE 38°S—
\ e Puelches
"‘( Q\J( \ /Vé’ y |0rad0
—\7 ./ —
ZAPALA
50 km
L1
Legend
-+ International border A Hil I Cerro Azul outcrop
. River

bd 3
Provinces border
/ @ | ocalities

JO -~ Road
Border of basin '- Lake

FIG. 1. Location map of Neuquén Basin with Cerro Azul section (modified from Del Rio et

al. 2011).
49



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS

Ceolin, D. 2015

s 0
kS
5| Eg *é Cerro Azul
5|12 = section
Ll 2 »
70m CA57
CA 55+
=
;(% CA 54
£ CA 53
S
i CA 501
(o]
S CA 48
o
60m CA45
cA43 |
50m
o
ol
- Z
5 CA 31
c
©
a CA 291
40m
— cA26
< o
il o,
30m © Z
= CA 23]
f -
£ e
— | >
:g _| cazr|
=2 o
g ~| CA19
CA17
S CA 16
m .
A
=
CA 14 | —— |
v
(>
- CA 12
8 >
S
= CA 107
1%} o
10m o a ——
= Q| cAs8-4 ——
——
CA5-
CA 31
0m sl
%, %, O,

H® @

K@

I <

I

Legend

= Greyish yellow marls
Il Greyish green marls
E=] Limestones

[ Gypsum
Fossiliferous beds
[=] Parallel lamination
=] Thalassinoides

FIG. 2. Cerro Azul profile with samples position (modified from Musso et al. 2012).

50



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

MATERIAL AND METHODS

Twenty-seven outcrop samples were studied and approximately 20 g of dried rock was
crushed and soaked in 200 mL of a hydrogen peroxide solution (H20.) for 24 hours, at a
concentration of 35 per cent. Residues were then washed and divided into grain fractions 63,
180, and 250 um and dried at 60 °C. All ostracods were hand-picked under stereo microscope
from each size fraction. Selected specimens were imaged in a EVO MA15 Zeiss scanning

electron microscope.

SYSTEMATIC PALAEONTOLOGY

This published work and the nomenclatural acts it contains, have been registered in Zoobank:
http://zoobank.org/References/xxxxxxxxx. The suprageneric classification adopted is that
proposed by Moore and Pitrat (1961) with some modifications. In the systematic descriptions,
the following conventions are employed: L = length, H = height, W = width, RV=right valve,
LV=left valve, CMS= central muscle scar. All dimensions are in mm. Size, based on length,
is as follows: very small (<0.40 mm), small (0.41-0.5 mm), medium (0.51-0.7 mm), large
(0.71-0.9 mm), very large (>0.9 mm). Type and figured specimens are deposited in the
collections of the Facultad de Ciencias Exactas y Naturales, Laboratorio de
Micropaleontologia, Universidad de Buenos Aires, (UBA), Argentina, under their respective

catalogue numbers LM-FCEN 3232-3310; 3400-3539.

Class OSTRACODA Latreille, 1806
Order PLATYCOPIDA Sars, 1866
Suborder PLATYCOPINA Sars, 1866
Family CYTHERELLIDAE Sars, 1866
Genus CYTHERELLA Jones, 1849
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Type species. Cytherina ovata Réemer, 1840

Cytherella saraballentae sp. nov. Ceolin and Whatley

Figure 3A-E

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
1992 Cytherella NC136 Colin and Hochuli. p. 273, pl. 4, fig.1
Derivation of name. In honour of the late Dr. Sara Ballent for her great contribution to the
study of Ostracoda, and in particular to those of the Jurassic and Cretaceous of the Neuquén
Basin, Argentina.
Type material. Holotype: one complete carapace, LM-FCEN 3232 (Fig. 3A, B); paratypes:
LM-FCEN 3233-3234 (Figs 3C, D; 3E).
Material. 233 specimens, mainly juveniles from samples 1, 14; Maastrichtian; 16, 17, 19, 21,
23, 26, 29, 31, 34 and 39; Danian.
Diagnosis. A species of Cytherella, punctate over most of the valve in most specimens with a
large smooth area mid-dorsally and centrally. A deep linear depression occurs between the
two valves dorsally.

Dimensions. In mm:

L H \

Holotype, adult, female LM-FCEN 3232 0.830  0.521 0.352 sample 23
Paratype, adult, male = LM-FCEN 3233 0.790  0.495 0.324 sample 19

Paratype, adult, female LM-FCEN 3234 (.847 0.512  0.395 sample 21

Description. A large, very regularly elongate and subovate species with end margins almost
equally rounded and with apex at mid-height. RV larger than L'V with conspicuous overlap
around the entire periphery, especially ventrally. Sagittate in dorsal view. Dorsal margin
convex, with a small concavity at mid-length, that declines towards posterior margin. Ventral
margin almost straight. Greatest length at about mid-height; greatest height and width at one-
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third from the posterior margin. Surface essentially punctate, with puncta large, mainly
circular and covering most of the valve except centrally, mid-ventrally and dorsally. There is
some preferential orientation anteriorly and posteriorly parallel to those margins. Internally,
females with the characteristic and conspicuous shallow concavity in the posterior part. Inner
lamella with a contact groove in the larger right valve into which fits the edge of the smaller
valve. Sexual dimorphism marked, with females more inflated posteriorly than males. CMS
comprises a leaf-like pattern of two rows of five opposing scars typical of the suborder.
Remarks. This species differs from Cytherella terminopunctata Bertels, 1975a from the
Maastricthian of the Neuquén Basin, also encountered in this study, in its much larger and
more widely distributed puncta. It also differs from Cytherella sp. 4 from the Paleocene of the
Pelotas Basin (Ceolin ef al. 2011) in mainly by being more inflated in dorsal view and larger
overall.

Stratigraphical range. Upper Cretaceous of eastern Niger (Colin and Hochuli 1992);

Maastrichtian and Danian of Cerro Azul, General Roca.

Cytherella semicatillus sp. nov. Ceolin and Whatley
Figure 3F-1

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. L. semi, half; plus catillus, a small plate. With reference to the shape of
the anterior one-third of the left valve of this species which resembles one-half of a small
plate.
Type material. Holotype: one complete carapace, LM-FCEN 3235 (Figs 3F, G, I); paratype:
FCEN-LM 3236 (Fig. H).
Material. 176 specimens, mainly juveniles, from samples 3, 5 and 14; Maastrichtian; 16, 17,
21, 26 and 34. Danian.
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Diagnosis. Carapace with a compressed, broadly rounded anterior margin with a structure
similar to the edge of dinner plate. RV overlaps the LV less on the posteroventral margin
where it is more inflated.

Dimensions. In mm:

L H A\

Holotype, adult, female, LM-FCEN 3235 0.798  0.542 0.375 sample 17

Paratype, juvenile, LM-FCEN 3236 0.602 0.392 0.250 sample 19

Description. Large, subovate in lateral view. Subelliptical with anterior region acuminate in
dorsal view. RV larger than LV with conspicuous overlap in lateral view around the entire
periphery, except posteroventrally, which is obscured by valve tumidity. Anterior margin
broadly rounded, compressed and with a subtle marginal rim in the left valve, which extends
from anterodorsal margin to mid-ventrally. Apex at about mid-height. Posterior margin well
rounded, but tumid with apex a little below mid-height. Dorsal margin gently convex in LV,
medianly subumbonate in RV. Ventral margin almost straight in LV, gently convex in RV.
Greatest height through “umbo”; greatest length about mid-height; greatest width in the
posterior quarter. Surface smooth. There is a distinct marginal rim in LV. Selvage and flange
visible anteriorly in the right valve. Other internal features not seen. Sexual dimorphism not

observed.

Remarks. This species is similar to Cytherella harmoniensis Van den Bold, 1960 from the
Lower Eocene of Sergipe, Brazil (Neufville 1973), mainly with respect to male specimens
(fig. 2d), that differ in its more pronounced dorsal overlap and smaller size (C. harmoniensis

L: 0.9-0.87).

Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca.
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Order PODOCOPIDA Miiller, 1894
Suborder PODOCOPINA Sars, 1866
Superfamily BAIRDIOIDEA Sars, 1888
Family BAIRDIIDAE Sars, 1888
Genus BAIRDOPPILATA Coryell, Sample and Jennings, 1935
Type species. Bairdoppilata martyni Coryell, Sample and Jennings, 1935
Bairdoppilata sp.
Figure 3J
Material. 16 specimens, mainly juveniles, from sample 21, Danian.
Dimensions. Adult valve, FCM-LM 3237, 1.110 (L), 0.642 (H).
Diagnosis. A very large, typically bairdioid species in lateral view, with a micropunctate
ornament densely developed around the anterior margin and much more scarcely elsewhere.
Remarks. Although there are no complete carapaces, this species is similar to Bairdoppilata
triangulata Edwards, 1944 from the Palacogene and Miocene of the Pelotas Basin
(Sanguinetti 1979; Ceolin et al. 2011) differing in its asymmetrically rounded anterior margin,
being more elongate, and in the less symmetrical and more convex dorsal margin. It differs

from Bairdia anachoreta Bertels 1968b in its more angular dorsal margin.

Bairdoppilata? sp.
Figure 3K
Material. 24 specimens from samples 16, 53, 55 and 57. Danian.
Dimensios. Adult carapace, LM-FCEN 3238, 0.782 (H), 0.63 (L), 0.335 (W).
Description. A large, subovate carapace with broadly rounded anterior margin and posterior
margin sloping towards its rounded apex. Dorsal margin strongly convex with a slight
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concavity present anterodorsally in RV. Ventral margin straight with a subtle concavity
medianly in RV, LV overlaps RV, mainly ventrally and anterodorsally. Hinge adont.
Calcified inner lamella wide anteriorly and posteriorly. CMS not seen.

Remarks. This species, although similar to what some authors have referred to as species of
Bythocypris (i.e. Bythocypris chapmani Neale, 1975), does not belong to that genus due to its
bairdioid shape mainly at anterodorsal margin. A more detailed classification is not possible

due to absence of a well-preserved internal view.

Superfamily CYPRIDOIDEA Baird, 1845
Family PARACYPRIDIDAE Sars, 1923
Genus PARACYPRIS Sars, 1866
Type species. Paracypris polita Sars, 1866
Paracypris bertelsae sp. nov. Ceolin and Whatley
Figure 3L-O

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
1973 Paracypris? sp. Bertels, p. 314, pl. 1, fig. 7a-b.
Derivation of name. In honour of the late Dr. Alwine Bertels, in recognition of her important
work on Ostracoda, especially those from the Maastrichtian and Danian of the Neuquén
Basin.
Type material. Holotype: one complete carapace, LM-FCEN 3239 (Figs 3L, O); paratypes:
LM-FCEN 3240-3241 (Figs 3M; 3N).
Material. 102 specimens from samples 16, 17, 19, 21, 23, 26, 29, 31, 34 and 45; Danian; and
the “numerous” specimens referred to by Bertels (1973); Danian.
Diagnosis. A short and rather high species of Paracypris with strong overlap of LV over RV
and arcuate dorsal margin with poorly defined cardinal angles.
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Dimensions. In mm:

L H \\

Holotype, adult, LM-FCEN 3239 0.955 0.480 0.368 sample 31
Paratype, adult, LM-FCEN 3240 0.953 0.527 sample 16

Paratype, adult, LM-FCEN 3241 0.913 0.501 sample 16

Description. Elongate, subovate to subtriangular in lateral view. In dorsal view, very regularly
subovate and rather thick-shelled for the genus. Anterior margin narrowly rounded with apex
below mid-height. Posterior margin sub-acute somewhat downturned and with subventral
apex. Posterodorsal slope long, straight to slightly convex. Dorsal margin slightly concave
anteriorly; anteromedianly slightly convex, then straight, but again convex posterodorsally.
Ventral margin similarly gently sinuous with very slight oral incurvature. LV larger than RV
with conspicuous overlap around entire periphery. Greatest length below mid-height; greatest
height at anterior cardinal angle; greatest width in the middle one-third. Internally, the anterior
and posterior calcified inner lamellae wide and vestibulate. CMS not seen. Hinge adont with a
long smooth groove in the left valve, which is well-butressed ventrally.

Remarks. This species differs from Paracypris imaguncula sp. nov. in its dorsal slope being
less acute and in its subovate to subtriangular shape and smaller size. It also differs from
Paracypris sp. 1 Bertels, 1975a, from the Maastrichtian of Fortin General Roca, Rio Negro
Province, in being less elongate with a more convex dorsal margin, the less truncated
posterior end and in being less acuminate.

Stratigraphical range. Danian of Fortin General Roca (Bertels 1973) and Danian of Cerro

Azul, General Roca.
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Paracypris imaguncula sp. nov. Ceolin and Whatley
Figure 3P-S

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
1973 Paracypris sp. Bertels, p. 315, pl. 1, fig. 8a.
Derivation of name. L. imaguncula, a copy. With reference to the general similarity of this
species to the type of the genus, Paracypris polita, Sars.
Type material. Holotype: one complete carapace, LM-FCEN 3242 (Figs 3P, S); paratypes:
LM-FCEN 3243-3244 (Figs 3Q; 3R).
Material: 36 specimens from samples 14; Maastrichtian; 16, 17, 21, 26, 29, 31, 34, 36, 39, 40,
53 and 57; Danian; and one specime referred to by Bertels (1973); Danian.
Diagnosis. A species of Paracypris of median length with posterior end acute and LV
overlapping the RV around the entire margins, except anteriorly where the RV overlaps the
LV.

Dimensions. In mm:

L H \
Holotype, adult, LM-FCEN 3242 1.041 0.480 0.256 sample 31
Paratype, adult, LM-FCEN 3243 1.070 0.468 sample 34
Paratype, adult, LM-FCEN 3244 1.106 0.532 sample 34

Description. Very large, elongate, subtriangular in lateral view. In dorsal view subeliptical
with pointed posterior. LV overlapping the RV around entire periphery, strongly mid-
ventrally and anterodorsally. Anterior margin narrowly but symmetrically rounded, extending
beyond left valve, with apex below mid-height. Posterior margin acuminate subventrally. In
both valves, posterodorsal slope long, straight or slightly concave. Dorsal margin concave

anterodorsally, convex medianly and concave posterodorsally in the RV. LV convex
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throughout and subumbonate anteromedianly. Ventral margin gently biconvex about a slight
median incurvature. Surface smooth. There are a few, apparently simple, pore canals on the
lateral surface. Internal features not seen.

Remarks. The present species is very similar to Paracypris polita Sars, 1866, differing in its
less elongate shape, less acute posterior end and less pronounced concavity ventrally. It is also
very similar to P. umzambaensis Dingle, 1969, from the Upper Senonian of the Pondoland
Coast, South Africa, differing mostly in its pronounced ventral overlap, narrower anterior
region and in its larger size (P. umzambaensis is L: 0.80, H: 0.33). It is also similar to
Paracypris sp. Fauth et al., 2013, from the Upper Cretaceous of the Santos Basin, southeast
Brazil, but differs in being more convex dorsally and in the greater degree of overlap around
the entire margin, which in Fauth’s species is absent in the mid-dorsal margin.
Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca and Danian of

Fortin General Roca, Rio Negro (Bertels 1973).

Paracypris? sp.
Figure 4A
Material. Six specimens from samples 21, 23, 29 and 36. Danian.
Dimensions. Adult carapace, LM-FCEN 3245, 0.523 (L), 0.25 (H).
Remarks. This species is tentatively classified in Paracypris althougth it lacks the very acute
ventral to subventral posterior apex typical that genus. It is poorly preserved and distorted and

its overlap relationship is difficult to assess.

Genus AGLAIOCYPRIS Sylvester-Bradley, 1946
Type species. Aglaia pulchella Brady, 1868b
Aglaiocypris? sp.
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Figure 4B
Material. One specimen from sample 31. Danian.
Dimensions. Adult valve, LM-FCEN 3246, 0.591 (L), 0.244 (H).
Diagnosis. Median, elongate subovate in lateral view. Anterior margin rounded; posterior
margin obliquely rounded. Dorsal margin convex with a slight concavity anterodorsally.
Ventral margin gently concave medianly. Surface smooth. Internal features not seen.
Remarks. This specimen is only tentatively placed in the genus due to the fact that in the one
poorly preserved valve it is impossible to see those internal features necessary to confirm the

genus.

Family PONTOCYPRIDIDAE Miiller, 1894
Genus ARGILLOECIA Sars, 1866
Type species. Argilloecia cylindrica Sars, 1866
Argilloecia abnormalis sp. nov. Ceolin and Whatley
Figure 4C-F
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
1973 Bythocypris? sp. Bertels, p. 313, pl. 1, fig 6a-b.
Derivation of name. L. abnormalis. With reference to the fact that this is the only species of
the genus in which the smaller LV does not overreached the RV anteriorly.
Type material. Holotype: one complete carapace, LM-FCEN 3247 (Fig. 4C); paratypes: LM-
FCEN 3248-3250 (Figs 4D; 4E; 4F).
Material. 232 specimens, mainly carapaces, from samples 8, 12 and 14; Maastrichtian; 16, 17,

19, 21, 23, 26, 29, 31, 36 and 39; Danian.
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Diagnosis. A medium species of Argilloecia characterized by its less pointed posterior end
and that the anterior margin of the LV does not overeach the RV, as in others species of the
genus.

Dimensions. In mm:

Holotype, adult, LM-FCEN 3247 0.528 0.207 0.165  sample 21

Paratype, adult, LM-FCEN 3248 0.678 0.226 sample 23
Paratype, adult, LM-FCEN 3249 0.533 0.212 sample 34
Paratype, adult, LM-FCEN 3250 0.585 0.206 0.162  sample 21

Description. A medium, elongate subovate species in lateral view. In dorsal view
subelliptical, with greatest width medianly and with pointed ends. Anterior margin
symetrically rounded with apex a little above mid-height. Posterior margin narrower and
obliquely rounded, with apex below mid-height. Dorsal margin more convex anterodorsally
and almost straight but sloping in posterior margin. Ventral margin subconvex, with LV more
concave in mid-ventral position. RV overlaps the LV and is least pronounced posterodorsaly.
Surface smooth. Calcified inner lamella wide anteriorly and narrow posteriorly. CMS typical
for the genus. Sexual dimorphism not seen.

Remarks. The decision to place this species in Argilloecia, is based on the valve overlap (RV
larger than LV) and in the CMS being characteristic of Argilloecia.

Stratigraphical range. Danian of Fortin General Roca, Rio Negro, (Bertels 1973);

Maastrichtian and Danian of Cerro Azul, General Roca.

Argilloecia concludus sp. nov. Ceolin and Whatley

Figure 4G-J
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LSID. urn:Isid:zoobank.org:act: XXX XXXXXX

Derivation of name. L. concludo end, close. With reference to its presence near the close of
the Cretaceous.

Type material. Holotype: LM-FCEN 3251(Fig. 4G); paratypes: LM-FCEN 3252-3254 (Figs
4H; 41; 47).

Material. 12 specimens from samples 5 and 12. Maastrichtian.

Diagnosis. A proportionally rather short species of Argilloecia in which the carapace at one-
third from the posterior margin is higher than in most other species. Dorsal margin convex
and with strong RV over LV overlap. Oral incurvature stronger than many species.

Dimensions. In mm:

Holotype, adult, =~ LM-FCEN 3251 0.525 0.230 0.150 sample 5
Paratype, juvenile, LM-FCEN 3252 0.485 0.222 0.135 sample 12
Paratype, juvenile, LM-FCEN 3253 0.411 0.183 sample 12

Paratype, juvenile, LM-FCEN 3254 0.502 0.200 0.151 sample 5

Description. A medium, elongate carapace in lateral view. Anterior margin narrowly rounded
with apex below mid-height. Posterior margin acute with ventral apex. Dorsal margin
symetrically convex and elongate; gently concave anterodorsally, mainly in LV. Ventral
margin biconvex with pronounced anteroventral oral concavity. Greatest length below mid-
height; greatest height at posterior one-third; greatest width medianly. RV overlaps the LV,
mainly in dorsal one-third and around ventral margins. Surface smooth. Internal features not

seen.
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Remarks. The present species resembles Argilloecia subcylindrica Alexander, 1934 from the
Eocene of Texas, but differs in being narrower anteriorly, the overlap is more developed
postero- and anterodorsally and the posterodorsal region is higher.

Stratigraphical range. Maastrichtian of Cerro Azul, General Roca.

Argilloecia hydrodynamicus sp. nov. Ceolin and Whatley
Figure 4K-M

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. Gr. vopov hydron, water; plus drvourxog dynamicus, power, strongly.
With reference to the supremely hydrodynamical outline and shape of this species.
Type material. Holotype: one carapace LM-FCEN 3255 (Fig. 4K); paratypes: LM-FCEN
3256-3257 (Figs 4L; 4M).
Material. 28 specimens, all carapaces from samples 16, 17, 21, 23 and 26. Danian.
Diagnosis. A very elongate, posteroventrally pointed species of Argilloecia with strong RV
overlap anterodorsally and the reverse posterodorsally.

Dimensions. In mm:

L H \

Holotype, adult, =~ LM-FCEN 3255 0.432 0.178 0.125 sample 21
Paratype, juvenile, LM-FCEN 3256 0.401 0.158 sample 21

Paratype, juvenile, LM-FCEN 3257 0.386 0.135 0.122 sample 21

Description. Small, subtriangular, elongate in lateral view. Subelliptical in dorsal view.
Anterior margin narrowly rounded with apex behind mid-height, posterior margin sub-acute

with ventral apex. Dorsal margin convex with posterior one-third sloping towards the
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posterior margin. Ventral margin almost straight with a weak oral concavity. Greatest length
below mid-height; greatest height and width medianly. RV overlaps the LV along the ventral
margin, mainly anteroventrally. Along the dorsal margin, the overlap is more pronounced
anterodorsally and becomes less posteriorly and finally is not apparent. Surface smooth.
Internal features not seen.

Remarks. Differs fom Argilloecia concludus sp. nov. mainly in being much narrower
posteriorly, less incurved ventrally and more convex dorsally.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Superfamily CYTHEROIDEA Baird, 1850
Family BYTHOCYTHERIDAE Sars, 1826
Genus BYTHOCERATINA Hornibrook, 1952
Type species. Bythoceratina mestayerae Hornibrook, 1952
Bythoceratina cheleutos sp. nov. Ceolin and Whatley
Figure 4N-Q
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. Gr. yelevtog, cheleutos, netted. With reference to the net-like reticulum
of this species.
Type material. Holotype: one carapace, LM-FCEN 3258 (Figs 4N, Q); paratype: LM-FCEN
3259 (Figs 40, P).

Material. Six specimens from samples 34, 36, 39 and 53; Danian.
Diagnosis. An elongate, ovate species of Bythocythere with a well-pronounced median sulcus
and anteromedian elevation. Ornament of chaotic reticulation centrally within a peripheral
ring where the muri are preferentially aligned to the margins, giving an aspect of riblets
surrounding the centre.
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Dimensions. In mm:

L H \\

Holotype, adult, LM-FCEN 3258 0.865 0.398 0.357 sample 34
Paratype, adult, LM-FCEN 3259 0.892 0.425 0.355 sample 29

Description. A large, elongate subovate species of Bythoceratina in lateral view. Dorsal view
spindle-shaped with distinct median sulcus and laterally compressed posteriorly. Anterior
margin broadly and regularly rounded with apex at about mid-height. Posterior margin
subcaudate, slightly “upturned” with apex above mid-height. Posteroventral slope long, very
gently convex; posterodorsal slope shorter and straight. Greatest length above mid-height;
greatest height at anterior third; greatest width equal on either side of median sulcus. Dorsal
margin straight to sinuous; ventral margin with gently incurvature at about one-third and
posteriorly keel-like. LV slightly larger than RV, with dorsal overlap. Ornament centrally
reticulate but rather chaotic with individual cells varying greatly in shape and size. Around the
entire periphery, most notably antero- and posterodorsally, a series of five or six subparallel
riblets formed from the muri, are developed. Median sulcus, which terminates a little below
mid-height, extends in a vertical arc across the valve and is floored by reticulae. A large
elevated tubercle occurs immediately anterior of this sulcus and is built up from coarse, well-
developed muri, its apex is perforate. Small, rather low, usually conjunctive pore conuli are
developed both on the muri, but also within the solae. All the pores seem to be simple.
Remarks. This species differs from Bythocythere punctatula Bertels, 1973, from the Danian of
Fortin General Roca, Rio Negro Province, mainly in its ornamentation pattern, which is
reticulate, with a series of subparallel riblets around the entire periphery, while Bertels’
species has small tubercles densely distributed across the entire surface.

Stratigraphical range. Danian of Cerro Azul, General Roca.

65



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

Bythoceratina rocana (Bertels, 1973) comb. nov.
Figure 4R-U

1973 Bythocythere rocana Bertels, p. 328, pl. 5, fig. 6a-b.
Material. Three carapaces from samples 19 and 29. Danian.
Dimensions. Adult carapace, LM-FCEN 3260 (Figs 4R, T) female, 0.677 (L), 0.304 (H),
0.362 (W); LM-FCEN 3261, (Figs 4S, U) male, 0.792 (L), 0.424 (H), 0.407 (W).
Remarks. Bythoceratina rocana (Bertels, 1973) does not resemble Bythocythere Sars as it in
strongly nodose and has a developed reticulation pattern. This species has very strong sexual
dimorphism that was not recognized by Bertels (1973). The female is lower and longer than
males. The male is higher, rounder and narrower dorsally. The specimen figured by Bertels
(1973) is female. Internal features are not seen.

Stratigraphical range. Danian of Fortin General Roca (Bertels 1973) and Cerro Azul.

Bythoceratina sp. aff. Bythoceratina scaberrima (Brady, 1887) Van den Bold 1957a

Figure 5A

1957a Bythoceratina scaberrima (Brady). Van den Bold, p. 246, pl. 2, fig. 8a-b.

Material. One specimen from sample 5. Maastrichtian.

Dimensions. Adult valve, LM-FCEN 3262 (lost), 0.591 (L), 0.415 (H).

Description. Subrhomboidal, but much modified by the position of the subdorsal caudal

process and two large ventrolateral spines. Strongly reticulopunctate ornament with numerous

rounded pore conuli, many conjunctive, some blind and some perforated. There is a distinct

denticulate marginal rim around the free margins and on the dorsal margin, and a deep median

sulcus.
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Remarks. Differs from Bythoceratina scaberrima (Brady, 1887) in being more reticulate and
lacking isolate conuli. This generic group are well-known in the deep sea and are an indicator

of that environment.

Bythoceratina sp.
Figure 5B

Material. One specimen from sample 21. Danian.
Dimensions. A broken valve, LM-FCEN 3263, 0.773 (L), 0.433 (H).
Description. A broken LV of Bythoceratina with the usual large tubercles in the usual
position of this genus and the large broken spine posteroventrally. Entire surface coverd by a
net-like reticulum of low muri and mainly angular cells. Large numbers of pores on the muri
or, if in solum, as eruptive conuli. Most are simple.
Remarks. Although this specimen is broken, it is possible to see the ventrolateral spinose
projection, which allow us to classify it. It differs from Bythoceratina incurvata (Bertels,

1973) in having more numerous tubercles and in the net-type reticular pattern.

Genus PSEUDOCYTHERE Sars, 1866
Type species. Pseudocythere caudata Sars, 1866
Pseudocythere sp.
Figure 5C-D
Material. One adult carapace from sample 17. Danian.
Dimensions. Adult carapace, LM-FCEN 3264, 0.585 (L), 0.258 (H).
Description. A median, very elongate species of Pseudocythere. In lateral view, there are two
well-developed ribs, one, the dorsal rib is a very strongly developed, almost flared rib, which
extends onto the anterior and ventral margin peripherally where it acts as a marginal rim. This
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rib has, just below it, another weaker rib, that extends from mid-dorsal just onto the
anterodorsal surface and another shorter rib is developed mid-dorsally. These are very well
seen in dorsal view. A linear inflated area extends across the valve from about mid-height to
the caudal process. This is separated by a linear shallow area, below which a ventrolateral rib
crosses the ventrolateral surface and falls away steeply to the ventral surface. Surface smooth.
Remarks. Differs from Pseudocythere sp. from the upper Senonian-lower Turonian of
Morrocco (Andreu et al. 2013) in its more elongate and narrow outline and in the presence of

ribs dorsally.

Genus TANYCYTHERE Cabral, Lord, Boomer and Malz, 2014.
Type species. Tanycythere caudata Cabral, Lord, Boomer and Malz, 2014.
Tanycythere sp.
Figure 5SE
Material. Three specimens from samples 17 and 21. Danian.
Dimensions. Adult carapace, LM-FCEN 3265, 0.750 (L), 0.324 (H).
Diagnosis. A large, subrectangular to elongate subovate species of Tanycythere with anterior
margin symmetrically rounded, with apex at mid-height; posterior margin caudate but broken,
with apex above mid-height. Dorsal margin straight, ventral margin sinuous with median
concavity. Surface smooth. RV overlaps the LV. Subeliptic in dorsal view.
Remarks. It differs from Tanycythere praecaudata Cabral and Loureiro, 2014 from the
Jurassic of the Portugal in having a less inflated carapace, absence of a keel posteroventrally

and being less rounded.

Family CYTHERIDEIDAE Sars, 1925
Subfamily CYTHERIDEINAE Sars, 1925

68



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

Genus PHELOCYPRIDEIS gen. nov. Ceolin and Whatley
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. Gr. pelo deceitful; plus Cyprideis. With reference to the fact that this
genus, while superficially resembling Cyprideis Jones, has a quite distinctly different hinge,
which lacks the median element and which overall is diagonal to the edge of the hinge
margin.
Type species. Phelocyprideis acardomesido gen. et sp. nov.
Diagnosis: A new genus of Cytherideidae typified by an unusual merodont hinge in which the
terminal elements alternate in both structure and position relative to edge of the valve and the
median element is absent. From the LV, for example, the anterior terminal element projects
beyond the internal edge of the valve, and is mechanically positive (male) while the posterior
terminal element is within the valve edge and is mechanically negative (female) and vice
versa for the RV.
Remarks. The type of merodont hingement exhibited by this genus we name alternamerodont
(from the Latin alternos) and from the fact that the terminal elements alternate in structure
and function and in their relationship to the edge of the valve and because the entire structure
seems to be diagonal to that edge. This hinge also lacks a median element. This Danian
species is another element in the complex structure of this generic group throughout the
Tertiary, leading to its final end product in the form of the genus Cyprideis Jones via such
important genera as Fossocytheridea Swain & Brown, 1964 as outlined by Tibert et al.
(2003). However, it does seem that Phelocyprideis is possibly the first genus in this important
lineage leading directly to Cyprideis rather than Fossocytheridea and the first two authors of
the present study intend to argue this case in a subsequent paper. One of us (RCW) has
already described Phraterfabanella (Boomer et al. 2001) from the Italian Lower Jurassic, now
acknowledged as the primitive genus of the entire Cytherideidae (see Tibert et al. Text fig. 6,
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p. 213). Phelocyprideis acardomesido sp. nov. resembles none of the Fossocytheridea species
described by Bergue ef al. (2011) species from the Senonian of the Santos Basin in SE Brazil.

Description: As for the type species.

Phelocyprideis acardomesido sp. nov. Ceolin and Whatley
Figure 5F-L

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. Gr. a, not, without; plus koplo, hinge; plus uegilo, middle. With
reference to the lack of a median hinge element in this species.
Type material. Holotype: LM-FCEN 3266 (Fig. 5SF); paratypes: LM-FCEN 3267-3271(Figs
5G; 5H; 51, J; 5K; SL).
Material. 96 specimens from samples 34, 50 and 57. Danian.
Diagnosis. As for genus.

Dimensions. In mm:

L H \

Holotype, adult, female, LM-FCEN 3266 0.583 0.364 0.268 sample 34

Paratype, adult, female LM-FCEN 3267 0.523 0.317 sample 34
Paratype, adult, male, LM-FCEN 3268 0.517 0.301 0.195 sample 34
Paratype, adult, female, LM-FCEN 3269 0.557 0.345 sample 34

Paratype, adult, male, LM-FCEN 3270 0.530 0.320 0.197 sample 57
Paratype, adult, female, LM-FCEN 3271 0.524 0.325 0.249 sample 57

Description. A medium, very subovate species of Phelocyprideis. Subovate in dorsal view.
LV overlaps the RV around entire periphery. Anterior margin broadly rounded with apex well
below mid-height. Anterodorsal slope long and gently arcuate; anteroventral slope shorter and
strongly convex. Posterior margin more narrowly rounded. Dorsal margin umbonate with
apex anterior of the mid-length. Dorsal cardinal angles not marked. Ventral margin very
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gently orally incurved in both valves. Greatest length below mid-height; greatest height
anterior of mid-length; greatest width medianly. LV larger than RV with conspicuous overlap
around entire periphery. Surface smooth. Numerous circular pits mark the normal pore canals;
the smaller being simple and the larger sieve-type. Hinge alternamerodont and oblique to the
margin. The anterior terminal element of the LV is a long structure bearing ten large teeth, all
of which extend beyond the edge of the hinge margin. The median element is absent. The
posterior terminal element comprises some ten large, rectangular locules, separated by vertical
walls and all negative with respect to the edge of the valve. CMS a curved row of four
adjacent scars and a small V-shape frontal scar. There is no fulcral point. Sexually dimorphic
with males more elongate and less umbonate than females.

Remarks. An extensive search of the pertinent literature has failed to review any taxon
resembling this in shape or hingement with which the present species could be compared. It
differs from Cyamocytheridea felix Bertels, 1973 from the Danian of Fortin General Roca,
Rio Negro Province, in its more subrounded shape, alternamerodont hinge (Bertels’ species
has holomerodont hingement) and overlap around the entire periphery. Echevarria (1987) has
identified Cyamocytheridea rossiae from the Miocene of Tierra del Fuego, but it differs from
P. acardomesido sp. nov. in shape and in its hinge in which each valve has either an all
positive or an all negative elements. The genus Ovocytheridea Grekoff has some similarities
in shape of the carapace with Phelocyprideis gen. nov., however the hingement is completely
different.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Subfamily EUCYTHERIDEINAE Puri, 1954
Genus EUCYTHERE Brady, 1866
Type species. Eucythere declivis (Norman, 1865) Brady 1868a
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Eucythere dinetos sp. nov. Ceolin and Whatley
Figure SM-Q

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. Gr. divetog, dinetos. Whorled around. With reference to the circular
disposition of the ribs on the valve surface that somewhat resemble a whirlpool.
Type material. Holotype: adult valve, LM-FCEN 3272 (Fig. 5M); paratypes: LM-FCEN
3273-3276 (Figs 5N; 50; 5P; 5Q).
Material. 18 specimens from samples 3 and 5; Maastrichtian; 16, 21, 23 and 26; Danian.
Diagnosis. A medium, subtriangular species of Eucythere with ornamentation composed by
six concentric ribs about a subovate median area that decrease in strength towards margins.
Dorsal margin very umbonate.

Dimensions. In mm:

Holotype, adult, female, LM-FCEN 3272 0.1303 02103 ¥ sample 21
Paratype, juvenile, female, LM-FCEN 3273 0.340 0.187 sample 16
Paratype, adult, female, = LM-FCEN 3274 0.373 0.216 sample 23
Paratype, adult, male, LM-FCEN 3275 0.308 0.134 sample 21

Paratype, juvenile, female, LM-FCEN 3276 0.392 0.218 0.191 sample 16

Description. Median, subtriangular in lateral view. Anterior margin with a bluntly pointed
apex well below mid-height; long, gently arcuate anterodorsal slope and shorter, more convex
anteroventral slope. Posterior margin bluntly pointed with ventral downturned apex. Dorsal
margin convex and umbonate in anterior part and long, gently convex and straight, in
posterior part. Ventral margin with broad oral inflexion. Greatest length ventrally; greatest
height through umbo; greatest width medianly. Ornament of six irregularly concentric ribs

about a subovate, median area that decrease in strength towards margins. The ribs are
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approximately parallel to one another and to the margins. There is a distinct perturbation
anteroventrally. The median area contains pores that are rather, irregularly distributed
between the ribs, many of them are sieve-type, other (smaller) are simple pores. Sexual
dimorphism not observed. Internal features not seen.

Remarks. The present species is very similar to Eucythere circumcostata Whatley and Coles,
1987 from the early Pliocene of ODP Leg 34 in its pattern of concentric ribs, but differs in the
dorsal margin that is much more arcuate and declines abruptly towards the posteroventral
region. The present species is also larger than E. circumcostata. It differ from Eucythere
danica Colin, 1987 described from the Danian of Sénégal, Africa, in its dorsal margin and
posterior caudal process being more elongate.

Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca.

Subfamily KRITHINAE Mandelstam, 1958
Genus KRITHE Brady, Crosskey and Robertson, 1874

Type species. Krithe bartonensis (Jones, 1857a)

Krithe crepidus sp. nov. Ceolin and Whatley

Figure 5R, 6A-C

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. Gr. kpermifog, a boot or shoe. Referring to the fanciful similarity of this
species to a Greek boot or shoe.
Type material. Holotype: one complete carapace LM-FCEN 3277 (Fig. 5SR; 6C); paratypes:
LM-FCEN 3278-3279 (Figs 6A; 6B).

Material. 21 specimens from samples 3 and 5; Maastrichtian, 16, 21, 23 and 26; Danian.
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Diagnosis. A large, elongate, subrectangular species of Krithe, LV strongly overlapping the
RV around entire periphery. In posterodorsal view, the indentations strongly resemble the
open torpedo tubes of a submarine.

Dimensions. In mm:

L H W
Holotype, adult, LM-FCEN 3277 0.805 0.404 0.347 sample 23
Paratype, adult, LM-FCEN 3278 0.693 0.327 sample 5
Paratype, adult, LM-FCEN 3279 0.709 0.337 sample 3

Description. In lateral view, a large, essentially smooth, subrectangular species of Krithe. In
dorsal view, subovate, but very parallel sided in posterior-half. In this view, a posterior
indentation of the lamella is very clearly seen, as is the very strong overlap of the LV over
RV. In right lateral view, this seems to occur around the entire periphery. Anterior margin
rather, narrowly, but symmetrically rounded about the apex at mid-height. Posterior margin
obliquely truncated and tightly rounded subventrally. Dorsal margin straight in anterior two-
third, more arcuate in posterior third. Ventral margin gently sinuous about oral concavity, best
seen in right valve. Greatest length below mid-height; greatest height in posterior third;
greatest width medianly. Surface smooth. Internally all the elements of the hinge are smooth.
Anterior radial pore canals not seen due to crystallization of the shell. CMS with the most
dorsal adductor being large and ‘U’-shaped, frontal scar a broad forward facing ‘U’ which

embraces a single smaller scar.

Remarks. This species differs from Krithe rocanum Bertels, 1973 from the Danian of the
Neuquén Basin, in its more convex dorsal margin and more rounded and blunter
posteroventral margin. It differs from Krithe nibelaensis Dingle, 1981 from the Campanian of

southeast Africa mainly in its more rounded posterior region and narrower anterior.

74



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca.

Krithe sp.

Figure 6D
Material. One carapace from sample 21. Danian.
Dimensions. Adult carapace, LM-FCEN 3280, 0.672 (L), 0.338 (H).
Diagnosis. A large, subrectangular species in lateral view with surface covered with a very
degraded reticulum. In dorsal view, the posterior indentation of the lamella is very clear.
Anterior margin rounded; posterior margin obliquely truncate and subrounded ventrally.
Dorsal margin weakly convex and ventral margin almost straight, with a small concavity in
the oral position. LV overlaps the RV around the entire margin, but most pronouncedly
anteriorly. Greatest height just behind mid-length. Internal features not seen.
Remarks: This species differs from K. crepidus sp. nov. in its more regularly convex dorsal
margin. It is less strongly truncate posteriorly and the surface of the carapace is covered with
a subdued ghost reticulation. Differs from K. rocanum Bertels, 1973, from the Danian of

Fortin General Roca, Rio Negro Province, in its ornamented surface.

Subfamily NEOCYTHERIDEIDINAE Puri, 1957
Genus COPYTUS Skogsberg, 1939
Type species. Copytus caligula Skogsberg, 1939
Copytus sp.
Figure 6E-F
Material. Eight specimens from samples 3, 5; Maastrichtian; 21, 23 and 45; Danian.

Dimensions. Adult carapace, LM-FCEN 3281, 0.649 (L), 0.275 (H).
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Diagnosis. A medium, subelliptical species with smooth surface and with an obliquely
rounded anterior end. Dorsal and ventral margins straight and posterior end symmetrically
rounded.

Remarks. The present species is similar to Copytus cretaceous described by Echevarria (1986)
from the Maastrichtian of Chubut, Argentina, but differs in its smaller size and slight ventral

rim.

Family CYTHERURIDAE Miiller, 1894
Subfamily CYTHEROPTERINAE Hanai, 1957

Genus CYTHEROPTERON Sars, 1866

Type species. Cythereis latissimum (Norman, 1865) Brady 1867
Cytheropteron hyperdictyon sp. nov. Ceolin and Whatley
Figure 6G-J

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. Gr. vmep beyond, above; plus Aiktdov net. With reference to the very
great strength and intensity of the reticulation of this species.
Type material. Holotype: LM-FCEN 3282 (Fig. 6G); paratypes: LM-FCEN 3283-3285 (Figs
6H; 61; 6)).
Material. 45 specimens from samples 21, 26, 29, 31, 34, 36, 39 and 40; Danian.
Diagnosis. A strongly, but not extendedly, alate species of Cytheropteron, carapace subovate
with a very strong reticulation that ranges in size from small circular anteriorly to much larger
centrally. Sagittate in dorsal view.

Dimensions. In mm:

L H \

Holotype, adult, =~ LM-FCEN 3282 0.641 0. 358 sample 29
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Paratype, adult, LM-FCEN 3283 0.632 0.365 sample 29
Paratype, adult, LM-FCEN 3284 0.635 0.362 0.436 sample 26
Paratype, adult, LM-FCEN 3285 0.612 0.390 sample 26

Description. A medium sized ostracod, thick-shelled for the genus, subovate, caudate
posteriorly and strongly alate in lateral and dorsal views. Sagittate in dorsal view. Anterior
margin broadly rounded with apex below mid-height and anterodorsal slope more gently
convex that anteroventrally. Posterior margin with apex at above mid-height and slightly
“upturned”. Posteroventral slope long and slightly concave, ventral slope shorter and more
convex. Dorsal margin straight sloping posteriorly, not overhung. Ventral margin completely
obscured in lateral view by the alar process. Greatest length above mid-height; greatest height
and greatest width through apex of ala. Ornament very strongly reticulate across entire valve
surface. Individual cells ranging in size from small circles anteriorly and much larger ones
centrally. The muri are almost smooth to micro-corrugate and bear a few, seemingly simple
pore canals. There is some preferential orientation of the muri parallel to the free margins, but
not apparent elsewhere. The solae seem mostly to be blind, but some possibly bears sieve
plates, as suggested by the internal view of these structures. Hinge very strongly
antimerodont. The right valve has a dentate bar with seven strong teeth anteriorly, some of
which seems to be secondarily dentate dorsally and a bar with eight teeth posteriorly, also
secondarily dentate. The median element is strongly locellate. Inner lamella wide. Surface
marked with deep pores. CMS a curved row of four with an oval single scar anteriorly.
Remarks. The present species has similarities with Cytheropteron rocanum Bertels, 1973
from the Danian of Fortin General Roca, mainly in the pattern of ornamentation, but differs
greatly in shape in dorsal view that is subtriangular, while C. rocanum is subovate.

Stratigraphical range. Danian of Cerro Azul, General Roca.
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Cytheropteron bidentinos sp. nov. Ceolin and Whatley
Figure 6K-M

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. L. bi, two, dentino, of teeth. With reference to the tooth-like apex of the
alar process.
Type material. Holotype: one valve, LM-FCEN 3286 (Figs 6K, L); paratype: LM-FCEN 3287
(Fig. 6M).
Material. 17 specimens from samples 16, 17 and 21. Danian.
Diagnosis. A profoundly alate species of Cytheropteron in which both leading and trailing
edges of alae are marked by parallel ribs and apex by a double spine. Peripheral surface
smooth, remainder punctate.

Dimensions. In mm:

L H
Holotype, adult, LM-FCEN 3286 0.458 0.240 sample 21

Paratype, adult, LM-FCEN 3287 0.496 0.319 sample 16

Description. Small, subrhomboidal and strongly alate species of Cytheropteron. Anterior
margin broadly rounded with small, rounded marginal denticles medianly on the peripheral
extended flange. Apex below mid-height. Posterior margin caudate with blunted subdorsal
apex; posteroventral slope straight becoming convex and keel-like posteroventrally. Dorsal
margins somewhat sinuous medianly, obscured by an arcuate rib. Ventral margin biconvex,
but mostly obscured in lateral view by ventral tumidity and alar process. The large alar
process has on its leading edge, three parallel ribs between which and on the flanks of external
members, single rows of puncta. These ribs terminate at the base of the alar spine. The trailing
edge is shorter and stronger with six ribs and rows of puncta; the most anterior being the

78



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

strongest. These ribs terminate in a bi-cuspate resembling the gaping bill of a bird. The
remainder of the carapace, except for the area around the free margins, is covered by mainly
concentric rows of rounded pores; these are smallest distally and largest proximally. The
pores are absent from the area of the closing and frontal muscles. An arcuate rib with two
roots anteriorly and posteriorly cross the valve dorsally, just behind mid-length. Internal
features not seen.

Remarks. This species should not be confused with Cytheroteron dividentum Hornibrook,
1952, a species with strong vertical ribs, which name is seemingly associated with the double-
toothed terminal hinge element. Differs from Cytheropteron inornatun Brady and Robertson,
1872 in having a longer posterodorsal caudal process, in its more arcuate rib posterodorsally
and in its surface being more densely punctate. It is also similar to Cytheropteron sp. 2914
Dingle, Lord and Boomer, 1990, from the Quaternary of SW Africa, in having the alar spine,
but differs in the shape of the caudal process, in the anterior margin being narrower and in its
ornamentation.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Cytheropteron translimitares sp. nov. Ceolin and Whatley
Figure 6N-R

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. L. trans, across; plus limitares, boundary. With reference to the
occurrence of this species on either side of the Maastrichtian-Danian boundary.
Type material. Holotype: one complete carapace, LM-FCEN 3288 (Figs 6N, Q); paratypes:
LM-FCEN 3289-3291 (Figs 60; 6P; 6R).
Material. 37 specimens from samples 1, 5 and 10; Maastrichtian; 16, 17, 21, 23, 26, 31 and
50; Danian.
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Diagnosis. A subovate, reticulopunctate specimen with a short caudal process and strongly
convex dorsal margin. Short alar process with ventrolateral ribs that are clearly seen ventrally.

Dimensions. In mm:

L H \

Holotype, adult, LM-FCEN 3288 0.368 0.244 0.392 sample 21
Paratype, adult, LM-FCEN 3289 0.403 0.221 sample 16
Paratype, adult, LM-FCEN 3290 0.612 0.390 sample 26
Paratype, adult, LM-FCEN 3291 0.410 0.340 0.189 sample 26

Description. Small, subovate, alate species of Cytheropteron with mainly punctate and, in
part, reticulate ornament. Anterior margin well-rounded with apex at about mid-height.
Posterior margin much more narrowly and asymmetrically rounded, with long, straight to
gently convex posterior dorsal slope and shorter, more convex posteroventral. Dorsal margin
strongly convex about an apex a little anterior of mid-length. Ventral margin with a very
slight oral concavity in front of mid-length, only partially obscured in lateral view. Greatest
length below mid-height; greatest height through dorsal apex; greatest width in posterior one-
third. Puncta small peripherally and increasing in size somewhat towards to the centre and
oriented parallel to margins. Puncta peripherally, but especially ventrally they occur in single
rows associated with ventrolateral and ventral ribs. There is a slight marginal rim anteriorly
and posteriorly. The alar process is defined by a number of ribs along the ventral surface and
the ventrolateral rib. Intercostal areas smooth, except where valve has been abraded, resulting
in a coarse, rough surface. Many of the puncta bear sieve-type pores. Some small simple
pores occur between puncta. Internally, the hinge is antimerodont and in the right valve, the
median element is a long, denticulate bar widest anteriorly. The terminal elements are
strongly elevated with four or five teeth anteriorly and three or four posteriorly. CMS not

seen. Calcified inner lamella wide around free margins.
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Remarks. Differs from Cytheropteron inops Bertels, 1969a from the upper Cretaceous of
Huantrai-co, Neuquén Province, in being more rounded, in its punctate surface and the
presence of a ventrolateral rib that defines the alar process.

Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca.

Cytheropteron sp.
Figure 7A

Material. One specimen from sample 5. Maastrichtian.
Dimensions. Adult carapace, LM-FCEN 3292, 0.445 (L), 0.265 (H).
Diagnosis. A subovate, strongly alate species of Cytheropteron with main ornament of
circular puncta and a number of small ribs that extend from a posterodorsal position onto the
ventral surface under the alar process. Caudal process smooth, blunt at mid-height. Anterior
apex also at mid-height.
Remarks. Cytheropteron sp. has similarities with Cytheropteron crassipinatum Whatley and
Masson, 1980. It differs, however, in its alar process being more acuminate, dorsal margin

more convex and in the ornamentation being circulo-punctate.

Genus AVERSOVALVA Hornibrook, 1952
Type species. Aversovalva aurea (Hornibrook, 1952) Crane, 1965
Aversovalva glochinos sp. nov. Ceolin and Whatley
Figure 7B-D
LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. Gr. yloyivog glochinos, point of an arrow. With reference to the aspect of

an arrowhead that this species presents in dorsal view.
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Type material. Holotype: one valve, LM-FCEN 3293 (Fig. 7B) (lost); paratypes: LM-FCEN
3294-3295 (Figs 7C; 7D).

Material. Nine specimens from samples 3; Maastrichtian; 16 and 21; Danian.

Diagnosis. An elongate, subovate species of Aversovalva with a strong alar process bearing a
reticulum, which is medianly subcircular, but which becomes extended and elongate-ovate on
the alar process.

Dimensions. In mm:

L H W
Holotype, adult, LM-FCEN 3293 (lost) 0.378  0.218 sample 22
Paratype, adult, LM-FCEN 3294 0.384  0.265 sample 16
Paratype, adult, = LM-FCEN 3295 0.385 0.235 0.388 sample 3

Description. An elongate, subovate species with a very strong alar process in lateral view.
Strongly sagittate in dorsal view. Anterior margin rounded but “downturned”, with apex
below mid-height. Posterior margin bluntly caudate at mid-height. Dorsal margin convex
anteriorly and straight to the posterior cardinal angle. Ventral margin with pronounced oral
incurvature. Ornament virtually smooth in anterior and posterior areas, elsewhere reticulate
with large oval cells and low broad muri. Oval cells centrally become “stretched” on alar
process. Alar process very strong with long leading edge, with three parallel ribs. Apex
bluntly pointed posteroventrally and short trailing edge defined by three small ribs and
intervening locules. Internal features as for genus.

Remarks. Differs from Cytheropteron (Aversovalva) westaustraliense Neale, 1975 from the
Gingin Chalk (Santonian) of Western Australia, in the posterior caudal process being less
abrupt and in the alar process more rounded. It also differs in reticulation pattern with better
developed cells.

Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca.
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Genus PEDICYTHERE Eagar, 1965

Type species. Pedicythere tessae Eagar, 1965
Pedicythere sp.
Figure 7E

Material. Three specimens from sample 5. Maastrichtian.
Dimensions: Adult valve, LM-FCEN 3296, 0.407 (L), 0.227 (H).
Description. Pedicythere with typical upturned blunt subdorsal caudal process. Alar process
polygonal in base and conical at termination. Anterior margin deeply indented dorsally and
with short radiate riblets in the ventral part. Surface smooth.
Remarks. The present species differs from Pedicythere australis Neale, 1975 from the
Santonian of Gingin, Australia, in its more regular dorsal margin with “upturned”caudal
process, which in Neale’s species is straight; and in the posterior region that is slightly

concave toward the caudal process, the opposite of P. australis that is convex.

Genus SEMICYTHERURA Wagner 1957
Type species. Cythere nigrescens Baird, 1838
Semicytherura argentinensis (Bertels, 1974) comb. nov.
Figure 7F
1974 Cytherura argentinensis Bertels, p. 391, pl. 2, fig. 9a-b.
Material. One specimen from sample 16. Danian.
Dimensions. Adult carapace, LM-FCEN 3297, 0.328 (L), 0.145 (H).
Remarks. On the basis of its external character alone, this species is clearly Semicytherura.
Stratigraphical range. Maastrichtian of Fortin General Roca (Bertels 1974) and Danian of
Cerro Azul, General Roca.
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Semicytherura sp. 1
Figure 7G

Material. Three specimens from samples 31, 39 and 50. Danian.
Dimensions. Adult carapace, LM-FCEN 3298, 0.310 (L), 0.139 (H).
Description. A very small species of Semicytherura, subovate, elongate and bluntly caudate in
lateral view with straight dorsal margin. Anterior apex well-below mid-height; posterior apex
at about mid-height. Marginal rim and posteroventral rib strongly developed. Anterior part
with large reticulum of various shapes, posterior part with smaller, circular reticulum.
Remarks. This seems certainly to be a new species but is left nomina aperta due to paucity of

material.

Semicytherura sp. 2
Figure 7H

Material. One specimen from sample 16. Danian.
Dimensions. Adult carapace, LM-FCEN 3299, 0.361 (L), 0.201 (H).
Description. Subovate Semicytherura with gently convex dorsal margin, caudal process above
mid-height and anterior margin with apex at mid-height. Dorsal and ventrolateral ribs
prominent and ornament reticulate with longitudinal muri dominant. Notable concavity above
posteroventral rib and entirely below mid-height.
Remarks. This species differs from Semicytherura sp.1 of this study, mainly in its more
rounded and less elongate shape and in the nature of reticulation and without strong ribs on

the surface.
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Semicytherura sp. 3
Figure 71

Material. Seven specimens from samples 3, Maastrichtian; 16, 21, 39 and 53, Danian.
Dimensions. Adult carapace, LM-FCEN 3300, 0.361 (L), 0.177 (H).
Description. An elongate, subtriangular carapace in lateral view, with well-rounded anterior
margin with apex below mid-height. Posterior margin very strongly caudate with apex at
about mid-height. Dorsal margin obscured by crest-like rib. Ventral margin in part obscured
by ornament, but biconvex about a considerable oral invagination. Several strong, but narrow
ribs cross the lateral surface. Intercostal areas reticulopunctate with mainly circular cells.
Remarks. The present species differs from Semicytherura cretae Neale, 1975 from the
Santonian of Gingin, Western Australia, in its well-developed ornamentation with ribs and

intercostal cells and also with more elongate caudal process.

Semicytherura? sp.
Figure 7]

Material. One specimen from sample 21. Danian.
Dimensions. Adult valve, LM-FCEN 3301, 0.327 (L), 0.148 (H).
Description. Elongate, subrectangular with subtruncated anterior margin, with apex well-
below mid-height. Posterior margin caudate with almost subventral apex. A series of large,
very broad, interconnected, ribs cross the surface and the periphery, between which is a
circular reticulum.
Remarks. Differs from other Semicytherura species in this study mainly in the posterior
caudal process and in the presence of thick ribs around the entire margins and the valve

surface. It is only tentatively included in this genus.
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Genus EUCYTHERURA Miiller, 1894
Type species. Cythere complexa Brady, 1866
Eucytherura stibaros sp. nov. Ceolin and Whatley
Figure 7K-O
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name: Gr. otifapog strong. With reference to the strongly ornate carapace of this
species.
Type material. Holotype: one complete carapace, LM-FCEN 3302 (Fig. 7K); paratypes: LM-
FCEN 3303-3304 (Figs 7L, M, N; 70).
Material. 15 specimens from samples 5 and 12; Maastrichtian; 16, 21, 23, 26 and 39; Danian.
Diagnosis. Subquadrate species of Eucytherura with hemispherical eye tubercle. Rather,
subdued and dispersed subcentral tubercle, which is strongly reticulate as is the rest of the
carapace. Dorsal rib crest-like posteriorly. Muri slightly microstriate, solae often bi, tri or
quadrifoil and often bearing sieve plates. Very few pore conuli on muri.

Dimensions. In mm:

L H \

Holotype, adult, =~ LM-FCEN 3302 0.330 0.194 sample 3
Paratype, adult, = LM-FCEN 3303 0.358 0.206 0.187 sample 3

Paratype, adult, = LM-FCEN 3304 0.315 0.196 sample 3

Description. A very small, subquadrate, thick-shelled and heavily ornate species. Anterior
margin broadly rounded with apex below mid-height. Anterodorsal slope long and gently
convex; anteroventral slope shorter and more convex with five marginal denticles. Posterior
margin very bluntly terminated with apex above mid-height. Posterodorsal slope concavo-

convex; posteroventral straight, interrupted by four marginal denticles. Dorsal margin straight,
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obscured posteriorly by dorsal rib, sloping gently posteriorly. Ventral margin biconvex about
a shallow oral concavity, obscured in lateral view by ventral ribs. In dorsal view, subovate
with a central constriction and end margins laterally compressed. Hemispherical eye tubercle
very prominent. Greatest length above mid-height, greatest height through eye tubercle,
greatest width at posterior one-quarter. Ornament of very coarse reticulation delimited by
broad microtuberculate muri that are preferentially vertically orientated in anterior half and
near the posterior margin, but more irregular elsewhere. Muri with rare, usually conjunctive,
simple pores; solae with depressed sieve plates, with irregular, often trefoil or bifid outlines.
The valve surface drops deeply onto the caudal area, which is largely smooth. A similar
smooth area occurs along the anterior margin, separated below mid-height into cells by the
muri whose distal extension form the anteroventral marginal denticles. The posterior
termination of the ventrolateral rib is almost spinose and is subalate. Hinge strongly
antimerodont with a well-defined, vertically orientated denticulations in a median element of
the left valve. Calcified inner lamella wide specially at the ends. CMS not seen.

Remarks. Differs from Eucytherura sp. 2 of this study in the nature of its reticulation with
sieve plates, its less truncate caudal process and in the well-developed hemispherical eye
tubercle. Differs from Eucytherura sp.1 also of this study, in the absence of a subcentral
tubercle, in the anteroventral rim being less inflated, in a bluntly reticulation pattern, and in
the position of the eye tubercle.

Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca.

Eucytherura sp. 1
Figure 7P
Material. Three specimens from samples 21 and 23. Danian.
Dimensions. Adult carapace, LM-FCEN 3305 (lost), 0.306 (L), 0.168 (H).
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Diagnosis. A very small species, subquadrate in lateral view with very heavily reticular
ornament with strong muri, which intersect at right angle medianly, more irregularly
elsewhere. Eye tubercle large, prominent; subcentral tubercle subcircular and strongly
buttressed. Caudal process blunt and slightly downturned. Solae with trefoil to quadrifoil
outlines, others polygonal. Large, simple pore conuli at mural intersections and sieve plates in
solae together with incipient celation. Strong anteromarginal rim that passes into a strong
ventrolateral rib that terminates in a subalar process.

Remarks. This species differs from Eucytherura antipodum Neale, 1975 (as figured on his
page 111, fig. 1) from the Santonian of Australia, in its trefoil and quadrifoil reticulation
pattern, in the absence of a posterodorsal rib and in a more subrectangular caudal process. It
also differs from Eucytherura cameloides McKenzie, Reyment and Reyment, 1993, from the
Eocene of Australia, in its less costellate surface, less pronounced eye tubercle and its

ornamented caudal process.

Eucytherura sp. 2
Figure 7Q-R

Material. One valve from sample 3. Maastrichtian.
Dimensions. Adult valve, LM-FCEN 3306, 0.336 (L), 0.198 (H).
Diagnosis. A very small and subquadrate species of Eucytherura with distinctly subtruncate
anterodorsal margin. Surface coarsely ornamented with well-developed muri, with scarce
conjunctive simple pores, and solae of very variable shape, depressed sieve plates, with
irregular, often simple, trefoil or bifid outlines. Short posterior caudal process and with a

ventrolateral rib and non-prominent subalar process.
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Remarks. Differs from Eucytherura stibaros sp. nov. of the present study in the shape of its
anterior and posterior margins and the less well-developed eye tubercle, which is obscured by

surface ornamentation, and more peripherally positioned than in E. stibaros.

Genus HEMIPARACYTHERIDEA Herrig, 1963
Type species. Hemiparacytheridea oculta (Herrig, 1963) Griiendel, 1975
Hemiparacytheridea sp.
Figure 8A
Material. Two specimens from samples 5 and 14. Maastrichtian.
Dimensions. Adult valve, LM-FCEN 3307 (lost), 0.248 (L), 0.125 (H).
Description. Elongate, subrectangular, well-rounded anterior margin with apex at mid-height.
Posterior margin caudate with apex above mid-height. Dorsal margin straight to slightly
sinuous and strongly inclined to posterior. Ventral margin with a strong oral concavity.
Surface with four prominent elevations; one just behind an ocular position, another
posteroventrolaterally and another posterodorsally. The fourth is the circular subcentral
tubercle which is connected to the posteroventral tubercle by a pronounced sinuous ridge.
There is a deep depressed area between this and the posterior margin which is compressed.
Numerous large pore canals, all of with seem to be sieve-type.
Remarks. This species differs from Hemiparacytheridea hemingwayi Neale, 1975 of Guzel
(2012) from the Cretaceous of Western Australia, by its shorter ventrolateral rib, well-
developed subcentral tubercle and more distinct median vertical sulcus. It also differs from
Hemiparacytheridea ewingensis Dingle, 1984 from the early-middle Albian of South Africa,
in its less well-developed ornament, in lacking a caudal process and less well-developed

antero-marginal rim and posterodorsal inflation.

89



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

Genus HEMINGWAYELLA Neale, 1975
Type species. Hemingwayella (Parahemingwayella) barkeri Dingle, 1984
Hemingwayella verrucosus sp. nov. Ceolin and Whatley
Figure 8B-D
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. L. verrucosus, full of warts, many warts. With reference to the many
wart-like protuberances on the surface of this species.
Type material. Holotype: adult valve, LM-FCEN 3308 (Fig. 8B) (lost); paratypes: LM-FCEN
3309-3310 (Figs 8C; 8D).
Material. Four specimens from sample 21. Danian.
Diagnosis. A typical species of Hemingwayella, except for its considerably strong
reticulation, in which posteriorly the muri are preferentially elongated subhorizontally and
interacting with vertical muri forming an open network. Anteriorly, in the dorsal two-thirds,
the vertical muri are strongest. There are several parallel ribs on the ventral margin.

Dimensions. In mm:

L H
Holotype, adult, = LM-FCEN 3308 (lost) 0.429 0.171  sample 21
Paratype, juvenile, LM-FCEN 3309 0.374  0.164  sample 21
Paratype, adult, LM-FCEN 3310 0.382  0.134  sample 21

Description. Small, very elongate subrectangular, somewhat pointed posteriorly in lateral
view. Subhexagonal and alate in dorsal view with compressed ends. Anterior margin broadly
rounded with apex below mid-height; anteroventral part more convex and dentate,
anterodorsal less convex without denticles. Posterior margin subcaudate and bluntly pointed a

little above mid-height. Dorsal margin straight to gently sinuous only overhung by the dorsal

90



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

rib posterodorsally. Ventral margin notably sinuous. Greatest length a little above mid-height;
greatest height anterior of eye tubercle; greatest width at one-fifth posteriorly. Ornament
reticulocostate, strongly developed. The eye tubercle is proportionally very large, subcircular
and essentially smooth. The subcentral tubercle is very large, rimmed by a riblet and bearing
prominently the four elongate adductor scars clearly visible in external view. From an
elevated ornate posterodorsal eminence, a short vertical rib extends down to about mid-height
and a dorsal rib extends sinuously to a mid-dorsal prominence. Anterior of the subcentral
tubercle, the muri of the reticulum are exaggerated in the vertical plane, but terminate in the
sinuous ventrolateral rib that extends from the anterocentral margin, circumvents the
subcentral tubercle ventrally and forms a distinct edge to the lateral surface before terminating
posteroventrally in a sub-alar process. Beneath it, on the ventral surface, are a number of
parallel ribs. There is a median sulcus between the eye tubercle and the median prominence
and ending posterior of this structure. The reticulation comprises large angular reticular cells,
ranging from quadrate to rectangular to polygonal, with the preferential orientation of the
muri being horizontally. The extreme posterior surface is less ornamented, almost smooth.
The surface is atuberculate although some small pore conuli open virtually flush with the
surface.

Remarks. Differs from Hemingwayella sp. Guzel, 2012 in its less strongly developed pattern
of reticulation and the absence of a hinge ear in LV. It also differs from the type-species
Hemingwayella pumilio (Brady, 1880) in its more reticulate surface and its rounded caudal
process. H. verrucosus is also higher. The present species exhibits similarities with H. ornata
Bate, 1972 described from the Santonian of Gingin, Western Australia, but differs in the well-
developed and reticulate caudal process and in its well-defined reticulation pattern. Differs
from H. (Parahemingwayella) barkeri Dingle, 1984 from the early-middle Albian of South
Africa, in having a discontinuous and less developed diagonal longitudinal rib to the posterior
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cardinal angle and by absence of punctate regions. Differs from Hemingwayella rionegrina
(Bertels, 1974) in being less inflated in dorsal view, in the absence of three strong horizontal
ribs, in its spinose anterior and posterior margins.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Family LOXOCONCHIDAE Sars, 1925
Genus HEINIA Van den Bold, 1985
Type species. Heinia howei Van den Bold, 1985
Heinia prostratopleuricos sp. nov. Ceolin and Whatley
Figure 8E-H
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. Gr. mpootorog, prostratos, to be laid flat; plus mAevixog, plerikos, of the
rib. With reference to the fact that the ribs of this species resemble a recumbent “U”.
Type material. Holotype: one carapace, LM-FCEN 3400 (Fig. 8E); paratypes: LM-FCEN
3401-3402 (Figs 8F, G; 8H).
Material. Five specimens from sample 21. Danian.
Diagnosis. A small, elongate species of Heinia with surface ornament comprising a series of
seven individual recumbent “U”-shaped ribs that do not achieve the anterior margin or
posterior end. LV overlaps the RV.

Dimensions. In mm:

L H \

Holotype, adult, LM-FCEN 3400 0.386 0.185 0.132 sample 21
Paratype, adult, LM-FCEN 3401 0.352 0.170 0.125 sample 21

Paratype, adult, LM-FCEN 3402 0.398 0.182 sample 21
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Description. A small, elongate and subtriangular carapace in lateral view. Subovate with
pointed posterior end in dorsal view. Anterior margin well rounded with apex at mid-height
and with well-developed marginal rim. Posterior margin bluntly pointed with almost
subventral apex. Dorsal margin anteriorly convex, posterior straight and steeply inclined to
the posterior. Ventral margin gently concave about an anteromedian oral incurvature. The
marginal rim extends around the posteroventral and dorsal margins. LV slightly larger than
RV with some dorsal, anterior and posterodorsal overlap. Greatest length below mid-height;
greatest height at anteriorly one-third; greatest width at posterior one-third. Ornament
reticulocostate. A series of seven ribs extend across the carapace from individual origin,
parallel to one another and do not achieve the dorsal or ventral margins. Mid-posterolaterally,
they bend round and then extend anteriorly, terminating against the smooth anteromarginal
area. They resemble a series of recumbent ‘U’-shapes, folded on the posterior side and
concave towards the anterior. The intercostal areas are reticulate as is the wide area embraced
by the recumbent ‘U’. The muri of the ribs and those that defines the reticulation are
perforated by pores that seem to be simple. Calcified inner lamella very wide anteriorly. CMS
with adductors in a row of four and a ‘U’-shaped frontal scar anterior of the second and third
adductors, with two mandibular scars ventrally. Hinge gongylodont with, in the RV, the
anterior socket enclosing a stepped, strongly elevated tridentine boss, a smooth anteromedian
groove and single socket enclosed by a boss-like tooth posteriorly and a smooth ridge tooth
dorsally and anteriorly.

Remarks. While the shape and outline of this species resemples that of other, younger
members of the genus, its ornament is very different. It seem to be the oldest known species
of Heinia by some considerable degree.

Stratigraphical range. Danian of Cerro Azul, General Roca.
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Genus LOXOCONCHA Sars, 1866

Type species. Cythere impressa Baird, 1850
Loxoconcha sp. aff. Loxoconcha cretacea Alexander, 1936
Figure 81

Material. One adult valve from sample 19. Danian.
Dimensions. Adult valve, LM-FCEN 3403, 0.425 (L), 0.226 (H).
Diagnosis. A reticulocostate species of Loxoconcha in which the lateral surface is dominated
by ribs that, in the dorsal half of the valve are convex upwards, but in the ventral half of the
valve strongly concave. Intercostal areas with large puncta between the ribs, although
anteriorly and posteriorly they are crosscurrent. Anterior margin rounded but posterior
caudate and upturned above mid-height.
Remarks. This species is very similar to Loxoconcha cretacea Alexander, 1936, from the
Maastrichtian of Maryland. Due to the paucity of material and poor preservation, it became
difficult to confirm the diagnostic characters of L. cretacea. There are subtle differences in the
dorsal margin, being more elongate than Alexander’s species and in its less acuminate caudal

process.

Genus PALMOCONCHA Swain & Gilby, 1974
Type species. Palmoconcha laevimarginata Swain and Gilby, 1974

Palmoconcha similis (Bertels, 1973) comb. nov.

Figure 8J

1973 Loxoconcha similis Bertels, p. 327, pl. 5, figs. 5a-b.
Material. 547 specimens from samples 21, 26, 29, 31, 34, 36, 39, 40, 50, 53, 55 and 57.
Danian.
Dimensions. Adult carapace, LM-FCEN 3404, 0.456 (L), 0.258 (H).
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Remarks. This is clearly Palmoconcha, not Loxoconcha on the basis of shape and outline of
the carapace.
Stratigraphical range. Danian of Fortin General Roca, Rio Negro (Bertels 1973); Cerro Azul,

General Roca.

Genus SAGMATOCYTHERE Athersuch, 1976

Type species. Sagmatocythere napoliana (Puri, 1963) Athersuch, 1976
Sagmatocythere? sp. 1
Figure 8K

Material. Four specimens from sample 5. Maastrichtian.
Dimensions. Adult valve, LM-FCEN 3405, 0.410 (L), 0.210 (H).
Description. Subrectangular to elongate, subromboidal in LV; more subrectangular in RV in
lateral view. Anterior margin broadly rounded with apex below mid-height, posterior margin
more narrowly rounded with apex well above mid-height. Dorsal margin straight, ventral
margin with shallow oral incurvature and well-developed posteroventral keel. Ornament
reticulocostate with large scallop and other shaped cells. Strong ventrolateral ridge in a form
of three ribs which define the ventral edge of the lateral surface and which anteroventrally,
inclines upwards through 90° into a single rib, which reaches the dorsal margin just anterior
of the eye tubercle. A distinct lateral sulcus extends obliquely anteroventrally from the eye
tubercle to about mid-height. Posteroventrally, especially in the RV, the ventrolateral rib
becomes subalate. Marginal rim absent. Sexual dimorphism well-developed with males longer
and proportionally less high than females.
Remarks. This species is placed in Sagmatocythere, as being the most appropriate genus in the

Loxoconchidae to which the gongylodont hinge requires its placement.
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Sagmatocythere? sp. 2
Figure 8L

Material. Three specimens from samples 29 and 34. Danian.
Dimensions. Adult valve, LM-FCEN 3406, 0.353 (L), 0.166 (H).
Diagnosis. Elongate, subrectangular, rounded anterior margin, posterior margin bluntly
pointed at mid-height. Dorsal margin straight to sinuous, sloping posteriorly. Ventral margin
biconvex about oral concavity. Ornament of ribs and reticulae. A strong, smooth peripheral
marginal rim surrounds the free margin. A strongly anastomosing and ramifying rib extends
antero-ventrally from the eye tubercle and is composed of large muri. There is a well-
developed ventrolateral rib and a posterodorsal cluster of ribs making an eminence in that
position, immediately ventral to which is an excavated area. The median sulcus and all other
elements of the carapace are strongly reticulated.
Remarks. This species is tentatively placed in Sagmatocythere due to the fact that it shares
some external characteristic with the referred genus. This matter will be better resolved on the

acquisition of open valves. The appearance of the present species suggest it is male.

Incertae sedis
Loxoconcha (s.1.) posterocosta sp. nov. Ceolin and Whatley
Figure 8M-R
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. L. postero, the back, behind; plus costa, a rib. With reference to the
obvious single rib in the posterior area, that is parallel to the posterior margin.
Type material. Holotype: one complete carapace, LM-FCEN 3407 (Figs 8M, Q); paratypes:
LM-FCEN 3408-3411 (Figs 8N; 80; 8P; 8R).
Material. 45 specimens from samples 34 and 36. Danian.
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Diagnosis. An elongate subovate loxoconchid species, characterized by a smooth lateral
surface apart from a curved rib extending down from the posterior part of the dorsal rib, and
parallel to the posterior margin.

Dimensions. In mm:

Holotype, female LM-FCEN 3407 0.398 0.205 0.178 sample 34
Paratype, female, LM-FCEN 3408 0.408 0.213 0.175 sample 34
Paratype, male, LM-FCEN 3409 0.429 0.235 0.167 sample 34
Paratype, female, LM-FCEN 3410 0.401  0.194 sample 34

Paratype, male, LM-FCEN 3411 0.471 0.245 0.194 sample 34

Description. Subquadrate (female), subrectangular (male) in lateral view. In dorsal view,
hastate with margins convergent anteriorly. Anterior margin very broadly rounded with apex
just below mid-height. Posterior margin poorly rounded with apex at mid-height,
posterodorsal slope concave and posteroventral slope strongly convex. Dorsal margin straight
between well-marked dorsal cardinal angles. Ventral margin gently convex except for oral
incurvature anteroventrally. Weak marginal rims occur in both valves and a pronounced
arcuate rib extends from near the posterior termination of the dorsal rib in an arc to its
posteroventral termination. Surface smooth in well-preserved specimens with numerous large
pores spread around the surface. In male, the oral invagination is stronger than in females.
Greatest length above mid-height; greatest height at anterior cardinal angle; greatest width
one-third posteriorly. Internal features not seem. Sexual dimorphism with males more

elongate and narrow than females.
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Remarks. Differs from Loxoconcha bullata Hartmann, 1956, figured in Whatley ef al. (1997)
(pl. 7, figs. 16-17) by its much straighter dorsal margin and subrectangular shape and lacking
ornamentation, apart from only a posterodorsal arcuate rib. Differs from Palmoconcha similis
(Bertels, 1973) from the Danian of Fortin General Roca, Rio Negro Province, in being more
elongate and in its smooth surface. The main difference is observed in males, with more
concave oral incurvature than in Bertels’ species.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Family PECTOCYTHERIDAE, Hanai 1957
Genus KEIJIA Teeter, 1975

Type species. Keijia demissa (Brady, 1868b) Teeter 1975

Keijia circulodictyon sp. nov. Ceolin and Whatley

Figure 9A-E

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of the name. L. circulus round, circle. (from Gr. kipkog) ; plus Gr. dixrvov dictyon,
net. With reference to the rounded elements of the reticulum.
Type material. Holotype: one complete carapace, LM-FCEN 3412 (Figs 9A); paratypes: LM-
FCEN 3413-3416 (Figs 9B; 9C; 9D; 9E).
Material. 104 specimens, mainly adults from sample 34 and 36, Danian.
Diagnosis. A strongly built species of Keijia with flattened marginal rim around free margins
and centrally an elevated area of strong reticulation, with deep rounded cells bearing sieve
plates and strong broad muri with micropunctate microornament.

Dimensions. In mm:

L H \

Holotype, female, LM-FCEN 3412 0.419 0.426 0.182 sample 34
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Paratype, female, LM-FCEN 3413 0.408 0.215 0.175 sample 34
Paratype, female, LM-FCEN 3414 0.406 0.211 sample 34
Paratype, female, LM-FCEN 3415 0.402 0.207 0.170 sample 34

Paratype, male, LM-FCEN 3416 0.408 0.215 0.169 sample 34

Description. Small, elongate, subrectangular in lateral view, also subrectangular in dorsal
view with very flared anterior margin. Anterior margin broadly rounded with a smooth, thin,
narrow rim that extends onto the ventral margin. Apex just below mid-height. Posterior
margin diagonally subtruncated with a distinct angle dorsally and more rounded ventrally.
Dorsal margin straight sloping posteriorly. Ventral margin, medianly obscured by valve
tumidity and ventrolateral rib, biconvex about oral concavity. Greatest length just below mid-
height; greatest height at the anterior cardinal angle; greatest width equal between cardinal
angles. LV larger than RV with strongest overlap dorsally and ventrally. Very strongly
ornamented with large circular reticulae, bounded by very strong muri, which bear a
secondary ornament and are irregularly punctate. Centrally and anteroventrally, extremly
strong muri are developed and the larger, inflated dorsal and anterior ribs parallel to the
margins becomes the ventrolateral rib, a less massive, but nevertheless strong structure that
terminates with a large pore conulus above the posterior surface. Large sieve plates occur in
some fossae and simple pores occur on the muri but are not abundant. In dorsal view, the
great strength of the marginal rib is clearly demonstrated. Sexual dimorphism pronounced
with males more elongate and less inflated than females.

Remarks. Differs from Keijia kratistos sp. nov. in the absence of ribs, in its subcentral

tubercle, and also in the nature of the reticulation and in being more rounded. Differs from
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Keijia flexuosa (Bertels, 1975a) in its anterior rim and in the pattern of reticulation, especially
anteriorly.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Keijia kratistos sp. nov. Ceolin and Whatley
Figure 9F-J

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. Gr. kpatiorog, strongest. With reference to the fact that, with its
particular ornament, this species probably has strongest carapace of the genus.
Type material. Holotype: one complete carapace, LM-FCEN 3417 (Fig. 9F); paratypes: LM-
FCEN 3418-3421 (Figs 9G; 9H; 91; 9J).
Material. 411 specimens from samples 19, 21, 23, 26, 29, 31, 34, 36, 39, 40, 50 and 53.
Danian.
Diagnosis. A very strongly constructed species of Keijia with an elevated reticulate area,
surrounded by a strong, smooth, boundary rim. A number of strong mural ribs and large
reticular cells of varying shape.

Dimensions. In mm:

L H \

Holotype, female, LM-FCEN 3417 0.464 0.241 0.178 sample 34
Paratype, female, LM-FCEN 3418 0.422 0.226 0.175 sample 21
Paratype, female, LM-FCEN 3419 0.502  0.253 sample 21
Paratype, female, LM-FCEN 3420 0.459 0.250 0.206 sample 21

Paratype, male, LM-FCEN 3421 0.461 0.249 0.183 sample 21
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Description. In lateral view, a median, elongate, subrectangular species. Subovate in dorsal
view. LV larger than RV with distinct overlap dorsally and posteriorly. Anterior margin
broadly rounded with a distinct but weak marginal rim without denticles. Posterior margin
truncate without notable angles of truncation. Dorsal margin anteriorly straight, sinuous in
posterior part. Ventral margin bilobate about a shallow oral concavity. Greatest length at
about mid-height; greatest height at anterior cardinal angle; greatest width at one-third
posteriorly. Ornament of very strong reticulation and ribs. A marginal rib, parallel to the
anterior margin and extending ventrolaterally, obscures the ventral margin and comes to a
small spinose structure posteroventrally, before extending onto the dorsal margin and
eventually to the dorsal margin as a smooth rim. At the posterior cardinal angle, it changes
course through 45° to form the posterior border of the elevated area. The reticulum is very
strong with large cells and strong muri, which vary in being either smooth or
microtuberculate. From the vertical posterior rib, a strong rib extends to the large subcentral
tubercle. Below the dorsal rib a number of strong parallel muri directed antero-ventrally,
always terminate at the first cell that they encounter. Sexual dimorphism pronounced with
males more elongate and narrow than females.

Remarks. This species is similar to Keijia huantraicoensis (Bertels 1969a) differing in its
smaller size and in the reticulation pattern being less costate, but mainly in the posterodorsal
rib, and in being more reticulate.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Keijia flexuosa (Bertels 1975a) comb. nov.

Figure 9K-N

1975a Cytheromorpha? flexuosa Bertels, p. 128, pl. 6, figs. 13a-b
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Type material. Specimen described by Bertels, housed in the collections of the Facultad de
Ciencias Exactas y Naturales in holotype LM-FCEN 602, paratypes LM-FCEN 867-868; plus
four paratypes this study LM-FCEN 3422-3425 (Figs 9K; 9L; OM; 9N).

Material. 33 specimens from samples 1, 5, 8 and 12. Maastrichtian, plus the type and other
material housed in the collections of the Facultad de Ciencias Exactas y Naturales,
Universidad de Buenos Aires, Argentina.

Diagnosis. A very strong reticulate Keijia with a marked smooth rims dorsally and
anterodorsally, which deteriorates ventrally by anastomosis and ramification. Extreme
anterior surface demarcated by very weak muri as opposed to those forming the reticulation.
Large pore conuli with large pores posteriorly.

Dimensions. In mm:

L H \

Paratype, adult, LM-FCEN 3422 0.604 0.312 sample 5
Paratype, adult, LM-FCEN 3423 0.591 0.303 0.248 sample 5
Paratype, adult, LM-FCEN 3424 0.589 0.293 sample 5

Paratype, adult, LM-FCEN 3425 0.649 0.305 0.257 sample 8

Description. Large, elongate, subrectangular in lateral view, ovate in dorsal view and strongly
compressed anteriorly with prominent, rounded posterior margin and a strong dorsal rim. The
width between the cardinal angles remains approximately the same. Non-sulcate. Anterior
margin asymmetrically rounded with apex well below mid-height; anterodorsal slope long
and gently convex; anteroventral slope shorter and more strongly convex. Posterior margin
truncated with subventral apex. Dorsal margin medianly concave, posteriorly obscured by
dorsal rim. Ventral margin biconvex about a distinct oral incurvature whose apex is behind
mid-length. Greatest length below mid-height; greatest height through anterior cardinal angle;
greatest width medianly. Ornament essentially reticulate. A strong dorsal rim extends
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anteriorly before ramifying and anastomosing subparallel to the anterior margin and onto the
ventral margin. This entire rim is smooth and divided by tubercles. There is a depressed area
behind this rim anteriorly, separated into two large cells by weak, narrow muri. This
depressed area extends onto the ventral margin. The remainder of the valve surface is a strong
reticulum with broad, smooth muri, which in the anterior part show a diagonal preference
from mid-dorsal towards the anteroventral region. Fossal cells mainly circular or oval and
possibly floored by sieve plates. Relatively few, simple, small pore conuli occur conjunctively
on the muri. Posteriorly there are several large conuli containing large pores. Hinge
pentodont. Inner lamella broad anteriorly, narrower posteriorly. CMS not seen.

Remarks. Differs from Keijia patagonica Whatley et al., 1997 from the Recent of Patagonia,
in its anterior depression, different pattern of reticulation and in the presence of two
posteroventral spines. This species is a very early occurrence and possibly the earliest of the
genus.

Stratigraphical range. Maastrichtian of Fortin General Roca (Bertels 1975a) and Cerro Azul,

General Roca.

Keijia huantraicoensis (Bertels, 1969a) comb. nov.
Figure 90

1969a Munseyella huantraicoensis Bertels, p. 284, pl. IV, fig. 1a.
Material. 199 specimens from samples 14; Maastrichtian; 16, 17, 19, 21, 23, 26, 29 and 31;
Danian.
Dimensions. Adult carapace, LM-FCEN 3426, 0.521 (L), 0.280 (L).
Remarks. Differs from all the other Keijia species in this study by having stronger ribs,
mainly on the dorsal and posterodorsal margin, with the secondary reticulation being less
well-developed.
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Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca and Danian of

Huantrai-co, Neuquén Province (Bertels 1969a).

Genus PARAMUNSEYELLA Bate, 1972
Type species. Paramunseyella austracretacea Bate, 1972.
Paramunseyella epaphroditus sp. nov. Ceolin and Whatley

Figure 9P-R; 10A-B
LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. Gr. erappolitog, lovely, charming. An apt name for such a species.
Type material. Holotype: one compete carapace LM-FCEN 3427 (Fig. 9P); paratypes: LM-
FCEN 3428-3431 (Figs 9Q; 9R; 10A; 10B).
Material. 24 specimens from samples 3, 5 and 12. Maastrichtian.
Diagnosis. A small, subtriangular species with anterior hinge ear in LV, flattened marginal
rim around margins and elevated central area made up of a series of mounds ribs and riblets.
Interornamental surface smooth, but bearing deep slit-like pores.

Dimensions. In mm:

L H \

Holotype, adult, LM-FCEN 3427 0.341 0.256 0.125 sample 3

Paratype, adult, LM-FCEN 3428 0.328 0.178 sample 5
Paratype, adult, LM-FCEN 3429 0.327 0.175 sample 5
Paratype, adult, LM-FCEN 3430 0.338 0.175 sample 5

Paratype, adult, LM-FCEN 3431 0.341 0.254 0.123 sample 5

Description. A very small, thick-shelled species of Paramunseyella, elongate subrectangular
in lateral view. Anterior margin broadly rounded with apex below mid-height, with

anterodorsal slope longer and more gently convex than anteroventral. Posterior margin
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subcaudate and bluntly pointed well below mid-height. Dorsal margin straight but appearing
sinuous due to periodic overhang by valve surface. Ventral margin mainly overhung by
ventrolateral and/or ventral rib. Greatest length below mid-height, greatest height through
eye-tubercle. Greatest width medianly. Surface ornament rugged and dominated by large
tubercles, ribs and very prominent pores. The subcentral tubercle is large and subovate. There
is a large tubercle situated just below the dorsal margin, just behind mid-length and another
associated with the termination of the ventrolateral rib. A short, but pronounced rib extends
from the eye-tubercle subparalel to the anterior margin, terminating in a wide circular pit at
mid-height. Above and below this pit are several large shallow reticulae. A narrow, short, but
prominent rib extends from the dorsal margin, a little behind the large dorsal tubercle,
obliquely across the valve to its termination above mid-height. The dorsal rib is large, passes
above the eye tubercle and extends as a peripheral rim around the anterior margin and
posterodorsally, and also peripherally around the posterior margin. The remainder of the valve
and the tubercles bear deep keyhole-like (cribrose) pores, most of which seems to be sieve-
type, and some of which contain short calcified rod-like structures resembling setae. Sexual
dimorphism not observed. Calcified inner lamella very wide anteriorly with sinuous inner
margins. Hinge pentodont with all elements smooth. CMS an oblique line of four small
adductors; the antennal scar not seen.

Remarks. This species differs from Paramunseyella sp. 5 Guzel, 2012 from the late
Maastrichtian Western of Australia in shape, mainly in straight dorsal and ventral margins and
in less “downturned” posterior subcaudal process. Differs from Genus A sp. Neale, 1975,
which is possibly Paramunseyella, in the marginal and ventrolateral rims being less well-
developed.

Stratigraphical range. Maastrichtian of Cerro Azul, General Roca.
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Genus MUNSEYELLA Van den Bold 1957b

Type species. Toulminia hyalokystis Munsey, 1953
Munseyella costaevermiculatus sp. nov. Ceolin and Whatley
Figure 10C-F

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. L. costae; plus vermiculatus, worm. With reference to the many ribs on
the surface of the species, many of which are notably worm-like.
Type material. Holotype: one valve, LM-FCEN 3432 (Fig. 10C); paratypes: LM-FCEN 3433-
3435 (Figs 10D; 10E; 10F).
Material. Nine specimens from samples 1, 5, 12 and 14. Maastrichtian.
Diagnosis. Species of Munseyella with robust rather chaotic costate ornament comprising ribs
in a quasi zig-zag pattern and lacking a strong intercostal reticulation.

Dimensions. In mm:

L H \

Holotype, adult, LM-FCEN 3432 0.422 0.224 0.155 sample 5
Paratype, adult, LM-FCEN 3433 0.428  (0.232 sample 14
Paratype, adult, LM-FCEN 3434 0.420 0.228 0.153 sample 14

Paratype, adult, LM-FCEN 3435 0.416  0.208 sample 5

Description. In lateral view a small, thick-shelled, elongate, subrectangular species of
Munseyella. Subovate in dorsal view, strongly compressed anteriorly. LV slightly larger than
RV with dorsal, anterodorsal and posterodorsal overlap. Anterior margin well rounded with
apex below mid-height. Posterior margin more narrowly rounded with apex below mid-
height. Greatest length below mid-height; greatest height at anterior cardinal angle; greatest
width at one-third posteriorly. Ornament costate. A large, peripheral rib extends around and
parallel to all the margins. Posterodorsally, it ramifies with a branch descending subvertically
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where it branches again, one ramus extending to the marginal rim, another anteriorly where a
second very convoluted branch, extends to a mid-anterocentral position, where another branch
is directed posteroventrally to unite with the marginal rib mid-ventrally. Another short branch
extends towards, but does not reach the anterior margin. Another rib from the dorsal margin,
proceeds very regularly below the dorsal marginal rib and terminates short of the anterior
margin. Intercostal areas showing some signs of very irregular ghost reticulation. Large sieve-
type pore canals and simple pores occur mainly on the elevations, but also in depressions.
Internal features not seen. Sexual dimorphism not observed.

Remarks. Differs from Munseyella laurea Bertels, 1973, from the Danian of Fortin General
Roca, Rio Negro Province, in the orientation of its ribs, in having a shorter posterodorsal rib
without nodes, in having a more developed posteroventral rib and poorly developed second
order reticulation. It also differs from Munseyella sp. Szczechura, 2001, from the Eocene of
Seymour Island, in its narrower ribs, well observed in mid-carapace, and in having stronger
ribs on the anteromarginal and posteromarginal margins and in the absence of two
dorsomedian nodes.

Stratigraphical range. Maastrichtian of Cerro Azul, General Roca.

Genus AMEGHINOCYTHERE Whatley, Morguilevsky, Chadwick and Ramos, 1997
Type species. Ameghinocythere reticulata Whatley, Morguilevsky, Chadwick and Ramos,
1997.

Ameghinocythere archaios sp. nov. Ceolin and Whatley
Figure 10G-K
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. Gr. apxoiog archaios, from the beginning. With reference to the fact that
seems to be the very oldest species of the genus.
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Type material. Holotype: One complete carapace, LM-FCEN 3436 (Figs 10G, J); paratypes:
LM-FCEN 3437-3438 (Figs 10H, I; 10K).

Material. 13 specimens from sample 21. Danian.

Diagnosis. An early species of Ameghinocythere with well-rounded anterior margin, quadrate
to rectangular or rhomboidal cells as opposed to rounded in the reticulum, with pore conuli
posteriorly.

Dimensions. In mm:

L H \\

Holotype adult, LM-FCEN 3436 0.611 0.304 0.233 sample 21
Paratype, adult, LM-FCEN 3437 0.60 0.296 sample 21

Paratype, adult, LM-FCEN 3438 0.625 0.311 sample 21

Description. Median, very elongate in lateral view. Anterior margin broadly rounded with
apex well below mid-height. Anterodorsal slope long and gently convex, anteroventral shorter
and more strongly convex. Posterior margin obliquely quadrate with apex well below mid-
height and defined by a rounded marginal denticle. Posterodorsal slope straight and oblique,
posteroventral slope strongly convex. Dorsal margin straight, strongly inclined posteriorly.
Ventral margin biconvex about a very gentle oral incurvature. LV larger that RV with
conspicuous overlap posteriorly and anterodorsally. Greatest length below mid-height,
greatest height through anterior cardinal angle. Ornament reticulate which, in lateral view,
resembles rippling waves. The muri at the end margins orientated subparallel to those
margins. Simple pore conuli occur conjunctively on the muri and as a small rounded
perforated tubercles in the posterior area. No apparent eye tubercle. Dorsal marginal area
smooth. Hinge pentodont. Calcified inner lamella very wide anteriorly and posteroventrally.

CMS not seen.
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Remarks. This is a poorly preserved species. It is an important and probably the earliest
representative of this genus. Differs from Ameghinocythere reticulata Whatley et al., 1997
from the Recent of the South West Atlantic, in its less pronounced anterodorsal slope, more
concave ventral margin and in its more pronounced overlap posteriorly and ventrally. It is
similar to ?Ameghinocythere cff. Cytheromorpha? flexuosa Bertels, 1975a identified by
Szczechura (2001) from the Eocene of the Seymour Island, Antarctica by the presence of
posterior pore conuli, but differs in the presence of a dorsal marginal rim in the anterodorsal
region being without the pronounced slope as observed in Szczechura’s species.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Family TRACHYLEBERIDIDAE Sylvester-Bradley, 1948
Subfamily TRACHYLEBERIDINAE Sylvester-Bradley, 1948

Genus ALEISOCYTHEREIS gen. nov. Ceolin and Whatley
LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. From the Gr. aleioov, aleison, a cup; plus k00epeig, Cythereis, a common
ending for cytheroid Ostracoda. With reference to the fact that many of the reticular cells in
this genus contain a cup-like structure, the rims of which abut against the muri and which
covers the entire solae.
Type species. Aleisocythereis polikothonus gen. et sp. nov.
Diagnosis. Elongate subovate with rounded anterior margin and bluntly pointed posteriorly.
Eye tubercle prominent. Anterior lacking the strong marginal rim, but posterior rim very
strong. Ornament reticulate with large, circular, ovate cells, with distinct rims to cup-like
structures filling the solae, which are blind and lacking sieve plates. Muri relatively weak,
bearing small spines, mostly perforate and with simple canals and much more rarely sieve-
type. Hinge hemiamphidont.
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Description. As for the type species.

Included species. Cythereis? incerta Bertels, 1975a is possibly a member of this genus
although the dorsal margin is rather straight. However, we have tentatively included it in
Aleisocythereis until such times as we can examine in detail its type material in Buenos Aires.
Remarks. It differs from Hysterocythereis gen. nov. in its much more prominent eye tubercle,
the nature of the reticulation and particularly the development of the tubercles on the
reticulum. It also differs in the nature of the ribs on the anterior margin, and particularly the
dorsal margin, and in its paramphidont hingement. It also differs from Sthenarocythereis gen.
nov. which, while it has an eye tubercle of similar development, differs fundamentaly in the
nature of the reticulum, the muri in Sthenarocythereis being much larger and the reticular

cells almost anything but circular.

Aleisocythereis polikothonus sp. nov. Ceolin and Whatley
Figure 10L-R

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. Gr. moil, many, kofovig, a cup, many cups. With reference to the large
number of small cup-like structures that fill the solae in this species.
Type species. Holotype: one valve LM-FCEN 3439 (Fig. 10L); paratypes: LM-FCEN 3440-
3444 (Figs 10M, N; 100; 10P; 10Q; 10R).
Material. 94 specimens from samples 1, 3, 5, 8, 10 and 12. Maastrichtian.
Diagnosis. Lacking major anterior marginal rim although the posterior marginal rim is very
strong. Ornament reticulate with cup-like solae, rather, weak muri and numerous conjunctive
spines, and some large conjunctive sieve-type structures. Subcentral tubercle small and
strongly eroded by the reticulum.

Dimensions. In mm:
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Holotype, female, LM-FCEN 3439 0.%77 0.3%0 v sample 5

Paratype, female, LM-FCEN 3440 0.703 0.396 sample 5
Paratype, male, LM-FCEN 3441 0.828 0.411 sample 5
Paratype, adult, female, LM-FCEN 3442 0.707 0.393 sample 5

Paratype, adult, female, LM-FCEN 3443 0.689 0.378 0.329 sample 5

Paratype, adult, male, LM-FCEN 3444 0.791 0.359 0.325 sample 5

Description. A median, thick-shelled and subovate-elongate carapace in lateral view. Anterior
margin broadly and symmetrically rounded with apex at about mid height and ventrally
denticulate. Posterior margin subcaudate with apex below mid-height; posteroventral slope
convex, posterodorsal slope concave in part to almost straight. Dorsal margin straight and
inclined somewhat to the posterior and slightly overhung by surface ornament in posterior
part. Ventral margin with broad oral concavity. In dorsal view compressed at end margins,
especially anteriorly. Greatest length below mid-height; greatest height at the anterior cardinal
angle; greatest width in posterior one-third. Ornament of large reticulae and with relatively
subdued muri. Many of the muri are filled with large, smooth cup-like structures that abut
against their walls. Most of them have smooth bottoms. The muri bear rather short tubercles
with rounded extremities, some of which are perforated, while others seem to be blind. There
are less tubercles antero-centrally than elsewhere. In some muri, there are a group of three or
four small tubercles in the middle of which there is a small sieve-type pore. Subcentral
tubercle not prominent. Eye tubercle well-developed. In internal view, there is a wide
calcified inner lamella; avestibulate. Hemiamphidont hinge and ocular sinus well-developed.
Antennal muscle scar ‘U’-shaped, inserted in the deep projection of subcentral tubercle.

Strong sexual dimorphism with males more elongate and lower than females.
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Remarks. Differs from Cythereis? excellens Bertels, 1969a, from the Maastrichtian of
Huantrai-co, by its sinuous dorsal margin with a posterodorsal convexity, in the subcircular
muri and smooth cup-like structures in the reticulation.

Stratigraphical range. Maastrichtian of Cerro Azul, General Roca.

Genus APATOLEBERIS gen. nov. Ceolin and Whatley
LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. Gr. anotoiefepic apatoleberis, from armoredog deceptive, illusory; plus
Aefepig, sloughed skin. With reference to the fact that one could be deceived into considering
this genus to be Trachyleberis Brady.
Type species. Trachyleberis noviprinceps Bertels, 1975a.
Diagnosis. A subrectangular genus with anterior margin rounded and posterior margin bluntly
pointed, with marginal rim anteriorly and posteriorly. Surface ornamented with tubercles
bearing sieve-type pores widely distributed over the valve and varying in size. These are
absent from the entire periphery. Subcentral tubercle and eye tubercle well-developed. Hinge
holamphidont. Frontal scar in a ‘V’-shaped.
Description. As for the type species.
Included species. Trachyleberis princeps Bertels, 1969a
Trachyleberis noviprinceps Bertels, 1975a
? Trachyleberis schizospinosa Dingle, 1981
Remarks. This genus is not in any way similar to other new trachyleberid genera erected in
this study. It differs from Trachyleberis Brady in the absence of a ventrolateral ridge,
presence of marginal rim, bluntly pointed posterior end and in the absence, in internal view,
of a snap-knob structure ventrally. Differs from Actinocythereis Puri in the absence of three
well-defined spinose ribs of which the ventrolateral is ascendant. Differs from Cythereis Jones
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in the absence of the three longitudinal ribs and in the posterior not being acuminate. The
most similar taxon we have encounted in our study search of the literature is Trachyleberis
schizospinosa Dingle, 1981 from the Alphared Formation, Agulhas Bank of Port Elizabet,
southeast South Africa from Maastrichtian III, Ostracoda assembladge 4b. The present species
however, is more pointed with apex above mid-heigth and althougth the tubercles are situated
similarly in the two taxa, and the present species lacks the distinct ventrolateral row of
tubercles of the latter. The similarities are sufficient to suggest that Dingle’s species, evidently

not Trachyleberis, belongs to a genus very similar, if not the same as Apatoleberis gen. nov.

Apatoleberis noviprinceps (Bertels, 1975a) comb. nov.

Figure 11A-E
1975a Trachyleberis noviprinceps Bertels. p. 104, pl. 2, figs 1-6.
1975b Cythereis?, Bertels, p. 345, pl. 2, figs 3, a-b; 5.
Remarks. We consider it necessary to redescribe this species, since it is now the type of a new
genus.
Type material. Specimen described by Bertels, housed in the collections of the Facultad de
Ciencias Exactas y Naturales in Holotype LM-FCEN 731, paratypes LM-FCEN 732-735,
605; plus five paratypes this study LM-FCEN 3445-3449 (Figs 11A; 11B; 11C; 11D; 11E).
Material. 14 specimens from samples 3, 5 and 8; Maastrichtian; plus the type and other
material of Bertels housed in Facultad of Ciencias Exactas y Naturales, Laboratory of
Micropaleontology, Universidad of Buenos Aires, Argentina.
Diagnosis. As for genus.

Dimensions. In mm:

L H \

Paratype, female, LM-FCEN 3445 0.879 0.488 0.410 sample 5
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Paratype, female, LM-FCEN 3446 0.868 0.507 sample 5
Paratype, male, LM-FCEN 3447 0.895 0.456 sample 5
Paratype, female, LM-FCEN 3448 0.875 0.488 sample 5

Paratype, female, LM-FCEN 3449 0.897 0.458 0.413 sample 5

Description. A large, subrectangular, elongate species of Apatoleberis. Subhexagonal in
dorsal view with compressed ends. Anterior margin symmetrically rounded with apex at mid-
height, with marginal denticles. Posterior margin bluntly pointed with apex above mid-height
and with small tubercles. Dorsal margin straight, slightly overhung by a tubercle in
posterodorsal margin. Ventral margin almost straight with more pronounced convexity
posteroventrally. LV overlaps the RV mainly at the dorsal cardinal angles. Greatest length at
mid-height, greatest height at one third anteriorly and greatest width at one third posteriorly.
Ornamentation tuberculospinose. Anteromarginal region with an ocular rib that extends
towards the anteroventral margin, where it disappears, to reappear on the posterior margin
through to the posterodorsal tubercle. Surface covered with tubercles randomly disposed and
of a number of different types. Most are small, with sieve-type pores on their summits but
others, with narrower terminations, are simple. These bear smaller conuli on their summit.
Two further tubercles, intermediate in size between the smaller and the larger tubercles, occur
mid-dorsally and between the subcentral tubercle and the most ventral of the large tubercles
respectively. These have tubercular stems and concave summits surrounded by small turrets.
There are three large tubercles posteriorly, aligned vertically. Subcentral tubercle well defined
and bearing a group of five smaller tubercles; it has a tubercular apophosis anteroventrally.
Calcified inner lamella well-developed. Hinge holamphidont. CMS with a row of four

adductors and a V’-shaped antennal scar. Sexual dimorphism well-developed with males
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more elongate and narrow than females and with a conspicuous reticulation on the surface
among the tubercles.

Remarks. Apatoleberis noviprinceps (Bertels, 1975a) differs from A. princeps (Bertels,
1969a) in the absence of reticulation and the presence of tubercles on the surface.
Stratigraphical range. Maastrichtian of Fortin General Roca, Rio Negro (Bertels 1975 a, b)

and Cerro Azul, General Roca.

Genus MIMICOCYTHEREIS gen. nov. Ceolin and Whatley
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. From L. mimicus (via. Gr. uiutkég mimikos), separate from. With
reference to the fact that although species belonging to this genus have been described as
Bradleya Hornibrook, they were simply masquerading as that genus in that they differ
fundamentally in a number of characters, especially in the CMS and belong to different
families.
Type species. Bradleya? attilai Bertels, 1975a
Diagnosis. A genus of the Trachyleberididae, short, subrectangular, with strongly rounded
anterior margin and less well rounded posterior. Dorsal margin of LV with strong anterior
hinge ear, lacking in RV. Remainder of dorsal margin straight, not inclined posteriorly and
largely obscured by valve surface. Small posterior hinge ear in LV, ventral margin convex
with very slight oral concavity. End margins both dentate. Ornament reticulocostate and
tuberculate to varying degrees, with pronounced dorsal, median and ventrolateral ribs,
strength of which varies between species. Reticulum with angular cells near margins more
circular medianly; simple conjunctive pore conuli, strong subcentral tubercle. Eye spot absent.
Hinge holamphidont.
Description. As for the type species.
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Included species. Bradleya? patagonica Bertels, 1975a

Bradleya? attilai Bertels, 1975a
Remarks. Bertels, in 1975a, described three species that she assigned to Bradleya?. Of these,
Bradleya? attilai and Bradleya? patagonica are clearly congeneric, although they obviously
do not belong to Bradleya. The third species Bradleya? argentinensis is a distinctly different
genus, possibly related to Oertliella Pokorny, because it lacks any traces of the three
longitudinal ribs characteristic of Mimicocythereis. Although Bertels classified her
“Bradleya?” species into the Hemicytheridae, they all possess a very evident strongly
developed ‘V’-shaped frontal scar characteristic of Trachyleberididae. Most modern authors
include Bradleya within the family Thaerocytheridae Hazel; others, however, prefer to
consider this group as a subfamily of Hemicytheridae Puri. In any case, Mimicocythereis
remains a Trachyleberididae due to its frontal muscle scar. The genus differs from Cythereis
in its holamphidont hinge. Sthenarocythereis gen. nov., differs in lacking strong horizontal
ribs and in the hinge ear in the LV and in the nature of its reticulotuberculate ornament.
Aleisocythereis gen. nov. lacks strong horizontal ribs, and also differs fundamentally in the

nature of the reticulum.

Mimicocythereis attilai (Bertels, 1975a) comb. nov.
Figure 11F-J

1975a Bradleya? attilai Bertels; p. 114, pl. 5, figs 6-9.
Remarks. We consider it necessary to redescribe this species, because it has now become the
type of a new genus.
Type material. Holotype: specimen described by Bertels, housed in Facultad de Ciencias
Exactas y Naturales in Holotype LM-FCEN 821, paratypes LM-FCEN 822-827; plus four
paratypes from this study LM-FCEN 3450-3453 (Figs 11F; 11G; 11H, I; 11J).
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Material. 12 specimens from samples 3, 5 and 12; Maastrichtian; plus the type and other
material of Bertels housed in the collections of the Facultad de Ciencias Exactas y Naturales,
Universidad de Buenos Aires, Argentina.

Diagnosis. A medium, subquadrate species of Mimicocythereis with a strong hinge ear in LV
and very strong reticulation.

Dimensions. In mm:

L H \
Paratype, female, LM-FCEN 3450 0.681 0.441 sample 5
Paratype, female, LM-FCEN 3451 0.695 0.425 sample 5
Paratype, female, LM-FCEN 3452 1.054 0.527 sample 5

Paratype, female, LM-FCEN 3453 0.988 0.467 0.343 sample 16

Description. In lateral view, short, subquadrate in LV; subovate in RV. Subsaggitate in dorsal
view with distinct median sulcus and with anterior margin laterally, but conically compressed.
Anterior margin broadly but asymmetrically rounded with apex well below mid-height and
long gently convex anterodorsal and shorter, more convex anteroventral slopes. There are
small denticles in the mid-anterior region. Posterior margin subtruncate to poorly rounded
with apex at about mid-height and with small tubercles. Dorsal margin straight, not strongly
inclined posteriorly, and obscured in posterior half by dorsal rib. In LV, there is a smaller
posterior hinge ear that is absent in RV. Ventral margin gently convex and with a very weak
oral incurvature, strongly overhung posteroventrally by ventrolateral rib. Greatest length at
about mid-height; greatest height through anterior hinge ear; greatest width in posterior one-
third. Ornament reticulocostate. A strong marginal rim comprising two rows of tubercles
parallels the anterior margin. The tubercles are perforate with simple and sieve-type pores.
This rib extends onto the ventral margin and re-emerges onto the posterior margin as a single
row of tubercles. There is a strong dorsal rib overhanging the posterior part of the dorsal

117



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

margin, and a strong ventrolateral rib without tubercles, but with pore conuli. A median rib
extends somewhat diagonally across the valve, being interrupted by the large subcentral
tubercle. The reticulum is coarse with angular cells posteriorly and anteriorly and more
circular cells medianly. Hinge holamphidont. Calcified inner lamella very wide anteriorly,
somewhat less posteriorly. Selvage, lists and striae well-developed and numerous peripheral
plications at right angles to the margin. CMS with three lower adductors closely adjacent,
while the dorsal adductor is at a strong angle to the remainder and is inclined anterodorsally.
Frontal scar strongly ‘V’-shaped. Sexual dimorphism not observed.

Remarks. Although Bertels describes this species as possessing an eye tubercle and internal
ocular sinus, we have being unable to observe these characters. This species differs from
Mimicocythereis patagonica (Bertels, 1975a) in its much strong reticulation and less strongly
developed lateral ribs.

Stratigraphical range. Maastrichtian of Fortin General Roca, Rio Negro Province, (Bertels

1975a) and Cerro Azul, General Roca.

Genus CASTILLOCYTHEREIS gen. nov. Ceolin and Whatley
LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. L. castillo, a fort or castle. With reference to the castle-like tubercles
complexes, a number of which occur as part of the reticulum of this genus.
Type species. Castillocythereis multicastrum gen. et sp. nov.
Diagnosis. As for the type species.
Description. As for the type species.
Included species. Castillocythereis multicastrum gen. et sp. nov. Ceolin and Whatley

Castillocythereis albertoriccardii sp. nov. Ceolin and Whatley
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Remarks. Castillocythereis gen. nov. differs from Trachylebereis Brady in the absence of an
angulate posterior margin, in its dense carapace ornamentation, especially with groups of
castellated turrets on the muri, and the absence of a prominent single ocular rib. It differs from
Cythereis Jones, in the absence of the three longitudinal ribs, the strong anterior peripheral
rim; in its bluntly pointed posterior end and in its poorly developed subcentral tubercle.
Apatoleberis gen. nov. is similar to Castillocythereis gen. nov. in shape, but differs in its well
defined anterior and posterior marginal rims, including a strong ocular rib and its prominent

subcentral tubercle and in differently tuberculate carapace.

Castillocythereis multicastrum sp. nov. Ceolin and Whatley
Figure 11K-O

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. L. multi, many; plus castrum, castles. With reference to the many (often
circular) multi tubercular castle-like pore conuli on the surface of this species.
Type material. Holotype: one valve, LM-FCEN 3454 (Figs 11K, L); paratypes: LM-FCEN
3455-3457 (Figs 11M; 11N; 110).
Material. 43 specimens from samples 16, 17, 19, 21 and 31. Danian.
Diagnosis. A large, subrectangular valve with reticulate surface and with groups of castellated
turrets on the muri, densely distributed over the entire surface. Eye tubercle present. Hinge
paramphidont.

Dimensions. In mm:

L H W
Holotype, female, =~ LM-FCEN 3454 0.938 0.529 sample 16
Paratype, female, = LM-FCEN 3455 0.988  0.587 sample 16
Paratype, male, LM-FCEN 3456 1.054  0.527 sample 16
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Paratype, female, LM-FCEN 3457 0.988 0.586 0.467 sample 16

Description. Large, elongate subrectangular in lateral view. Subovate in dorsal view with ends
largely compressed. Anterior margin broadly rounded with apex below mid-height; long
regularly but gently convex, anterodorsal slope with very small marginal denticles and
shorter, more convex anteroventral slope with much larger denticles. Posterior margin more
narrowly rounded with apex above mid-height, with short posterodorsal slope and small
posteromarginal denticles in a double row. Posteroventral slope longer, more convex and with
larger denticles in double row. Dorsal margin convex above eye-tubercle, behind which this
margin is straight and strongly spinose, descending abruptly into a deep sulcus parallel to the
posterior margin. Ventral margin strongly spinose with a very gently oral incurvature and not
overhung by valve surface or ornament. Greatest length a little above mid-height; greatest
height through eye tubercle, greatest width in posterior one-third. Ornament fundamentally of
a wide-open reticulum with tubercles and ribs superimposed. Three distinct ribs parallel the
anterior margin; they bear the typical clusters of subcircular castellate group of tubercles,
which range from having spinose club, or pestle-shape tubercles usually in groups of two to
four. Those on the anterior rib are rather small. Others elsewhere on the surface, particularly
medianly, are large, circular and bearing five and even seven tubercles, which surround a
simple sieve-type pore. These occur conjunctively on the muri and are entirely typical of the
ornament of this species. The solae are blind and all pores seems to occur centrally in the
various castra. The eye tubercle is surrounded above by two arcuate rows of very small
tubercles. A short median sulcus extends anteromedianly behind the eye and another separates
the “highground” of the anterior from the “lowground” of the posterior margin. The
subcentral tubercle is a very diffuse area of large “castles”. Calcified inner lamella very wide
anteriorly, hinge paramphidont with denticulate median element. CMS with an anterior ‘V’-
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shaped scar. Sexual dimorphism pronounced with males more elongate and narrower than
females.

Remarks. The present species differs from Trachyleberis huantraicoensis Bertels, 1969b
mainly in its ornamentation pattern that is less tuberculate and more reticulate, but with well-
defined groups of castellated turrets on the muri.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Castillocythereis albertoriccardii sp. nov. Ceolin and Whatley
Figure 11P-R; 12A

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. Named in honour of Professor Dr. Alberto Riccardi in recognition of his
important work on South American Mesozoic palaeontology, specially ammonites and for his
very influential presidency of the IPU, his work with CONICET and other institutions.
Type material. Holotype: one complete carapace, LM-FCEN 3458 (Figs 11P; 12A);
paratypes: LM-FCEN 3459-3460 (Figs 11Q; 11R).
Material. Ten specimens from samples 1, 3, 5, 12 and 14. Maastrichtian.
Diagnosis. A medium species with “downturned” and bluntly rounded posterior end. Second-
order ornamentation well developed with strong muri and with conjunctive castellated turrets.
Hinge holamphidont and pronounced eye tubercle.

Dimensions. In mm:

L H \

Holotype, carapace, LM-FCEN 3458 0.679 0.417 0.350 sample 3
Paratype, valve, LM-FCEN 3459 0.726 0.438 sample 1

Paratype, valve, = LM-FCEN 3460 0.665 0.401 sample 5
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Description. A medium sized slightly elongate, subquadrate species of Castillocythereis in
lateral view. Slightly saggitate in dorsal view, narrower anteriorly, widest in posterior third
and more strongly laterally compressed posteriorly than anteriorly. Anterior margin broadly,
but asymmetrically rounded with apex a little below mid-height and denticulate throughout
except from the extreme anterodorsal slope to the umbonate cardinal angle. Posterior margin
narrowly and bluntly rounded with apex at about mid-height; posteroventral slope convex and
denticulate; posterodorsal slope biconvex with a concave separation; not denticulate. Dorsal
margin slightly sigmoidal, largely obscured in lateral view by dorsal rib and its ornament.
Ventral margin obscured in lateral view; with oral concavity. Eye tubercle prominent and
micropunctate. Sexually dimorphic with females shorter and less high than males and with a
vertical rib posteriorly, clearly demarcating a smooth posteromarginal area from the elevated
surface of the carapace. This structure is evidently lacking in males. There are three
longitudinal ribs in the posterior part of the valve. A dorsal rib extends arcuately toward the
dorsal margin and terminates posterodorsally. It contains many tubercles in a double or triple
row. The tubercles are rounded and most are not perforated. A short median rib extends from
the posterior dorsal rib to within one or two cells short of the median subcentral tubercle. A
ventrolateral rib extends along the edge of the lateral surface, terminating at about mid-length.
It bears rounded pestle-like tubercles; most are blind, some are sieve-type. The subcentral
tubercle comprises a number of radiating riblets of tubercles. These are contained anteriorly
by an arcuate rib. A number of ribs paralleling the anterior margin cross the lateral surface
between the anterior rim and the subcentral tubercle. The eye tubercle is buttressed all around
by curved rows of tubercles. Clean species shows that the reticular cells with the prominent
ribs of the solae do not bear structures while intervening muri frequently bear tubercles, most
of which are blind. Simple marginal pore canals occur on the intersections of the muri on the
ribs, but more rarely on the muri of the reticulum. Hinge paramphidont with, in the RV a long
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anterior element comprising a dentate bar comprising of seven teeth, while the posterior bar
seems to bear four teeth. Median element locellate, most strongly posteriorly. The frontal
CMS is a ‘V’-shape.

Remarks. Differs from Castillocythereis multicastrum sp. nov. in its bluntly rounded
posterior end, in having more developed secondary reticulation with strong muri and less
densely distributed groups of castellated turrets on the muri. Differs from Cythereis
clibanarius sp. nov. in a less pointed posterior end, less developed ribs and in having pore
conuli disposed in castellated structures on the muri.

Stratigraphical range. Maastrichtian of Cerro Azul, General Roca.

Genus CYTHEREIS Jones, 1849
Type species. Cythereis ciliate Reuss, 1846.
Cythereis stratios sp. nov. Ceolin and Whatley
Figure 12B-F
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. Gr. arpatio, of soldiers. With reference to the neat line of the tubercles
along the dorsal margin, which resemble soldiers on parade.
Type material. Holotype: one complete carapace, LM-FCEN 3461 (Fig. 12B); paratypes: LM-
FCEN 3462-3465 (Figs 12C; 12D; 12E; 12F).
Material. 102 specimens from samples 14; Maastrichtian; 16, 17, 19, 21, 23, 26, 31, 34 and
40; Danian.
Diagnosis. Cythereis with three ribs bearing irregularly spatulate tubercles in straight lines.
Marginally dentate at each end with strong tuberculate marginal rim.

Dimensions. In mm:
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L H W

Holotype, female, LM-FCEN 3461 0.854 0.489 0.389 sample 31

Paratype, female, LM-FCEN 3462 0.938 0.530 sample 14
Paratype, male, LM-FCEN 3463 0.974 0.484 sample 14
Paratype, male, LM-FCEN 3464 0.978 0.473 sample 14

Paratype, female, LM-FCEN 3465 0.907 0.510 0.393 sample 19

Description. Large, elongate subovate in lateral view. Very thick-shelled. In dorsal view
subhexagonal with compressed extremities much modified by surface ornament. LV a little
larger than RV with some overlap anteriorly and posteroventrally. Anterior margin very
broadly rounded and dentate; apex near mid-height. Posterior margin bluntly rounded with
apex a little below mid-height. Dorsal margin straight, entirely obscured in lateral view by
dorsal rib and inclined towards posterior. Ventral margin almost straight and not obscured in
lateral view. Greatest length through mid-height; greatest height through anterior cardinal
angle and greatest width in posterior one-third. Ornamentation extremely robust;
reticulocostate with tubercles. A strong marginal rim surrounds the anterior margin
peripherally and bears marginal denticulations directed anteriorly and small castellated
tubercles projected laterally. On the ventral margin, the rim becomes reduced in strength, but
then becomes like that of the anterior marginal rib onto the posterior. However, at mid-height,
it reduces in strength and dies out posterodorsally. A strong dorsal rib bearing very large
ornate, spatulate, castellate tubercles, in military precision, extends to just behind the eye
tubercle. A similar median rib extends to near the subcentral tubercle and the ventrolateral rib
similarly, but less strongly constructed. This lateral structure is approximately ‘L’-shaped and
comprises two blocks of spatulate-sided castellate tubercles. The eye tubercle is ovate and

strongly buttressed. The reticulum comprises large individual cells which are subdivided
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immediately behind the anteromarginal rim. The solae are intact. The larger tubercles on the
ribs and some muri, especially conjunctively, bear pores. However the majority of tubercles
seem to be blind. Hinge paramphidont. Calcified inner lamella wide anteriorly and
posteriorly. Antennal scar ‘U’-shaped.

Remarks. This species has a hinge typical of Cythereis such as Cythereis? punctatafoveolata
Majoran, 1989 (pl. 12, figs. 12-13) described from the Mid-Cretaceous of Algeria. Differs
from Cythereis trajectiones sp. nov. in the nature of its reticulation and its more elongate ribs.

Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca.

Cythereis clibanarius sp. nov. Ceolin and Whatley
Figure 12G-J

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivaion of name. L. clibanarius, a soldier clad in mail. With reference to the appearance of
this species seen in lateral view, in that the ornament resembles the chain-mail armour of
soldiers in Roman and Mediaeval times.
Type material. Holotype: one valve, LM-FCE 3466 (Fig. 12G); paratypes: LM-FCEN 3467-
3469 (Figs 12H; 121; 12J).
Material. Seven specimens from sample 19. Danian.
Diagnosis. Cythereis with strong dorsal but weaker median and ventrolateral ribs. The dorsal
bearing strong clusters of club-like tubercles. Marginal rim anteriorly with rounded tubercles
paralleled proximally by a similar rib also tuberculate but mural in origin. Eye tubercle
strongly buttressed but not prominent.

Dimensions. In mm:
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L H
Holotype, female, LM-FCEN 3466 0.803 0.444 sample 19
Paratype, female, LM-FCEN 3467 0.970 0.500 sample 19
Paratype, male, LM-FCEN 3468 0.952 0.456 sample 19
Paratype, female, LM-FCEN 3469 0.785 0.441 sample 19

Description. Large, subovate in lateral view. Subhexagonal with compressed extremities in
dorsal view. Anterior margin broadly rounded with apex at about mid-height. Posterior
margin pointed, slightly “upturned” with apex just below mid-height, with straight to concave
posterodorsal slope and straight to gently convex posteroventral slope. Dorsal margin straight,
inclined posteriorly and completely obscured in lateral view by dorsal rib. Ventral margin
with slight oral indentation, obscured in lateral view by ventral rib. Ornament very strong,
reticulocostate and spinose. There is a distinct marginal rim, very peripheral to the anterior
and posterior margins where it bears a double row of small conular denticulations of which
some on the inner row are perforated terminally. A very strong dorsal rib extends from the
posterior cardinal angle to a small sulcus immediately behind the eye tubercle. This rib is
eroded on the lateral surface by the reticulum and comprises a number of castellate structures
surrounded by blunt pore conuli, some of which are perforate. The eye tubercle, which is
smooth but not prominent, is within a heavily buttressed, multiconulate area, the posterior
conuli of which are considerably higher that the surface of the eye tubercle. Subcentral
tubercle approximately circular, but quite irregular; it contains many conuli most of which are
blind. The reticulum comprises largely, circular or ovate cells with the rims of the solae being
well defined. The solae are almost all completely smooth. Some, however, have very small
pores in their bases. The muri often bear usually conjunctive pores, they also bear blind

conuli. There is a weakly developed median rib, somewhat arcuate in its mid-length which
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terminates against the subcentral tubercle. There is a rather indistinct ventrolateral rib that
extends from an anteroventral position to its termination in a large, distinct conulus, with a
sieve-type pore posteroventrally. A narrow rib, formed from the muri of the reticulum,
extends anteriorly from the subcentral tubercle to the anteromarginal rim. Greatest length at
mid-height; greatest height at anterior cardinal angle; greatest width at one-third posteriorly.
Sexual dimorphism very strong, with males more elongate than females. Hinge paramphidont.
Calcified inner lamella very wide anteriorly, avestibulate. Frontal scar ‘U’-shaped.

Remarks. Differs from Cythereis stratios sp. nov. in the less ornamented nature of the anterior
and posterior rims, in the more rounded pattern of reticular cells, spinosity on the muri and in
a less prominent eye tubercle. Differs from Cythereis transkeiensis Dingle, 1969, from the
Santonian of the coast of Pondoland, South Africa, in the absence of cup-like structures in the
reticule, in the posterodorsal end lacking concavity and in the presence of spines in the
posteroventral region.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Cythereis trajectiones sp. nov. Ceolin and Whatley
Figure 12K-P

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. L. trajectiones, a crossing over, part way of passage of something,
trajectory. With reference to the fact that this species crosses the Cretaceous—Tertiary
boundary.
Type material. Holotype: one complete carapace, LM-FCEN 3470 (Fig. 12K); paratypes: LM-
FCEN 3471-3474 (Figs 12L, M; 12N; 120; 12P).

Material. 169 specimens from samples 14; Maastrichtian, 16, 17, 19 and 21; Danian.
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Diagnosis. A species of Cythereis characterized by a very tuberculate dorsal rib and
ventrolateral rib and the possession of club-like conjunctive tubercles on the muri, that also
occur on the subcentral tubercle and the median rib.

Dimensions. In mm:

Holotype, female, LM-FCEN 3470 0.1562 0.411{75 v sample 17
Paratype, female, =~ LM-FCEN 3471 0.639 0.384 sample 14
Paratype, female, =~ LM-FCEN 3472 0.661 0.384 sample 14
Paratype, male, LM-FCEN 3473 0.666 0.323 sample 19

Paratype, female, ¥ LM-FCEN 3474 0.698 0.387 0.324 sample 14

Description. Medium, elongate, subovate in lateral view. In dorsal view with distinct median
sulcus. Greatest width about one-third length. End margins compressed. Anterior margin
broadly rounded, apex a little below mid-height and anterodorsal slope slightly less convex
anteroventrally. Short, strong, blunt marginal denticles. Posterior margin bluntly pointed with
apex below mid-height and strongly dentate in ventral half with small strong conical marginal
denticles. Dorsal margin straight sloping posteriorly and obscured by dorsal rib. Ventral
margin obscured in lateral view and with slight oral inflexion. Greatest length below mid-
height; greatest height through eye tubercle. LV slightly larger than RV. Ornament relatively
strong, reticulo-costate and tuberculate. There is a strong dorsal rib with strong tuberculate
buttresses bearing two to six conular tubercles with smooth inter-tubercular areas. The
prominent oval eye tubercle is situated at the anterior end of this rib. Median rib short and
tuberculate, terminating against the median sulcus, well before subcentral tubercle.
Ventrolateral rib defined by rows of mainly paired tubercles terminating posteroventrally in a
considerably profound sulcus. A strong marginal rim, bearing numerous tubercles in an
irregular double row, parallels the anterior margin and extends onto the ventral and posterior
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margins. Subcentral tubercle large with irregular outline and bearing tubercles. Intercostal
areas reticulate, with muri anteriorly being directed subparallel to the anterior margin and
separated by decreasingly by proximally large reticular cells. The largest cells occur between
the most distal riblet and the marginal rim and are elongate ovate in shape. The remainder of
the reticulation is chaotic with solae varying in shape. The area nearest to the posterior margin
is not reticulate. Numerous and widespread conjugate pore conuli occur across the valve, they
may be blind, simple or sieve-type pores and possibly sieve plates in the solae and on some
elevations Hinge paramphidont. Calcified inner lamella very wide anteriorly, avestibulate.
Frontal scar ‘U’-shaped. Sexual dimorphism strong with males narrower, more elongate and
less inflate than females.

Remarks. The present species has some similarities with Cythereis? indocilis Bertels 1969a
from the Danian of Huantrai-co, Neuquén Province, differing in its better developed ribs, the
presence of many conjugate pore conuli, absence of a post ocular sulcus and in the pattern of
second order reticulation. This species occurs in the upper available sample in the
Maastrichtian and in three samples in the Danian.

Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca.

Genus HENRYHOWELLA Puri, 1957
Type species. Henryhowella evax Ulrich and Brassler, 1904
Henryhowella (Henryhowella) nascens (Bertels, 1969¢)
Figure 12Q-R
1969¢ Rocaleberis nascens Bertels, p. 163, pl. 1, fig. 1a—c.
2002 Henryhowella cf. H. nascens Miller et al., p. 310, fig. 9a.

Material. 56 specimens from samples 17, 19, 26, 34 and 39. Danian.
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Dimensions. Adult carapace, paratype LM-FCEN 3475, (Fig. 12Q) female, 1.07 (L), 0.65 (H),
LM-FCEN 3476, (Fig. 12R) male, 1.11 (L), 0.575 (H).

Remarks. Bertels erected this genus claiming that it differs from Henyhowella in possessing a
different set of structures associate with the calcified inner lamella anteriorly. These
characters, however, are common in Henryhowella and do not support this generic
proposition.

Stratigraphical range. Danian of Fortin General Roca, Rio Negro (Bertels 1969¢), Huantrai-

co, Neuquén (Bertels 1973) and Cerro Azul, General Roca.

Subgenus WICHMANNELLA Bertels, 1969 new subgenus
Type species. Wichmannella meridionalis Bertels, 1969¢
Remarks. The present authors do not consider that the reasons Bertels’ uses to separate her
genus Wichmannella from Henryhowella Puri are profound enough to warrant a separate
genus. However, we believe that the differences between their respective type species are
sufficient to maintain a separation at the subgenera level. Therefore, we include in
Wichmannella all those species from the Maastrichtian and Danian assigned to it from the
Neuquén Basin (Bertels 1969b, 1974, 1975a). However, Jellinek and Swanson (2003) in the
discussion of their genus Apatihowella (Apatihowella) considers that Yajima’s (1982) use of
Wichmannella for Cythere circumdentata (Brady, 1880) is doubtful. The latter is a Recent
genus from the deep southern of Pacific, while Wichmannella is from the Late Cretaceous—

Lower Tertiary of Argentina. The present authors concur on this.

Henryhowella (Wichmannella) praealtus sp. nov. Ceolin and Whatley
Figure 13A-F
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
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Derivation of name. L. praealtus very high. With reference to the proportionally great height
of the female of this species.

Type material. Holotype: one complete carapace, LM-FCEN 3477 (Fig. 13A); paratype LM-
FCEN 3478-3482 (Figs 13B; 13C; 13D; 13E; 13F).

Material. 59 specimes from samples 16, 17, 19, 21, 23 and 31. Danian.

Diagnosis. A species of Henryhowella (Wichmannella) characterized by its cup-like solae in
the reticulum and numerous small, short, mostly conjunctive tubercular spines, on the muri.
Eye tubercle hemispherical, large and protuberant and, in internal view, very large sieve
pores.

Dimensions. In mm:

Holotype, female, LM-FCEN 3477 1.]683 OI._I643 0.\2,25 sample 17
Paratype, female, LM-FCEN 3478 1.063  0.637 sample 19
Paratype, male, LM-FCEN 3479 1.171 0.629 sample 23
Paratype, female, LM-FCEN 3480 1.014  0.602 sample 23

Paratype, female, LM-FCEN 3481 1.018 0.671 0.529  sample 26

Paratype, male, LM-FCEN 3482 1.241 0.592 0.589 sample 19

Description. A very large, subovate to subrectangular, thick-shelled species of Henryhowella
(Wichmannella); subovate in dorsal view. Anterior margin very well rounded about an apex at
mid-height and with marginal denticles in lower half. Subovate in dorsal view with clear
median sulcus behind the eye tubercle. Posterior margin narrow and less regular, with
posterodorsal slope less rounded than posteroventral part; apex a little below mid-height.
Dorsal margin straight, interrupted by numerous small spines and by the large eye tubercle
and its surrounding ring of spines. Ventral margin gently concave medianly with median part
obscured in lateral view by valve tumidity and ventral spines. Larger spines occur
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posteroventrarly. Ornamentation reticulospinose. There is a large reticulum of fairly large
cells, disposed peripherally and superipherally, parallel to the margins and more randomly
centrally. Solae filled with cup-like structures whose rims abut against the muri. The solae do
not bear pores or sieve plates. The muri bear both simple and sieve pores and numerous
spinose tubercles, often in clusters. Some are perforate but most are blind. There are faint
traces of dorsal and ventrolateral ribs. There is a shallow, posteroventrally directed sulcus
behind the eye tubercle and an irregularly circular subcentral tubercle. Greatest length at mid-
height; greatest height at anterior cardinal angle; greatest width in posterior one-third.
Sexually dimorphism with males narrower and more elongate than females. Hinge
holamphidont with the posterior part of the posteromedian element strongly developed and
locellate in the LV. Anteriorly, there is a vestibulum. Antennal scar large ‘V’-shaped. Internal
surface with numerous, larger sieve-type pores that must correspond with those situated on
conjunctive muri externally.

Remarks. The present species differs from Henryhowella (Wichmannella) meridionalis
(Bertels 1969c¢) in being longer, more subrectangular in shape and by having an irregular,
rounded reticulation pattern, in contrast with Henryhowella (Wichmannella) meridionalis that
has polygonal cells with small, conjunctive spines. It also differs from other of Bertels’
species of Wichmannella in reticulation pattern and in carapace shape.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Genus HYSTEROCYTHEREIS gen. nov. Ceolin and Whatley
LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. Gr. vatpog hysteros, after, later; plus Cythereis, a well-known ostracod
genus. With reference to the fact that Cythereis Jones is an essentially Cretaceous genus,
while Hysterocythereis occur in both the Maastrichtian and Lower Palaecocene and is a very
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possible descendent. Two other species, erroneously attributed to Anticythereis by Bertels
(1973, 1975a), are also included in the present genus.
Type species. Hysterocythereis paredros gen. et sp. nov.
Diagnosis. A strongly reticulate genus of Trachyleberididae resembling Cythereis Jones, in
many aspects of its morphology, but lacking the three transverse ribs on the posterior part of
the lateral surface typical of that genus and also lacking a prominent subcentral tubercle.
Posterior end acuminate. Hinge paramphidont. Eye tubercle small, but prominent.
Included species. Anticythereis? inconnexa (Bertels, 1973)

Anticythereis? attenuata (Bertels, 1975a)

H. paredros sp. nov.

H. coinotes sp. nov.

H. diversotuberculatus sp. nov.

Hysterocythereis? sp.
Remarks. Neither of the two species of Bertels included above, confirm to the generic
diagnosis of Anticythereis Van den Bold, 1946. They do not exibit reverse overlap and they
have strongly reticulate rather than punctate ornament. Hysterocythereis gen. nov. differs
from Sthenarocythereis gen. nov. in the shape and nature of the solae of the reticulum and in
the nature of the conjunctive tubercles in the present genus, being much smaller and less
spinose. Early members of Sthenarocythereis have paramphidont and later members have

holamphidont hingement.

Hysterocythereis paredros sp. nov. Ceolin and Whatley

Figure 13G-N

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
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Derivation of name. Gr. mopeopog, paredros, a near associate, sitting beside. With reference to
the close relationship between this species and the genus Cythereis Jones.

Type material. Holotype: one valve, LM-FCEN 3483 (Figs 13G, L); paratypes: LM-FCEN
3484-3487 (Figs 13H; 131, J, K; 13M; 13N).

Material. 25 specimens from sample 19 and 21. Danian.

Diagnosis. A strongly, sexually dimorphic species of Hysterocythereis, with strong reticulate
ornament and some conjunctive tubercles, mostly as singles or doubles, but with some
tubercles. Eye tubercle well-developed, subcentral tubercle very reduced.

Dimensions. In mm:

L H \

Holotype, female, LM-FCEN 3483 0.823 0.511 0.377 sample 19
Paratype, female, LM-FCEN 3484 0.788 0.425 0.375 sample 19
Paratype, male, LM-FCEN 3485 0.774 0.420 sample 19
Paratype, male, LM-FCEN 3486 0.747 0.376 0.325 sample 19

Paratype, female, LM-FCEN 3487 0.686 0.404 sample 19

Description. A large, elongate subovate (female) to very elongate, subrectangular (male) in
lateral view. In dorsal view subovate with compressed ends. Anterior margin broadly rounded
and slightly extended below the ventral margin. Posterior margin bluntly rounded below mid-
height, both margins dentate, especially anteriorly. Dorsal margin straight, sloping
posteriorly; the dorsal cardinal angles are anteriorly pronounced and posteriorly rounded.
Ventral margin biconvex about a gentle oral inflexion. Ornament reticulopunctate. The
resultant reticulum is strong and the intersecting muri enclose reticular cells that range in
shape from circular to oval to quadrate, rectangular and polygonal. The cells and stronger
muri are orientated parallel to the free margin peripherally but much more chaotically
centrally. Most of the tubercles are conjunctive and the rather short, globose tubercle occur
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singly, as doubles, triples and quadruples. Many of the tubercles are blind, other bears single
pores and some sieve-type pores. The pore conuli are well developed on the several ribs that
parallel the anterior margins. Larger pore conuli occur on the dorsal margin. Hinge
paramphidont. Frontal scar ‘U’-shaped and directed anterodorsally. Calcified inner margin
wide anteriorly and posteriorly with well-developed selvage.

Remarks. This species differs from H. diversotuberculatus sp. nov. mainly in its much
stronger reticulation and tuberculation.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Hysterocythereis coinotes sp. nov. Ceolin and Whatley
Figure 130-R; 14A-C

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. Gr. korvoteg, sharing in common. With reference to the fact that it shares
many of it biocharacters with other species of the genus.
Type material. Holotype: one valve, LM-FCEN 3488 (Fig. 130); paratypes: LM-FCEN 3489-
3492 (Figs 13P, Q, R; 14A; 14B; 14C).
Material. 73 specimens from sample 14; Maastrichtian; 16, 17 and 19; Danian.
Diagnosis. A species with spinose anterior and posterior margin, with a well-developed
postocular sulcus and a reticulation pattern with cup-like cells, not perforated by sieve plates
and ranging in shape from rounded to subrectangular. A few pore conuli on the muri and are
of smaller size.

Dimensions. In mm:

L H \
Holotype, female, LM-FCEN 3488 0.760 0.460 sample 16
Paratype, female, LM-FCEN 3489 0.814 0.485 sample 16
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Paratype, male, LM-FCEN 3490 0.889 0.416 sample 21
Paratype, female, LM-FCEN 3491 0.904 0.487 sample 16

Paratype, female, LM-FCEN 3492 0.829 0.466 0.362 sample 19

Description. A large, subrectangular species of Hysterocythereis subovate in dorsal view.
Anterior margin broadly and symmetrically rounded with apex at mid-height. Posterior
margin bluntly pointed with apex below mid-height. Dorsal margin sinuous, sloping
posterodorsally and slightly obscured, in lateral view by a spinose dorsal surface. Ventral
margin almost straight. Ornamentation reticulospinose with cells and muri concentrically
oriented anteriorly with the most distal cells subrounded and subrectangular with cup-like
fossae. Anterior and posterior margins spinose with a posterior marginal rim. A sigmoidal
row starts below the eye tubercle, where it is most strongly developed and extends to a
posteromedian position; less well defined in RV. Some small conjunctive tubercles can be
observed in single, double or triple groups. Some bear simple pores, others are blind. The
subcentral tubercle is subdued by concentrically oriented cells. Post ocular sulcus present.
Hinge paramphidont. Anterior CMS in a ‘U’-shape. Sexual dimorphism very strong with
males more elongate and narrower than females, less spinose and with ventral margin convex.
Remarks. Differs from Hysterocythereis diversotuberculatus sp. nov. in the presence of the
post-ocular sulcus, in having more spinose ornamentation, mainly on anterior and posterior
margins; in less conjunctive spines and in the shape of cells being less diverse than in H.
diversotuberculatus. Also differs in having a shorter anterior margin that does not extends
below the ventral margin.

Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca.
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Hysterocythereis diversotuberculatus sp. nov. Ceolin and Whatley
Figure 14D-J

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. L. diversotuberculatus. With reference to the very diverse expression of
the conjunctive tubercles on the reticulum, which varies between individual specimens and
within single specimen.
Type material. Holotype: one valve, LM-FCEN 3493 (Figs 14D, I); paratypes: LM-FCEN
3494-3497 (Figs 14E, F; 14G; 14H; 14J-lost).
Material. 67 specimens from samples 21, 23, 26, 31, 34 and 36. Danian.
Diagnosis. A species of Hysterocythereis characterized by a reticulum in which the cells vary
from circular and cup-like to quadrate, rectangular, hexagonal and polygonal, with complex
grouping of small conjunctive tubercles.

Dimensions. In mm:

Holotype, female, LM-FCEN 3493 0.1399 0.14_1171 O\.K3180 sample 21
Paratype, female, LM-FCEN 3494 0.966 0.482 0.350 sample 23
Paratype, female, LM-FCEN 3495 0.812 0.380 sample 21
Paratype, male, LM-FCEN 3496 0.911 0.320 sample 26

Paratype, female, LM-FCEN 3497 (lost) 0.809 0.456 0.319 sample 23

Description. A large, subovate (female) to subrectangular (male) specimen in lateral view.
Elongate, ovate in dorsal view with very compressed end margins and carapace approximately
the same in between the cardinal angles. Anterior margin very broadly rounded and extending
below the ventral margin, with apex at mid-height in females, slightly below in males.
Posterior margin bluntly rounded with apex at about mid-height. Dorsal margin straight,

inclined to posterior, largely obscured in lateral view by spinose dorsal surface. Ventral
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margin largely obscured in lateral view and with slight oral concavity. Greatest length at
about mid-height; greatest height at anterior cardinal angle; greatest width equal between
cardinal angles. Eye tubercle small and not prominent. Ornament very strongly reticulate.
Reticular cells and muri concentrically orientated anteriorly with the most distal cells being
large, but subdivided anteroventrally. The succeeding two rows of cells are smaller, but
rectangular. The reticular cells in the anterior and antero-median part are circular and cup-
like; while in the posterior part they are mainly quadrate to rectangular. The posterior margin
has a spinose marginal rim and an area without reticulae containing some pore conuli.
Virtually unvaryingly each conjunction in the reticulum bears small club-like tubercles; some
single, more commonly in pairs but groups of four and six also occur, the latter resembling
castellate fortifications. Some simple pores are perforated, others are blind, and some groups
of blind pores seems to surround sieve-type pores. The base of the solae are without ornament
or pores. Feebly well-developed subcentral tubercle. Hinge paramphidont. Inner lamella fairly
wide terminally with selvage strong all around the free margin, and lists and striae developed
posteriorly and posteroventrally.

Remarks. Differs from Hysterocythereis inconnexa (Bertels, 1973) in having different pattern
of reticulation, with cells varying in shape, presence of spines at the posterior end, which is
more acuminate and better developed subcentral tubercle.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Hysterocythereis attenuata (Bertels, 1975a) comb. nov.

Figure 14K-L

1975a Anticythereis? attenuata Bertels, p. 115, pl. 5, figs 19 a-b, 20-21.
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Type material. Specimens described by Bertels, housed in the collections of the Facultad de
Ciencias Exactas y Naturales in Holotype LM-FCEN 842, paratypes LM-FCEN 843-846, plus
two paratypes in this study LM-FCEN 3498-3499 (Figs 14K; 14L).

Material. 12 specimens from samples 3 and 5. Maastrichtian, plus the type and other material
of Bertels housed in Facultad of Ciencias Exactas y Naturales, Laboratory of
Micropaleontology, Universidad of Buenos Aires, Argentina.

Dimensions. Adult valve, LM-FCEN 3495, (Fig. 14K) 0.974 (L), 0.545 (H), female; LM-
FCEN 3496, (Fig. 14L) 0.749 (L), 0.371 (H), male.

Diagnosis. A species of Hysterocythereis with posterior end pointed with five conical spines,
dorsal margin convex posterodorsally and surface covered with subrounded cells, lesser
anteriorly where they are subrectangular. Pore conuli less developed than in all the other
species of the genus.

Description. Subovate to subtriangular in lateral view. Anterior margin broadly rounded with
apex about mid-height and not extending below mid-height, dentate with short, strong,
conical tubercles. Posterior margin well pointed with apex below mid-height. Dorsal margin
sloping strongly posteriorly obscured by dorsal surface through most of its length in lateral
view. Pronounced antero dorsal hinge ear in both valves. Ventral margin largely overhung by
valve tumidity in lateral view, with slight oral inflexion. Greatest length below mid-height;
greatest height through hinge ear; greatest width at one-third posteriorly. Ornament essentially
reticulate plus an arcuate dorsal rib, strongly eroded by reticulum, bearing tubercles obscured
by the dorsal margin. A strong rim occurs on the ventral margin above which is a gentle slope
from the lateral surface. A sub-alar tubercle occurs posteroventrally. Two mural riblets extend
from the eye tubercle parallel to the anterior margin. Proximal to the first of these two ribs is a
single row of large rectangular cells that separates the main reticulum from the tuberculate
anteromarginal rib. A double row of reticular cells separates these ribs from the second and
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most proximal of the riblets originating from the eye tubercle. These riblets extend onto the
ventral margin and coalesce to form the ventral rim. Reticular cells range from circular to
quadrate and are chaotically distributed. Small, simple pore conuli and open pores occurs
conjunctively on some conjunctions. Hinge paramphidont. Inner lamella wide on end
margins. Anterior CMS scar in a ‘U’-shape.

Remarks. This species from the Maastrichtian of Fortin General Roca, differs from
Hysterocythereis paredros sp. nov. in having a more acuminate posterior end, and reticulation
pattern with small subrounded solae. Its posterodorsal margin is also more convex.
Stratigraphical range. Maastrichtian of Fortin General Roca, Rio Negro (Bertels, 1975a) and

Cerro Azul, General Roca.

Hysterocythereis inconnexa (Bertels, 1973) comb. nov.
Figure 14M-N

1973 Anticythereis? inconnexa Bertels, p. 326, pl. 4, fig. 3 a-b, 4 a-b.
Type material. Specimens described by Bertels, housed in the collections of the Facultad de
Ciencias Exactas y Naturales in Holotype LM-FCEN 439, paratypes LM-FCEN 470-475, plus
two paratypes in this study LM-FCEN 3500-3501 (Figs 14M; 14N).
Material. Five specimens from samples 23, 26, 29 and 31. Danian; plus the type and other
material of Bertels, housed in the collections of the Facultad of Ciencias Exactas y Naturales,
Laboratory of Micropaleontology, Universidad of Buenos Aires, Argentina.
Dimensions. Adult carapace, LM-FCEN 3500, (Fig. 14M) 0.842 (L), 0.491 (H), female; LM-
FCEN 3501, (Fig. 14N) 0.828 (L), 0.403 (H), male.
Diagnosis. A subovate species of Hysterocythereis with subrounded reticulae, with solae
covered with cup-like structures and single conjunctive conical tubercles. Bluntly rounded
posterior end and ventral margin with four horizontal riblets.
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Description. As for Bertels (1973, p. 337), except to add that small club-like tubercles occur
conjunctively on the muri, many are blind, others are perforate by simple pores and other by
small sieve-type pores.

Remarks. Bertels described this species from the Danian of Rio Negro Province. In the
present study, it occurs in the Danian of samples 23, 26 and 31. This species is most similar to
Hysterocythereis diversotuberculata sp. nov. differing essentialy in the nature of marginal rim
and in the fact that A. diversotuberculatus sp. nov. has groups of two to six small club-like
tubercles conjunctively on the muri of the reticulum and a very spinose dorsal rim.
Stratigraphical range. Danian of Fortin General Roca, Rio Negro (Bertels, 1973) and Cerro

Azul, General Roca.

Hysterocythereis? sp.
Figure 140-P

Material. Five specimens from samples 3 and 5. Maastrichtian.
Dimensions. Adult carapace, LM-FCEN 3502, 0.94 (L), 0.402 (H); adult valve, LM-FCEN
3503, 0.694 (L); 0.391 (H).
Description. A large, subovate to subrectangular species, with anterior margin broadly and
symmetrically rounded, with apex at mid-height. Posterior margin bluntly pointed with apex
below mid-height. Dorsal margin almost straight declining towards posterior end. Ventral
margin asymmetrical, with small oral concavity at mid-length. Greatest length below mid-
height, greatest height at one-third anteriorly, greatest width at one-third posteriorly.
Ornament reticulotuberculate with cells of about the same size varying in shape from ovate to
subovate to quadrate, over most of the reticulum. Anteriorly, and to a lesser extent posteriorly,
parallel to those margins, are large subrectangular cells in a single row. There are conjunctive,
mostly single and perforate tubercles on the muri, and some in groups of four. Anterior and
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posterior margins with small tubercles. Eye tubercle developed and subcentral tubercle
defined by a group of six conjunctive spines. LV overlap the RV mainly in anterior and
posterior margins. Hinge paramphidont. Calcified inner lamella well-developed with a large
flange.

Remarks. The present species is left in open nomenclature and only tentatively within the
genus because of its better developed eye tubercle, by comparison with other members of the
genus. The posterior margin is of different shape and has a well developed flange, absent in

others species of the genus.

Genus OERTLIELLA Pokorny, 1964

Type species. Oertliella reticulata (Kafka, 1886) Pokorny, 1964

Oertliella? sp.

Figure 14Q-R
Material. Five specimens from samples 3 and 5. Maastrichtian.
Dimensions. Adult valve, LM-FCEN 3504, 0.769 (L), 0.414 (H).
Diagnosis. Large, subrectangular, with anterior margin symmetrically rounded. Posterior
margin bluntly pointed above mid-height. Dorsal margin straight and ventral margin slightly
biconvex. Ornament reticulospinose, with reticulation ranging from small, rounded muri
around entire periphery, largest centrally. There are large broken spines disposed across the
valve; the only one preserved has three ramification on its top. From the posterodorsal
cardinal angle, there is a spinose marginal rim that extends towards the ventral margin, where
it is less well-developed, ending at the anterocardinal angle, near the well-developed eye
tubercle. Subcentral tubercle slightly developed, defined by a large spine base. Hinge

holamphidont. Calcified inner lamella large; CMS not seen.
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Remarks. This species is left in question due to absence of a ventrolateral spinose rib present

in all other species of Oertliella.

Genus ORTHROCOSTA gen. nov. Ceolin and Whatley
LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. Gr. oppog, daybreak, dawn; plus L. costa, rib, and Costa a well-known
ostracod genus. With reference to the fact that this genus, which is evidently related to Costa
Neviani, and other related genera, is an early member of this generic group.
Type species. Orthrocosta decores gen. et Sp. nov.
Diagnosis. Subtriangular to subtrapezoidal species of Orthrocosta with anterior margin
broadly and symmetrically rounded and acuminate posterior end. Ornamentation
reticulocostate with three main ribs longitudinally and a fourth one posteriorly, almost
vertically, that unites the ventral and median ribs. Eye tubercle well developed with an ocular
rim anteriorly. Subcentral tubercle absent. Hinge holamphidont.
Description. As for the type species.
Remarks. This genus differs from Protocosta Bertels in having well-developed median and
ventrolateral ribs, and, in some species, there is a vertical rib that links the posterior end of the
ventrolateral rib with the posterior end of the median rib. Differs also in lateral shape, varying
between subtriangular and subtrapezoidal, while species of Bertels’ genus are subrectangular.
Differs from the classic genus Costa Neviani, in its acuminate posterior end and in its very
well developed ribs, with a sinuous median rib that is not recurved at the posterior. Differs
from Paracosta Siddiqui, in general shape, in its more acuminate posterior end and in the
ornamentation pattern. Also differs from Cativella Coryell and Fields in its non perforated
ridges and in the presence of a vertical rib posteriorly that joins the median and ventrolateral
ribs. Differs from Potiguarella Piovesan, Cabral e Colin in its pattern of reticulation, in its
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three longitudinal ribs being longer and less arcuate, and in the absence of a subcentral

tubercle.

Orthrocosta decores sp. nov. Ceolin and Whatley
Figure 15A-G

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. L. decores, ornamented, elegant, beautiful. With reference to the
elegance of the ornament of this attractive species.
Type material. Holotype: one complete carapace, LM-FCEN 3505 (Fig. 15A, F), paratypes:
LM-FCEN 3506-3508 (Figs 15B, C; 15E; 15D, G).
Material. 19 specimens from samples 16, 17 and 19. Danian.
Diagnosis. A species with a curved median rib that is subdivided into two anteriorly. Ocular
rib closely paralleling the anterior margin and extending across the ventral surface.

Dimensions. In mm:

L H \

Holotype, female, LM-FCEN 3505 0.936 0.552 0.428 sample 16
Paratype, female, LM-FCEN 3506 0.899 0.525 sample 16
Paratype, male, LM-FCEN 3507 1.04  0.531 0.392 sample 16

Paratype, female, LM-FCEN 3508 0.891 0.489 sample 16

Description. A large, thick-shelled, subtrapezoidal species in lateral view, subhexagonal in
dorsal view with ends extremities strongly compressed and slightly compressed medianly in
RV. Anterior margin broadly and symmetrically rounded with marginal denticles, especially
anteroventraly. Apex at mid-height. Posterior margin strongly pointed at mid-height with

marginal denticles posteroventrally. The dorsal margin obscured by a flared rib with is eroded
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into a series of reentrants by strong reticulation. This rib extends dorsal to the eye tubercle and
unites with the anterior peripheral rib. All the ribs are similarly affected by the reticulation.
There is a third rib in the ventral region. The second and third ribs do not achieve the anterior
and posterior margins. An ocular rib extend from the eye tubercle and, closely paralleling the
anterior margin, then extends across the ventral surface and in so doing obscures that margin
in lateral view. It further extends closely parallel to the posterior margin before becoming lost
in the elevated posterior structure of the dorsal rib. Immediately below this elevated structure,
the median rib extends in a slightly arcuate curve, obliquely across the valve to its
termination, one reticulum short of the marginal ocular rib. From this median rib, shortly after
its inception, a narrow rib extends ventrally to a position one reticulum above the ventral
marginal rib, where it bend through 45° and extends in an arc towards the termination of the
median rib. Between the median rib and this latter rib, a series of riblets extend antero
ventrally, the strongest being the anterior. Intercostal areas strongly reticulate. The reticulae
are largest on the flank of the ribs. The muri are rather narrow and do not normally bear
spines. Some perforate tubercles occur but very rarely. Solae are smooth and lack pore or
sieve plates. Some sieve pores occurs on muri but very few. Internal features not seen. Sexual
dimorphism present with males more elongate and narrower posteriorly than females.
Remarks. Differs from Orthrocosta sp. in its less elongate and acuminate posterior end, in the
more strongly developed features of the ribs, mainly in the anterior margin that connects to

the eye tubercle and in the well developed anterior subdivision of the median rib.

Orthrocosta atopos sp. nov. Ceolin and Whatley

Figure 15H-M

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
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Derivation of name. Gr. atorog atopos, strange, out of place. With reference to two strange
elements of the ornament (the box-like structure in the dorsal rib and the arcuate riblet above
the ventrolateral rib) that are most unusual and entirely characteristic of the species of
Orthrocosta.

Type material. Holotype: one complete carapace, LM-FCEN 3509 (Fig. 15H); paratypes: LM-
FCEN 3510-3512 (Figs 151, J; 15K, L; 15M).

Material. 40 specimens from samples 26, 29, 31, 34, 36, 40, 50, 53, and 55. Danian.
Diagnosis. An elongate, subtriangular species of Orthrocosta with a very strong median rib
extending diagonally across most of the lateral surface. Dorsal rib less well-developed;
ventrolateral rib, short convex upwards and irregular. Eye tubercle prominent, intercostal
reticulation strong with circular, oval, triangular and quadrate cells.

Dimensions. In mm:

L H \

Holotype, female, LM-FCEN 3509 0.904 0.452 0.301 sample 26
Paratype, female, LM-FCEN 3510 0.804 0.440 0.410 sample 29
Paratype, male, LM-FCEN 3511 0.904 0.452 0.285 sample 26

Paratype, male, LM-FCEN 3512 0.787 0.373 sample 34

Description. Elongate subtriangular in lateral view; subhexagonal with compressed ends in
dorsal view. Thick-shelled and strongly ornamented. LV larger than RV, with overlap well
developed around much of the free margin. Anterior margin broadly rounded with strong
spatulate marginal denticles. Greatest height below mid-height in female and at mid-height in
male. Posterior margin bluntly pointed at about mid-height. Dorsal margin straight, inclined
to the posterior, but greatly obscured, in lateral view, by the dorsal ornament. Ventral margin
with a slight oral concavity. Greatest length at about mid-height; greatest height just anterior
of the eye tubercle. Ornament reticulocostate with some blunt, terminally performed, pestle-
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like, conjunctive tubercle. There are three principal ribs: one extends from the prominent
hemicircular eye tubercle paralleling the anterior margin and bearing very strong spatulate
marginal tubercles. This becomes the ventrolateral rib and extends onto the posterior margin,
where it loses it identity in an eminence with five tubercles, and then extends upwards to form
the dorsal rib. A ventral rib extends below this lateral rib, and a median rib extends diagonally
across the valve to terminate at two cells distance from the anterior ocular rib. In its
posteromedian part, an unusual rib extends upwards in an arc from the ventrolateral rib. The
dorsal rib, which extends above the eye, forms a box-like structure immediately behind that
organ and is very well seen in the male paratype. A second, but double box-like structure
occurs immediately above the posterior termination of the median rib. Intercostal ornament of
large, somewhat chaotically distributed reticulae, in which the circumference limits of the
solae are clearly marked by a circular or oval rim. The median rib is eroded by the adjacent
solae given it a serpentine outline. Very large reticular cells parallel the ocular-ventrolateral-
posterior margin and dorsal ribs. Some muri and the median rib seems to bear sieve-type
pores. Internal details imperfectly seen. Calcified inner lamella narrow with holamphidont
hinge. CMS not seen. Sexual dimorphism strongly pronounced with male being more
elongate and lower than female.

Remarks. The present species differ from Orthrocosta phantasia sp. nov. in having an arcuate
and shorter rib anteroventrally that initiates in a group of four modified reticular cells, while
0. phantasia has a continuous and concave ventrolateral rim.

Stratigraphical range. Danian of Cerro Azul, General Roca.

Orthrocosta phantasia sp. nov. Ceolin and Whatley
Figure 15N-R; 16A
LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
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Derivation of name. Gr. pavtaoia, phantasia “an image of the imagination”. With reference
the very unusual appearance of this species, particularly in the development of its dorsal rib.
Type material. Holotype: one complete carapace, LM-FCEN 3513 (Fig. 15N); paratypes: LM-
FCEN 3514-3516 (Figs 150, P; 15Q; 15R; 16A).

Material. 54 specimens from samples 12 and 14; Maastrichtian; 16, 17, 19, 21, 26 and 34;
Danian.

Diagnosis. Subtriangular species of Orthrocosta with strongly flared dorsal, ventrolateral and
ventral ribs. Median rib distinct and extending across the valve surface. Eye tubercle
pronounced and linked to tuberculate marginal rim, extending onto ventral surface.
Anteroventral and posteroventral margins strongly dentate. Intercostal reticulation strong and
eroding flanks of ribs.

Dimensions. In mm:

L H \

Holotype, female, LM-FCEN 3513 0.899 0.503 sample 21
Paratype, female, LM-FCEN 3514 0.841 0.446 0.403 sample 29
Paratype, male, LM-FCEN 3515 0.826 0.405 sample 31

Paratype, female, LM-FCEN 3516 0.884 0.503 sample 21

Description. A large, subrectangular to subtriangular species in lateral view, fairly thick-
shelled; subhexagonal with compressed ends in dorsal view. Anterior margin very broadly,
but asymmetrically rounded, with apex well below mid-height; anterodorsal slope gently
curved, anteroventral slope more convex. Margin bearing large tubular and spatulate
denticles. Posterior margin subcaudate and appearing upturned due to posteroventral slope
being convex and the posterodorsal slope being slightly concave. Very large marginal
denticles posteroventrally. Dorsal margin straight, strongly inclined to the posterior and

148



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

completely obscured, in lateral view, by the large, very flared dorsal rib. Ventral margin
almost entirely obscured by strong ventral rib. Greatest length below mid-height, greatest
height at the anterior cardinal angle. Ornament reticulocostate with small, usually conjunctive
tubercles on the muri. Most of which are terminally perforated while others seem blind. There
are five ribs. A dorsal rib extends from anterior to the dorsal posterior cardinal angle passing
dorsal to the eye tubercle which is a large complex structure comprising a vertically directed
blade-like tubercle and two posteriorly directed, more tubular tubercles. The dorsal rib is
strongly flared and separated into two long rectangular cells by near vertical muri. This rib is
perforated by what seems to be simple, normal pore canals, some of which are situated on the
flanks of the muri, although the majority pass through their crest. The median rib, depending
on the individual specimen, is straight or sinuous, but to a degree always eroded by the
reticulum on its flanks, with variable consequences of corrugation. This rib terminates two
cells from the anteromarginal rib and one cell below the large structure at the posterior
cardinal angle. The ventrolateral rib extends from a posterior ventrolateral process, a two
bladed structure, approximately one-third of the distance from the posterior margin to a
similar structure approximately one-quarter of the distance from the anterior margin. It is
concave, very flared and blade-like in lateral view. From the posterior end of this rib, a short,
ill-defined riblet extends dorsally to the median rib. The fourth rib, the ventral rib, is slightly
longer than the ventrolateral rib to which it is subparallel as it is also to the ventral margin. It
is flared and divided into rectangular to quadrate cells by vertical muri. From the large,
prominent, oval eye tubercle, a flared rib with large cells dorsally and multiple cells ventrally,
parallels the anterior margin. All these ribs, or the tubercles they bear, are perforated by
simple pore canals. The muri of the reticulum are strong and bear usually conjunctive

tubercles, that range from subspinate to cylindrical; most are terminally perforate. The cells
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are smooth and seem to lack sieve-pores. CMS not seen. Hinge holamphidont but not strongly
developed. Calcified inner lamella rather feebly developed.

Remarks. Differs from Protocosta spinosa Bertels, 1975a from the Maastrictian of Fortin
General Roca, in its well-developed ribs, mainly medianly and ventrally.

Stratigraphical range. Maastrichtian and Danian of Cerro Azul, General Roca.

Orthrocosta sp.
Figure 16B

Material. One specime from sample 17. Danian.
Dimensions. Adult valve, LM-FCEN 3517, 1.019 (L), 0.552 (H).
Description. A very large, subtriangular species of Orthrocosta with a very well rounded but
asymmetrical anterior margin, bearing in its lower half very strong marginal denticles.
Posterior caudate with a slightly upturned apex at about mid-height and with strong tubercles
on ventral dorsal slope. Dorsal rib crest-like, strongly reticulate with large reticulum over
lateral surface that erode the flanks of the ribs. Strong dorsal rib. Median rib divides at
subcentral tubercle, which has smaller, rounder reticulae, into a rib that defines the dorsal
limit; another which defines the ventral limit and the central rib that passes through the
subcentral tubercle. Internal features as for genus.
Remarks. Differs from Orthrocosta phantasia sp. nov. by the presence of a subdivided
median rib, by the posterior end being longer and acuminate and with the anterior and

posterior ends being almost smooth.

Genus PETALOCYTHEREIS gen. nov. Ceolin and Whatley

LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
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Derivation of name. Gr. wetalog petalos of leaves; plus k00epeig Cythereis, a common ending
used for cytheroid Ostracoda. With reference to the petalloid outline of the reticular cells in
this genus.
Type species. Petalocythereis schilleri (Bertels, 1973)
Diagnosis. A median to large member of the Trachyleberididae, subovate, with small,
subdued eye tubercle. Free margins surrounded by mural ribs bearing tubercles, but lacking
strong marginal rims. Strongly reticulate ornament, muri ranging from smooth to strongly
microtuberculate and from bearing numerous spinose tubercles to rather few. Shape of
reticular cells petaloid. Hinge paramphidont. Anterior CMS in a ‘U’-shape.
Description. As for the type species.
Included species. Afranticythereis shilleri (Bertels, 1995)

Afranticythereis venusta (Bertels, 1995)
Remarks. This genus differs from Cythereis Jones in lacking three longitudinal ribs. It differs
from Apatihowella Jellinek and Swanson 2003, which lacks an eye, although there are some
similarities in the nature of the conjunctive tubercular spines on the respectives muri.
Sthenarocythereis gen. nov. differs from Petalocythereis in its much stronger muri, much
larger eye tubercle and its very strong marginal rim. Petalocythereis also differs from
Anticythereis Van den Bold, in that the latter genus has reversed overlap (RV over LV).
Although Carbonel and Johnson (1989) had included all Bertels species erroneously in
Afranticythereis, that genus differs from Petalocythereis in the presence of a vestibulum and
subcentral tubercle, and in the ornamentation pattern without spines. Anebocythereis Bate,

differs in its hemimerodont hinge, narrow inner lamella and anterior CMS in a ‘V’-shape.

Petalocythereis schilleri (Bertels, 1973) comb. nov.
Figure 16C-G
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1973 Anticythereis schilleri Bertels, p. 326, pl. 4, figs 5 a—d, 6 a-b.

1995 Afranticythereis schilleri Bertels-Psotka, p. 168, pl. 2, fig. 16.

Type material. Holotype: specimens described by Bertels, housed in Facultad de Ciencias
Exactas y Naturales, in Holotype LM-FCEN 476, paratypes 477-479, plus the paratypes from
this study LM-FCEN 3518-3521 (Figs 16C; 16D; 16E; 16F, G).

Material. 220 specimens from samples 16, 17, 19, 21, 23, 26, 31 and 34. Danian; plus the
type and other material of Bertels housed in the collections of Facultad de Ciencias Exactas y
Naturales, Laboratory of Micropaleontology, Univerisidad de Buenos Aires, Argentina.
Remarks. We consider it necessary to rediagnose and redescribe this species, as it is now the
type species of a new genus.

Diagnosis. A subovate, strongly tuberculate species of Petalocythereis gen. nov. Tubercles
mostly single and conjunctive on muri. Muri smooth. Solae petaliform in shape.

Dimensions. In mm:

L H

Holotype, female, LM-FCEN 3518 0.825 0.506 samplel6
Paratype, female, LM-FCEN 3519 0.950 0.512 sample 16
Paratype, male, LM-FCEN 3520 0.916 0.561 sample 19

Paratype, male, LM-FCEN 3521 0.977 0.497 sample 23

Description. A large, thick-shelled species, subovate in lateral view. Subovate in dorsal view
but medially constricted with posterior half strongly inflated. Valves subequal with little
overlap. Anterior margin broadly rounded, bearing strong but with short, terminally perforate
marginal denticles; apex at about mid-height. Posterior margin more narrowly rounded,
strongly denticulate and apex at about mid-height. Dorsal margin straight but overhung by
numerous, perforate tubercles. Ventral margin largely obscured by valve tumidity and

tubercular spines. Well-developed oral invagination seen in internal view. Surface ornament
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strongly reticulospinose. Around the entire periphery, the muri are preferentially oriented
concentrically parallel to the margins. This preference become less apparent distal from the
margins and the central part is almost without this influence. In all parts, the solae are
occupied by large sieve plates rather deeply inserted. These are quadrifoil embayments of
greater or lesser intensity and separated by spike-like “headlands”, probably the product of
celation. The muri are strong and often bear conjunctive spiny tubercles. The spines are
terminally perforate and probably bore, in life, a single seta. Some tubercles occur as
“doubles” and others are quadruple. Associated with the tubercles on the muri, are small
sieve-type pores flush with the surface. There are no horizontal ribs. Eye tubercle small.
Internally, the calcified inner lamella is strongly developed, particularly anteriorly and mid-
posteriorly and is avestibulate. Hinge modified paramphidont with, in the RV, the terminal
element showing evidence of divisions into a number of denticles on a boss-like bar. Central
muscle scar with a ‘U’-shaped frontal. A small internal ocular sinus occurs below the anterior
terminal element of the hinge. Sexually dimorphic with males notably more elongate than
females.

Remarks. Differs from Anebocythereis amoena Bate, 1972 from the Campanian of the
Carnavon Basin, Australia, in its more rounded shape, less well-developed eye tubercle, more
strongly developed muri and spines and in its paramphidont hinge.

Stratigraphical range. Danian of Fortin General Roca, Rio Negro (Bertels 1973) and Cerro

Azul, General Roca.

Petalocythereis venusta (Bertels, 1975a) comb. nov.
Figure 16H-L
1975a Anticythereis venusta Bertels, p. 114, pl. 5, figs 10-16.
1995 Afranticythereis venusta Bertels, p. 168, pl. 2, fig. 15.
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Type material. Holotype: specimens described by Bertels, housed in Facultad de Ciencias
Exactas y Naturales, in Holotype LM-FCEN 608, paratypes: LM-FCEN 828-837; plus the
four paratypes from this study LM-FCEN 3522-3525 (Figs 16H, L; 16I; 16J; 16K).

Material. 60 specimens from samples 1, 3, 5, 8 and 12. Maastrichtian, plus the type and other
material of Bertels housed in the collections of Facultad de Ciencias Exactas y Naturales,
Laboratory of Micropaleontology, Univerisidad de Buenos Aires, Argentina.

Dimensions. In mm:

L H W

Paratype, female, LM-FCEN 3522 0.687 0.445 0.365 sample 5
Paratype, female, LM-FCEN 3523 0.663 0.422 0.355 sample 1

Paratype, female, LM-FCEN 3524 0.729 0.453 sample 5

Paratype, male, LM-FCEN 3525 0.831 0.444 sample 5

Diagnosis. Subovate with strong anterior hinge ear in LV. Much more tuberculate posteriorly
than anteriorly. Muri micro-tuberculate. Solae petaliform.

Description. A median, thick-shelled, ovate ostracod. Anterior margin broadly but
asymmetrically rounded with the anterodorsal slope longer and much less strongly rounded
than the anteroventral slope, the latter being more strongly curved and bearing strong,
terminally perforated marginal denticles. Apex somewhat below mid-height. Posterior margin
bluntly rounded with apex at mid-height. Dorsal margin straight but largely obscured by valve
surface. Ventral margin appears straight in lateral view due to the presence of a strong
ventrolateral rib. Greatest length at about mid-height; greatest height at the anterior cardinal
angle, greatest width in posterior one-third. Ornament reticulate and spinose peripherally,
especially dorsally. Particularly around the free margin, the muri are preferentially oriented

parallel to the margins, strongly enough to resemble peripheral riblets. The muri are strongly

154



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

secondarily ornamented with micro-"ropey’’riblets than extend along the muri more than
crossing them. This is most strongly developed anteriorly although it also occurs elsewhere.
Particularly posteriorly, the muri bear rather small tubercles most of which are terminally
perforate, these are largely absent medianly. The solae contain deeply recessed sieve plates
and many are quadrilobate. What appear to be other small sieve-type plates occur on the muri.
Eye tubercle well-developed, but not prominent. Internally the hinge seems to be
paramphidont as distinct teeth can be seen on the terminal element of the RV. Calcified inner
lamella wide, avestibulate. The frontal muscle scar is ‘U’-shaped. A well-developed ocular
sinus occurs below the anterior terminal element of the hinge. Sexual dimorphism with male
more elongate, more pointed posteriorly and with the ventral margin biconvex about a mid-
ventral concavity.

Remarks. Differs from Petalocythereis schilleri (Bertels, 1973) in that spines only occur on
anterior and posterior surfaces, and in the shape of the dorsal and ventral margins, this being
more evident in males than females.

Stratigraphical range. Maastrichtian of Fortin General Roca, Rio Negro (Bertels 1975a) and

Cerro Azul, General Roca.

Genus PHILONEPTUNUS Whatley, Millson and Ayres, 1992
Type species. Cythereis gravezia Hornibrook, 1952
Philoneptunus? sp.

Figure 16M-N
Material. Ten specimens from sample 5. Maastrichtian.
Dimensions. Adult valve, LM-FCEN 3526, 0.640 (L), 0.353 (H).
Description. A median, subovate carapace in lateral view. Anterior margin broadly rounded
with a marginal rim that extends from an anterodorsal to the posterodorsal region and, which
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below mid-height, is closely strongly reentrant with structures forming approximately
triangular elevations. These are distally nodose and perforate, probably representing the exit
of true radial pore canals. Posterior margin truncate and straight at just about mid-height.
Dorsal margin convex and subumbonate anterodorsally, straight and declining steeply
posterior. The ventral margin is weakly biconvex about a long weakly indented oral
concavity. The dorsal rib is broad and low and is marked by a number of large, but low pore
conuli. An anteroventrally directed median sulcus occur approximately mid-dorsally. The
ventrolateral rib is strongly developed and extends diagonally, from an anteroventral position,
across the ventral margin to form the posteromarginal rim. Surface smooth. CMS with ‘V’-
shaped antennal scar.

Remarks. The generic status of this species is somewhat in question due to the absence of one

of the three ribs as required in the generic diagnosis.

Genus STHENAROCYTHEREIS gen. nov. Ceolin and Whatley
LSID. urn:Isid:zoobank.org:act: XXX XXXXXX
Derivation of name. Gr. oBgvopog, strong, mighty; plus kofepeig, Cythereis. With reference to
its extremely strong and ornate carapace.
Type species. Anticythereis arcana, Bertels 1975a
Diagnosis. Large, thick-shelled, elongate subovate genus of the Trachyleberididae with very
strongly reticulate ornament, in which strong muri and solae, that range in shape from
circular, trefoil to polygonal, and contain large inserted sieve plates. Large strong eye
tubercle, very strong anterior and posterior marginal rims. Multituberculate dorsal rib and
similar ventrolateral and ventral ribs. Many conjunctive tubercles, single or paired, bearing
simple pores; more rarely sieve-type. Subcentral tubercle prominent. Paramphidont or
holamphidont hinge and large ‘U’-shape frontal scar.
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Description. As for the type species.
Included species. Anticythereis arcana Bertels 1975a

Sthenarocythereis erymnos sp. nov.
Remarks. This genus is erected to embrace two species, one of which was placed in
Anticythereis by Bertels, the other is new. Both species are manifestly not Cythereis, lacking
three major longitudinal ribs and in possessing heavily complex reticulae. This genus differs
from Aleisocythereis gen. nov. in that the latter possesses a reticulum in which the solae are
circular or ovate. Anebocythereis Bate, 1972 has a hemimerodont hinge and narrow inner
lamella. It differs from Petalocythereis gen. nov. in lacking a strong, ornate marginal rim and
in lacking petaloid solae in the reticulum. Also P. schilleri (Bertels) is much more strongly
spinose and P. venusta (Bertels) has a strong micro-ornament on the muri. The species
identified by Bertels as Anticythereis arcana, cannot belong to that genus mainly because the
valves have normal overlap, and quite different ornament. The two species of this genus bear
different hinge, S. arcana being holamphidont while S. erymnos is paramphidont. This is not
necessarily surprisingly, given that at this time, there was rapid evolution in the amphidont

hinge towards the more efficient holamphidont variety.

Sthenarocythereis arcana (Bertels, 1975a) comb. nov.
Figure 160-R; 17A-B

1975a Anticythereis arcana Bertels. p. 115, pl. 5, 19 a-b, 20-21.
Remarks. Although this species was described by Bertels (1975a), now that it has become the
type species of a new genus, it is necessary to redescribe and rediagnose.
Type material. Holotype: specimens described by Bertels, housed in Facultad de Ciencias
Exactas y Naturales, in Holotype 838; paratypes LM-FCEN 839-841, plus the three paratypes
from this study 3527-3529 (Figs 160, 17B; 16P, Q, R; 17A).
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Material.18 specimens from sample 14, Maastrichtian; plus the type and other material of
Bertels housed in the collections of the Facultad de Ciencias Exactas y Naturales, Laboratory
of Micropaleontology, Univerisidad de Buenos Aires, Argentina.

Dimensions. In mm:

L H \\

Paratype, adult, LM-FCEN 3527 0.662 0.475 0.241 sample 14
Paratype, adult, LM-FCEN 3528 0.719 0.394 sample 14

Paratype, adult, LM-FCEN 3529 0.716 0.368 sample 14

Diagnosis. An elongate species, subovate with extremely strong reticulate ornament, with
strong peripheral rims at each end and ovate to polygonal reticular cells with strong tubercles,
mainly conjunctive, single paired or multiple. Hinge holampidont.

Description. A large, thick-shelled ostracod, subrectangular in lateral view, elongate in dorsal
view. Anterior margin broadly and symmetrically rounded with small, blunt marginal
denticles and apex a little below mid-height. Posterior margin bluntly pointed with apex just
above mid-height and with short, concave posterior dorsal slope and longer convex posterior
ventral slope. Dorsal and ventral margins straight and subparallel. LV larger than right with
overlap at end margins and dorsally. Greatest length above mid-height, greatest height at
anterior cardinal angle, greatest width medianly. Surface strongly reticulate with distal
reticulae parallel to the free margins. Muri polygonal, strong, smooth with rounded profile.
They bear numerous rounded pestle-like tubercles often occurring in pairs or triplets,
frequently conjunctive. Most seem blind but others are terminally perforate. Sieve-type pores
also occur on the muri, frequently conjunctively. Reticulae varying in shape, largest and most
elongate occur anteroventrally and posteriorly. Elsewhere, they range from circular, bifid,
trefoil, quadrifoil to irregularly hexagonal. Most of the solae seem to have large inserted sieve
plates. Valve surface with three longitudinal ribs. The dorsal rib, which is very peripheral, and
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well-defined with a well-developed series of multiple tubercles along its length. The
ventrolateral rib is similar; although the median rib, strongest in posterior half is less well-
developed. Subcentral tubercle with very strong large irregularly, but poorly defined smooth
area. Eye tubercle prominent. Internally, the calcified inner lamella is wide with a very narrow
anterior vestibulum. Central muscle scar insert in the sub-central depression with a large
obliquely orientated ‘U’-shape frontal scar. The hinge is holamphidont, robustly developed
with a smooth anteromedian element and stepped anterior tooth in the right valve. Sexual
dimorphism not observed.

Remarks. This species differs from Sthenarocythereis erymnos sp. nov. in the nature and
aspect of its reticulation, in its strong peripheral rims on the end margins and in the less strong
tuberculate dorsal rib.

Stratigraphical range. Maastrichtian of Fortin General Roca, Rio Negro (Bertels 1975a) and

Cerro Azul, General Roca.

Sthenarocythereis erymnos sp. nov. Ceolin and Whatley
Figure 17C-G

LSID. urn:Isid:zoobank.org:act: XXX XxXXXXX
Derivation of name. Gr. gpvyvog erymnos, strong, fortified. With reference to the very strong
ornament of reticulum and conjunctive spines and tubercles.
Type material. Holotype: one complete carapace, LM-FCEN 3530 (Fig. 17C); paratypes: LM-
FCEN 3531-3534 (Figs 17D; 17E; 17F; 17G).
Material. 92 specimens from samples 1, 3, 5 and 12. Maastrichtian.
Diagnosis. A strongly reticulocostate species of Sthenarocytereis with the reticulum around
the margins comprising muri that are preferentially orientated to those margins. Subcentral
tubercle very strongly developed with a ramifying extension dorsally. Eye tubercle strongly
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developed. Anterior and posterior marginal rims not strongly developed, but strongly
denticulate antero and posteroventrally. Hinge paramphidont.

Dimensions. In mm:

Holotype, female, LM-FCEN 3530 0.333 O.E 7 v sample 3
Paratype, female, LM-FCEN 3531 0.725 0.437 sample 5
Paratype, male, LM-FCEN 3532 0.905 0.457 sample 3
Paratype, male, LM-FCEN 3533 0.875 0.446 sample 5

Paratype, female, LM-FCEN 3534 0.734 0.386 0.386 sample 5

Description. A large, thick-shelled ostracod, subrectangular in lateral view, subovate in dorsal
view with compressed extremities. Valves subequal with LV overlap the RV mainly in ventral
region. Anterior margin broadly rounded with apex at mid-height and denticulate. Posterior
margin subcaudate with apex at mid-height. Dorsal margin straight but overhung by valve
tumidity and ornamentation. The ventral margin is obscured by valve tumidity; oral
invagination is well seen internally. Greatest height at the anterior cardinal angle. The surface
is strongly reticulate with rather short, mostly conjunctive mural spines; less developed
centrally. Peripherally, the muri have a circular orientation parallel to the margins. This
orientation is largely lost centrally. The muri bear rather small tubercles that are terminally
blind and these are largely absent medianly. The solae contain deeply recessed sieve plates
and of mostly trefoil or quatrefoil pattern. The muri also bear smaller sieve-type pores. Only
in the extreme posterior is this pattern of ornamentation absent. Subcentral tubercle largely
low and strongly reflected internally. Eye tubercle well-developed. Calcified inner lamella
very wide; avestibulate. Central muscle scar in subcentral tubercle depression. Frontal scar

very large and ‘U’-shaped. Hinge clearly paramphidont. Internal eye-sinus well-developed
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and positioned below the anterior element of the hinge. Strong sexual dimorphism with males
more elongate and lower than females.

Remarks. Sthenarocythereis erymnos sp. nov. differs from Sthenarocythereis arcana (Bertels,
1975a) in that the reticulation pattern that is less strongly developed, although fossae are
somewhat similar in both species.

Stratigraphical range. Maastrichtian of Cerro Azul, General Roca.

Genus VEENIA Butler and Jones, 1957

Type species. Cythereis ozanana Israelsky, 1929

Veenia tumida (Bertels, 1975a)

Figure 17H

1975a Veenia (Nigeria) tumida Bertels, p. 123, pl. 4, fig. 7.
1995 Nigeria tumida Bertels-Psotka, p. 167, pl. 2, fig. 8
Material. Five specimens from samples 5 and 12. Maastrichtian.
Dimensions. Adult valve, LM-FCEN 3535, 0.941 (L), 0.594 (H).
Stratigraphical range. Maastrichtian of Fortin General Roca, Rio Negro (Bertels 1975a) and

Cerro Azul, General Roca.

Subfamily BUNTONIINAE Apostolescu, 1961
Genus HUANTRAICONELLA Bertels, 1968a
Type species. Huantraiconella prima Bertels, 1968a
Huantraiconella costata (Bertels, 1975¢) comb. nov.
Figure 171
1975¢ Harringtonia costata Bertels, p. 263, pl. 1, fig. 1, a-b.
1968a Huantraiconella prima Bertels, p. 254, pl. 1, figs 1, a—c; 2, a-b.
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Material. 22 specimens from samples 16, 17, 21, 26 and 40. Danian.

Dimensions. Adult carapace, LM-FCEN 3536, 0.821 (L), 0.497 (H).

Remarks. We do not consider that Harringtonia (Bertels, 1975¢) differs in any significant
manner from Huantraiconella Bertels, 1968a and we therefore, subsume the former within
the latter.

Stratigraphical range. Danian of Fortin General Roca, Rio Negro, (Bertels 1975b) and Cerro

Azul, General Roca.

Subfamily UNICAPELLINAE Dingle, 1981
Genus UNICAPELLA Dingle, 1980
Type species. Unicapella sacsi Dingle, 1980
Unicapella? sp.1
Figure 17])
Material. Two complete carapaces from sample 3. Maastrichtian.
Dimensions. Carapace, LM-FCEN 3537: 0.941 (L), 0.596 (H).
Diagnosis. Large, elongate, subrectangular in lateral view. Anterior margin broadly rounded
with apex below mid-height. Posterior margin subcaudate with apex a little above ventral
margin. Dorsal margin straight, overhung by dorsal rib and posterodorsal tubercle. Ventral
margin very gently sinuous. LV larger than RV especially anterodorsally. Ornament with
several large tubercles, with large free marginal rim and ventrolateral rib. Subcentral tubercle
well developed. Eye tubercle present and a hinge ear in LV. A deep conical depression occurs
on the anterior margin. Surface coverd with a net of small circular meshes. Internal features
not seen.
Remarks. Differs from Unicapella sacsi Dingle, 1980 from the Campanian of Richard Bay,
South Africa, in the absence of spines, in the anterior and posterior marginal rims being less
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strongly developed and in the reticulation pattern that is absent at anterior and posterior ends.
Differs from Curfsina kafkai kafkai Pokorny, 1967, from Cretaceous of Czech Republic in a
less developed marginal rim and in the absence of a median rib. Also in C. kafkai kafkai the

intercostal surface is smooth.

Unicapella? sp. 2
Figure 17K

Material. Six specimens from samples 16, 17, 19 and 21. Danian.
Dimensions. Adult carapace, LM-FCEN 3538, 0.840 (L), 0.342 (H).
Diagnosis. Large, elongate subrectangular in lateral view. Irregularly subovate with
compressed terminal end margins (especial anteriorly) in dorsal view. Anterior margin
broadly rounded with apex at mid-height and strongly denticulate, posterior bluntly rounded
with apex well below mid-height and denticulate. Dorsal margin straight, rising to dorsal
cardinal angle. Ventral margin straight. Ornamentation reticulocostate and very irregular.
Subcentral tubercle large. Five structures, the dentate antero and posteromarginal rims, the
ventrolateral rib, the median rib and a short, but prominent rib extends near ventically from a
posterodorsal position, are all well-developed. Intercostal area, particularly posteriorly, with
circular and oval reticulae. Few normal pore canal, mostly simple. Internal features not seen.
Remarks. This species is left in question due to the absence of spines on its surface, absence
of a hinge ear in LV at anterocardinal angle, in being larger in size than the type species of
genus (L: 0.60, H: 0.33). Differs from Unicapella? sp. 1 in the nature of its reticulation and in

the absence of a hinge ear in LV.

Subfamily incertae sedis
Genus CLINOCYTHEREIS Ayress and Swanson, 1991
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Type species. Clinocythere australis Ayress and Swanson, 1991

Clinocythereis sp.

Figure 17L

Material. Four specimens from samples 17 and 21. Danian.
Dimensions. Adult carapace, LM-FCEN 3539, 0.397 (L), 0.175 (H).
Description. Small, elongate subtriangular, with LV slightly larger than RV. Anterior margin
rounded, posterior margin subcaudate, slightly “upturned” with concave posterodorsal slope.
Surface smooth except for four short parallel longitudinal ribs on the ventrolateral surface.
Remarks. Differs from the type species Clinocythereis australis Ayress and Swanson, 1991,
from the Oligocene of New Zealand in that the caudal process is less “downturned” and by
the presence of four small ribs ventrolaterarly. It also differs from C. aff. C. australis Bergue
et al., 2006 from the Quaternary of the Santos Basin, Brazil in the same characteristics as

Ayres and Swanson’s species.
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FIG. 3. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um. A-E, Cytherella saraballentae sp. nov.; A, B, holotype, LM-
FCEN 3232, A, adult carapace, female, left lateral view; B, right lateral view; C, D, paratype,
LM-FCEN 3233, C, adult male carapace, right lateral view; D, dorsal view; E, paratype, LM-
FCEN 3234, male, dorsal view. F-1, Cytherella semicatillus sp. nov.; F, G, I, holotype, LM-
FCEN 3235, F, adult female carapace, left lateral view; G, right lateral view, I, dorsal view;
H, paratype, LM-FCEN 3236, juvenile carapace, left lateral view. J, Bairdoppilata sp., LM-
FCEN 3237, adult valve, right lateral view. K, Bairdoppilata? sp. LM-FCEN 3238, adult
carapace, right lateral view. L-O, Paracypris bertelsae sp. nov.; L, O, holotype, LM-FCEN
3239, L, adult carapace, right lateral view; O, dorsal view; M, paratype, LM-FCEN 3240,
adult valve, left lateral view; N, paratype, LM-FCEN 3241, adult valve, internal view. P-S,
Paracypris imaguncula sp. nov; P, S, holotype, LM-FCEN 3242, P, adult carapace, right
lateral view; S, dorsal view; Q, paratype, LM-FCEN 3243, adult valve, internal view; R,

paratype, LM-FCEN 3244, adult valve, left lateral view.
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FIG. 4. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um. A, Paracypris? sp., LM-FCEN 3245, adult carapace, left lateral
view. B, Aglaiocypris? sp., LM-FCEN 3246, adult valve, right lateral view. C-F, Argilloecia
abnormalis sp. nov.; C, holotype, LM-FCEN 3247, adult carapace, left lateral view; D,
paratype, LM-FCEN 3248, adult valve, right lateral view; E, paratype, LM-FCEN 3249, adult
valve, internal view; F, paratype, LM-FCEN 3250, adult carapace, dorsal view. G-J,
Argilloecia concludos sp. nov.; G, holotype, LM-FCEN 3251, adult carapace, left lateral
view; H, paratype, LM-FCEN 3252, juvenile carapace, right lateral view; I, paratype, LM-
FCEN 3253, juvenile valve, internal view; J, paratype, LM-FCEN 3254, juvenile carapace,
dorsal view. K-M, Argilloecia hydrodynamicus sp. nov., K, holotype, LM-FCEN 3255, adult
carapace, left lateral view; L, paratype, LM-FCEN 3256, juvenile valve, right lateral view; M,
paratype, LM-FCEN 3257, juvenile, carapace, dorsal view. N-Q, Bythoceratina cheleutos sp.
nov.; N, Q, holotype, LM-FCEN 3258, N, adult carapace, left lateral view; Q, carapace, dorsal
view; O, P, paratype, LM-FCEN 3259, O, adult carapace, right lateral view; P, detail of
ornamentation. R-U, Bythoceratina rocana (Bertels 1973) comb. nov.; R, T, paratype, LM-
FCEN 3260, R, adult, female carapace, left lateral view; T, dorsal view; S, U, paratype, LM-

FCEN 3261, S, adult male carapace, right lateral view; U, dorsal view.
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FIG. 5. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um. A, Bythoceratina sp. aff. Bythoceratina scaberrima (Brady
1887), LM-FCEN 3262 (lost), adult valve, left lateral view. B, Bythoceratina sp., LM-FCEN
3263, adult valve, right lateral view. C-D, Pseudocythere sp., LM-FCEN 3264, C, adult
carapace, right lateral view; D, dorsal view. E, Thanycythere sp.; LM-FCEN 3265, adult
carapace, left lateral view. F-L, Phelocyprideis acardomesido gen. et sp. nov.; F, holotype,
LM-FCEN 3266, carapace, female, right lateral view; G, paratype, LM-FCEN 3267, female
valve, left lateral view; H, paratype, LM-FCEN 3268, adult male carapace, right lateral view;
I, J, paratype, LM-FCEN 3269, I, female valve, internal view; J, detail of alternamerodont
hinge; K, paratype, LM-FCEN 3270, adult male carapace, dorsal view; L, paratype, LM-
FCEN 3271, adult female carapace, dorsal view. M-Q, Eucythere dinetos sp. nov., M,
holotype, LM-FCEN 3272, adult female valve, left lateral view; N, paratype, LM-FCEN 3273
female, juvenile valve, right lateral view; O, paratype, LM-FCEN 3274, adult female valve,
internal view; P, paratype, LM-FCEN 3275, adult male valve, left lateral view; Q, paratype,
LM-FCEN 3276, carapace, female, dorsal view. R, Krithe crepidus sp. nov., holotype, LM-

FCEN 3277, adult carapace, right lateral view.
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FIG. 6. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um. A-C, Krithe crepidus sp. nov., A, paratype, LM-FCEN 3278,
adult valve, left lateral view; B, paratype, LM-FCEN 3279, adult valve, internal view; C,
holotype LM-FCEN 3277, dorsal view. D, Krithe sp., LM-FCEN 3280, adult carapace, right
lateral view. E-F, Copytus sp., LM-FCEN 3281, E, adult valve, right lateral view; F, internal
view. G-J, Cytheropteron hyperdictyon sp. nov.; G, holotype, LM-FCEN 3282, adult valve,
right lateral view; H, paratype, LM-FCEN 3283, adult valve, left lateral view; I, paratype,
LM-FCEN 3284, adult carapace, dorsal view; J, paratype, LM-FCEN 3285, adult valve,
internal view. K-M, Cytheropteron bidentinos sp. nov., K, L, holotype, LM-FCEN 3286, K,
adult valve, left lateral view; L, detail of the spine; M, paratype, LM-FCEN 3287, adult valve,
internal view. N-R, Cytheropteron translimitares sp. nov., N, Q, holotype, LM-FCEN 3288,
N, adult carapace, right lateral view; Q, dorsal view; O, paratype, LM-FCEN 3289, adult
valve, left lateral view; P, paratype, LM-FCEN 3290, adult valve, internal view; R, paratype,

LM-FCEN 3291, adult carapace, ventral view.
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FIG. 7. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um. A, Cytheropteron sp., LM-FCEN 3292, valve, right lateral view.
B-D, Aversovalva glochinos sp. nov., B, holotype, LM-FCEN 3293 (lost), adult valve, left
lateral view; C, paratype, LM-FCEN 3294, adult valve, internal view; D, paratype, LM-FCEN
3295, adult carapace, dorsal view. E, Pedicythere sp., LM-FCEN 3296, adult valve, left lateral
view. F, Semicytherura argentinensis (Bertels, 1974), LM-FCEN 3297, adult carapace, right
lateral view. G, Semicytherura sp. 1, LM-FCEN 3298, adult carapace, right lateral view. H,
Semicytherura sp. 2, LM-FCEN 3299, adult carapace, right lateral view. I, Semicytherura sp.
3, LM-FCEN 3300, adult carapace, right lateral view. J, Semicytherura? sp., LM-FCEN 3301,
adult valve, left lateral view. K-O, Eucytherura stibaros sp. nov., K, holotype, LM-FCEN
3302, adult carapace, left lateral view; L, M, N, paratype, LM-FCEN 3303, L, adult carapace,
right lateral view; M, detail of ornamentation; N, dorsal view; O, paratype, LM-FCEN 3304,
adult valve, internal view. P, Eucytherura sp. 1, LM-FCEN 3305 (lost), adult valve, right
lateral view. Q-R, Eucytherura sp. 2, LM-FCEN 3306, Q, adult valve, left lateral view; R,

internal view.

174



Ceolin, D. 2015

e)
S
<
€]
=
S
1
2
S
A
A
|
3
&
~=
)
V
S
S
~0
N
3
S
S
2
~
S
)
=
S
S
o
S
A
|
)
=
S
)
<
S
Q
3
v
S
&~




Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

FIG. 8. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um. A, Hemiparacytheridea sp., LM-FCEN 3307 (lost), adult valve,
right lateral view. B-D, Hemingwayella verrucosus sp. nov.; B, holotype, LM-FCEN 3308
(lost), adult valve, right lateral view; C, paratype, LM-FCEN 3309, juvenile valve, left lateral
view; D, paratype, LM-FCEN 3310, adult valve, internal view. E-H, Heinia prostatopleuricos
sp. nov.; E, holotype, LM-FCEN 3400, adult carapace, right lateral view; F, G, paratype, LM-
FCEN 3401, F, adult carapace, left lateral view; G, detail of the ribs; H, paratype, LM-FCEN
3402, adult valve, internal view. I, Loxoconcha sp. aff. Loxoconcha cretacea Alexander,
1936, LM-FCEN 3403, adult valve, right lateral view. J, Palmoconcha similis (Bertels, 1973),
LM-FCEN 3404, adult female carapace, right lateral view. K, Sagmatocythere? sp. 1, LM-
FCEN 3405, adult valve, left lateral view. L, Sagmatocythere? sp. 2, LM-FCEN 3406, adult
carapace, right lateral view. M-R, Loxoconcha (s.1.) posterocosta sp. nov., M, Q, holotype,
LM-FCEN 3407, M, adult female carapace, right lateral view; Q, dorsal view; N, paratype,
LM-FCEN 3408, adult female carapace, left lateral view; O, paratype, LM-FCEN 3409, adult
male carapace, right lateral view; P, paratype, LM-FCEN 3410, adult female valve, internal

view; R, paratype, LM-FCEN 3411, adult male carapace, dorsal view.

176



Tese de Doutorado — Programa de Pos Graduacdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015




Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

FIG. 9. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um. A-E, Keijia circulodictyon sp. nov., A, holotype, LM-FCEN
3412, adult female carapace, right lateral view; B, paratype, LM-FCEN 3413, adult female
carapace, left lateral view; C, paratype, LM-FCEN 3414, adult female valve, internal view; D,
paratype, LM-FCEN 3415, adult female carapace, dorsal view; E, paratype, LM-FCEN 3416,
adult carapace, male, dorsal view. F-J, Keijia kratistos sp. nov., F, holotype, LM-FCEN 3417,
adult female carapace, right lateral view; G, paratype, LM-FCEN 3418, adult female
carapace, left lateral view; H, paratype, LM-FCEN 3419, adult valve, internal view; I,
paratype, LM-FCEN 3420, adult female carapace, dorsal view; J, paratype, LM-FCEN 3421,
adult male, carapace, dorsal view. K-N, Keijia flexuosa (Bertels 1975a) comb. nov.; K,
paratype, LM-FCEN 3422, adult carapace, left lateral view; L paratype, LM-FCEN 3423,
adult carapace, right lateral view; M, paratype, LM-FCEN 3424, adult valve, internal view, N,
paratype, LM-FCEN 3425, adult carapace, dorsal view. O, Keijia huantraicoensis (Bertels,
1969a) comb. nov.; LM-FCEN 3426, adult female carapace, right lateral view. P-R,
Paramunseyella epaphroditus sp. nov.; P, holotype, LM-FCEN 3427, adult carapace, right
lateral view; Q, paratype, LM-FCEN 3428, adult valve, left lateral view; R, paratype, LM-

FCEN 3429, adult valve, right lateral view.
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FIG. 10. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um. A-B, Paramunseyella epaphroditus sp. nov.; A, paratype, LM-
FCEN 3430, adult valve, internal view; B, paratype, LM-FCEN 3431, adult carapace, dorsal
view. C-F, Munseyella costaevermiculatus sp. nov.; C, holotype, LM-FCEN 3432, adult
carapace, left lateral view; D, paratype, LM-FCEN 3433, adult carapace, right lateral view; E,
paratype, LM-FCEN 3434, adult carapace, dorsal view; F, paratype, LM-FCEN 3435, adult
valve, internal view. G-K, Ameghinocythere archaios sp. nov.; G, J, holotype, LM-FCEN
3436, G, adult carapace, right lateral view; J, dorsal view; H, I, paratype, LM-FCEN 3437, H,
adult valve, left lateral view; I, detail of reticulation; K, paratype, LM-FCEN 3438, adult
valve, internal view. L-R, Aleisocythereis polikothonus sp. nov., L, holotype, LM-FCEN
3439, adult female valve, right lateral view; M, N, paratype, LM-FCEN 3440, M, female, left
lateral view; N, detail of a cup-like structure; O, paratype, LM-FCEN 3441 adult male valve,
right lateral view; P, paratype, LM-FCEN 3442, adult female valve, internal view; Q,
paratype, LM-FCEN 3443, adult female carapace, dorsal view; R, paratype, LM-FCEN 3444,

adult male carapace, dorsal view.
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FIG. 11. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um. A-E, Apatoleberis noviprinceps (Bertels, 1975a) comb. nov.; A,
paratype, LM-FCEN 3445, adult female carapace, right lateral view; B, paratype, LM-FCEN
3446, adult female valve, left lateral view; C, paratype, LM-FCEN 3447, adult male, right
lateral view; D, paratype, LM-FCEN 3448, adult female valve, internal view; E, paratype,
LM-FCEN 3449, adult female carapace, dorsal view. F-J, Mimicocythereis attilai (Bertels,
1975a) comb. nov.; F, paratype, LM-FCEN 3450, adult female valva, left lateral view; G,
paratype, LM-FCEN 3451, adult female valve, right lateral view; H, I, paratype, LM-FCEN
3452, H, adult female valve, internal view; I, detail of CMS; J, paratype, LM-FCEN 3453,
adult female carapace, dorsal view. K-O, Castillocythereis multicastrum gen. et sp. nov.; K,
L, holotype, LM-FCEN 3454, K, adult valve, right lateral view; L, multi tubercular castle-like
pore conuli; M, paratype, LM-FCEN 3455, adult male valve, left lateral view; N, paratype,
LM-FCEN 3456, adult male valve, internal view; O, paratype, LM-FCEN 3457, adult female
carapace, dorsal view. P-R, Castillocythereis albertoriccardii sp. nov.; P, holotype, LM-
FCEN 3458, adult carapace, right lateral view; Q, paratype, LM-FCEN 3459, adult valve, left

lateral view; R, paratype, LM-FCEN 3460, adult valve, internal view.
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FIG. 12. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um. A, Castillocythereis albertoriccardii sp. nov.; holotype, LM-
FCEN 3458, adult carapace, dorsal view. B-F, Cythereis stratios sp. nov.; B, holotype, LM-
FCEN 3461, adult female carapace, right lateral view; C, paratype, LM-FCEN 3462, adult
female valve, left lateral view; D, paratype LM-FCEN 3463, adult male valve, right lateral
view; E, paratype, LM-FCEN 3464, adult male valve, internal view; F, paratype, LM-FCEN
3465, adult female carapace, dorsal view. G-J, Cythereis clibanarius sp. nov., G, holotype,
LM-FCEN 3466, adult female valve, right lateral view; H, paratype, LM-FCEN 3467, adult
female valve, left lateral view; I; paratype, LM-FCEN 3468, adult male valve, right lateral
view; J, paratype, LM-FCEN 3469, adult female valve, internal view. K-P, Cythereis
trajectiones sp. nov.; K, holotype, LM-FCEN 3470, adult female valve, right lateral view; L,
M, paratype, LM-FCEN 3471, L, adult female valve, left lateral view; M, detail of
ornamentation; N, paratype, LM-FCEN 3472, adult female valve, internal view; O, paratype,
LM-FCEN 3473, adult male valve, right lateral view; P, paratype, LM-FCEN 3474, adult
carapace, dorsal view. Q-R, Henryhowella (Henryhowella) nascens (Bertels, 1969¢); Q,
paratype, LM-FCEN 3475, adult female valve, left lateral view; R, paratype, LM-FCEN 3476,

adult male valve, left lateral view.
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FIG. 13. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um, except those in K and R, which are 1 um. A-F, Henryhowella
(Wichmannella) praealtus sp. nov.; A, holotype, LM-FCEN 3477, adult female carapace,
right lateral view; B, paratype, LM-FCEN 3478, adult female carapace, left lateral view; C,
paratype, LM-FCEN 3479, adult male valve, right lateral view; D, paratype, LM-FCEN 3480,
adult female valve, internal view; E, paratype, LM-FCEN 3481, adult female carapace, dorsal
view; F, paratype, LM-FCEN 3482, adult male carapace, dorsal view. G-N, Hysterocythereis
paredros gen. et sp. nov.; G, L, holotype, LM-FCEN 3483, G, adult female carapace, right
lateral view; L, dorsal view; H, paratype, LM-FCEN 3484, adult female carapace, left lateral
view; I, J, K, paratype, LM-FCEN 3485, I, adult male carapace, right lateral view; J, detail of
ornamentation, K, simple pore; M, paratype, LM-FCEN 3486, adult male carapace, dorsal
view; N, paratype, LM-FCEN 3487, adult female valve, internal view. O-R, Hysterocythereis
coinotes sp. nov.; O, holotype, LM-FCEN 3488, adult female valve, right lateral view; P, Q,
R, paratype, LM-FCEN 3489, P, female valve, left lateral view, Q, detail of ornamentation; R,

sieve-type pore.
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FIG. 14. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um. A-C, Hysterocythereis coinotes sp. nov.; A, paratype, LM-
FCEN 3490, adult male valve, right lateral view; B, paratype, LM-FCEN 3491, adult female
valve, internal view; C, paratype, LM-FCEN 3492, adult female carapace, dorsal view. D-J,
Hysterocythereis diversotuberculatus sp. nov.; D, I, holotype, LM-FCEN 3493, D, adult
female carapace, right lateral view; I, dorsal view; E, F, paratype, LM-FCEN 3494, E, adult
female carapace, left lateral view; F, detail of ornamentation; G, paratype, LM-FCEN 3495,
adult male valve, right lateral view; H, paratype, LM-FCEN 3496, adult female valve, internal
view; J, paratype, LM-FCEN 3497 (lost), adult male carapace, dorsal view. K-L,
Hysterocythereis attenuata (Bertels, 1975a); K, paratype, LM-FCEN 3498, adult female
valve, right lateral view; L, paratype, LM-FCEN 3499, adult male valve, right lateral view.
M-N, Hysterocythereis inconnexa (Bertels, 1973); M, paratype, LM-FCEN 3500, adult
female carapace, right lateral view; N, paratype, LM-FCEN 3501, adult male carapace, right
lateral view. O-P, Hysterocythereis? sp., LM-FCEN 3502, O, adult carapace, right lateral
view, P, LM-FCEN 3503, adult valve, internal view. Q-R, Oertliella? sp., LM-FCEN 3504,

Q, adult valve, left lateral view; R, internal view.
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FIG. 15. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um, except those in C and P, which are 1 um. A-G, Orthrocosta
decores sp. nov.; A, F, holotype, LM-FCEN 3505, A, adult female carapace, right lateral
view, F, dorsal view; B, C, paratype, LM-FCEN 3506, B, adult female valve, left lateral view;
C, sieve-type pore; D, G, paratype, LM-FCEN 3507, D, adult male carapace, right lateral
view, G, dorsal view; E, paratype, LM-FCEN 3508, adult female valve, internal view. H-M,
Orthrocosta atopos sp. nov.; H, holotype, LM-FCEN 3509, adult female carapace, right
lateral view; I, J, paratype, LM-FCEN 3510, I, adult female carapace, left lateral view; J,
dorsal view; K, L, paratype, LM-FCEN 3511, K, dorsal view; L, adult male carapace, right
lateral view; M, paratype, LM-FCEN 3512, adult male valve, internal view. N-R, Orthrocosta
phantasia sp. nov.; N, holotype, LM-FCEN 3513, adult female valve, left lateral view; O, P,
paratype, LM-FCEN 3514, O, adult female carapace, right lateral view, P, simple pore, Q,
paratype, LM-FCEN 3515, adult male valve, left lateral view; R, paratype, LM-FCEN 3516,

adult female valve, internal view.
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FIG. 16. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All
scale bars represent 100 um, except that in R, which is 1 um. A, Orthrocosta phantasia sp.
nov., paratype, LM-FCEN 3514, adult female carapace, dorsal view. B, Orthrocosta sp., LM-
FCEN 3517, adult valve, right lateral view. C-G, Petalocythereis schilleri (Bertels 1973)
comb. nov.; C, paratype, LM-FCEN 3518, adult female valve, left lateral view; D, paratype,
LM-FCEN 3519, adult female valve, internal view; E, paratype, LM-FCEN 3520, adult male
valve, left lateral view; F, G, paratype, LM-FCEN 3521, F, adult male valve, right lateral
view; G, detail of petaliform shape of the solae. H-L, Petalocythereis venusta (Bertels, 1975a)
comb. nov.; H, L, paratype, LM-FCEN 3522, H, adult female carapace, right lateral view; L,
dorsal view; I, paratype, LM-FCEN 3523, adult female carapace, left lateral view; J, paratype,
LM-FCEN 3524, adult female valve, internal view; K, paratype, LM-FCEN 3525, adult male
valve, right lateral view. M-N, Philoneptunus? sp.; LM-FCEN 3526, M, adult valve, right
lateral view; N, internal view. O-R, Sthenarocythereis arcana (Bertels, 1975a) comb. nov.; O,
paratype, LM-FCEN 3527, adult carapace, right lateral view; P, Q, R, paratype, LM-FCEN

3528, P, adult valve, left lateral view; Q, detail of ornamentation, R, sieve type pore.
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FIG. 17. Photomicrographs of Ostracoda from the Cerro Azul section, Neuquén Basin. All

scale bars represent 100 um. A-B, Sthenarocythereis arcana (Bertels, 1975a) comb. nov.; A,
paratype, LM-FCEN 3529, adult valve, internal view; B, paratype, LM-FCEN 3527, dorsal
view (broken). C-G, Sthenarocythereis erymnos gen. et sp. nov., C, holotype, LM-FCEN
3530, adult female valve, right lateral view; D, paratype, LM-FCEN 3531, adult female valve,
left lateral view; E, paratype, LM-FCEN 3532, adult male valve, right lateral view; F,
paratype, LM-FCEN 3533, adult male valve, internal view; G, paratype LM-FCEN 3534,
adult female carapace, dorsal view. H, Veenia tumida (Bertels, 1975a), LM-FCEN 3535,

adult female valve, left lateral view. I, Huantraiconella costata (Bertels, 1975b) comb. nov.,
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LM-FCEN 3536, adult carapace, right lateral view; J, Unicapella? sp.1; LM-FCEN 3537,
adult carapace, right lateral view. K, Unicapella? sp. 2; LM-FCEN 3538, adult carapace, right

lateral view. L, Clinocythereis sp.; LM-FCEN 3539, adult carapace, right lateral view.

THE NATURE OF THE FAUNA

In essence, there are three faunas: the Maastrichtian, the Danian and that which is both
Maastrichtian and Danian. Each of these faunas has certain characteristics, some of which can
be conveyed in simple statistics, others in taxonomic appreciation.

Maastrichtian.

From the seven samples studied from the Maastrichtian, 53 species belonging to 33
genera were recovered. Of these, 18 species were previously described; 19 species are new
and 12 species are left in nomina aperta due to either poor preservation or paucity of material.
Experience shows that the majority that these species in open nomenclature will eventualy be
described as new. Therefore, there is in the Maastrichtian of the Neuquén Basin, a total
potential of some 31 new species. This newness is further emphasized by our discovery of six
new genera.

Danian.

Twenty samples were collected from the Danian of the Cerro Azul section and these
yielded 81 species belonging to 40 genera. Of these 81 species, 27 are previously described,
32 are new and 19 are left nomina aperta. Of these, however most or all must be new, as time
eventually will show, so that the Danian has a potential of some 59 new species. The newness
of this fauna is further emphasized by the seven new genera that we have erected from the
Danian in this study.

Both Maastrichtian and Danian.
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A total of 21 species belonging to 16 genera occur in both the Maastrichtian and
Danian. Given the alledgely catastrophic effects on both vertebrate and invertebrate faunas of
events at the K-T boundary, this is a surprisingly high number and percentage (18,6%) of
fauna to have survived and crossed the boundary.

Of the 21 species crossing the boundary, the number of the samples in which they
occur in the Maastrichtian ranges between one and four (mean 1.80) and the number of
samples in which they occur in the Danian, ranges from one to 15 (mean 6.61). This later
figure illustrates that this is not a chance phenomenon but that these species evolved in the
Maastrichtian and passed the boundary with no ill-effects in order to be able to flourish in the
Danian.

Another study will commence shortly to analyse in greater detail the nature of the
effect on the Ostracoda of the K-T boundary from four additional outcrop localities in the
Neuquén Basin.

The taxonomic and evolutionary aspects of the two faunas: Maastrichtian and Danian.

Maastrichtian. Table 1 lists the Maastrichtian fauna and it can be seen to be very
diverse, containing Platycopids (7.5%), marine Cyproidea (5.6%) but overwhelmingly
Cytheroidea (86.8%). In terms of number of species within the Cytheroidea, certain families,
such as the Cytheruridae and the Pectocytheridae are very well represented. The latter
probably better so than in any other Maastrichtian deposit known to the authors. However, it
is the Trachyleberididae that are so totally dominant, representing by 24 species (45.3%) of
the fauna and more than 50 per cent of all Cytheroidea.

Notable is that eight species of the 24 trachyleberid species belong to new genera
(33.3%). These are: Apatoleberis, Mimicocythereis, Castillocythereis, Orthrocosta,
Hysterocythereis, Petalocythereis and Sthenarocythereis and comprise a very considerable
body of hitherto undescribed taxa.
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Details of what can be called an evolutionary explosion of these trachyleberid genera
in both the Maastrichtian and Danian, are discussed separately in this section.

Danian. The Danian fauna of this study (Table 2) is even more richly endowed than the
Maastrichtian and even more diverse, as shown below:

The Cytherellidae are represented by four species (4.9%) and the Bairdiidae by two
species (2.4%), both rather low figures. However, while the marine Cyproidea comprise eight
species (9.8%), the remainder of the fauna are Cytheroidea (79%), of these Bythocytheridae
six species (7.6%) and Nodoconchiinae (subfam. nov. in press) (5.1%). However, these newly
found taxa are of great importance in allowing us to understand the fossil history of the
previously monotypic Antarctic genus Nodoconcha.

The subfamily Cytherideinae with the single taxon Phelocyprideis acardomesido gen.
et sp. nov. is numerically and in percentage terms insignificant; however, it represents a genus
with a entirely new hinge type and is a precursor of the Pleistocene and Recent Cyprideis
Jones. The Krithinae and Neocytheridinae together, with three species make up (3.7%), but
the two subfamilies of Cytheruridae, however, with 12 species, make up the substantial
percentage of 14.8 per cent.

Exceeding the Loxoconchidae, which with four species make up only 4.9 per cent of
the Pectocytheridae have only five species (6.2%), but they are nonetheless numericaly
abundant and form a significant and important component of the fauna, in representing well-
developed early members of the two genera Keijia and Ameghinocythere. Once again,
however with 29 species (35.8%) the Trachyleberididae truly dominate the Cytheroidea and
the new genera Sthenarocythereis, Castillocythereis, Hysterocythereis, Petalocythereis and
Orthrocosta represent a dynamical evolutionary component within the family which will be
discussed below.

The Trachyleberididae
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The Trachyleberids that we have encountered in this study include two new species of
Cythereis. Bertels (1969a, 1975a) had already described another three species of the same
age. We encountered one new species of the genus Henryhowella which we consider is in fact
the subgenus Wichmannella (Bertels, 1969¢).

Of some importance zoogeographicaly, we encoutered two species in very small
number of the genus Unicapella described by Dingle (1980) from the Campanian of Richard
Bay, South Africa. We encountered a single species of Veenia Butler and Jones, Veenia
tumida (Bertels, 1975a), a single species of Philoneptunus? sp. Whatley, Millson and Ayres,
1992 and another single specimen of a species that we tentatively included in Oertliella
Pokorny.

One of the new genera of trachyleberidid is Apatoleberis gen. nov, (ex. Trachyleberis,
Bertels 1975a). This clearly is not Trachyleberis, lacking all the basic features of that genus
(Brandao et al. 2013). Similarly, Bertels (1975a) described the species Bradleya? attilai.
However, since because of its musculature, this species is clearly a trachyleberidid while
Bradleya is usually classified in the Thaerocytheridae Hazel, we have named this species
Mimicocythereis gen. nov.

Orthorocosta gen. nov. has three new species, O. phantasia, O. atopos and O. decores
plus Orthrocosta sp. We make the assumption that this genus is somehow ancestral to Costa
Neviani although the evidence for this is not entirely convincing.

The five new genera Aleisocythereis, Castillocythereis, Hysterocythereis,
Sthenarocythereis and Petalocythereis form an interesting and complicated complex of
genera. We cannot be certain of their ancestry in the Maastrichtian, but despite the fact that
they all lack three transverse ribs in the posterior part that carapace and not all have
paramphidont hinges, we suspect that the ancestor was Cythereis Jones. They differ from
Cythereis not just in those features mentioned above, but also in the nature of the reticulum,
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which is always strongly and very diversely developed. Indeed it is the principal characteristic
on which both genera and species are classified in this group.

All of these genera originated in the Maastrichtian where they appear quite suddenly
and without any direct evidence for their ancestry. From their first appearance they already
exhibit a great diversity in the nature of the reticulum. For example, Castillocythereis already
has its ornament which includes the strong fortress-like complexes of tubercles and
Sthenarocythereis appears with its extremely strong muri and mural tubercles surrounding
reticular cells ranging in shape from circular to polygonal and enclosing strong sieve plates.
Similarly Aleisocythereis with its large circular, reticular cells containing distinct cup-like
structures, Hysterocythereis with its large open reticular cells and poor development of the
mural tubercles; and Petalocythereis with its numerous petal-shaped reticular cells all appear
suddenly with these structures fully developed.

This is an almost unrivalled example of such rapid diversity. All these genera, except
Aleisocythereis, continue up into the Danian where they are a significant component of the
fauna. Within these five genera, it is very difficult to find a particular relationship. Perhaps the
closest relationship is between Sthenarocythereis and Petalocythereis, but it is impossible on
either stratigraphical or morphological grounds to propose which of the two is the ancestor.
Although beyond the scope of the present paper, it is interesting to wonder what the fate of
this vigorous group of rapidly evolving trachyleberids was, since there seems to be no trace of
them in post-Danian deposits in Argentina or elsewhere. We hope, in a detailed survey of the
Maastrichtian and Danian of other outcrops in the Neuquén Basin, to find evidence which will

help to resolve this enigma.
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Family CYTHERELLIDAE Sars, 1866
Cytherella saraballentae sp. nov.
Cytherella semicatillus sp. nov.
Cytherella terminopunctata Holden, 1964
Cytherelloidea spirocostata Bertels, 1973
Family PARACYPRIDIDAE Sars, 1923
Paracypris imaguncula sp. nov.

Family PONTOCYPRIDIDAE Miiller, 1894
Argilloecia abnormalis sp. nov.

Argilloecia concludus sp. nov.
Superfamily CYTHEROIDEA Baird, 1850
Family BYTHOCYTHERIDAE Sars, 1826
Bythoceratina sp. aff. Bythoceratina scaberrima (Brady 1887)
Family CYTHERIDAE Baird, 1850
Subfamily NODOCONCHIINAE subfam. nov.
Nodoconcha? sp.

Family CYTHERIDEIDAE Sars, 1925
Subfamily EUCYTHERINAE Puri, 1954
Eucythere dinetos sp. nov.

Subfamily KRITHINAE Mandelstam, 1958
Krithe crepidus sp. nov.

Copytus sp.

Family CYTHERURIDAE Miller, 1894
Cytheropteron translimitares sp. nov.
Cytheropteron sp.

Aversovalva glochinos sp. nov.
Pedicythere sp.

Semicytherura sp. 3

Eucytherura stibaros sp. nov.
Eucytherura sp. 2

Hemiparacytheridea sp.

Family LOXOCONCHIDAE Sars, 1925
Sagmatocythere? sp. 1

Family PECTOCYTHERIDAE Hanai, 1957

Keijia flexuosa (Bertels, 1975a) comb. nov.

Keijia huantraicoensis (Bertels, 1969a) comb. nov.
Paramunseyella epaphroditus sp. nov.

Munseyella costaevermiculatus sp. nov.

Munseyella minima Bertels, 1975a

Family TRACHYLEBERIDIDAE Sylvester-Bradley, 1948
Actinocythereis tuberculata Bertels, 1974
Aleisocythereis polikothonus sp. nov.

Apatoleberis noviprinceps (Bertels, 1975a) comb. nov.
Mimicocythereis attilai (Bertels, 1975a) comb. nov.
Castillocythereis albertoriccardii Sp. NOV.

Cythereis stratios sp. nov.

Cythereis incerta (Bertels, 1975a)

Cythereis rionegrensis (Bertels, 1975a)

Cythereis trajectiones sp. nov.

Henryhowella (Henryhowella) splendida Bertels, 1975a
Henryhowella (Wichmannella) meridionalis (Bertels, 1969c)
Hysterocythereis attenuata (Bertels, 1975a) comb. nov.
Hysterocythereis coinotes gen. et sp. nov.
Hysterocythereis? sp.

Oertliella ? sp.

Oetrtliella exquisita Bate, 1972

Orthrocosta phantasia sp. nov.

Petalocythereis venusta (Bertels, 1975a) comb. nov.
Philoneptunus ? sp.

Sthenarocythereis erymnos sp. nov.
Sthenarocythereis arcana (Bertels, 1975a) comb. nov.
Unicapella? sp.1

Veenia tumida (Bertels, 1975a)

Sphaeroleberis? abnormalis Bertels, 1975a

Subfamily BUNTONIINAE Apostolescu, 1961

Togoina cretacea Bertels, 1975a

Togoina argentinensis Bertels, 1975a

Nigeria punctata Bertels, 1975a
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Family CYTHERELLIDAE Sars, 1866
Cytherella saraballentae sp. nov.
Cytherella semicatillus sp. nov.
Cytherella terminopunctata Holden, 1964
Cytherelloidea spirocostata Bertels, 1973
Family BAIRDIIDAE Sars, 1888
Bairdoppilata sp.

Bairdoppilata? sp

Family PARACYPRIDIDAE Sars, 1923
Paracypris bertelsae sp. nov.

Paracypris imaguncula sp. nov.
Paracypris? sp.

Paracypris jonesi Bonnema, 1941.
Aglaiocypris? sp.

Family PONTOCYPRIDIDAE Mdiller, 1894
Argilloecia abnormalis sp. nov.
Argilloecia hydrodynamicus sp. nov.
Superfamily CYTHEROIDEA Baird, 1850
Family BYTHOCYTHERIDAE Sars, 1826
Bythocythere costata Bertels, 1973
Bythoceratina cheleutos sp. nov.

Bythoceratina rocana (Bertels, 1973) comb. nov.

Bythoceratina sp.

Pseudocythere sp

Tanycythere sp.

Family CYTHERURIDAEMuller, 1894
Subfamily Nodoconchiinae subfam. nov.
Nodoconcha polytorosa sp. nov.
Nodoconcha sanniosis sp. nov.
Nodoconcha upsilon sp. nov.

Ectonodoconcha lepidotus gen. et sp. nov.

Family CYTHERIDEIDAE Sars, 1925
Subfamily CYTHERIDEINAE Sars, 1925

Phelocyprideis acardomesido sp. nov.
Subfamily EUCYTHERIDEINAE Puri, 1954
Eucythere dinetos sp. nov

Subfamily KRITHINAE Mandelstam, 1958
Krithe crepidus sp. nov.

Krithe sp.

Subfamily NEOCYTHERIDEIDINAE Puri, 1957
Copytus sp.

Family CYTHERURIDAE Miller, 1894
Cytheropteron hyperdictyon sp. nov.
Cytheropteron bidentinos sp. nov.
Cytheropteron translimitares sp. nov.
Aversovalvaglochinos sp. nov

Semicytherura argentinensis (Bertels, 1974) comb. nov.
Semicytherura sp. 1

Semicytherura sp. 2

Semicytherura sp. 3

Semicytherura? sp.

Eucytherura stibaros sp. nov.

Eucytherurasp. 1

Hemingwayella verrucosus sp. nov.

Family LOXOCONCHIDAE Sars, 1925

Heinia prostratopleuricos sp. nov.
Loxoconcha sp. aff.Loxoconcha cretacea Alexander, 1936
Palmoconcha similis (Bertels, 1973)
Sagmathocythere? sp. 2

Loxoconcha (s.l.) posterocosta sp. nov.

Family PECTOCYTHERIDAE, Hanai 1957
Keijia circulodictyonsp. nov.

Keijia kratistos sp. nov.

Keijia huantraicoensis (Bertels, 1969) comb. nov.
Keijia flexuosa(Bertels, 1975) comb. nov.
Ameghinocythere archaiossp. nov.

Family TRACHYLEBERIDIDAE Sylvester-Bradley, 1948
Subfamily TRACHYLEBERIDINAE Sylvester-Bradley, 1948
Actinocythereis biposterospinata Bertels, 1973
Actinocythereis indigena Bertels, 1969

Actinocythereis rex Bertels, 1973

Castillocythereis multicastrum sp. nov.

Cythereis stratios sp. nov.

Cythereis clibanarius sp. nov.

Cythereis trajectiones sp. nov

Henryhowella (Henryhowella) nascens (Bertels, 1969c¢)
Subgenus WICHMANNELLA Bertels, 1969¢ subgen. nov.
Henryhowella (Wichmannella) praealtus sp. nov.
Henryhowella (Wichmannella) meridionalis (Bertels, 1969c)
Hysterocythereis paredros sp. nov.

Hysterocythereis coinotes sp. nov.

Hysterocythereis diversotuberculatus sp. nov.
Hysterocythereisnconnexa Bertels, 1973) comb. nov.
Neoveenia argentinensis Betels, 1969¢

Orthrocosta decores sp. nov.

Orthrocosta atopos sp. nov.

Orthrocosta phantasia sp. nov.

Orthrocosta sp.

Petalocythereis schilleri (Bertels, 1973) comb. nov.
Trachyleberis weiperti Bertels, 1969a

Unicapella? sp. 2

Subfamily BUNTONIINAE Apostolescu, 1961

Togoina argentinensis Bertels, 1975a

Togoina australis Bertels, 1968

Togoina semiinornata Bertels, 1975a

Huantraiconella costata (Bertels, 1975¢) comb. nov.
Huantraiconella prima Bertels, 1973

Subfamily INCERTAE SEDIS

Clinocythereis sp.
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CONCLUSION

Although this study is based on only one of the five localities of Maastrichtian and Danian
strata in the Neuquén Basin available to us, we have been surprised at the richness and
diversity of the fauna we have encountered. The total fauna comprises 113 species belonging
to 54 genera and of these, nine genera and 38 species are new. The fauna is dominated by
Cytheroidea and these are dominated by the Trachyleberididae. A group of five new
trachyleberid genera Aleisocythereis, Castillocythereis, Hysterocythereis, Sthenarocythereis
and Petalocythereis, which may have evolved from Cythereis Jones, are discriminated
principally on the nature of the reticulum which varies greatly within the group, but is always
strongly reticulate. The ultimate fate of this group is of as great interest as is their origin. We
intend at the earliest opportunity to investigate the other four outcrop localities with the aim to
resolving these outstanding problems, and also to encounter additional material of the many

species in open nomenclature, so that can be properly named and described.
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ABSTRACT - The new subfamily Nodoconchiinae of the Cytheridae Baird, is erected to
accommodate three genera: Austrocythere Hartmann, Nodoconcha Hartmann and
Ectonodoconcha gen. nov. Austrocythere seems to be known only from the type species A.
reticulotuberculata Hartmann, from its type locality in the Antarctic and from the Antarctic
Oligocene. Nodoconcha, however, apart from its original record by Hartmann from the
Antarctic as Nodoconcha minuta, has also been encountered in the Oligocene of the Antarctic.
In the present study, we have identified seven species of Nodoconcha from the Maastrichtian
and Danian of the Neuquén Basin, together with a new genus from the Danian,
Ectonodoconcha lepidotus gen. et sp. nov. The new species of Nodoconcha are N. polytorosa
sp. nov, N. sanniosis sp. nov and N. upsilon sp. nov. and Nodoconcha? sp. that is the possible

ancestor of the entire group. Previously described species now placed in the genus are: N.
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paleocenica (Bertels), N. jaguelensis (Bertels) and Nodoconcha sp. (Bertels). The
Nodoconcha species are divided into the Minuta and Upsilon groups.
KEYWORDS: Ostracoda, Nodoconchiinae, Evolution, Maastrichtian-Danian, Neuquén

Basin.

INTRODUCTION

There have being some subsequent records of Austrocythere reticulotuberculata
Hartmann from the Recent of Holm Bay Liitzow, East Antarctic (Yasuhara et al. 2007) and
Oligocene CRP-2/2A and CRP-3 Drill holes, Victoria Land Basin, Antarctic (Dingle &
Majoran, 2001). On the other hand, Nodoconcha has being recorded by various authors as
early as the Oligocene (Lower Miocene of New Zealand, Milhau, 1993; Victoria Land Basin,
Antarctic, Dingle, 2000, and King George, Antarctic, Blaszyk, 1987).

Hartmann (1989a) described two new genera, Austrocythere and Nodoconcha from the
Oligocene and Recent. These genera were encountered in extremely cold conditions in the
Antarctic. Hartmann classified Austrocythere as Cytheridae (19877 Cytheride sp.; 1989a,
Austrocythere reticulotuberculata). He found it in South Georgia, Lavoisier Island and
Adelaide Island, at water depths between 116 and 215 m. The type locality of Austrocythere
is South Georgia.

The genus Nodoconcha was classified by Hartmann (1997) incertae sedis, although
every indication from his early work is that it belongs to the Cytheridae (Hartmann, 1989a).
The type species Nodoconcha minuta Hartmann, has been recorded from the Antarctic

Peninsula, South Georgia, South Orkneys, Lavoisier Island, Hope Bay, Adelaide Island,
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between 185-370 m depth (Hartmann, 1988, 1989 a, b, 1990), Ross Island (Briggs, 1978) and
also from Liitzow-Holm Bay (Yasuhara et al. 2007).

The antiquity of the occurrence of Nodoconcha, is confirmed and extended into the
Maastrichtian and Danian in the present study. The new occurrence of seven species of
Nodoconcha in the Neuquén Basin, a well-known basin for its rich fossil content, represents a
place of species cluster and migration route for many species (Whatley & Ballent, 1996;
Ballent & Whatley, 2006, 2007; Piovesan et al., 2012, Ceolin et al. in press).

The aim of this paper is to present new species of Nodoconcha, belonging to our new
subfamily Nodoconchiinae, some of them previously identified as “Cytherura?”’ and
“Wolburgia” by Bertels (1973, 1974) and to demonstrate possible evolutionary trends and

relationship with the Recent occurrences of this genus.

Geological setting

The Neuquén Basin is located in West-Central Argentina between latitudes 32° and
40°S. It is developed in the provinces of Mendoza, Neuquén, Rio Negro and La Pampa. In
latitude 35°S, the basin extends to form the Neuquén embayment that comprises 600 km of
extension in a North-South direction and 300-400 km East-West. It has a maximum thickness
of 7.000 m of marine and non-marine sedimentary rocks, ranging from the late Jurassic to the
Palaeocene (Concheyro et al. 2002; Howell et al., 2007; Aguirre-Urreta et al., 2011) (Figure
1).

The marine sediments from the Cerro Azul section (S38°50°48”, W67°52°20”), a
relatively new site for micropaleontological studies in the eastern sector of Lake Pellegrini,
Neuquén Basin, were deposited during the first transgression from the Atlantic Ocean in the

Late Maastrichtian-Lower Danian (Jagiiel Formation) and Danian (Roca Formation). The
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samples are composed of calcareous siltstones and claystones and according to Musso et al.
(2012), the samples from the Jagiiel Formation have an homogeneous lithology of grey
calcareous mudstone. An alternation of carbonate rocks and greenish grey calcareous
mudstones characterise the Roca Formation and the base of the referred formation was
defined, according to criteria adopted by Uliana & Dellape (1981), by the first appearance of
organogenic limestone. The age of the samples was determined by calcareous nannofossils

(Musso et al. 2012).

Material and methods

Were studied 27 samples, seven from the Maastrichtian and 20 from the Danian, from
the Cerro Azul section. Approximately 20 g of dried rock was crushed and soaked in 200 mL
of a hydrogen peroxide solution (H>O») for 24 hours, at a concentration of 35 per cent.
Residues were then washed and divided into grain fractions 63, 180, and 250 um and dried at
60 °C. All ostracods were hand-picked under a stereo microscope from each size fraction.
Selected specimens were imaged by scanning electron microscopy (SEM), in a EVO MA15

Zeiss microscope.
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SYSTEMATIC DESCRIPTION

The suprageneric classification adopted is that proposed by Moore and Pitrat (1961)
with some modifications. In the systematic descriptions, the following conventions are
employed: L: length; H: height; W: width, RV: right valve, LV: left valve, CMS: central
muscle scar. All dimensions are in mm. Size, based on length, is as follows: very small
(<0.400 mm), small (0.410-0.500 mm), medium (0.510-0.700 mm), large (0.710-0.900 mm),
very large (>0.900 mm). Type and figured specimens are deposited in the collections of the
Facultad de Ciencias Exactas y Naturales, Laboratorio de Micropaleontologia, Buenos Aires,

Argentina, under their respective catalogue numbers LM-FCEN 3210-3231.

Subfamily Nodoconchiinae subfam. nov. Ceolin & Whatley

This group form a distinct entity within the family Cytheridae. In their ornamentation
and carapace organization, they are quite different from other Cytheridae.

The Cytherinae, those members of the family not in Nodoconchiinae subfam. nov.,
such as Cythere O.F. Miiller and Loxocythere Hornibrook, are a group of ovate, subovate,
often ventrolateraly tumid genera which usually do not bear tubercles, nor strong sulcae and
there is an essential similarity about them in carapace morphology and ornamentation. It
would be very difficult to accommodate the taxa we include in the Nodoconchiinae, with the
other members of the Cytheridae. Therefore, we feel justified in erecting this new subfamily
and including within it the genera Austrocythere Hartmann, Nodoconcha Hartmann and
Ectonodoconcha.

This new subfamily first appears in the Maastrichtian and ranges through to the Recent

in the form of Austrocythere and Nodoconcha.
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Class Ostracoda Latreille, 1806

Order Podocopida, Miiller, 1894

Suborder Podocopina Sars, 1866

Family Cytheridae Baird, 1850

Subfamily Nodoconchiinae new subfamily
Genus Nodoconcha Hartmann, 1989
Minuta group
Nodoconcha minuta Hartmann, 1989
(PL. 1, fig. 1)
1978 “Roundstonia” sp. Briggs: 29, figs 2-12.

1988 Cytheride, Hartmann: 149, pl. 1, fig. 8.
1989a Nodoconcha minuta gen et sp. nov., Hartmann: 218-219, figs 42-49b.
1989b Nodoconcha minuta Hartmann: p. 251.
1990 Nodoconcha minuta Hartmann: 211-121, figs 70-71; pl. VII, figs 63-65.
2000 Nodoconcha minuta Hartmann. Dingle: 489, fig. f.
2001 Nodoconcha aff. N. minuta Hartmann. Dingle & Majoran: 31.
Description. A medium to large species of the Nodoconchiinae subfam. nov., subovate in
lateral view. Anterior margin well rounded and extending below ventral margin; posterior
margin with apex above mid-height with a long keel-like posteroventral slope. Dorsal margin
straight, overhung ocularly, medianly and posteromedianly by valve ornament. Ventral
margin biconvex about a distinct oral incurvature; in the centre of which internally, is a
circular snap-knob. Ornament of tubercles and reticulation. There is a small eye tubercle
below and behind which is a large tubercle behind mid-length on the dorsal margin and

projecting beyond it is another, smaller tubercle. These two latter tubercles are separated by a
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distinct diagonally forwards inclined median sulcus. Between these two tubercles and close to
the dorsal margin, there are two small circular tubercles en echelon and a further two small
tubercles occur posteriorly to the posteromedian tubercle. Three tubercles, all of the same
size, and approximately the same size as the posteromedian tubercle, occur on a ventrolateral
rib in a shallow concave upwards curve. The summits of all five tubercles bear a very fine
reticulation within the larger reticulation that covers the entire valve surface, except the
extreme end margins, and much of that reticulation is itself secondarily reticulate but not as
finely as on the summit of the tubercles. Hinge antimerodont with, in the right valve, the
anterior terminal element is a dentate bar with three large teeth and one small proximal tooth
while the posterior terminal element bears five teeth; the median element is a finely locellate
groove. CMS not seen. Inner lamella vestibulate at either end with well-developed selvage
anteriorly.

Remarks. Dingle & Majoran (2001) recorded N. aff. N. minuta Hartmann from the Oligocene
of Antarctic, but neither described nor illustrate it. We, therefore, are unable to compare it
with none of the species in Minuta group nor with N. minuta Hartmann, but we believe that

this species belongs to N. minuta.

Nodoconcha polytorosa sp. nov. Ceolin & Whatley
(PIL. 1, figs. 2-9)
Derivation of name. Gr. mold¢, many, numerous; plus L. torus, elevation, protuberance,
“many tubercles” referring to the numerous rounded tubercles that occur on the carapace of
this species.
Holotype. One complete carapace, LM-FCEN 3210.

Paratypes. LM-FCEN 3211- 3214.
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Material. 47 specimens from samples 16, 17, 19, 21, 23, 26, 29, 34, 39 and 53. Danian.
Diagnosis. A small species of Nodoconcha characterized by a ventrolateral rib on which three
small tubercles are disposed longitudinally and a double posteromedian rib on the dorsal
margin. An anterior marginal ridge extends from the anterior cardinal angle to an
anteroventral position. Surface of the carapace strongly punctate and reticulate in part.

Dimensions.

L H W Sample
Holotype, LM-FCEN 3210, Q carapace 0.462 0.240 0.213 23
Paratype, LM-FCEN 3211, Q carapace 0.424 0.227 0.201 17
Paratype, LM-FCEN 3212, o] carapace 0.585  0.235 0.192 25
Q
d

Paratype, LM-FCEN 3213, valve 0.490 0.272 17
Paratype, LM-FCEN 3214, carapace 0.434 0.211 0.187 21

Description. Subrectangular in lateral view with rounded end margins. In dorsal view,
subovate with compressed extremities, mainly anteriorly, which is somewhat flared. Shell of
medium thickness. Anterior margin broadly rounded, more narrowly below mid-height.
Posterior more narrowly rounded with apex above mid-height. Dorsal margin straight but
overhung in posterior part by a tubercle. Ventral margin biconvex about an anterocentral oral
concavity and obscured in lateral view by valve tumidity, more prominent in males, in which
posteroventral keel is better developed. Dorsal cardinal angle pronounced, especially
anteriorly. LV larger than RV with some overlap anteroventrally and from mid-posterior to
posteroventral. Greatest length at mid-height; greatest height at both anterior cardinal angles;
greatest width in posterior one-third. Ornamentation reticulopunctate, more pronounced in
anterior and posterior areas. A pronounced, mainly smooth marginal rim extends peripherally
around the free and dorsal margins. There is a distinct ventrolateral rib, which bears three
longitudinally disposed tubercles. This rib divides into two with the lower rib overhanging the
ventral surface and terminating anteroventrally. An irregular, sinuous rib extends from the eye
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tubercle adjacent to the dorsal rim to a posterodorsal complex. Two tubercles occur
anterodorsally and posterodorsally. A distinct subvertical median sulcus extends ventrally to
the ventrolateral rib. A smaller, post-ocular sinus separates the eye-tubercle from the
anterodorsal tubercle. Apart from some smooth ribs and the marginal rim, the carapace is
covered by small puncta, which also occur on the flanks and summit of some tubercles. The
reticulation is more or less confined to the anterior and posterior and it is not preferentially
oriented. Normal pore canals are simple, most on the elevation of muri or the tubercles.
Large, simple pore conuli occur across the valve, especially posteriorly. Hinge antimerodont.
In the left valve, the anterior terminal element is a biloculate socket in which the two locules
are disposed obliquely, with the proximal one above the distal. The entire socket is buttressed
by an anti-slip structure ventrally. The posterior terminal element is a curved, loculate socket
with six smaller loculae. The median element is a long, strongly denticulate bar with
numerous relatively long circular denticles. Calcified inner lamella very wide
posteroventrally; avestibulate. Radial pore canal not seen. CMS imperfectly seen. The
position of the larger tubercles are reflected internally. Sexual dimorphism with males more
elongate and less inflated at posterior one-third than females.

Remarks. Differs from Nodoconcha minuta Hartmann in being slightly smaller, in
possessing, as well as a median sulcus, a post-ocular sulcus and in its ornament, which is
much more punctate than N. minuta. It also has a much better developed marginal rim,
particularly anteriorly. A further difference is that in N. polytorosa sp. nov. the posteomedian

tubercle is a double structure unlike the single structure of N. minuta.

Nodoconcha sanniosis sp. nov. Ceolin & Whatley

(PL. 1, figs. 10-17)
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Derivation of name. L. sanniosis “one who makes faces”. Which reference to the rather face-
like appearance of the ornamentation on the surface of the lateral tubercles.

Holotype. One complete carapace, LM-FCEN 3215.

Paratypes. LM-FCEN 3216-3219.

Material. 43 specimens from samples 34, 36, 39, 40 and 53. Danian.

Dimensions.

L H W Sample
Holotype, LM-FCEN 3215, carapace 0.462 0.240 0.212 34

Q
Paratype, LM-FCEN 3216, Q carapace 0410 0.210 0.211 34
Paratype, LM-FCEN 3217, o) carapace 0.502 0.243 0.170 34
Q
g

Paratype, LM-FCEN 3218, valve 0.441 0.217 26
Paratype, LM-FCEN 3219, carapace 0.452  0.201 0.18 34

Diagnosis. A small species characterized by a group of five tubercles, three of which are
disposed ventrolaterally and whose ornament is mask-like. Surface reticulopunctate.

Description. Small, subrectangular in lateral view. Subovate in dorsal view. Shell of medium
width. Anterior margin broadly rounded with apex at mid-height. Anteroventrally there are
small, blunt, rounded, marginal denticles. Posterior margin bluntly pointed with apex at mid-
height. Dorsal margin straight but overhung in posterior part by ornament. Ventral margin bi-
convex about shallow anterocentral oral concavity and not obscured by valve tumidity. LV
overlaps the RV, mainly on posterior and ventral margins. Dorsal cardinal angles distinct.
Ornamentation reticulotuberculate. The reticulum posteriorly is extremely coarse due to the
fact that most of the muri have been enlarged into strong ribs that are chaotically disordered
across the ventral surface. Except anterodorsally, there are relatively few interconnecting muri
so that in most of area there are no reticular cells. The muri, especially posteriorly, bear
simple pores on small conuli. Anteriorly, the muri are less strong and there is a genuine

reticulum where much larger conuli and perforations occur distally. There are five large

229



Tese de Doutorado — Programa de Pés Graduagdo em Geologia — PPGEO - UNISINOS Ceolin, D. 2015

tubercles on the carapace surface plus an eye tubercle. The two largest tubercles on the
dorsolateral surface have flanks that are ornate with a distinct reticulation pattern, in a group
of three mask-like structures on each tubercle. They are separated from each other by a
vertical median sulcus and the anterior-most of these is separated by the post ocular sinus
from a strongly buttressed eye tubercle. Three smaller tubercles occur in a line
posteroventrally, the largest being anterior. Each tubercle is surrounded dorsally by an
inverted “U”-shaped rib and centrally comprises several short, horizontal striae. From the eye
tubercle, a sinuous ribs extends close and parallel to the dorsal rib onto a posterodorsal
complex above the posterodorsal tubercle, and from this complex, a strong mural rib extends
ventrally and eventually joins the ventrolateral rib. A strong, smooth marginal rim surrounds
the entire valve margin. Rare sieve-type pores present mainly in anterior region. Greatest
length near mid-height; greatest height in posteriorly third. Hinge antimerodont with median
element in LV a long, strongly denticulate bar with numerous relatively strong circular
denticles. Calcified inner lamella very wide posteroventrally; avestibulate. Radial pore canals
not seen. CMS with four adductors in a vertical line and a single oval frontal scar. The
position of the larger tubercle are reflected internally. Sexual dimorphism pronounced with
males more elongate and less inflated than females.

Remarks. This species differ from Nodoconcha polytorosa sp. nov. in the better developed
pattern of reticulation and in the absence of a strong ventrolateral rib that join the three

tubercles.

Nodoconcha sp. (Bertels, 1974)
(PL. 1, fig. 18)

1974 Cytherura? sp. Bertels: 392, pl. 2, figs 12 a-b.
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Type material. One carapace from Bertels’ material, LM-FCEN 706, from Lower Jagiielian
Substage (Lower Maastrichtian?), Fortin General Roca. Rio Negro Province. Argentina.
Dimensions. L: 0.429, H: 0.220, W: 0.20.

Diagnosis and Remarks. An elongate subrectangular species of Nodoconchiinae typified by
reticulotuberculate ornament. Unlike any others species of genus, the chain of the three
ventrolateral tubercles is extending onto the anterior marginal surface with a further two
tubercles. The reticulation is rather irregular and variable. In places there seems to be a micro
ornament between the two tubercles and the reticulation. Marginal rim better developed than
N. minuta Hartmann, but much less well developed than N. polytorosa sp. nov. However, this

is clearly a member of Minuta group.

Upsilon group
Nodoconcha upsilon sp. nov. Ceolin & Whatley

(PL. 2, figs. 1-7)
Derivation of name. Gr. vzwoidov, upsilon, with reference to the reclining ‘U’-shape of the
lobe that surrounds the median sulcus.
Holotype. One complete carapace, LM-FCEN 3220.
Paratypes. LM-FCEN 3221-3225.
Material. 62 specimens from samples 29, 31, 34, 36, 39, 50, 55 and 57.

Dimesions.

L H W Sample
carapace 0.528 0.274 0.139 34
carapace 0.461  (0.227 0.137 34
carapace 0540 0.258 0.125 34
valve 0.491 0.251 26
carapace 0.515  0.152 0.198 34
carapace  0.589 0.251 0.275 34

Holotype, LM-FCEN 3220,
Paratype, LM-FCEN 3221,
Paratype, LM-FCEN 3222,
Paratype, LM-FCEN 3223,
Paratype, LM-FCEN 3224,
Paratype, LM-FCEN 3225,

O Q Q Q +0 +O
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Diagnosis. A medium species of Nodoconcha characterized by the reclining ‘U’-shaped lobe
that surrounds the median sulcus and the fact that ventrolateral tubercles are not developed.
Ornament irregular reticulation.

Description. Subrectangular in lateral view with rounded end margins; in dorsal view
subovate with compressed extremities, especially anteriorly. Females more inflated in
posterior one-third than males. Moderately thick-shelled. Anterior margin broadly rounded,
most narrowly below mid-height. Posterior margin more narrowly rounded with apex above
mid-height. Both end margins bear very small marginal denticles on their ventral edges.
Dorsal margin straight and overhung only by the posterior dorsal tubercle. Ventral margin
biconvex, about an anterocentral oral concavity and not obscured in lateral view. Dorsal
cardinal angles pronounced, especially posteriorly. LV larger than RV with some overlap
posterodorsally and anterodorsally. Greatest length at mid-height; greatest height at anterior
cardinal angle and in the position of the posterodorsal tubercle; greatest width in posterior
one-third. Ornamentation reticulopunctate. There is a distinct oblique median sulcus the base
of which is largely smooth, it terminates just below mid-height. Another, longer oblique
postocular sulcus also largely smooth extends from just behind the small, but prominent, eye
tubercle. Anteroventrally, it is bridged by a small elevated area that is reticulated. A large,
reclined ‘U’-shaped lobe surrounds the median sulcus. It expands posterodorsally into a long,
irregular tubercle that overreaches the dorsal margin. Another elongate tubercular area
extends anteroventrally from near the eye tubercle, which, in some specimens bears a rib from
just above mid-height. Some specimens have small tubercles close to the ocular rib. The
reticulation is strongly developed and in most individuals, the horizontal muri are strongest,
giving rise to small, longitudinal riblets. These are often pronounced on the summits of the

larger tubercles. Normal pore canals of two types: one on the muri that are small, simple and
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mainly conjunctive, and the others, larger in the solae and clearly sieve-type. Hinge
antimerodont. In the left valve, the anterior terminal element is a bi-loculate socket in which
the two loculae, are disposed obliquely, with the proximal above the distal. The entire socket
is buttressed by an anti-slip structure ventrally. The posterior terminal element is a curved
loculate socket with six smaller loculae. The median element is a long, strongly denticulate
bar with numerous relatively large circular denticles. In the anterior part of the median
element, there are larger denticles than other parts. Calcified inner lamella very wide
posteroventrally; anteriorly the inner lamella and line of concrescence seems coincident and
there is no vestibulum. Radial pore canal not seen. CMS as for family, the anterior scar is
ovate. Sexual dimorphism with males more elongate than females.

Remarks. Bertels’ species, (1973, Danian) Nodoconcha paleocenica (ex. Wolburgia) differs
in lacking the type of reticulation of the present species and the structures paralleling the
anterior margin. In addition, the ‘U’-shaped elevation surrounding the median sulcus is
incomplete in Bertels’ species. The two species also differ in dorsal view. There are also

many other smaller differences in ornamentation.

Nodoconcha paleocenica (Bertels, 1973)
(PI. 2, figs 8-9)
1973 Wolburgia? paleocenica Bertels: 332, pl. 5, figs 12a-b, 13.
Type material. Two carapaces and two valves from Bertels’ material. Holotype LM-FCEN
515; paratypes LM-FCEN 516-517 from Roca Formation of Fortin General Roca, Rio Negro
Province, Argentina.

Dimensions. Paratypes LM-FCEN 516-517, L: 0.446, H: 0.226, W: 0.175.
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Description. An elongate subovate species of Nodoconcha with distinct marginal rim and two
strong lobe-like structures somewhat resembling certain species of the Palaeozoic
Palaeocopida. These two lobes which are distinctively rounded dorsally and are joined
ventrally to form a large ‘U’-shaped structure. Both the two lobes and the remainder of the
shell surface are distinctly punctate.

Remarks. This species differs from N. upsilon sp. nov., to which group it clearly belongs, by
the fact that in N. upsilon the ornament is distinctly reticulate while in N. paleocenica
(Bertels, 1973) it is punctate. Also in N. upsilon the dorsal termination of the lobes are not
rounded and the post-ocular sulcus is in two distinct parts separated by a ridge. The lower part
of this sulcus is absent in N. paleocenica. There are also many other differences in the
ornament of the two species, such as, the divergence into two of the anteromarginal rim in M.

upsilon.

Others species

Nodoconcha jaguelensis (Bertels, 1974)

(P1. 2, figs. 10-11)

1974 Cytherura? jaguelensis Bertels: 392, pl. 2, figs 10 a-b, 11.
Type material. Two carapaces and two valves from Bertels’ material. Holotype LM-FCEN
703; paratypes LM-FCEN 705 from lower beds of the Upper member of the Jagiiel
Formation, Fortin General Roca , Rio Negro Province. Argentina. Approximately 67°32°W;
39°00’S.
Dimensions. Paratype LM-FCEN 704, L: 0.382, H: 0.187, W: 0.157.
Diagnosis. A very elongate, subrectangular species of Nodoconcha with anterior margin

obliquely rounded. Surface reticulotuberculate with the third tubercle on the upper ramus of
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the ventrolateral rib absent or only feebly developed. Posterodorsal tubercle not well defined.
Intertubercular area posterocentrally with horizontal or oblique riblets.

Description. A small, elongate carapace, subrectangular in lateral view, subovate in dorsal
view with well-defined median sulci. Anterior margin well rounded with apex at about mid-
height and with dorsal part of anterodorsal slope straight to almost concave. Posterior margin
narrow, bluntly pointed with apex at mid-height. On the posterodorsal slope, there is a small
concavity while the posteroventral is convex. Dorsal margin straight and only slightly
overhung mid-posteriorly by small nodose inflation. Anterior and posterior cardinal angles
well defined. Ventral margin biconvex about slight oral concavity. Greatest height at
anterocardinal angle, greatest length at mid-height, greatest width at one third posteriorly.
Ornamentation reticulotuberculate, with an irregular reticulum that covers the entire surface,
except anteriorly. It is very chaotic posterodorsally with a tendency for the muri to be
preferentially oriented ventrally while more medianly, they are orientated laterally. A
ventrolateral rib at joins three small, poorly defined, horizontally aligned tubercles. A median
sulcus disposed almost vertically that separates the antero and posterodorsal tubercles. The
posterior one poorly defined. A small, post ocular sulcus is also developed. Eye tubercle small
and close to valve margin and with small ocular rib. Marginal rim rather weakly developed.
Other features not seen. Sexual dimorphism present with males more elongate and narrower
than females.

Remarks. Differs from Nodoconcha sanniosis sp. nov. in the absence of an exclusive
ornamentation on the tubercles, the absence of reticulation on the anterior margin and less
well-defined tubercles, specially the most posterior on the ventrolateral rib. Differs from
Nodoconcha polytorosa sp. nov. in its more elongate shape, more developed reticulation

pattern and larger nodes, mainly antero and posterodorsally.
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Nodoconcha? sp.
(P1. 2, fig. 12)

Material. Five poorly preserved specimens from sample 5, Maastrichtian.
Dimensions. Holotype LM-FCEN 3226, L: 0.347, H: 0.260.
Description. Elongate subtriangular in lateral view; anterior margin rounded with apex below
mid-high. Posterior margin subtruncate with apex at about mid-height. Dorsal margin straight
and sloping posteriorly; obscured by sinuous ribs on the dorsal surface. Ventral margin with
large, shallow oral concavity. There are two large sulci, a median and a post ocular, both
extending forward diagonally. Ornament reticulate with muri around free margins parallel to
those margins with short intervening ribs giving rise to numerous largely circular, but some
quadrate reticule. The base of all sulci are smooth. A sinuous ventrolateral rib bears distinct
swellings and another occurs on the dorsal margin posteromedianlly. Internal features not
seen.
Remarks. While this species lacks, for example, the three ribs in a curved row
ventrolaterally, the site of the ribs exist putatively as does the site of the posteromedian rib.
We believe this to be an ancestor of Nodoconcha and we have used that name questionably. It
is our intention in the very near future to seek further material examples of the species in the

Maastrichtian of the Neuquén Basin.

Genus Ectonodoconcha gen. nov. Ceolin & Whatley
Derivation of name. Gr. ¢xto ecto, without, away; plus Nodoconcha. With reference to the
fact that, although related, this species is of a genus different from Nodoconcha.
Type species. Ectonodoconcha lepidotus sp. nov. Ceolin & Whatley

Diagnosis. As for the type species.
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Remarks. It differs from species of Nodoconcha in lacking large nodes posteroventrally and
in its massively strong reticulation. However we believe that this genus is a probable early

Danian offshoot of the Nodoconchiinae.

Ectonodoconcha lepidotus sp. nov. Ceolin & Whatley
(PL. 2, figs. 13-17)

Derivation of name. Greek Acmiowrog lepidotus; covererd in scales. With reference to the
fact that in the posterior half of the valve, the reticulae are rather like fish-scales.
Type material. One complete carapace, LM-FCEN 3227.
Paratypes. LM-FCEN 3228-3231.
Material. 20 complete carapaces from samples 21, 23, 29, 34, 36 and 40. Danian.
Diagnosis. A genus of Nodoconchiinae gen. nov. with strongly developed smooth
ventrolateral keel. Strong ventrolateral rib, becoming almost alate anterior of mid-length.
Ornament of extremely strong reticulation with circular, ovate and quadrate cells and strong
subcentral tubercle, which is also reticulate. Reticulae in very like scales of a carp. Smooth
rim around free margins. Eye partially ornamented.

Dimensions.

L H W Sample
Holotype, LM-FCEN 3220, carapace 0.453 0.253 0.175 23
Paratype, LM-FCEN 3221, carapace  0.369 0.20 0.125 29

Q
Q
Paratype, LM-FCEN 3222, o} carapace 0.404 0.206 0.153 36
g
Q

Paratype, LM-FCEN 3223, carapace 0.384 0.20 0.151 36
Paratype, LM-FCEN 3225, carapace 0.440 0.225 0.199 26

Description. Small, elongate subrhomboidal in lateral view. In dorsal view, both end margins
are splayed due to the angle of the peripheral rims. The alar process is not prominent in this

view, although the tubercle immediately below and behind the eye is very prominent.
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Anterior margin widely and evenly rounded about mid-height. Posterior margin more
narrowly rounded, asymmetrical with apex above mid-height and very long, gently curved
ventral slope. Dorsal margin straight, slightly obscured posteriorly by valve surface. Ventral
margin irregularly biconvex with marked oral incurvature, largely obscured by alar process.
LV larger than RV with overlap around the entire margin, especially at the dorsal cardinal
angles and posteroventrally. Greatest length above mid-height; greatest height medianly;
greatest width at one-third posteriorly. Eye tubercle large and overreaching the dorsal margin.
A strong smooth marginal rim with a small denticle anteriorly, occurs peripherally at both end
margins. Ornament of extremely strong reticulae, embracing cells ranging in shape from
circular through oval to quadrate and polygonal; and giving an aspect of the scales of such
fish as carp, bass or mullet. Small simple pores, mostly conjunctive, occur on the muri and
there are small pore conuli elsewhere. Some pore conuli in the solae are apparently sieve-
type. The ornament extends onto the alar process and covers an elevated area immediately
posteroventral to the eye tubercle. Internal features not seen.

Remarks. Differs from Nodoconcha polytorosa sp. nov., in the absence of ventrolateral and

posterodorsal tubercles and in the pattern of the fish-scale like reticulation.
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Explanation of Plate 1. Scale bars are 20 um. fig. 1. Nodoconcha minuta Hartmann, 1989,
valve, left view. figs 2-9. Nodoconcha polytorosa sp. nov., 2, holotype LM-FCEN 3210,
carapace, right view, female, 3,6-7, paratype LM-FCEN 3211, 3, carapace, left view, female,
6, detail of ornamentation, 7, detail of simple pore, 4, paratype LM-FCEN 3212, carapace,
male, dorsal view, S, paratype LM-FCEN 3213, internal view, female, 8, paratype, LM-FCEN
3214, dorsal view, male, 9, holotype LM-FCEN 3210, dorsal view, female. figs. 10-17.
Nodoconcha sanniosis sp. nov., 10, holotype LM-FCEN 3215, carapace, right view, female,
11, paratype LM-FCEN 3216, female, carapace, left view, 12, 16, paratype LM-FCEN 3217,
carapace, male, right view, 13, paratype, LM-FCEN 3218, valve, male, internal view, 14-15,
paratype LM-FCEN 3218, 14, detail of mask-like reticulation, 15, detail of sieve-type pore,
16, paratype LM-FCEN 3217, carapace, male, dorsal view, 17, paratype LM-FCEN 3219,

carapace, female, dorsal view, 18. Nodoconcha sp. (Bertels, 1974), carapace, left view.
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Explanation of Plate 2. Scale bars are 20 um. figs. 1-7. Nodoconcha upsilon sp. nov., 1,
holotype LM-FCEN 3220, carapace, female, right view, 2,7, paratype LM-FCEN 3221, 2,
female, carapace, left view, 7, detail of reticulation, 3, paratype LM-FCEN 3222, male, left
view, carapace, 4, paratype LM-FCEN 3223, valve, female, internal view, S5, paratype LM-
FCEN 3224, male, carapace, dorsal view, 6, paratype LM-FCEN 3225, female, dorsal view,
8-9. Nodoconcha paleocenica (Bertels, 1973), 8, female, carapace, left view, 9, female,
carapace, dorsal view, 10-11. Nodoconcha jaguelensis (Bertels, 1974), 10, carapace, female,
right view, 11, female, carapace, dorsal view, 12, Nodoconcha? sp., LM-FCEN 3226, valve,
left view, 13-17. Ectonodoconcha lepidotus gen. et sp. nov., 13, holotype LM-FCEN 3227,
carapace, female, right view, 14, paratype, LM-FCEN 3228, carapace, female, left view, 15,
paratype LM-FCEN 3229, carapace, male, right view, 16, paratype LM-FCEN 3230, male,

carapace, dorsal view, 17, paratype LM-FCEN 3231, female, carapace, dorsal view.
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EVOLUTIONARY HISTORY OF THE NODOCONCHIINAE

The new evidence presented in this paper allows us to demonstrate that this subfamily
has a long and varied phylogenetical history dating from the Lower Maastrichtian to the
present day.
Austrocythere

Austrocythere seems to exist as a single species. A. reticulotuberculata Hartmann is
from the Oligocene to Recent. Both records are all from the Antarctic and all from cold water

(Blaszyk, 1987; Dingle & Majoran, 2001).

Nodoconcha

By contrast with Austrocythere, the genus Nodoconcha is represented by a number (7)
of species as well as the type species N. minuta Hartmann (see fig. 4). The Minuta group
which comprises, in stratigraphical order, Nodoconcha sp. of Bertels, 1974, N. polytorosa sp.
nov., N. sanniosis sp. nov. and N. minuta Hartmann, represents what seems to be a
cladogenesis within four species (fig. 5).

Nodoconcha sp. (Bertels, 1974) which overall is somewhat similar to N. minuta,
ranges from Lower to Upper Maastrichtian within the Jagiiel Formation of Neuquén. This
seems to give rise to N. polytorosa sp. nov., which first appears early in the Danian and
extends well into the late Danian, Roca Formation. This in turn is thought to be ancestral to V.
sanniosis sp. nov., which first appears in the Danian, Roca Fm. but does not survive this
formation. With respect to N. minuta, which first appears in the Oligocene, it is difficult to
determine, whether it evolved from N. sanniosis or N. polytorosa. In terms of morphology,

either one could be the ancestor. Nodoconcha sp. aff. N. minuta is reported from the Miocene
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Ross Sea by Dingle (2000). However, since it is neither described nor illustrated, we are
unable to comment on its possible status.

N. jaguelensis (Bertels, 1974), which has approximately the same Maastrichtian
biochron as Nodoconcha sp. (Bertels, 1974), can either be seen as a potential ancestor of the
Minuta group, or as a short lived descendent from either that group or a common ancestor.
The same can be said of Nodoconcha? sp. in that it could be either the ancestor of
Nodoconcha sp. (Bertels, 1974) or a derivative form from a common ancestor. While it lacks
many of the biocharacters of the Minuta group, it shares enough, notably the two major sulci
and the posterodorsal tubercle, to denote a close relationship.

Two closely related species are N. paleocenica (Bertels, 1973) from the early Danian,
Jagiiel Formation to the late Danian, Roca Formation and N. upsilon sp. nov., with a more
restricted biochron within in the middle and upper Danian. The two species are noted for a
‘U’-shaped structure in their ornament and constitute the Upsilon group. It is thought that N.
paleocenica (Bertels, 1973) may have evolved from Nodoconcha? sp. and N. upsilon sp. nov.
from N. paleocenica (Bertels, 1973).

Lastly, a species that we have placed in the subfamily, differs sufficiently from
Nodoconcha to demand separate generic state. This is Ectonodoconcha lepidotus gen. et sp.
nov., a genus that appear early in the Danian and just survives to the upper part of the Danian.
Although it evidently derives from Nodoconcha, we are unable to state with any degree of

certainly from which of the two groups mentioned above.
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Minuta group
N. minuta Hartmann.
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CONCLUSIONS

The Nodoconchiinae subfam. nov. are a close-knit group of three genera
Austrocythere Hartmann, Nodoconcha Hartmann and Ectonodoconcha gen. nov. There arose
in the Maastrichtian where they rapidly diversified, survived the Cretaceous-Tertiary
boundary event and continued to proliferate in the Danian. They seem to have declined
somewhat in the later Paleocene and are represented today by only two species Austrocythere
reticulotuberculata Hartmann and Nodoconcha minuta Hartmann.

One of the areas of our future work in the Upper Cretaceous-Tertiary strata of
Neuquén basin will be to seek more evidence on the early origins of this group, which we
presently believe to reside in either species Nodoconcha? sp. or N. jaguelensis (Bertels,

1974).
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5 INTERPRETACAO PALEOECOLOGICA COM BASE EM OSTRACODES PARA
A SECAO DE CERRO AZUL

5.1 Evidéncias de predacao

Os ostracodes fazem parte da dieta de varios organismos aqudticos como bivalves,
anfibios, peixes, dentre outros (Reyment & Elewa 2003, Ruiz et al. 2010). Os primeiros
estudos detalhados da predagdo por gastropodes em ostracodes foram feitos por Reyment
(1963, 1966a,b) que analisou os ostracodes do Cretdceo—Paledgeno da Nigéria (Reyment et
al. 1987).

Na secdo de Cerro Azul, das 27 amostras estudadas, 17 continham espécimes de
ostracodes com marcas de predacdo, tanto em amostras maastrichtianas quanto danianas
(Fig.12). Estas marcas, de acordo com Reyment et al. (1987), possivelmente sdo originadas
por gastropodes carnivoros das familias dos Naticideos e Muricideos. Em condi¢des de
ambiente equilibrado, os gastropodes, principalmente os Naticideos, sdo predadores de
moluscos (documentadas desde o Cretdceo), tendo os ostracodes como uma op¢ao secundéria
de alimento. No caso da eliminacdo de um organismo chave para o equilibrio da cadeia
alimentar, fato que geralmente ocorre em eventos de extingdo, a populacdo de moluscos pode
ser diminuida ou eliminada, tornando os ostracodes a principal opcao alimentar para os
gastropodes, principalmente os juvenis que rapidamente atacam tanto ostracodes adultos
quanto os instars menores (Kelley e Hansen 1993, Lipps e Culver 2002).

De maneira geral, os niveis de predacdo registrados na secdo de Cerro Azul
apresentam certa ciclicidade. No Maastrichtiano, a predacao é observada em trés niveis sendo
que a maior quantidade ocorre na ultima amostra (CA 14). No entanto, o aumento na
incidéncia de predacgao € registrada no Daniano, principalmente nas amostras CA 26, CA 34 e
CA 36 (Fig. 12). Kelley e Hansen (1993) encontraram uma tendéncia semelhante em fésseis
da América do Norte, onde observaram um padrdo de mortalidade moderada causada pela
predacdo no Creticeo, uma diminuicdo no limite K-Pg e um aumento substancial no
Paleoceno inferior, sugerindo que este padrdo de niveis de predacdo possa estar relacionado
com o distirbio ambiental advindo do evento de extincdo. No trabalho desenvolvido no
Texas, utilizando ostracodes do Cretaceo, Paledgeno e Holoceno, Maddocks (1988) relatou

que um dramadtico aumento na predacdo por Naticideos ocorreu do Campaniano até o limite
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K-Pg, produzindo altos indices de mortalidade em adultos durante o Paleoceno. O mesmo

aumento no Paleoceno foi documentado por Reyment et al. (1987) na Nigéria.

Nanoféssil (Musso et al. 2012)
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Figura 12: Distribui¢do dos niveis de predacdo na se¢do de Cerro Azul. No gréifico em pizza os dados

percentuais das espécies mais predadas nos respectivos niveis.
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Um fator que deve ser levado em consideragdo ao analisar uma fauna com evidéncias
de predagdo, sdo os habitos dos possiveis predadores para poder determina-los, uma vez que
os ostracodes fazem parte da dieta alimentar de vérios animais. Os Muricideos apresentam
habitos epifaunais e comem caddveres combinando a acdo quimica com raspagem. Ja os
Naticideos atacam as presas na superficie e as carregam para o sedimento para serem
consumidas. Estes perfuram a carapaca com o uso da rddula, um processo puramente
mecanico. Reyment et al. (1987) realizaram um experimento para determinar a razdo pela
qual os ostracodes, seres tdo dgeis, se tornam presas relativamente faceis para os gastropodes.
Observaram que, quando os ostracodes sao tocados sutilmente, diminuem o movimento e por
isso, sdo facilmente imobilizados e envolvidos pela mucosa secretada pelo gastrépode que
contém uma substancia anestésica.

Maddocks (1988) em estudo de uma assembleia de ostracodes do Cretaceo—Holoceno
do Texas, determinou 20 diferentes tipos de marcas de predacdo feitas por gastrépodes,
denominando-as de Icnophena. As marcas encontradas nos ostracodes de Cerro Azul
apresentam forma similar as Icnophena B, G, I, L, M e N. De acordo com Maddocks (1988)
Phenon B e M sao produzidas por gastropodes em geral, G, I e L podem estar associados com
alteracdes sedimentares ou diagenéticas e N, sdo produzidas por Naticideos (Fig.13). Ao
analisar os tipos de predacdo registrados para o Maastrichtiano de Cerro Azul, 30% da fauna
predada apresentou marcas provaveis de ataque por Naticideos, sendo que 70% das demais
marcas foram causadas pelos outros fatores mencionados anteriormente. J4 no Daniano, este
dado € praticamente inverso, com 69,5% dos espécimes predados pelo ataque de Naticideos e
30,5% pelos demais fatores.

Este € um dado interessante se comparado com o aumento de riqueza e abundancia da
fauna de Naticideos registrada no Pale6geno por Griffin & Pastorino (2013) na regido da
Patagdnia argentina. Embora os demais moluscos (principal presa dos Naticideos e
Muricideos) também tenham sua diversidade mais alta no Paleoceno, a riqueza dos Naticideos
também aumentou de quatro espécies no Cretdceo para 14 no Daniano (Del Rio et al. 2007,
Stilweel 2003). Este fato pode explicar o dominio da Icnophena N em Cerro Azul. Ja a
presenca de multiplas marcas na carapaca pode expressar uma tentativa de defesa da presa ou

pode indicar uma ineficiéncia de ataque do predador, segundo Maddocks (1988) (Fig. 13).
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Na pedreira Poty foi observada uma predominancia de predagao por Naticideos e um
aumento desta no Paledgeno. Entretanto a predacdo ocorreu com maior incidéncia em
espécies de carapagas lisas, principalmente do género Cytherella (Fauth et al. 2005).

Reyment et al. 1987 sugere que os ostracodes grandes e com carapagas lisas sdo
preferidos para serem predados. Em Cerro Azul a maior quantidade de icnophenas foi
encontrada em espécies com carapagas ornamentadas, mas isto € compreensivel pela menor
proporcdo de espécies com carapacas lisas (15,9%) se comparada as ornamentadas (84%).
Além disso, os niveis com predacdo mais significativa no Daniano coincidem com os niveis
de bioclastos e, entre os ostracodes predados, as espécies mais afetadas foram
Huantraiconella prima Bertels, 1968, Actinocythereis biposterospinata Bertels, 1973 e
Neoveenia argentinensis Bertels, 1969c. Do total de espécies predadas nas duas amostras que
correspondem aos niveis de bioclastos (CA 34 e CA 36), estas trés representam um percentual
aproximado de 80% (Fig. 12).

As possiveis explicacdes para estas ocorréncias seria que a predagdo nestas espécies
poderia estar relacionada a um controle populacional, visto que sdo registrados os maiores
picos de abundancia das mesmas nestas amostras, confirmando a relacdo natural presa x
predador (Maddocks 1988). O nivel de bioclastos representaria a redu¢do de disponibilidade
de alimento pela diminui¢do da principal fonte de nutricdo e, por consequéncia, os maiores
niveis de predacdo estariam ali representados; ou estes maiores niveis teriam sido gerados
pelos eventos de tempestades que remobilizaram estas carapacas e valvas e as concentraram
nestas amostras; ou ainda, poderia significar uma predacao post mortem uma vez que, mesmo
nao sendo identificadas evidéncias de predacdo pelos Muricideos (as marcas sdo similares),
estes apresentam habitos detritivoros e poderiam ter predado estes ostracodes logo apds a
morte. Além disso a alta quantidade de fragmentos de ostracodes nestas amostras também

pode estar relacionada com a preda¢do como sugerido por Maddocks (1988).
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Figura 13: Tipos de marcas de predaciao (baseado em Maddocks 1988). A, Phenon B, Actinocythereis
biposterospinata Bertels, 1973, ¢, Daniano; B, Phenon N, Cytherella terminopunctata Holden, 1964, ve,
Maastrichtiano; C, Phenon G, Cythereis trajectiones sp. nov., juvenil (A-7), ve, Maastrichtiano; D, Phenon N,
Henryhowella (Wichmannella) meridionalis (Bertels, 1969¢) comb. nov., macho, ¢, Maastrichtiano; E, Phenon
N, Petalocythereis schilleri (Bertels, 1973) comb. nov., macho, ¢, Daniano; F, Phenon 1, Paracypris bertelsae,
sp. nov., ¢, Daniano; G, Phenon M, Neoveenia argentinensis Bertels 1969c, ve, Daniano; H, Phenon L,
Neoveenia argentinensis Bertels, 1969c, juvenil (A-7), c, Daniano; I-J, Phenon N, Huantraiconella prima

1968a; I, ¢, Daniano; J, juvenil (A-8), Daniano. Escala 100um. c: carapaga, ve: valva esquerda.
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5.2 Interpretacao paleoambiental para a secao de Cerro Azul.

5.2.1 MAASTRICHTIANO

(N

De uma maneira geral, a fauna de ostracodes identificada na se¢do de Cerro Azul

(€N

composta por espécies tipicamente de ambiente marinho normal. O Maastrichtiano
representado por sete amostras e compreende 53 espécies (destas 19 sdo novas), que
apresentam habitos bentonicos.

Ao analisar o intervalo amostral CA 3 a CA 5, é possivel observar a primeira
ocorréncia de 30 espécies. Esse intervalo é marcado pelo pico de abundancia das espécies
Aleisocythereis polikothonus sp. nov., Petalocythereis venusta (Bertels, 1975a) comb. nov.,
Sthenarocythereis erymnos sp. nov. e Cytherelloidea spirocostata (Bertels, 1973). Este pico,
mais expressivo na amostra CA 5 (Fig. 14) pode refletir uma transgressdao que também foi
observada a partir do estudo de nanofésseis e foraminiferos planctdnicos no Maastrichtiano de
Trapalco, Rio Negro, Argentina (Concheyro et al. 2002) e é corroborada pelo predominio de
minerais compostos por esmectita geralmente associados a este tipo de evento, sugerindo um
ambiente de plataforma média (Musso et al., 2012).

Especialmente o pico de abundancia da espécie Cytherelloidea spirocostata Bertels,
1973, uma espécie considerada termofilica (Sohn 1962), pode indicar um ambiente marinho
de &4guas quentes, com profundidades variando entre 150 e 300 m, corroborando a
interpretacdo proposta por Bertels (1975c) para a regido de Huantrai-co, baseada em
foraminiferos planctonicos. Além disso, das 53 espécies identificadas no Maastrichtiano, 27
pertencem a familia Trachyleberididae, cujas espécies preferem viver em ambientes
plataformais internos a externos (de acordo com o modelo proposto por Suguio 2003), com
dguas rasas e com maior nivel de circulagdo, devido as suas carapagas fortemente
ornamentadas, espessas e predominio de tubérculo ocular. Essas caracteristicas permitem a
essas espécies suportar as condi¢des de maior energia de um ambiente de dguas rasas, dentro
da zona fética, protegendo-as contra a destruicdo (Whatley 1983, Whatley e Boomer 1995).
Damotte & Fleury (1987), que estudaram os ostracodes do limite K—Pg na Algéria também
encontraram um padrdo semelhante de abundancia das espécies da familia Trachyleberididae

no Maastrichtiano, porém em um ambiente de plataforma média a externa.
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Uma ocorréncia interessante é a presenga da espécie Bythoceratina aff. B. scaberrima
que apresenta clara afinidade a Bythoceratina scaberrima (Brady, 1887) que ocorre em aguas
profundas do Tercidrio ao Recente em todo o mundo. E de se levar em consideracio que
ambos os taxa, tdo similares morfologicamente, nao teriam vivido em um mesmo ambiente.
Uma explicagcdo poderia ser a possibilidade desta espécie ter sido transportada para dentro do
ambiente marinho raso por bioturbacdo (com. verb. Concheyro 2014), ou pelo evento de
transgressao, até porque foi encontrado apenas um espécime desta espécie, e seu registro €

coincidente com o provdvel evento transgressivo sugerido para este intervalo.

5.2.2 MAASTRICHTIANO-DANIANO

A transi¢do entre o Maastrichtiano e o Daniano em Cerro Azul, determinado pelo
zoneamento bioestratigrafico de nanofdsseis calcarios apresentado por Musso et al. (2012),
ocorre entre as amostras CA 14 e CA 16. A passagem K-Pg é marcada por uma consideravel
mudanca na fauna de ostracodes em termos de abundincia e riqueza, além da presenca de
espécies sobreviventes [considere-se para o termo riqueza a quantidade de espécies de um
determinado local ou amostra (Dias 2004)]. Nas duas udltimas amostras do Maastrichtiano, CA
12 e CA 14, observa-se o ultimo registro de 17 espécies (Fig. 15). Este dado pode indicar um
momento de crise ambiental relacionado ao evento de extingdo. Vdarios estudos que abordam o
limite K-Pg (e.g., Bown 2005, Alegret 2007, Keller et al. 2012, Robertson et al. 2013,
Punekar et al. 2014), inclusive na Bacia de Neuquén (Scasso et al. 2005, Keller et al. 2007,
Musso et al. 2012) retratam algo semelhante. Estes estudos sugerem que houve uma redugao
no suprimento de alimento disponivel no ambiente, resultante do colapso sofrido pelo
plancton em funcdo dos eventos vulcinicos e do impacto do meteorito, que levaram a Terra
um periodo de escuriddao e ao chamado “impacto de inverno” (Robertson et al. 2013). A alta
concentracao de poeira, fuligem e aerossdis de sulfato por um intervalo de seis meses ou anos,
teria gerado um periodo de escuriddo e a consequente extingdo nos ambientes aqudticos pela
eliminagdo da fotossintese.

Por outro lado, a dltima amostra do Maastrichtiano (CA 14) é marcada pelo
aparecimento de 11 espécies, sendo que destas, oito sobreviveram ao momento de crise e
seguiram no Daniano. Destas, duas espécies Hysterocythereis coinotes sp. nov e Cythereis

trajectiones sp nov. registram a ultima ocorréncia logo apés o evento de extin¢cdo e podem
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representar as espécies r-estrategistas ou espécies oportunistas, que sao as capazes de
sobreviver em ambientes perturbados e que apresentam um ciclo biolégico curto (Odum
2004) (Fig. 16). No limite K-Pg, exemplos de espécies r-estrategistas sao mencionados por
vdrios autores, principalmente em estudos com foraminiferos planctonicos e nanofdsseis
calcarios (MacLeod et al. 1997, Keller & Pardo 2004, Keller 2005, Punekar et al. 2014).

De um total de 113 espécies identificadas em Cerro Azul, 28,32% sao exclusivamente
maastrichtianas, 18,58% destas sao consideradas sobreviventes, € 53% sdo danianas. O
padrdo de extingdo, se levada em consideracdo a diferenca de percentagens entre as espécies
exclusivamente maastrichtianas e as sobreviventes (9,74%), pode indicar que ndo foi um
evento catastréfico de grande magnitude. O mesmo padrdo foi constatado por Damotte (1993)
na Algéria, Africa do Norte. Segundo Maddocks (1985) devido ao habito infaunal dos
ostracodes bentOnicos, que se alimentam mais de organismos e particulas em suspensido do
que do proprio plancton, a extin¢cdo nao teria sido tao catastréfica para eles como foi para os
demais grupos. Como sugerido por Robertson et al. (2013) os organismos que se alimentam
de detritos podem sobreviver por mais tempo sem a fotossintese. Sendo assim, os ostracodes
teriam sido afetados tardiamente, tendo tempo para reestruturar a comunidade. Entretanto
Bertels, que realizou estudos com ostracodes no Maastrichtiano (1974, 1975a) e no Daniano
(1973) da Argentina, sugeriu que a fauna de ostracodes e foraminiferos do Cretaceo teria sido
completamente substituida no Daniano. Ao analisar a fauna presente em Cerro Azul, foi
verificado que algumas espécies, até entdo identificadas somente para o Daniano, tem seu
primeiro registro ja no Maastrichtiano [e.g., Cytherelloidea spirocostata Bertels, 1973, Keijia
huantraicoensis (Bertels, 1969a), Henryhowella (Wichmannella) meridionalis (Bertels, 1969),
Cytherella terminopunctata Holden, 1964)].

Outro dado importante registrado por alguns autores que estudaram o limite K-Pg com
ostracodes, sdo os niveis de predacdo nas carapacgas. Estes parecem ter aumentado nas
amostras do limite e, como discutido no item 5.1, tiveram um expressivo aumento no Daniano

(Maddocks 1985, Reyment et al. 1987, Fauth et al. 2005).
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Figura 15: Distribuicao estratigrafica das espécies de ostracodes em Cerro Azul.
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5.2.3 DANIANO

O intervalo do Daniano em Cerro Azul contém 81 espécies e, destas, 32 sao novas,
representando o intervalo com maior abundancia e riqueza. A familia mais abundante é a
Trachyleberididae com 38% de representatividade na fauna.

No intervalo entre as amostras CA 16 e CA 21, 46 espécies t€ém seu primeiro
aparecimento e 23 desaparecem (Fig. 15). Este aumento na riqueza e abundancia, que é
expresso principalmente por Cytherelloidea spirocostata Bertels, 1973, Keijia
huantraicoensis (Bertels, 1969b), Huatraiconella prima Bertels, 1968, Petalocythereis
schilleri (Bertels, 1973) e Keijia kratistos sp. nov., pode refletir a ocupacdo de novos nichos
disponibilizados em decorréncia da extingdo das espécies, e também indica o
reestabelecimento de condi¢des favordveis ao desenvolvimento das mesmas, como
luminosidade, disponibilidade de alimento e temperatura. Este “boom” de diversidade
presente no Daniano pode estar vinculado ao rapido aumento de temperatura global registrado
no final do Maastrichtiano que continua no Daniano, e que poderia estar associado ao
vulcanismo ocorrido em varias regides no mundo (Barrera & Huber 1990, Smit 1990, Li &
Keller 1998, Punekar et al. 2014). Especialmente na Bacia de Neuquén, o clima mais quente
no Daniano é bem documentado (Casadio 1998, Aguirre-Urreta et al. 2008, Musso et al.
2012). Por outro lado, o nivel de ultima ocorréncia de 23 espécies neste mesmo intervalo,
principalmente na amostra CA 21, pode indicar ainda a existéncia de um possivel estresse
ambiental remanescente do evento, pois destas, 13 espécies surgem e desaparecem na mesma
amostra com pequenos picos de abundancia (Fig. 15).

Nas amostras CA 21, CA 34 e CA 36 sao registrados picos de abundancia de espécies
de ostracodes justamente nos niveis de bioclastos (Fig. 14). Os bioclastos presentes em Cerro
Azul podem representar depdsitos de tempestades de curta duracdo gerados em ambientes de
plataforma interna a externa. A configuracdo destes depdsitos apresenta um ordenamento
cadtico, com valvas cOncavas voltadas para cima, empilhadas e também com valvas
articuladas, refletindo um rapido soterramento dos mesmos (Barrio 1990, Musso et al. 2012).
Dessa forma, € possivel inferir que estes picos, caracterizados pela abundéncia das espécies
Huantraiconella prima Bertels, 1968a, Neoveenia argentinensis Bertels, 1969c e

Actinocythereis biposterospinata Bertels, 1973 representam um momento de maior energia no
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ambiente, com remobilizacdo e concentragdo das carapagas pelas tempestades. Além disso,
destaca-se a presenca conjunta de uma maior quantidade de fragmentos de valvas de
ostracodes nestas amostras.

O género Huantraiconella é reconhecido por Bertels (1968a) como um possivel f6ssil
guia para a Bacia de Neuquén por apresentar sua ocorréncia restrita ao Daniano. Em Cerro
Azul, a presenca deste género com duas espécies, Huantraiconella prima Bertels, 1968a e
Huantraiconella costata (Bertels, 1975b) na primeira amostra do Daniano reforca esta
hipétese.

No intervalo amostral que compreende a Formac¢do Roca, € observado uma
considerdvel diminui¢do na abundancia e na riqueza faunistica como pode ser observado pela
sequéncia de niveis com ultimas ocorréncias de ostracodes que se sobrepde aos niveis de
aparecimento de novas espécies (Fig. 15). Se observarmos o intervalo entre as amostras CA
36 e CA 53, 22 espécies tém suas ultimas ocorréncias e apenas um surgimento. Esta reducao,
acompanhada pelo predominio de ostracodes preservados como moldes (amostras CA 43, 45
e 48) e também por sinais de dissolu¢do das carapacas (amostras CA 50, CA 55 e CA 57),
indica possiveis alteracdes neste ambiente, como mudanga na disponibilidade de carbonato de
célcio, que influencia na agradagao ou degradacdo da ornamentagdo das carapagas, ou ainda
alteracOes na temperatura e profundidade da lamina d’dgua (Peypouquet et al. 1988). Virios
trabalhos realizados na Forma¢do Roca sugerem que este ¢ um ambiente marinho raso em
fase gradual de regressdo (Barrio 1990, Casadio 1998, Rodrigues 2011). O aumento na
quantidade de minerais I/S (ilita/esmectita) detectado por Musso et al. (2012) indica um
ambiente relativamente quente e seco, alternado com periodos de umidade e com maior
energia durante o Daniano superior. A presenca de recifes de coral e moluscos também
corroboram estas condicdes (Leanza & Hugo 1985, Casadio 1998) além da ja mencionada
maior abundancia de representantes da familia de ostracodes Trachyleberididae. Somando-se
a isso, as associagdes de foraminiferos provenientes desta formacao sugerem um ambiente de
plataforma média, com profundidade possivelmente variando de 80 a 100 m (Bertels 1975c,
Naiiez & Concheyro, 1996 Keller et al. 2007).

Por outro lado, a maior concentragdo dos argilominerais mencionada por Musso et al.
(2012) pode estar relacionada ao aumento da atividade vulcanica no setor oeste da bacia,

como resultado do levantamento tectdnico, no final do Maastrichtiano e no Daniano, advindos
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dos movimentos iniciais para a formagao da atual Cordilheira dos Andes, representando a fase
Laramica.

Com o intuito de verificar qual € o tipo de preservacdo dos moldes de ostracodes, foi
aplicado um teste qualitativo para a identificagcdo da presenca de silica e/ou carbonato de
calcio nesses moldes. Como os ostracodes sdo compostos por carbonato de calcio, foi
adicionado sobre o molde algumas gotas de solugdo de 4cido cloridrico (HCI 10%) onde ndo
foi observada qualquer reacdo ou desprendimento (Fig. 16A), o que comprovou a inexisténcia
de carbonato de cdlcio. Também foi testada a hipdtese destes terem sido substituidos por
silica aplicando-se algumas gotas da solucdo de acido fluoridrico (HF 20%). Como resultado,
a solucdo de 4cido fluoridrico reagiu e dissolveu quase que por completo o molde do
ostracodes (Fig. 16B). Neste caso, a hipdtese de alteracdo da composi¢do quimica da 4dgua
pela atividade vulcanica deve ser considerada.

O pico de abundancia das espécies Cytherella terminopunctata e Palmoconcha similis
associado com a reducdo na abundancia e riqueza das demais espécies, pode ser indicativo de

pequenos eventos de flutuacdes no nivel do mar, considerando-se que estas sejam mais

tolerantes a estas variacOes ambientais e preferiram viver em ambientes mais rasos

(Yamaguchi & Hamiya 2007, Mazzini et al. 2011).

Figura 16: Dissolucio do molde de ostracodes por acido fluoridrico. A, a¢do do acido cloridrico. B,
dissolu¢do do mesmo molde apés a adicdo de acido fluoridrico. Escala 100pm.
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6 CONCLUSOES E PERSPECTIVAS FUTURAS

Em 27 amostras estudadas no intervalo Maastrichtiano—Daniano, foram identificadas
113 espécies, pertencentes a 51 gé€neros e 11 familias, sendo descritos 10 géneros novos, 41
espécies novas, uma nova subfamilia, Nodoconchiinae, além de um novo tipo de charneira,
alternamerodonte. As novas espécies descritas foram: Cytherella saraballentae, Cytherella
semicatillus, Paracypris bertelsae, Paracypris imaguncula, Argilloecia abnormalis,
Argilloecia concludus, Argilloecia hydrodynamicus, Bythoceratina cheleutos, Phelocyprideis
acardomesido (novo género e espécie), Eucythere dinetos, Krithe crepidus, Cytheropteron
hyperdictyon, Cytheropteron bidentinos, Cytheropteron translimitares, Aversovalva
glochinos, Eucytherura stibaros, Hemingwayella verrucosus, Heinia prostratopleuricos,
Loxoconcha (s.l.) posterocosta, Keijia circulodictyon, Keijia kratistos, Paramunseyella
epaphroditus, Munseyella costaevermiculatus, Ameghinocythere archaios, Aleisocythereis
polikothonus, Castillocythereis multicastrum (novo género e espécie), Castillocythereis
albertoriccardii, Cythereis stratios, Cythereis clibanarius, Cythereis trajectiones,
Henryhowella (Wichmannella) praealtus, Hysterocythereis paredros (novo género e espécie),
Hysterocythereis coinotes, Hysterocythereis diversotuberculatus, Orthrocosta decores (novo
género e espécie), Orthrocosta atopos, Orthrocosta phantasia, Sthenarocythereis erymnos
(novo género e espécie), Nodoconcha polytorosa, Nodoconcha sanniosis, Nodoconcha
upsilon e Ectonodoconcha lepidotus (novo género e espécie). Outros quatro géneros novos
Aleisocythereis, Apatoleberis, Mimicocythereis e Petalocythereis foram propostos para
acomodar espécies previamente descritas por Bertels para a Bacia de Neuquén, mas que
também foram registrados em Cerro Azul.

A partir do refinamento taxondmico realizado na se¢do de Cerro Azul, pode-se
considerar que a Bacia de Neuquén tenha sido um centro de especiagdo, pois foi registrado
um expressivo aumento na abundancia e riqueza de espécies, principalmente nas amostras
danianas, que sucedem o evento de extincdo. Além disso, foram identificadas somente 30
espécies comuns com as previamente descritas por Bertels.

De maneira geral, a fauna de ostracodes presente em Cerro Azul caracteriza um
ambiente marinho de plataforma média a externa, com profundidade ndo maior que 200 m no

Maastrichtiano, e que foi progressivamente raseando no Daniano.
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O evento de extingdo ndo pode ser considerado de grande magnitude, pois o
surgimento de 11 novas espécies na amostra que antecede este evento, € o consideravel
numero de ultimas ocorréncias na amostra anterior (CA 12), fornece indicios de uma fauna
que estava em declinio e que apresenta sinais de recuperacdo. Por outro lado, se
desconsiderdssemos o posicionamento do limite K—Pg proposto pelos nanofdsseis calcarios
(Musso et al. 2012) para esta se¢do, poderiamos sugerir que o evento de extin¢do estaria logo
acima da amostra CA 14.

A presenca de moldes de ostracodes substituidos por silica e por espécimes com
diferentes graus de dissolu¢do, corroboram a existéncia de um ambiente mais raso na Fm.
Roca, com profundidade ndo maior que 100 m. Além disso, a atividade vulcanica advinda dos
movimentos iniciais para a formacdo da atual Cordilheira dos Andes, no setor oeste da bacia,
influenciou na composi¢do quimica da dgua.

Pretende-se, em um futuro préximo, analisar detalhadamente o intervalo entre as
amostras CA 14 e CA 16, objetivando o refinamento do posicionamento do limite, pois existe
um significativo desaparecimento de espécies entre as amostras CA 12 e CA 14 e um
aparecimento de 41 novas espécies na amostra CA 16. Além disso, ha a possibilidade de
analisar o material de outros quatro perfis, o que poderd contribuir para uma melhor
compreensdo de como este evento de extingcdo afetou a fauna de ostracodes na Bacia de

Neuquén.
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